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ABSTRACT
This thesis examines how IT and the digitization of information have transformed the Swedish graphic industry. The debate concerning the productivity
paradox, i.e. if investments in IT contribute to productivity growth, is one important starting point for the thesis. Previous research on this phenomenon
has mainly used different types of statistical databases as empirical sources. In
this thesis though, the graphic industry is instead studied from a mainly qualitative and historical process perspective. The empirical study is focused on describing the development of internal critical production processes in the
graphic industry and its external markets. The aim is to show how innovations
based upon IT have influenced the transformation of the Swedish graphic industry and if this has led to changes in productivity. Furthermore, to identify
other significant effects and changes in the graphic industry’s markets that also
has occurred as a result of the introduction of IT innovations.
The process study shows that digitization of information flows in the graphic
industry began in the 1970s, but the start of the development and use of digitized information happened in the early 1980s. Today almost all types of materials in the industry, for example text and pictures, have developed into a digital
form and the information flows are hereby more or less totally digitized. The
consequences from use of IT in production processes are identified here as
different outcomes and effects. One conclusion drawn from the analysis is that
investments and use of IT have positively influenced changes in productivity.
The conclusion is based on the appearance of different automational effects,
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which in turn have had a positive influence on factors that may be a part of a
productivity index. In addition to productivity, other mainly informational effects are also identified. These effects include increased capacity to handle and
produce information, increased integration of customers in the production
processes, increased physical quality in produced products, and options for
management improvements in the production processes. The appearance of
such effects indicates that it is not always the most obvious ones, such as productivity, that is of greatest significance when IT is implemented in the processes of an industry.
Also the part of the study using an external perspective shows that IT innovations have had great influence on the graphic industry’s markets. The transformation of markets is analyzed through the use of the Innovation influence
model, which is grounded in the Technological systems and Development
blocks concepts. It shows that suppliers to graphic companies have played an
important role in the IT innovation development process and they have
thereby contributed to the ongoing transformation of the industry. Furthermore, IT innovations have been an important tool for graphic companies to
handle different structural tensions they have experienced. The innovations
introduced have thereby contributed to the development of new products, distribution channels, and markets. At the same time different products have disappeared and old markets contracted. These progresses have also been a result
of the digitization of society. Altogether, this development has resulted in a
transformation pressure that has come to greatly influence the industry. Because of this there today exist fewer but larger graphic and suppliers companies.
Altogether the study shows that if a productivity paradox existed in the graphic
industry, it is today to be considered as resolved. The pace in which the transformation of the industry, caused by IT innovations, has occurred has been
extraordinary compared to previous developments. IT has become an unconditional part of the industry and society. Therefore it is of great importance to
include several perspectives, e.g., internal process perspectives as well as external market perspectives, when discussing the value that might be derived from
IT investments.
This work has been supported by the foundations of Jan Wallander, Tom Hedelius, and
Tore Browaldh.

iv

PREFACE
The division of Economic Information Systems engages in research and education in the borderland between management and IT. More specifically, the subject area relates to the transmission of information from, between and to people. Of special interest is the role of strategies and information systems when
people work together in different kinds of organizations (companies, public
authorities and associations), but also when they interact with customers and
citizens. Our research is concentrated in the following areas:
* IT and productivity
* Strategic use of IT, with a focus on organization for the use of IT
* Strategy and management control
* Financial accounting, auditing and economic crime
Most doctoral candidates in the division of Economic Information Systems are
enrolled in either the Swedish Research School of Management and Information Technology (MIT) or the Research Programme for Auditors and Consultants (RAC). MIT is a joint endeavour involving some ten colleges and universities. Within the structure of this network, a doctoral programme is offered with
a focus on issues arising in the borderland between management and IT. The
RAC is a graduate education programme focused on accounting and auditing,
with an emphasis on the processing of information. It combines internships at
auditing firms with graduate courses and work toward a licentiate degree.
This thesis, The Digital Transformation of the Swedish Graphic Industry, is presented
by Mathias Cöster for the Degree of Doctor of Philosophy – in the subject
area of Economic Information systems – at the Department of Management
and Engineering, Linköping University. Cöster is currently enrolled in the MIT
Research School and holds a Licentiate of Economics.
Linköping, August 2007
Fredrik Nilsson
Professor
Economic Information System
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FOREWORD
This book is the final result of my PhD studies and it has been completed in
two steps. The first part was the publication of the licentiate thesis: Cöster, M.
2005. Beyond IT and Productivity - How Digitization Transformed the Graphic Industry.
The content of this publication is included here as it represents the first seven
chapters of this doctoral thesis. They have however been modified and four
additional chapters have been produced exclusively for this book.
This study has been conducted within the ITOP (Impact of Information
Technology On Productivity) research group at the EIS (Economic Information Systems) division at Linköping University. A starting point for the ITOP
program has been the question if information technology is contributing to
productivity growth. Studies based on aggregate data have frequently failed to
show any clear connection between IT investment and productivity. This apparent absence of such a relationship has become known as the “productivity
paradox”.
Earlier research has focused largely on IT capital spending and has generally
ignored how the technology is actually used. In the ITOP research program a
micro-level approach based on systems analysis for studying computer applications and embedded technology in several industries is added. The research is
centered on the use of information in key industrial 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 intangible, are identified. Within the ITOP program studies has been conducted on industries such
as grocery distribution, the logging industry, and health care. In this book the
focus is on describing effects from IT on the Swedish graphic industry.
Visby, August 2007
Mathias Cöster
Economic Information Systems
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CHAPTER 1. INTRODUCTION

For centuries societies have constantly been in a state of transformation. The
ability to invent new and more efficient ways to communicate information has
been crucial for this development. For example, the rapid deployment in the
U.S of the telegraph and the railway in the mid 19th century enabled information and goods to be delivered in a speed never before experienced. These new
ways to communicate information became important corner stones on which
the transformation of the social, economic, and political world of the U.S society was built upon (Chandler & Cortada 2000). Today transformation is driven
by an ongoing digitization of information. What differentiates the digital transformation from previous transformations is the pace in which it has been realized. When comparing information flows in mid 1970s to the ones in our society today, there is an extra ordinary difference between them. The way we are
able to access and use information today was not so long ago more or less
treated as mere science fiction. During a period of less than thirty years IT devices such as cell phones, the Internet, databases, GPS, etcetera, have become
almost everyone’s tool.
In this context IT might be defined as the single most important technology
for the development of society and industries. Not only through the use of
desktop computers connected to a world wide web of information, but also
through embedded IT applications. Such embedded technology enables digitized information flows to integrate and transform industries in which it is
used. One such industry is the graphic industry, where throughout centuries
the creation and distribution of information has been the main business.
THE RISE OF THE GRAPHIC INDUSTRY
The history of printing is commonly acknowledged to start with Gutenberg in
the 15th century. He introduced the letterpress with movable types, an innovation that was further developed in the 19th century with the introduction of the
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automatic cylinder press1 (Kipphan 2001). Later on in the century the gravure
printing technology was invented, a technology that later evolved into the rotation press. Together with the use of the automatic typesetter2, it became possible to print and distribute newspapers and books in growing quantities. Partly
because of these and other communication technology landmarks that were
invented during this time, printing gradually developed into an industry3 (Hadenius & Weibull 1997; Kipphan 2001).
The graphic technologies continued to develop during the first part of the 20th
century; however, it was not until the 1960s that major technological changes
began to influence the processes of the industry. It started with the introduction and use of the offset printing technology and for example the vario klichograph technology for photocomposition. The next step for handling pictures was then taken in the late 1960s when scanner technology was introduced, and in the mid 1970s when digital scanners with separate storing capability saw the light of day. (Kipphan 2001) With the introduction of these scanners, the digitization of the graphic process started to evolve.
DIGITIZATION OF INFORMATION FLOWS IN THE GRAPHIC INDUSTRY
Since the introduction of scanners, IT innovations have played a central part in
the further development of the graphic industry’s processes (Johansson et al
1998; The Swedish Graphic Company’s Federation 1999, 2001). Today are
almost all types of materials in the industry, for example text and pictures, developing into a digital form and the information flows are hereby more or less
totally digitized. A common demand in the industry is that information produced should be adaptable to different channels in which it might be pre-

Here the concept innovation is inspired by among other Dahmén (1950) who defines it as a
new product or service, or as a new production method in which all activities needed to process the product or service are included. A further description of the concept innovation will be
presented in chapters 6 and 9.
1

2

Also known as the Linotype.

In my research the graphic industry includes all the processes and activities necessary for
transforming an idea into printed matter. In some cases the graphic industry may be considered synonymous to the printing & publishing industry. There is however a difference here
between these two expressions as printing & publishing includes only some of the processes
and activities necessary for transforming an idea into printed matter. A more detailed definition
of the graphic industry is presented in chapter 5.
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sented. One example of this is The Economist that since May 2007 offers their
subscribers to extend their service by receiving digitally transferred audio newsletters. Another example is that graphic producers have the possibilities to use
an original, for example a digital picture, for publication in both printed papers
and on the Internet with the same demand on quality. In a report from the
graphic companies federation in Sweden the writers establish the fact that:
“It isn’t enough being digitized – it gives a certain amount of access
to the customer – but the values with digitization are in user values
such as personalized information and intelligent interaction on a
freely chosen medium”. (The Swedish Graphic Companies Federation 2001, 22 – my translation)

PRODUCTIVITY IN THE GRAPHIC INDUSTRY
The introduction of IT and the digitization of information flows have influenced the Graphic industry in different ways. Critical production processes
have been transformed and production capacity has at the same time dramatically increased. This seems to have influenced the industry’s productivity development4.
“Capacity per employed has increased. The number of individuals in
the company has been the same during the years, but the production
has tripled” (Andersson, Flodström, Wennberg 20041019 – my translation).

Productivity5 has long been used as a common measure of economical growth,
but why is it of such importance to companies, organizations, and society? One
explanation might be that productivity growth influences companies’ profits in
a positive way, which on the other hand might result in increased salary for the
employees or in lower prices for its customers. Small changes in productivity
can also have major effects on economics in society. If the aggregated productivity growth is three percent a year, the real income per capita will double in
25 years. However, if the productivity only grows one and a half percent a year
it will take 50 years before real income has doubled (Litan & Rivlin 2002; Brynjolfsson 2005). Productivity is therefore of importance as a fundamental meas-

4

How much and in which way will be further dealt with in chapter 7.

In this thesis productivity is defined as “a ratio of a volume measure of output to a volume
measure of input use” (OECD 2001, 9). A further description of the concept productivity will
be presented in chapter 4.
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ure for progress and of technology’s contribution to society development
(Brynjolfsson & Yang 1996).
“Changes in overall living standards are better measured by changes
in productivity than by changes in per capita outcome.” (Lipsey, Courant, Ragan 1999, 478)

According to the OECD productivity manual (2001), measurement of productivity is also a way to trace technical change, efficiency, real cost savings and
benchmarking production processes.
THE PRODUCTIVITY PARADOX
When introducing IT in production processes, the volume measures of input
and output are often influenced. For example, digitization of information flows
can lead to an automatization, which decreases the demand for individuals involved. At the same time the use of IT, as in the case of the graphic industry
quoted above, can boost the output measure. Nevertheless, this relation between use of IT and increasing productivity has been hard to prove during the
years. Robert Solow questioned in 1987 if IT really did contribute to
productivity growth when he stated:
“You can see the computer age everywhere, but in the productivity
statistics” (Solow 1987, 36).

This statement became the starting point for an academic debate also known as
the Productivity paradox. Research results presented under this headline have
been diverse, but during recent years a majority of them point in the direction
that if there has been a productivity paradox, it can now be considered as resolved (e.g., Brynjolfsson & Hitt 2000; Mellander, Savviidou, Gunnarsson
2004). This statement is based on different explanations to the paradox6 that
have been brought forward. For example, statistical data that are the base for
productivity estimations seems to measure the wrong aspects when it comes to
IT-investments (e.g., Brynjolfsson & Hitt 1996b; Lundgren & Wiberg 2001;
Willcocks & Lester 1999). It is this type of data that has been used in the majority of the research that has dealt with the productivity paradox so far.
Results found in a review on IT statistics in Sweden (Falk & Persson 2004)
showed however that the kind of statistics these quantitative surveys are based
on is often inconsequent due to the use of different sources and data popula-

6

In chapter 2 these will be presented in more detail.
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tions. There seems also to be a lack of clear definitions concerning IT and IT
investments while the overall impact of IT on productivity development is
mostly based on data from the so-called IT sector. An example of one industry that does not fall under Statistic Sweden’s definition of IT sector is the
Graphic industry.
PURPOSE AND RESEARCH QUESTIONS
As mentioned above, a common approach in previous research on the productivity paradox, no matter of the results, has been the use of quantitative methods. There has therefore been a focus on finding relations in the statistics, and
less on what is really happening in the processes of industries and organizations when IT is implemented. This indicates a need for a different approach
when dealing with the question of IT’s contribution to productivity development. Instead of exclusively focusing on statistics, it could be useful to look at
businesses and organizations from a process perspective and to study when
and how IT has been implemented and the resulting findings. In order to work
with this the ITOP7 (Impact of IT On Productivity) research program was
founded in 2003. The comprehensive purpose of the ITOP program is:
To provide additional knowledge concerning the contribution of IT to the development of productivity on an aggregate level in society, and on the contribution and role of IT in businesses
and industries. Another purpose of the research is to generate theories about the role of information and IT in the financial development of firms and in economic development at the industry and national levels.
With this discussion as a background, the purpose of the thesis is as follows:
To show how innovations based upon IT have influenced the transformation of the Swedish
graphic industry and if this has led to changes in productivity. Furthermore, to identify other
significant effects and changes in the graphic industry’s markets that also have occurred as a
result of the introduction of IT innovations
In order to attain these purposes the following research questions are addressed:

7

In appendix V additional information on the ITOP program is presented.
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Q1: How has the introduction of IT innovations influenced critical production processes
within the commercial and newspaper graphic industry?
Q2: Which effects on productivity development in the commercial and newspaper graphic
industry have these changes had?
Q3: Which other possible effects can be identified as a result of the introduction of IT innovations in critical production processes?
Q4: In which way have the introduced IT innovations also influenced the graphic industry’s
markets in Sweden?
The purpose and research questions hold two perspectives. Production processes changes highlight what has happened within the graphic industry. The
question about market changes represents in turn an external focus as it describes the interaction between the industry and the surrounding society. A
market in this context is where buyers and sellers of a graphic product interact.
In the marketplace actors can receive information about the product and in the
end do business with each other (see, e.g., Lipsey et.al 1999; Parkin 2003;
Pindyck & Rubenfield 2001)8. These two perspectives are intended to be mutually supporting to enrich the description of the transformation of the industry.
In English dictionaries transform means to change the appearance or character
of something completely, so that it is much better or more attractive. (e.g.,
Crowther 1995; Sinclair 1995) Here transformation is also defined as a state
that is the sum of several changes. A single change, e.g. the introduction of an
IT innovation or the development of a new product, does not represent a
transformation. But when changes that have occurred during a certain period
of time are added together, a state of transformation might be clarified.
SCOPE AND LIMITATIONS
This thesis will focus on the graphic industry in Sweden as an empirical example when discussing the productivity paradox. Therefore, the industry’s development in other parts of the world, for example the U.S., will not be considered. However, as the development in Sweden seems to have kept pace with
the rest of the western world, the results presented here can therefore probably
be seen as a relevant example.

8

An extended definition of the concepts market and product is presented in chapter 9.
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In my research the dominating parts of the graphic industry in Sweden are divided into commercial and newspaper graphics and it is from these areas that
the empirical material will be gathered. The third part identified is industrial
graphic, but as it is considered a minor part of the industry it will not be used
as a source for the descriptions in chapters 5 and 6.
As mentioned above, parts of the research will focus on process descriptions
and on how information flows have changed within them. How these changes
have affected individuals involved in the different activities will not be dealt
with. It is not an uninteresting issue, but it is one that for the moment is widely
separated from the issue about IT and productivity handled here.
Other parts of the research will present changes in the graphic industry’s markets. The focus here, as in the case of the process descriptions, will be on presenting generic descriptions that describe how the industry has developed as a
whole. The analysis concerning this will therefore not consider in depth how
these changes have affected single companies.
The process descriptions will focus on the production of printed matter such
as newspapers, books, and advertising brochures, etcetera. It is though, as
mentioned above and in chapter 5, today possible to produce information generated for printed matter in other media. Still, the main segment of businesses
in the graphic industry is involved with printed matter and the historical approach used motivates this delimitation.
IMPORTANT DEFINITIONS
Fundamental concepts of this thesis are IT, information, and digitization.
These concepts may seem easy to define, as they are commonly used in the
modern society of today. However, one problem is that they often are interpreted in different ways. For example, the definition of IT in previous productivity paradox research and in official statistics has often been too narrow or
even absent.
Information
The concept of information is used here in a very general sense in order to set
up a workable definition of this book. Two main sources for the definition
have been Porat (1977, in Castells 2000), and Shapirio & Varian (1999). These
point out a bit as the single unit of information in a system, e.g., Porat (1977)
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defines information as data that have been organized and communicated.
Shapiro & Varian (1999) write that anything that can be digitized – encoded as
a stream of bits – is to be considered as information. Altogether information is
created when single units, called data or bits, are organized and ready to be
communicated. An example of information is a word. Letters/data standing by
themselves do not contain any specific information, e.g., s, e, h, i, t, s. But when
organized according to the grammatical rules of the English language they together may constitute information by forming the word thesis. Information that
can be communicated through speech, writing on a paper, a fiber optic cable,
etcetera.
Information technology (IT)
Definitions of IT are often limited or too vague to be useful when effects on
productivity or other benefits resulting from IT investments are described. In
research using aggregated data this is especially obvious (e.g. Lind 2002) and as
a result embedded systems, for example processors in a printing press, are often overlooked when the use of IT is defined. The idea in the ITOP research
program and in my research is instead to apply a wider approach where IT is
seen as a technology that today is an integrated and unconditional part of businesses and organizations. IT is also considered as an enabling technology,
which is integrated in organizations, business and economies and therefore the
technology cannot be studied as a stand-alone entity. In order to analyze the
effects resulting from IT investments it is important to include the context
from which the technology is derived. A definition of IT considered proper for
use here is therefore: A technology for collecting, storing, processing, retriving, and communicating data, text, images, and speech. This is a definition chosen by SIKA
(2004)9, and it connects among others to the definition of information presented above as collecting, storing, processing, and feedback and can be seen
as different ways to organize data. An important notion concerning the definition of IT is that it comprises digital, electronic technology. The SIKA (ibid)
definition can further be interpreted to also include embedded systems as it
focuses on the way the technology is used instead of how it is organized.

9

Swedish Institute for Transport and Communication Analysis.

8

Digitization
The concept of digitization is central to my research. That is so because the
purpose is, as mentioned earlier in this chapter, to find out how the graphic
industry has transformed as information in key processes has been digitized via
the introduction of IT innovations. The definition used is therefore the conversion of information from analog to digital form in order to make the information available for
computers. This definition is among others congruent to the one found in Collin
(2001) where the term digitize means to change analog movement or signals
into a digital form, which can be processed by computers. Furthermore is it
also similar to those found in different encyclopedias (e.g., ne.se 2007; webopedia 2005). It is also possible to connect the definition of digitization to
those of information and IT, mentioned above, because digitization is what
happens to information when IT is introduced.
EXPECTED CONTRIBUTIONS
In the ITOP program the empirical based results will provide important pieces
to the productivity paradox puzzle. The intention is to enrich the academic
debate, since the results from my research and from the program as a whole
will be based on a different type of data than normally used in research concerning the productivity paradox10.
Another main contribution will be the mapping of past and present graphic
industry processes. Without doubt, many individuals in the industry have
knowledge and experience of process transformation as a result of the introduction of IT. However, to map out these changes in the way that will be done
in this thesis may be a new approach to evaluate and document this knowledge
on paper.
Furthermore, using mapping of the processes as a starting point, the discussion
concerning productivity is also to be considered as a possible contribution to
actors within the graphic industry. The results presented here may confirm or
reject doubts whether IT investments made during the years have or have not
had a positive impact on productivity in the industry.
The research will also contain an analysis of other additional effects that have
evolved from IT investments accomplished over the years. This analysis will
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In which way it differs will be presented in chapters 2 and 3.
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focus on identifying effects of a more abstract character than purely financial,
but that are just as important for the development of the graphic industry.
Finally, the identification of how digitization has influenced the graphic industry’s markets may further illustrate the impact of digitization. Changes in a
market are what the outside observer normally registers. By linking these
changes to those in internal production processes, the real influence that IT
innovations have had on the graphic industry may be presented.
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OUTLINE
The outline of this thesis is as follows:
Ch 11. Final conclusions and
main contribution

Graphic
industry
transformation

External perspective

Internal perspective
−
−

−

−

Ch 7. Effects from process
digitization: Q1, Q2, Q3
Ch 5 and 6. Critical production processes in the graphic
industry then and now
Ch. 4: Perspectives on processes, productivity, and IT
effects

−
−

Ch 10: IT innovations influence on graphic industry’s
markets: Q4
Ch 9. Approaches to industrial transformation
Ch 8. Supplier influence

Ch. 3 Methodological issues

Ch 2. Previous research

Ch 1. Purpose, research question, scope and limitations

Figure 1-1: An illustration of the additional structure of this book

In the analysis concerning transformation of the graphic industry due to digitization, two perspectives will be used. An internal perspective will present
changes that have occurred as information flows in critical production proc-
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esses have become digitized. Additionally, external changes will be analyzed
through focus on changes in the graphic industry’s markets.
In chapter 1, purpose, research questions, scope and limitations have been presented. These are the foundations of the research presented here and throughout the thesis the content of the different chapters will continually be related to
these corner stones.
Chapter 2 initially introduces previous research on the productivity paradox
divided by results based on different levels of aggregated data. This discussion
ends with a presentation of a research model that is used within the ITOP research program and throughout this thesis. The research model can also be
seen as an introduction to chapter 3, where methodological standpoints for the
dissertation are dealt with.
In chapter 4, perspectives on processes, productivity, and IT value are in focus.
The theoretical concepts presented here will be used in chapter 7 as a framework for the internal perspective analysis concerning the graphic industry’s
transformation.
Chapters 5 and 6 contain a definition of the graphic industry followed by a
description of its processes. The description concerns how the studied processes have developed from the mid 1970s until today. Based on this description an analysis concerning effects gained from the digitization of the graphic
industry is conducted in chapter 7. The aim for this analysis is to find answers
to research questions Q1, Q2, and Q3.
The switch from internal to external focus starts in chapter 8 with an extended
description of the graphic industry production processes by including the influence that suppliers have had on process development. Thereafter in chapter
9 various approaches to industrial transformation are presented. The purpose
of this chapter is to generate a tool that can be used in chapter 10, in which an
analysis of market changes is performed. The aim for this analysis is to find
answers to the fourth research question, Q4.
Chapter 11 contains final conclusions presented together with a discussion
concerning contributions and implications for further research.
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CHAPTER 2. PREVIOUS RESEARCH ON THE PRODUCTIVITY PARADOX

Research concerning the productivity paradox has during the years been extensive and evolving. The starting point for this research was a statement made by
Robert Solow (1987) 11 in which he doubted IT’s contribution to productivity
development in productivity statistics. Since then researchers have tried to confirm or reject the paradox in different studies. The majority of these studies
and the results from them have been thoroughly exposed by Brynjolfsson &
Yang (1996) and Dedrick, Gurbaxani & Kraemer (2003). In these papers, the
authors have divided research on the productivity paradox into different levels.
In addition, different results and the need for further research concerning the
paradox are also discussed. These two papers are the main sources for this
chapter and the idea is to present an overview on what has, and has not been
done concerning research on the productivity paradox, and where this thesis
fits in. When other sources than the ones mentioned above are used, they are
referred to in the text. This presentation ends in an introduction to the ITOP
research model, which has the function of a common platform when designing
the research that has been accomplished within the ITOP research program.
PREVIOUS RESEARCH DIVIDED INTO DIFFERENT LEVELS
In Brynjolfsson & Yang (1996), research on the productivity paradox is divided
into three different levels: economic wide, industry level, and firm level. A
similar way of classifying the research is also used by Dedrick et al. (2003), they
use the terms country level, industry level and firm level. The research within
the ITOP program might be identified as belonging somewhere between the
firm and the industry level. It has been carried out by initially collecting empirical material at a firm level, which has later been aggregated and presented on
an industry level12.
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Quoted in chapter 1 of this Thesis.
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More details about research deign is presented in chapter 3.
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One major reason for dividing the research into the levels mentioned above is
the type of datasets used in the surveys. Those on the firm level have been using data samples from databases containing up to 400 firms, with a focus on
U.S. firms. The ones on industry and country level have mainly used aggregated official statistics presented by, for example, the Bureau of Economic
Analysis (BEA) or the Bureau of Labor Statistics (BLS).
PREVIOUS RESEARCH ON COUNTRY AND INDUSTRY LEVEL
At the country and industry level research, focusing on IT and productivity has
come up with diverse results.
“The first studies conducted at the country level in the late 1980s and
early 1990s concluded that the contribution of IT to productivity and
economic growth was nonexistent or slight.” (Dedrick et al. 2003, 16)

Research showed that the overall productivity numbers in the U.S. had
dropped during 1973 – 1992, a period where IT investments became an increasing part of the economy. A reason for this may have been that even
though IT capital had increased, it was too small a portion of the capital stock
in the economy to have any major effects on it during this period. Another
conclusion proposed was that IT investments did not increase U.S. productivity, but that they instead were counter productive.
IT investments in the U.S. increased even more in the 1990s, reaching 22% of
total U.S. capital investments, but this was mainly due to the decline in computer prices. These increasing investments encouraged organizations to substitute IT for labor and for other forms of capital. Additional recent research, on
this subject, has found a positive correlation between IT investments and an
increasing productivity nationwide. This has also been the case of studies on
the industry level. Dedrick et al. (2003) refer to research by Stiroh in which 61
different industry sectors during the early 2000s were compared and at twothirds of these there was a positive shift in labor productivity found after 1995.
Those industries with a higher level of IT capital than average also showed a
higher labor productivity acceleration than others. One reason to question the
results from industry level research is the problems that may occur when handling the aggregated data. In this type of datasets, potential sources of error
may be found on different levels, for example, IT capital can be defined in different ways. On the country level, there are also other factors, besides IT, that
might interfere with the research results. A way to handle this problem is to
instead conduct research on a firm level. This is also relevant because of the
14

fact that actual IT investments are made by organizations, mostly firms, whose
main interest is their own ROI and not that of the country as a whole. This
reasoning is supported by surveys, which found that one cause of measurement errors might be that firms invest in computers not only for cost reduction, but also for quality improvement and to improve customer service. At the
same time, these firms are the source for the aggregated statistical data and by
approaching them directly; it may be possible to avoid some of the problems
generated at the aggregated industry- and country level.
PREVIOUS RESEARCH ON THE FIRM LEVEL
In firm level research conducted in the late 1980s and early 1990s there was no
connection found between IT investments and productivity, mainly because
too small data samples were used. Around 1993 more rigorous studies were
made involving large U.S. corporations. These studies used econometric techniques to relate firm output to a set of inputs including labor hours and non-IT
capital stock. The studies found that IT investments did contribute to firm
productivity. However, research on firm level has also showed that the productivity impact of IT investments varies widely among different companies.
There are different reasons for this: idiosyncratic firm characteristics such as
for example market position and brand recognition and specific features of the
organizational structure. There also seems to be a time lag of 4 to 7 years before IT investments pay off in productivity growth.
Other reasons why IT investments may not result in a positive productivity
impact are related to management issues in some surveys. For example, firms
with a cluster management practice, including decentralized decision-making
along with levels of IT investments tend to outperform all others. One reason
for these results could be that a decentralized organization sometimes has better prerequisites when it comes to taking part of the increasing information
flow generated by investments in IT capital. Macdonald (2003) writes that it is
necessary for an organization to change if it shall reap the full benefits of IT.
He also emphasizes that IT itself, rather than requirements of the organization,
many times has been the driving force behind new management methods and
organization forms used. Other researchers observe however, that a centralized
structure might be more appropriate given firms idiosyncratic characteristics.
In a report from McKinsey (2005), based on a survey among companies in
France, Germany, U.K., and the U.S., it is concluded that IT investments have
little impact unless they are accompanied by first-rate management practices.
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Those practices can, according to the report, on the other hand, boost productivity on their own.
In the firm level studies, it has been difficult to find direct linkages between
investments in IT capital and a firm’s financial performance. One reason might
be the existence of a wider range of strategic and competitive factors, beyond
productivity, that determines the financial performance. Another reason may
be that productivity benefits often are passed on to consumers, instead of kept
within the firm. This is also known as consumer surplus and previous research
points out that in 1987 between $69 billion and $79 billion consumer surplus
was generated by $25 billion in expenditure on IT capital. Macdonald (2003)
questions the relevance of productivity as a measure of IT performance and
suggests that the productivity paradox simply demonstrates that accounting
systems are decades out of date. Alternatively, as Brynjolffson & Yang writes
(1996, 29):
“However the sort of benefits that managers ascribe to IT – increased
quality, variety, customer service, speed and responsiveness – are precisely the aspects of output measurements that are poorly accounted
for in productivity statistics as well as in most firms accounting numbers. This can lead to systematic underestimates of IT productivity.”

PREVIOUS RESEARCH ON THE PRODUCTIVITY PARADOX IN SWEDEN
Studies made in other countries are more or less consistent with those made in
the United States. A relationship between IT and productivity is primarily
found in developed countries however, not in developing countries. The debate concerning IT and productivity has also been held in Sweden, foremost
during the late 1990s and 2000s.
Lind (2002) defines what he calls ICT13 producers and ICT users and presents
their contribution to labor productivity14 during 1994 - 2001. Among others
the graphic industry is defined as an ICT user and it seems, based on his statistical sample, that it is primarily the ICT producers who have contributed to
productivity development in Sweden during the last decade. He writes though
that it is possible that his sample of data has some deficiencies. He therefore

13

ICT = Information Communication Technology.

14

In Lind (2002) labor productivity is defined as value added per hour worked.
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considers it important that the definition between production and use of IT, or
input and output in different industries, is properly defined if the statistics shall
reflect an actual development. Because of possible inconsistency in the data, he
advocates more research at a micro economic level to gain understanding
about the value of ICT.
Apel & Lindström (2003) has a similar approach. In their analysis, they establish that productivity development15 in Sweden during the 1990s was driven by
the ICT producing industry and a gradually increasing IT capital intensity
within the rest of the industry. They also emphasize the need to analyze more
disaggregated statistics. It is possible that the real IT capital investments are
underestimated because insufficient quality adjustments are made in the price
indices that are used for deflation. Finally they write that there is a need to
produce more relevant and appropriate data if the question about IT’s contribution to productivity development shall be solved.
Problems with measuring production and productivity are also highlighted by
Edquist & Henrekson (2001; 2002). According to them, the current production
value in the ICT-industry is not deflated in a proper way. They consider this a
fundamental problem because, as Lind (2002) also mentions, output in the
ICT-industry often is input in other industries. Existing measuring methods
are, according to them, rapidly becoming insufficient and one example is problems in catching the quality factor.
Mellander; Savvidou; Gunnarsson (2001; 2004) involves human capital as a
factor that may be of importance when it comes to IT and productivity. They
find in their regression analysis that it depends on the level of education if IT
contributes to MFP or not. IT had an effect on MFP development in Sweden
during 1990s, but the effect was indirect and arose from interaction with human capital. Their results also indicate that the effects of IT were not limited to
IT producing businesses but several positive effects were found at IT – user
industries such as textiles and chemicals.
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APPEARANCE OF ADDITIONAL EFFECTS
Brynjolfsson & Yang (1996) summarizes research made on the productivity
paradox by establishing that positive influence on multifactor productivity
boost has been presented, with little evidence of positive contribution to other
measures. The reason is, according to them, measurement errors, time lags,
mismanagement, and redistribution; IT is used mainly between firms and not
within single firms. Also Dedrick et al. (2003) and the Swedish researchers referred to above emphasized measurement problems, and definition of input
and output on different levels in industries and society as problematic. They
also question the established statistical techniques that have been used.
Studies of IT and productivity have according to Oz (2005) produced inconclusive results. A sole focus on econometrics and search for statistical evidence
does not enable researchers to produce evidence on the productivity paradox.
Instead, he advocates a historical perspective by using perspectives of the IT
productivity cycle. In this model possible lack of connection between IT and
productivity is explained by increasing standardization of IT devices. As this
occurs competition becomes more intense and companies mainly compete
trough lowering their prices. This phenomenon is also observed by McAfee
and Brynjolfsson (2007). They write that the use of IT innovations has increased the competition in the U.S. economy, and these changes have been
largest in the industries that invest the most in software and computer hardware.
Oz (2005) concludes that if firms measure their productivity gains in cash, they
may therefore find that IT did not contribute any productivity growth. Instead
she emphasizes the search for effects additional to productivity.
“The main contribution though from investing in IT is that the technology helps to change business processes and the relationships between firms and suppliers, etc. The economic contribution of such
fundamental changes is not considered in most IT productivity studies.” (Oz 2005, 797)

In this context Brynjolfsson (2005) also stresses the importance of adjusting
the organization and its processes in order to gain benefits from its investments. Such adjustments include moving from analog to digital processes,
open information access, and empowerment of the employees. If a company
truly wants to convert to a digital organization these types of changes are cru-
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cial. When evaluating the effects from such transformation, one has to go beyond the productivity measure.
NEED FOR A NEW APPROACH
ITOP RESEARCH MODEL

TO THE PRODUCTIVITY PARADOX

- THE

Previous research on IT and productivity has, as mentioned above, focused on
finding measurable values that IT investments generate. That might not be in
disorder; Solows questioning of IT‘s contribution to productivity had a focus
on the statistics and statistics is in the end all about numbers. Still, when focusing on finding relations in the statistics, few efforts have been made to map out
what is really happening in the processes of industries and organizations. When
IT is implemented, it tends to generate other intangible values that are just as
important for a business as productivity. However, these types of values are
often lost when quantitative methods are prejudicially used. This indicates a
need for a different approach when dealing with the question of IT’s contribution to productivity development. Instead of sole focus on statistics, it could be
useful to look at business and organizations from a process perspective and
study when and how IT has been implemented as well as the results that have
emerged. A possible new approach to handle the productivity paradox has
therefore been developed within the ITOP research program. This research
model is summarized in figure 2-1.

INVESTMENTS

EFFECTS
Automational,
Informational,
Transformational.

CHANGES IN
INFORMATION
FLOWS
Then
Now
Analogue Digital

ADDITIONAL
EFFECTS
Measurable
Intangible

CHANGES IN THE GRAPHIC INDUSTRY’S MARKETS

Figure 2- 1: The research model commonly used in the ITOP research program combined with the industry market perspective highlighted here
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The content of the research model is as follows:
Previous research on the productivity paradox has been focused on measuring
IT investments, but limited on how IT really affects the organizations and
businesses where the technology is introduced. IT is in this context seen as a
tool for processing information, and in doing so information is converted from
an analog form to a digital becoming digitized in the process. The research in
the ITOP program will therefore investigate the effects, economic and others,
originating from digitization of information flows.
Initially the processes in an industrial system16 are mapped in order to describe
how they are working today (now) and how they worked 30-40 years (then)
ago, before digitization, in order to identify major changes and discuss milestones of the digitization process that have been important for the process development. Parameters to study include both physical and information flows,
involving both organizational and technological dimensions. In the research
model, it is assumed that the major structural changes from digitization of information are related to the nodes or interfaces between actors and/or systems. The research conducted is therefore focused on mapping nodes and
linkages in the processes and these aspects constitute important tools for the
analysis of the empirical data
When the processes are mapped out, innovation investments that have led to
changes in the processes are identified. These investments symbolize input to
the process and mainly include IT investments but also others, such as investments made in organizational capital and other technologies. The research will
then focus on identifying cause-effect relationships in order to explain effects
that have occurred in the processes and to determine which effects can be
traced to IT investment.
These effects are then categorized17 and the sum of this analysis will lead to 1)
a set of measurable results, for example productivity development, and 2) a set
of intangible effects. The productivity aspect creates an important context and
a point of departure for the studies. However, this parameter is not specifically
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In this Thesis; the graphic industry.
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The categorizing of effects will be further presented in chapter 4.
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in focus during the investigations. Instead, different types of other categories
of IT effects originating from IT investments will be primarily discussed.
The effects from process changes are viewed as an internal perspective of industrial transformation. In the research conducted and presented in this thesis
an external industry market dimension is also added. In order to gain a better
understanding of why the industry has developed in a certain way and the role
that digitization has played in this transformation; changes in the graphic industry’s markets are also identified. In the final analysis links between internal
and external dimensions are made and the total impact from digitization will
consequently be described.
CHAPTER SUMMARY
In this chapter, a presentation has been made of previous research on the productivity paradox. The two main sources used have been the research papers
written by Brynjolfsson & Yang (1996) and Dedrick, Gurbaxani, & Kraemer
(2003) in which previous research are dealt with thoroughly. The research examined was divided into three levels: country/economic wide, industry, and
firm. In early contributions, it was hard to find correlations between a positive
productivity development and investments in IT on these levels. Later, as more
datasets have been used, these results have been contradicted. Among other
explanations brought forward concerning problems in finding positive correlations between IT and productivity are measurement errors, time lags, mismanagement, redistribution, and statistical techniques used. The results of research
in the U.S. are similar to those found in other parts of the developed world.
Foremost in Sweden, there has been a problem with the statistical datasets
used. It has not been possible in this research to make any general conclusions
concerning IT and productivity because the statistical datasets used have been
too small or represented a too narrow lag of time. One research study, where
human capital is included, found a positive correlation though. In order to further penetrate the question of IT’s contribution to businesses and organization,
a research model was presented that focused on identifying the digitization of
information flows as well as the quantitative and qualitative outcome of this
digitization process. This research model has functioned as a platform for the
methods used when working with my research. These methods are presented
in further detail in the next chapter.
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CHAPTER 3. RESEARCH DESIGN
INTRODUCTION
The perspective that has been used here when handling data and information
concerning the graphic industry is that it is something that already exists and
the task of the researcher is mainly to gather and systematize it. This way of
approaching scientific work can, according to Alvesson & Sköldberg (1994), be
seen as a positivistic outlook. They write that this kind of approach is built
upon an underlying “harvest” metaphor: the scientist’s main task is to harvest
the crops of the soil and blend them into a tasteful arrangement. One critique
against this view is that it merely scrapes the surface and that it does not allow
the scientist to penetrate the depth of the problem that is handled (Ibid). Another kind of critique is, according to Sellstedt (1992), formulated by Habermas
who wrote that the positivistic view on research is characterized by a technological rationality.
Still, in this thesis the aim of the research is to describe the role that innovations based on IT have had in the historical development of processes and
markets in the Graphic industry. In the end this information will be brought
together in order to analyze the contribution that IT may have had on productivity development and also how these innovations have contributed to the
transformation of the industry. Within this consideration, it seems the positivistic harvest approach is quite suitable for the thesis. Also the focus will mainly
rely on presenting the empirical material and to draw conclusions from it, the
discussion and problematization of different theories will play a minor part.
This focus on empirical studies is something that according to Alvesson &
Sköldberg (1994) connects fairly well with the positivistic tradition.
Asplund (2002) writes that though there is a strong correlation between positivism and what he defines as empirism, these should not be seen as identical.
A main difference is that empirism does not, as positivism does, stand on a
philosophical ground. Furthermore, there is a difference in impact on the work
a researcher does. Different philosophical alignments, such as positivism, point
out a direction and set up the frames. Empirical studies in turn are, according
to Asplund (ibid), at the very core of scientific work. A researcher is an individual who through collection of data documents relationships between entities
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in the object studied, and empirical findings are therefore fundamental in
scientific work.
I much agree with this perspective on the value of the empirical perspective,
however I would not consider myself a hard-headed positivist. Foremost it is a
question about a dominating philosophy, not a detailed description of how to
do things. Still, a focus on collecting and describing empirical findings is at the
heart of the research presented in this thesis.
In the next part of this chapter follows a description of how quantitative and
qualitative methods have been used when gathering the empirical material.
Also methods for presenting the results and making conclusions are thereafter
described and finally follow a summary of the methodological course of action
taken.
THE RELATIONSHIP BETWEEN QUALITATIVE AND QUANTITATIVE METHODS IN THIS THESIS
There are different ways a researcher can handle questions related to social
science and these are usually sorted into quantitative and qualitative methods.
Holme & Solvang (1997, 76) write that both these methods have their
strengths and weaknesses. They emphasize that the important part is to choose
the very method, or methods, that fits the question that a researcher is working
with. In this thesis, there are four questions previously presented in chapter 1,
which are dealt with in a similar way. In order to answer these, mainly qualitative methods are used. The reason for this choice is that a qualitative survey
can be seen as proper when the goal is to describe, analyze, and understand
qualitative data and it is often based on questions like “whom, what, how, why,
when, where” (Lundhal & Skärvad 1999; Nyberg 2000), which is judged to be
the case of the research presented in this thesis.
BACKGROUND TO THE CHOICE OF THE GRAPHIC INDUSTRY AS EMPIRICAL EXAMPLE

The research questions are focused on the graphic industry in Sweden. But, as
mentioned in chapter 1, they are also a part of the ITOP research program.
This means that the graphic industry has been chosen as a research object
based on requirements founded in the ITOP program. The industry studied
should be a production industry that during the past decades has adapted IT in
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its processes. I was also, when choosing which industry to conduct research
on, driven by a personal interest of the business, based on earlier experiences.
QUALITATIVE METHODS USED
In chapter 6 the graphic industry processes are modeled, based on information
gained from interviews with key persons at commercial and newspaper graphic
companies. Chapters 8 and 10, which present the role of suppliers and influence of digitization on the industry, are also based on such information. Interviews that were made had a focus on the interviewees comprehension of how
things were done yesterday and how they are done today. Alvesson & Sköldberg (1994) recommend this kind of approach in qualitative research writing,
since a distinctive character of the method is to have the perspective of the
studied individuals as a starting point. Secondary sources such as Handbook of
printed media (Kipphan 2001) have also been be used in order to complement
the interviews. This was necessary since the main focus of the interviews was
on mapping out processes and markets and to find out in which way digitized
innovations had been influencing their transformation. During the interviews,
technological issues concerning innovations were discussed only to a certain
level of details. If afterwards it was judged necessary to include a greater level
of technological detail in the descriptions, this information was then collected
from secondary sources. These classifications of sources were also used in order to validate the process descriptions that were generated from the interviews. In summary, the main part of the research has been focused on gathering information from interviews and thereafter to complement this material
with information from secondary sources.
QUANTITATIVE METHODS USED
The question concerning productivity has by nature a quantitative approach as
it is a measure that describes differences in output and input during a certain
period of time. The method of gathering data in order to answer this question
in this thesis is mainly qualitative though. The intention was initially to use official statistics about the graphic industry, as well as data collected from interviewees in order to acquire quantitative information of how productivity has
developed. But, as will be discussed later in this chapter, there was a scarcity of
useful, available statistical data. Therefore, the question about productivity is
mainly handled based on information gained from interviewees, but the way
the empirical material is handled in the analysis does have some quantitative
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features though. This research combination of mainly qualitative, and some
complementary quantitative methods, is believed though to create opportunities to catch both the details and the big picture of how digitized innovations
have influenced the graphic industry
DATA COLLECTION
The work concerning data collection has been divided into three parts: a prestudy, interviews made, and collection of secondary sources.
PRE – STUDY OF THE GRAPHIC INDUSTRY
In the research procedure the first goal was to identify and create a definition
on what is to be considered as the graphic industry in Sweden today. Initially
therefore in 2004, individuals and organizations connected to the industry in
Sweden were identified based on information gained from literature, magazines
and webpages. It was soon clear that one important organization in this context was the Swedish Graphic Companies’ Federation. The federation was contacted and in a dialogue with Hans Johansson, responsible for education and
environment, different individuals and graphic companies that could be of interest to the research were identified18. A requirement used in this process was
that individuals that were going to be interviewed should have a long experience, 20 – 45 years, from working within graphic industry. It was also important that they represented different parts of the industry and that there was a
geographical distribution among them. Furthermore I participated at a 2-day
seminar arranged by the Swedish Graphic Companies’ Federation in order to
take part of the discussions held there, and to achieve contacts with individuals
working within and conducting research on the industry. Based on the information gained from these activities, the next step was to contact the conceivable interviewees previously identified. In the end individuals active at commercial graphic and newspaper graphic companies, located at different geographical areas in Sweden agreed to participate.

All the interviewees who have contributed to this thesis are further presented in Appendix
II.
18
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INTERVIEWS MADE
The main method for data collection used in this thesis has, as mentioned
above, been interviews. An interview can be performed for many different reasons and can be handled together with many different methods. One way to
differentiate interviews is to define how standardized they are. Unstandardized
interviews are recommendable when the purpose is to collect soft data, such as
for example different persons’ judgment of different situations (Lundhal &
Skärvad 1999, 116). Furthermore the unstructured open-ended interview can
be seen as a type of interaction, which mainly focuses on authentic experiences. (Silverman 1997) When performing interviews in order to get data about
processes and innovations within the graphic industry, this classification of
interview was used19.
The plan for data collection through interviews was divided into two steps.
The first step was to focus on collecting information useful for identifying
critical production processes and the digitized innovations that had occurred in
these. With the innovation and process description as a platform, a second
round of interviews would then focus on how innovations had been developed
and their influence not only on processes but also on the graphic industry’s
market development.
During a period of six weeks in the autumn of 2004 I met with the first group
of interviewees all of whom have been working within the graphic industry for
a long period of time. They have thereby gained personal experiences from
different changes that have occurred in the production processes during their
professional careers, among others, as innovations based on digital technology
have become an integrated part of the business. The first part of the interviews
consisted of questions concerning the characteristics of the graphic industry
and the purpose of the questions was to identify a valid definition of the industry. The purpose of the next group of questions, which initially were developed
commonly within the ITOP program, was to map out and identify the critical
processes as they are today. Thereafter the intention of the following group of
questions was do the same with processes that existed in the mid 1970s. A
timeline for the process description was hereby settled and the interviewees
were thereafter asked to describe innovations and process changes that had

19

In appendix III the interview guidess that have been used is presented.

26

occurred between the mid 1970s and today. A total of ten interviewees were
interviewed during eight different occasions.
Through this procedure a generic innovation and process descriptions gradually evolved as similarities in the answers from the interviewees were identified.
When such was found, a process with its activities was created together with
establishing of actors involved. Differences in the material have primarily been
handled as divergence connected to the respondent’s specific context and experiences. When differences occurred the importance for the development of
accurate descriptions was judged based upon the generic perspective. If I believed the difference was an issue related only to the specific company where
the respondent worked, it was put aside and not included in the description.
On the other hand, if I estimated it to be of interest for the industry as a whole
it was further discussed with the interviewees. The difference was then judged
as valuable and included in the descriptions, or as of no value to the generic
description and instead excluded.
All the interviews, except two20, were preformed at the companies where the
interviewees worked. In addition to the interview they also gave a guided tour
through the different parts of their companies, from prepress to postpress departments. During this tour supplementary questions were asked and technological details concerning graphic production were discussed. A couple of days
after an interview was completed a copy of the interview notes was sent by
mail to the interviewees. They then had the possibility to complement and/or
correct any errors in the text. The interviewees were later on also consulted
concerning the credibility of the generic process descriptions presented in
chapter 6. The purpose of this dialogue was to continuously validate the empirical material as it was created.
As the results from the initial interviews emerged in the form of process and
innovations descriptions, preparations for the second round of interviews were
conducted. Because of the focus on identifying the innovation development
process and the influence it has had on the industry, it became necessary to
include not only the users of innovations, i.e., the graphic companies, but also
the suppliers that develop and introduce new innovations. In addition it was

20 Danielsson (20050117) and Månsson (20041118) were already retired when the interviews
with them were conducted.
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also decided to amplify the innovation user perspectives and individuals at
publishing and advertising companies, i.e., actors in the creation of original
process, were therefore included as interviewees.
The interview guide used at the second round of interviews was divided into
two parts. The purpose of the questions in the first part was to establish the
role of the suppliers in the graphic industry in relation to the process descriptions previously developed. The interviewees were also informed that when
answering the questions in the interview format, they should be aware that
these were based on the definition of the production processes that I presented
to them. The second part of the interview guide consisted of questions concerning innovation development and how these innovations have influenced
the transformation of the industry. In order to capture the consequences from
introduction of digitized innovations, the innovation influence model further
presented in chapter 9, was used as a theoretical framework when the questions were formulated.
In total eight individuals were interviewed during 2006 and 2007 using this
interview format. The same criteria was used as in the first round of interviews
concerning the selection of interviewees. Also these interviews, except two of
them21, were performed at the companies where the interviewees worked. The
interview notes were thereafter sent by mail to the interviewees so that they
could complement and/or correct any errors in the text. When I started to
evaluate the interviews the guideline was to handle similarities and differences
found in the answers the same way as in the case of the initial process interviews, in order to create a valid generic description.
COLLECTION OF SECONDARY SOURCES
Parallel with the ongoing interviews, secondary data such as statistics about the
graphic industry and industry specific literature was collected. This is a type of
data that is not created primarily for the ongoing research and therefore it is
important to have a critical approach to it (Holme & Solvang 1997, 179; Lundhal & Skärvad 1999, 116). In order to gain knowledge about statistics concern-

21 Carlsson 070424 and Hernnäs 070416 were telephone interviews as these interviewees had
already participated in the first round of interviews and the contact with them therefore were
previously established.
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ing the graphic industry in Sweden, Statistics Sweden was consulted. The
source used was initially their Business Register, which is a register of enterprises and local units in Sweden. It contains all legal and natural persons who
fulfil at least one of the following criteria: registered for VAT, registered as
employer, or having a registered firm. The Business Register is a part of Statistic Sweden's business database and it is mainly updated with information from
the Swedish National Tax Board (SCB 2007a). Besides the business register
available statistics from the National accounts were also used and individuals at
Statistics Sweden were contacted. The purpose was to identify which sources at
Statistics Sweden were suitable to use in order to gain information about the
productivity development of the graphic industry in Sweden, as it is reproduced in the official statistics.
The ambition was initially to collect statistical data for the period 1975-2004 on
a SNI three number level22. This is the level that graphic industry is defined at,
given the SNI code 222 (SCB 2005; 2002). Furthermore, the statistical data
presented on this level is the one that correctly corresponds to the level of the
process descriptions in chapter 6. But along the way it became clear that it was
only possible to obtain such data from the business register between 1997 and
2002. Data on a three-number level from earlier years could probably be produced by SCB, but would require efforts not prioritized in this stage of the
ITOP research program. Another problem was the inconsistency of the data
found in the SNI system. Until 1992 SCB used the SNI-69 system and in that
system the graphic industry was defined at a three number level and given the
code 342 (SCB 1992). In the SNI-92 system that followed, the graphic industry
was also defined at a three number level, now as 222 (SCB 1993). But the statistics on this level has shown not to match statistics at the 342 level. The
matching statistics is instead sorted under the code 22 in the SNI-92 system
(which besides graphic industry also consists of publishing business). The sys-

SNI is an activity-based classification of businesses in Sweden where production units such
as companies and organizations are classified based on their activities. Thereby an industry can
be divided into different SNI codes, from an aggregated level (level 2) to a more detailed (level
5). The graphic industry is defined as a single industry on level 3, represented by the SNI code
222. Another system in use at Statistics Sweden is the business system. This is a system for
aggregated data where the industry in Sweden is divided into 12 different groups. The graphic
industry is found in system number 7, communication and education, and is divided into the
same parts as in the SNI system.
22
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tem in use at SCB since 2005 is called SNI-2002, but in this system the graphic
industry fortunately has the same definition as in the SNI-92 system (SCB
2002). In the end it was clear that the statistical data that I managed to gather,
was not sufficient in order to gain knowledge about productivity development
during the period of time studied. Therefore this material was put aside and the
question about productivity development was instead primarily handled by
using the empirical material that started to evolve from the interviews made.
THE GRAPHIC INDUSTRY DESCRIBED AS GENERIC PROCESSES
Another qualitative method that inspired the research process was the case
study. Lundhal & Skärvad (1999) write that the case study method has its roots
in the systems approach. This way of approaching scientific work is, according
to them, fairly common in social science. In order to understand a system and
the parts of it, you have to understand the entirety of it.
PROCESS STUDIES
Yin (1994) also stresses the sense of the environment in case studies when he
writes:
“A case study is an empirical inquiry that investigates a contemporary
phenomenon within its real-life context.” (Yin 1994, 13).

Methods used when studying the graphic industry are in some ways congruous
to these descriptions. There has been a focus on the whole system, from customer need to delivering of printed matter, in order to attain knowledge about
what can be considered as critical production processes. Still, the research
made does not fulfill the demands of a case study. It is instead more correct to
present the research as a process study, because that is the perspective used
when handling the past and present of graphic industry production23. For example the processes presented in chapter 6 are, as mentioned above, modeled
from a summarization of the different interviewees’ points of view, which
mean that the process descriptions are to be considered generic. They do not
represent a specific case within the industry; instead the aim is to reflect a general picture of the graphic industry processes in Sweden. This is also the case
with the empirical based descriptions in chapters 8 and 10. An alternative to

23

Conditions for and definition of a process are further described in chapter 4.
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this approach could be to focus and do a more specific model for a specific
part of the graphic industry. The benefit gained from the generic approach is
though that it agrees with the purpose of my research and the overarching one
of the ITOP program. One of the ideas behind the research is to gain an overview of the industrial systems examined, so that in the program it will be
possible to compare the different results that the studies in the program generate. A more narrow and specified process description could limit this type of
comparisons.
HISTORICAL PERSPECTIVE
When conducting the process studies a historical perspective has also been
used. According to Bannister (2002) perspectives on these kinds of studies
have changed over time, from focusing on pure facts to incorporating interpretation of passed events. There are adjacent methods to historical research, such
as longitudinal studies and time-series analysis, but the historical approach has
been considered more proper to use. Although the line between a historical
and a longitudinal approach according to Bannister (ibid) is a blurred one,
there are some differences. The longitudinal studies imply that the researcher
should be present at intervals throughout the study to conduct real time observations, something that because of limited amount of time in the doctorial
studies has not been possible in the case of the research presented here. Instead of observation over a longer period of time, the main sources have been
different documents and interviews with individuals that pass on their own
experience. Considering time-series analysis, these are used when the aim is to
find patterns in a large amount of data from the past. An example of such is
found in Brynjolfsson and Hitt (1996a) who use this approach in their econometric based analysis. In this thesis and in the ITOP program the focus has
instead been on understanding specific events, which is also in line with preferences of historical research (Bannister 2002).
An example of research in which historical perspectives are advocated is Dahmén’s (1980) on Development blocks. In this research he strives to identify
causal conjunctions by sampling empirical material from a combination of
sources originating from different levels of aggregation. It also includes using
historical research methods in what he refers to as micro level studies. By using
a causal analysis it is, according to Dahmén (ibid), possible to gain knowledge
concerning the driving forces or mechanisms behind an industrial transforma-
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tion. In this thesis Dahmén’s ideas concerning analysis of industrial transformation have inspired especially the analysis conducted in chapter 10.
METHODS FOR MAKING CONCLUSIONS
In part of this thesis the analysis has been conducted based on the ideas of
abductive as a method for making conclusions. Alvesson & Sköldberg (1994)
write that it is a method commonly used in case studies and the idea is that a
single case is interpreted with a general, hypothetic pattern. The result of this
interpretation should then be confirmed by new cases, and thereby the abductive method becomes a combination of inductive and deductive methods. The
material gained from the different participating interviewees has, as mentioned
above, been handled as a form of cases, and the different theoretical concepts24
have represented a general hypothetic pattern. In chapter 6 different outcomes
from IT innovations that could be directly observed from the empirical material are presented. The outcomes were gradually identified as the interviews
were conducted and a main requirement used for identifying an outcome was
that it should mainly have evolved from information digitization in the graphic
industry during the period of time studied.
In the analysis in chapter 7 some of the theoretical concepts were then used to
initially translate the outcomes into different effects. These effects were categorized as transformational, automational or informational, depending on how
the outcome had influenced the graphic industry. The concept that was used
for this analysis seemed after a while to be a little too blunt as several of the
outcomes seemed to occur as both automational and transformational. A
complementary concept of single and multiple effects was therefore used in
order to refine the identified effects. The next step in the analysis was then to
identify possible additional effects that may be generated. The purpose of establishing such effects was to come up with general conclusions that, besides
the graphic industry, also might be applicable to other industries. It is therefore
important to notice that the additional effects are not a result of careful
calculation, but rather an estimation based on the experience gained from the
participating interviewees.

24

Further presented in chapters 4 and 9.
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The results from the analysis in chapter 7 were in turn the starting point for the
analysis in the final part of the thesis, in which concepts of industrial transformation were used as analytical framework25. The focus in this analysis was to
establish in which way the identified innovations had contributed to the transformation of the graphic industry. This was conducted through estimations on
how the innovations had influenced changes, such as for example creation and
contraction of the markets that occurred between the mid 1970s and today.
This way of analysis progression can be seen as congruent to the idea of the
abductive method as it is described by Alvesson & Sköldberg (Ibid). They write
that during the abduction process the empirical material is developed gradually
together with adjustments in the theoretical material.

RESEARCH DESIGN SUMMARY

A positivistic approach and an empirical focus

Mainly qualitative methods
Generic process descriptions based on interviews and secondary
data
Abductive approach for drawing conclusions

Figure 3- 1: An illustration of the connection that exists in this thesis between
the different methods that have been discussed earlier in the chapter.

The purpose of Figure 3- 1 is to give the reader a combined picture of the
methods used and how they may influence each other in the conducted research. The outer frame consists of an overall positivistic scientific philosophy
with a focus on empirical studies. Within this frame mainly qualitative methods
have been adapted when approaching the research questions on which this
thesis is based. When it comes to practical scientific work generic process de-

25 The innovation influence model, further presented in chapter 9, was used as the main tool
for this analysis.
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scriptions have been used and the data has been collected mainly by interviews
and secondary sources. The use of these methods has in turn led to the core
of the research where conclusions have been drawn from the sampled material
by using an abductive method. In the next chapter parts of the theoretically
based material that will be the first step in this research process is presented.
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CHAPTER 4. PERSPECTIVES ON PROCESSES, PRODUCTIVITY, AND IT INVESTMENTS
Defining the borders of an organization is one important aspect to consider
when discussing effects derived from introduction of IT innovations. Here a
process perspective will be used in order to do so. Describing an industry by
modeling its processes is a way to identify crucial inputs such as activities, actors and operators necessary to transform, e.g., information from news coverage into an output such as a newspaper. The data concerning input and output
derived from such a description may also be used as a foundation for a productivity analysis. Among others because productivity measures, as defined further
on in this chapter, describes the relation between a volume measure of output
and a volume measure of input.
In this chapter the first part will therefore consist of a presentation of the
process concept. A discussion concerning concepts on productivity and effects
from IT investments. These concepts will then, in the forth-coming chapters,
be used as tools for estimating the effects of the internal transformation of the
graphic industry.
PROCESSES
In Lind (2001) two different views on processes are presented, transformation
and communication oriented. In the transformation view on processes the smallest analysis part is an activity. An activity is in turn a part of a bigger concept, a
process. The process consists of various numbers of activities, which can be of
different kinds; information oriented or material oriented. The activities are
related to what people do, and focus in transformation-oriented processes is
based on the activities that create value and whose purpose is to satisfy a customer need. The communication-oriented view has act of speech as the smallest
analysis part. A fundamental approach is to see communication as an act and
not only as information transfer. Focus is on act of speech and the conse-
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quences of it. The process view that is used in this thesis is related to the one
that Lind (ibid) refers to as transformation oriented. This is primarily because
communication as an act in the graphic industry is not a focus of my research.
The digitization of information flows has probably influenced the industry also
from a communication-oriented view, but the question about how productivity
and other effects are gained is better handled with a transformation-oriented
approach.
TRANSFORMATION ORIENTED VIEWS ON PROCESSES
There are many examples of different types of literature in which a transformation-oriented view on processes is presented. Especially during the late 1980s
and the 1990s, this perspective was common in books and articles about for
example Business Process Reengineering (BPR) and Total Quality Management (TQM). According to Lind (2001), Porters (e.g. 1985) Value chain model
is to be seen as an important starting point for the transformation oriented
process perspective. Porter (ibid) divides the different activities in a business
into primary or support activities. The primary activities are the ones that shall
increase the value that a customer experiences from the service or goods that
the business delivers. The support activities shall support the primary activities
so that maximum amount of value can be created.
Harrington (1991) later on defined processes as an activity, or a group of
activities, that takes an input, adds value to it, and provides an output to an
internal or external customer. To achieve this, the organization’s recourses are
used. The elements in Harrington’s definition are later also used by others.
Hammer & Champy (1993) write that business process is
“…activities that take one or more kinds of input and creates an output that is of value to the customer.” (Hammer & Champy 1993, 35)

Davenport (1993) emphasizes that a process is an organized structure of activities and it is more important to map out how something is done rather than
what is done when focusing on identifying processes. Furthermore, processes
are described as transformation of input to output and therefore limited by a
starting point and an end. Bergman & Klevsjö (1995) write that in an organiza-
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tion there are certain elements that are repeated over and over again. These
elements are handled in processes and therefore processes can be defined as:
“a series of activities that is repeated over time and whose purpose is
to create value to an external or internal customer” (Bergman &
Klevsjö (1995, 233 – my translation).

IMPLICATIONS FOR MY RESEARCH CONCERNING PROCESS DEFINITIONS
Ljungberg & Larsson (2001) emphasize that the type of process definitions
described above has some scarcity. They write that the sequential perspective
represented in definitions like these corresponds poorly to the tendency that
organizations nowadays often develop a network structure in which value
chains are replaced by value networks. Therefore they prefer a definition where
the process is seen as a “…repetitively used network of in order linked activities that use information and resources to transform input to output, from
identification to satisfying of customer needs” (Ljungberg & Larsson 2001, 44).
A benefit from this type of definition is that a focus on networked activities
opens up for different actors, and this is a focus that among others correlates
to the reality of the graphic industry of today. Different actors, as will be
shown in chapter 6, have possibilities to interact with each other in activities
that do not have to be sequentially bound. This is made possible because the
information flows today are almost totally digitized. Therefore further on in
this Thesis the definition by Ljungberg & Larsson (ibid) on processes will be
the one primarily used when processes in the graphic industry are identified.
PRODUCTIVITY
One starting point for my research is the academic debate about IT and productivity. As mentioned in chapter 1, small changes in aggregated productivity
numbers do have major affects on the economics of society. Productivity is
commonly defined as
“a ratio of a volume measure of output to a volume measure of input
use” (OECD 2001, 9)

37

and there are several different ways to measure it. These techniques can
broadly be classified as single factor productivity measures or multi-factor productivity measures. (OECD 2001) The most common single factor productivity measure is labor productivity (Aspén et al. 1991).
LABOR PRODUCTIVITY
Lind (2002) writes that growth in labor productivity is a measure of how much
an economy may produce without an increased number of working hours.
Production in an economy is divided between salaries and profits and if real
salary increases faster than labor productivity, the profit level in the economy
will decrease. It is therefore, in order to achieve a balance in the economy, important that real salary and labor productivity develop in a similar pace. Lipsey
et al. (1999) emphasize that growth of labor productivity is a major cause of
elimination of poor living standards. As it relates to the single most important
factor of production, labor productivity could also be perceived as intuitively
appealing and relatively easy to measure. It can, as shown in Figure 4-1, be
based on either gross output or value-added output. (OECD 2001)

Quantity index of gross output

Quantity index of value-added

or

Quantity index of labor input

Quantity index of labor input

Figure 4-1: OECD (2001, 12, 13) definition of labor productivity.

DIFFERENCES BETWEEN LABOR PRODUCTIVITY OUTPUT FACTORS
Changes in labor productivity reflect, according to OECD (2001), the joint
influence of capital, technical, organizational, and efficiency changes within
and between firms. Because of this, labor productivity does not leave out any
direct effects of a single technical change. Still, advantages of both types of
measures in Figure 4-1 are that they quite easily can be measured and read.
Gross output reflects the goods and services produced at a business that thereaf-

38

ter become available outside the unit. Value-added is received when purchases
of intermediate inputs are deducted from gross output.
Statistics Sweden’s definition of labor productivity focuses on value-added as
output factor:
“Labor productivity is value-added per hour worked and changes in
labor productivity…is based on changes in value-added, calculated on
fixed prices, per hour worked.” (SCB 2000, 8-9)

The use of value–added output is to prefer, if the purpose is to capture an industry’s capacity to translate technical change into income and into a contribution to final demand. The value-added measure, not gross output, can also be
seen as an independent and valid measure of technical change if this change
does not affect all factors of production symmetrically but only operates on
primary inputs. (OECD 2001)
DIFFERENCES BETWEEN LABOR PRODUCTIVITY INPUT FACTORS
Figure 4-1 indicates that input in the labor productivity should be a quantitative index. This index can either consist of total number of hours worked or number
of individuals employed. Lipsey et al. (1999) write that until recently it did not matter which input index was used. But since the mid 1970s the growth of labor
productivity based on number of employed started to be less than the rise of
per capita output. Earlier these two measures had the same pace, when labor
productivity increased so did per capita output. The change in pace was explained by the fact that more people were engaged in the labor market, but
without a similar rise in hours worked. Just to count number of people employed was therefore misleading as a measure on labor productivity. OECD
(2001) also prefers total numbers of hours worked as input to labor productivity because head-counts of employed persons tend to hide changes in average
hours worked.
Statistics Sweden applies both ways of measuring input. Their labor productivity definition presented above, value-added per hour worked (SCB 2000), can
be seen as the official one. However, depending on which unit at Statistics
Sweden is handling the underlying statistics of labor productivity, other input
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measures are preferred. For example at the section that handles the business
register26 they publish statistics on number of employed instead of number of
hours worked. One reason for this is that the former, according to them, holds
better quality when collected (Glanzelius 2005).
CRITIQUE AGAINST USE OF LABOR PRODUCTIVITY
It is not unproblematic though to use a single factor productivity measure.
Hjalmarsson (1991) writes that the use of labor in a business is intimately correlated to the use of production means and the measure of productivity should
therefore also contain these factors. He also contradicts that labor productivity
should be easier to interpret than multi-factor measures and there is instead a
risk that single factor measures give an excessive picture of productivity development.
The OECD (2001) manual does not support Hjalmarsson’s view on labor productivity as a single factor measure. It emphasizes instead, as mentioned above,
that labor productivity reflects the joint influence of a host of factors. The
problem is though that it is easy to overlook this fact and instead interpret
changes in labor productivity as caused only by technical change or as the productivity of the individuals in the labor force. It could also be possible that,
when using a value-added output, the productivity development over a period
of time becomes doubly deflated. Deflation should be done to make it possible
to compare one year to another, but the input factors in the value-added index
(purchases of intermediate inputs) may already have been deflated when it was
estimated the first time. In that way volume change for gross output and intermediate inputs are combined and double deflation could be a fact. (ibid)

26 All types of legal forms with some kind of economical activity are included in Statistics Sweden's Business Register, regardless of which sector they belong to. In February 2005
871 025 enterprises and 946 011 local units were registered in their database. The business
register is one of the sources that are used for the national accounts. (SCB 2007)
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MULTIFACTOR PRODUCTIVITY MEASURE
An alternative in this context is to use a multifactor productivity, MFP, measure, which can be defined as in Figure 4-2.
Quantity index of value-added
Quantity index of combined labor and capital input
Figure 4-2: Definition of capital - labor multi factor productivity. (OECD 2001,
14)

The measure MFP reflects combined effects from disembodied technological
change, economies of scale, efficiency change, variations in capacity utilization,
and measurement errors (OECD 2001). Statistics Sweden (SCB 2000) uses the
same MFP definition as in Figure 4-2 to construct aggregated analyses of the
Swedish economy as a whole. Hjalmarsson (1991) writes that from a welfare
point of view the use of MFP is preferred. This is because a high level of labor
productivity can be gained through investments in capital intense production,
while these investments are adjusted in the MFP measure. One advantage of
using MFP is though that it is quite easy to aggregate its growth and that data
for these calculations are directly available from national accounts. (OECD
2001)
CRITIQUE AGAINST USE OF MFP PRODUCTIVITY
The use of MFP measures has also, as in the case of labor productivity, some
difficulties that should be observed. Aspén et al. (1991) write that there are
several statistical problems in handling MFP. One is that it may be difficult to
determine the economic length of different machines and technological
equipment. Another is the fact that input resources can develop in different
rate. If that is the case there is a need for closer description of the connection
between the different input resources and output index (SOU 1991). In addition, MFP is not a good measure for analyzing technology shifts at the industry
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or firm level and there is a risk, as in the case of single factor value-added
measures, for double deflation of the value-added index (OECD 2001).
IMPLICATIONS FOR USE OF PRODUCTIVITY MEASURES
The intention of Table 4-1 is to summarize what the different productivity
measures presented in this part can reflect.
Labor productivity

MFP

The joint influence of changes in capital

Combined effects from disembodied technological change
Technical changes within and between firms
Economies of scale
Organizational changes within and between Efficiency change
firms
Efficiency changes within and between firms Variations in capacity utilization
Measurement errors

Table 4-1: Summary of what labor productivity and MFP measures, according
to OECD (2001), can reflect.

Based on this, the intention further on in this thesis is to work primarily with
labor productivity measures mainly because they are relatively easy to use and
still reflect issues that correspond to the empirical study. Another reason is that
MFP, as mentioned above, is not a preferable measure for analyzing technology shifts at the industry or firm level, which are the primary focuses of my
research. There will also be a focus on using a value-added output because the
technical change in graphic industry, as will be shown in chapters 6 and 7, has
tended to not affect all factors of production symmetrically. When that is the
case the value-added measure, according to the OECD (2001) manual, becomes the independent and valid measure of technical change. Input factors
will be based on either number of hours worked or number of employed. Furthermore, official statistics concerning the graphic industry will, as mentioned
in chapter 3, not be used to illustrate productivity development within the
Graphic industry. The question in which way IT has influenced productivity
development will instead mainly be dealt with by estimating how output and
input factors, possible to use in a labor productivity measure for the graphic
industry, has been affected.
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EFFECTS FROM IT INVESTMENTS
Productivity is one example of a monetary based measure that may be used as
a gauge when a company carries out an IT investment. This type of investment
is often made because there is a belief that it will render some type of value to
the business and in many cases, a financial value is in focus. The review of previous research on the productivity paradox in chapter 2 showed though that it
has been hard to find these positive correlations when working with merely
statistical sources. This is something that Lowell writes about in Willcocks &
Lester (1999, 153):
“There is no shortage of researchers who have tackled the problematic task of computer systems investment appraisal. Most are of one
opinion: that the cost and benefits associated with such systems are
difficult to quantify”.

In the literature, there are several examples of research on IT and business
value in which IT investments are studied from a non-financial perspective
(e.g., Brynjolfsson 1996; Brynjolfsson & Hitt 2000, 1998; Willcocks & Lester
1999). Brynjolfsson (1996) writes that investments in IT is made not only to
reduce costs but also to improve quality, increase product variety, speed up
responsiveness, and enhance customer service.
“However, these intangible benefits are largely ignored in conventional output and productivity statistics because they are difficult to
measure, aggregate, and value” (Brynjolfsson 1996, 282).

The term business value may be broadly interpreted, for example, Lucas (1999)
writes that value is often seen as monetary but at the same time, the term value
sometimes has a very remote connection with money. In my research though,
value is seen as a more narrow expression. Instead the term effects will have the
function of a collective, non-monetary concept. The idea behind the analysis
here is, as mentioned in chapter 3, therefore not to quantify all the identified
effects. Some, as in the case of the productivity issue, may be quantifiable while
other effects generated in the development of the graphic industry processes
are more of an intangible character.
Further on in this chapter, three examples of theories on IT and business value
will be reviewed and synthesized into a framework for identifying effects from
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IT investments and information digitization in the graphic industry. The reason
why these theories have been chosen is that they represent practical tools for
analyzing business value, especially intangible ones. Furthermore, they are
grounded in empirical research and in previous theoretical works concerning
this issue (e.g. Zuboff 1988; Brynjolfsson 1993). In chapter 7 the synthesized
theories will then be used as a tool for analyzing the empirical material presented in chapters 5 and 6.
DIRECT AND SECOND ORDER IMPACTS FROM IT INVESTMENTS
Lucas (1999) emphasizes that some IT investments demonstrate traditional,
direct returns while others are of a more indirect nature. According to him, it is
important to be attentive that:
“there is not the same likelihood of a return from each IT investment.” (Lucas 1999, 11).
Investment

Result

Direct Impact

Second order impact

Direct savings

Consumer surplus

Required

Revenue generation

Greater market share

No other way

Indirect return

Infrastructure

Direct return

Applications of
IT

Major organization
changes

New organization

Indirect return

Partial success

Major strategic advantage

Competitive necessity

Failure

Strategic application
Transformational IT

Table 4- 2: Possible payoffs from IT investments (Lucas 1999).

In Table 4- 2 the possible payoffs from an IT investment that Lucas has identified are displayed, a classification that is similar to the one found in Falk &
Olve (1996). Organizations invest in IT based on different reasons. An IT investment may be necessary to, for example, support current business; to enable
a new task or process; to keep pace with competitors or to gain competitive

44

advantage in the end. No matter the reason, the result from the investment is
some form of introduction of IT applications in the organization.
It is then possible from these IT applications to gain either direct or second
order impact. Direct impact may be direct savings or generation of additional
revenues for the firm. The indirect returns might accrue to the consumer
through better products and services, or trough major strategic advantages in
the long run. Lucas also emphasizes that investments in IT applications should
be spread over a portfolio of applications, because some of these will probably
fail while others may be more successful. As an instrument for assessing possible return from IT-investments Lucas uses an IT value equation in which:
“the expected return from an IT investment is rarely the amount estimated by those involved; it must be weighted by the probability of
obtaining the return and the probability of successful converting the
investments into a working application.” (Lucas 1999, 40)

If doing so there are in the end possibilities that the impact of investments in
technology is more than the sum of their individual contributions. That is because when applications of IT interact with one another, new benefits and opportunities may be created.
IT INVESTMENTS HAVE TO BE VIEWED IN THEIR CONTEXT
Lee (2001) writes that in order to evaluate IT’s value it is necessary to capture
the interactions between IT and the business environment. The model she presents is based on a study of a residential mortgage origination process, based
on interviews and observations at seven different mortgage companies. The
idea is to consider what goes on in what she calls the black box where IT generates value. Here findings from the study indicate that IT investments often
impact directly on lower or intermediate level variables, but not on high-level
variables such as company profit. Use of IT may have positive effects on cycle
times and reduce organization costs, but the positive effect on profits is only
realized when other complementary factors also are favorable. These factors
can for example be a superior marketing plan or high loan officer retention and
therefore the effects evolving from them are often of an indirect nature. Ac-
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cording to Lee (2001) these factors must also be considered when assessing the
value from IT investments.
Lee’s (ibid) model indicates also that IT as stand-alone investment is of little
value, something that connects to what is known as network externalities.
Shapiro & Varian (1999) write that such externalities arise when a market participant affects others without compensation being paid. In the extension of
this, network externalities arise when a value of a product to one user depends
on how many other users of the same product there are. As an example they
write that if one user has a fax machine, the value of it rises when another user
buys a similar fax machine. That is because the users then can start to send
information to each other in a way that was not possible before. When it
comes to sharing information the Internet is another well-known example of
arising network externalities. As a rule of thumb based on Metcalfe’s law27, according to Shapiro & Varian (1999), a tenfold increase in the size of a network
leads to a hundredfold increase in its value.

“If there are n people in a network, and the value of the network to each of them is proportional to the number of other users, then the total value of the network (to all the users) is proportional to n X (n – 1) = n2 – n”. (Shapiro & Varian 1999, 184)

27
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PROCESS ORIENTED NON FINANCIAL MEASURES
While Lucas (1999) and Lee (2001) have an investment and profit focus,
Mooney, Gurbaxani and Kramer (1995) apply a more process-oriented approach in assessing the business value of IT.

Process Realm

IT

Automational effects

Informational effects

Business value

Transformational
effects

Figure 4- 3: The different dimensions of value from IT investments in organizations and businesses (Mooney al. 1995)

They write that it is possible to divide the influence that IT has on business
process into three different but complementary effects. Automational effects refer
to the role that IT has as a substitution for labor and the way it contributes to
more efficient processes. Values derived from this type of effects are among
others productivity improvements and cost reductions. Concerning IT investment, this type of effect is the one that primarily has been in focus since the
term IT was introduced by Leavitt and Whisler (1958). One benefit of IT that
they pointed out was that it allowed fewer people to do more work because
certain operations could be more or less automatized.
Informational effects are possible to achieve if the opportunities that IT offers in
collecting, storing, processing, and disseminating information are properly utilized. Value from informational effects can be gained through for example enhanced decision quality and employee empowerment. But it is not enough to
simply introduce the technology in order to attain this type of effect, for ex-
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ample Zuboff (1991) claims that there is also a need to develop the context or
the organization if new intellective skills shall be achieved.
Transformational effects refers to IT’s ability to facilitate and support innovation
and transformation of processes. During the 1990s there was a special focus on
transformational effects in the management literature concerning for example
business process reengineering (BPR) and total quality management (TQM)
(e.g., Harrington 1991; Hammer & Champy 1993). According to Hammer
(1990) neglecting the possibilities to develop an organization when IT investments are made is similar to paving cow paths. The business values identified
by Money et al. (1996) that may come up from transformational effects are
reduced cycle times, improved responsiveness, downsizing, service and product enhancement. The kind of intangible values that are similar to those Brynjolfsson (1996) and Lucas (1999) refer to.
SYNTHESIS OF THE THEORIES ON IT AND BUSINESS VALUE.
The three different models for assessing the value of IT investments presented
above do in some ways complement each other. Lucas (1999) discusses direct
impact and second order impacts from IT investments. Mooney et al. (1995)
divides these impacts into three types of effects: automational, informational,
and transformational. Lee (2001) on the other hand also shows that IT investments have direct and indirect effects on an organization, but she applies more
of an outside-in perspective in her model. An increasing profit, besides the use
of IT, also depends on other variables such as marketing and the design of
external and internal processes. An important issue to also consider in this context is Network externalities. Blending these theories makes it possible to come
up with following matrix as a tool for analyze in chapter 7:
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Transformational Automational

Informational

Single or Multiple

Single or Multiple

Single or Multiple

Creation of original

Direct impact
Second order impact

Direct impact
Second order impact

Direct impact
Second order impact

Prepress

Direct impact
Second order impact

Direct impact
Second order impact

Direct impact
Second order impact

Printing

Direct impact
Second order impact

Direct impact
Second order impact

Direct impact
Second order impact

Postpress

Direct impact
Second order impact

Direct impact
Second order impact

Direct impact
Second order impact

Σ Additional effects

The business:
The customer:

Productivity

The business:
The customer:

Table 4- 3: A possible mix of theories concerning IT and business value.

The interpretation of Table 4- 3 is as follows:
The column to the left represents the processes of the graphic industry today.
In the other three columns, effects from different IT investments are divided
into transformational, automational, and informational. These are further divided into
direct impact and second order impact effects. As a complement to Mooney et al.
(1995) identified effects might also be categorized as single or multiple. For
example might an effect appear as both transformational and automational and
if so is the case it is considered multiple. The effects identified as caused by the
digitization of information are in the bottom of the table summarized into additional effects. The focus concerning additional effects, sprung from automatization, is on identifying productivity changes. Transformational and informational effects are summarized into other types of additional effects that have
benefited the business (inside – out perspective) and its customers (outside – in
perspective).
CHAPTER SUMMARY
In this chapter a definition of processes has been established, which will primarily be used to set the borders for the process descriptions in chapter 6. Fur49

thermore the issue of productivity has been discussed based on the official
definition found at OECD (2001) and SCB (2000). This discussion established
that labor productivity in the graphic industry is the quantitative measure that
will be further examined in this thesis. The chapter ended in a presentation of
an analysis model, based on three different theories concerning IT and business value. This model will be used in chapter 7 to define benefits that have
occurred from IT investments in the graphic industry. First though, in the following two chapters, the graphic industry will be introduced through a definition and by an overview description of its processes. The process description
starts in the mid 1970 together with a presentation of different IT innovations
that have been introduced since then and how these have influenced the processes until today, 2007.
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CHAPTER 5. AN INTRODUCTION TO THE GRAPHIC
INDUSTRY

A FIRST DEFINITION
It is today, 2007, possible to divide the graphic industry into three different
parts: commercial graphic, industrial graphic, and newspaper graphic28. In my reserach
participating interviewees and Statistics Sweden (SCB 2005) support this classification. One difference between the parts of the graphic industry is that the
commercial graphic generally has a broader segment of services to offer with a
higher quality of the printed matter produced. The newspaper graphic on the
other hand can offer greater volumes with an acceptable quality; it depends in
the end on type of printing presses used. The industrial graphic is mainly represented in the packaging industry where the role of the graphic product is
complementary.
In the newspaper industry, the graphic product also has a complementary role,
although it affects the production of the newspaper in an early stage. The definition of the graphic industry presented above focuses on how to divide the
different actors in the industry into certain groups. It does not explain the pur-

The first section of this chapter is based on opinions from following interviewees: Andersson, Flodström, Wennberg (20041019); Blohm (20040419); Carlsson (20040928); Enlund
(20040526); Hernnäs (20041006); Johansson (20040423); Månsson (20041118); Petersson
(20041026); Rhen (20040419); Romano (20040526); Sääv (20041011); Wikström (20040420);
Öberg (20041029). In a second round of interviews these descriptions were validated by
Dyrssen (20060908); Malmsten (20060907); Medbo (20060907); Odelius (20060908); Pilerö &
Gauding (20060823); Rolf (20060823); Carlsson (20070424) and Hernnäs (20070416). All the
interviewees are further presented in appendix II When other references have been used they
are specified in the text.
28
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pose of the business, what the different actors do, or what they produce. One
definition that could further clarify what is involved in the graphic industry is
therefore:
“The graphic industry is about communication of information in visual form on paper” (Romano 20040526).

Based on this information an illustration of a possible definition of graphic
industry is shown in Figure 5- 1.

The graphic Industry

The commercial graphic

The newspaper graphic

The industrial graphic

Communication of information in visual form on paper
Figure 5- 1: An illustration of a possible classification of the graphic industry.

The idea behind the figure is to show that the graphic industry’s core business
can be defined as commercial graphics. In the other two areas of the industry
the graphic production plays an important part but is not the main objective, it
has more the character of a complementary activity. Furthermore, the rectangle
in the figure comprises the parts of the graphic industry that in this thesis have
been in focus for the research made.
One problem with the figure above though, is that it is too rigid to reflect the
fact that the newspaper graphic companies more and more have drifted towards commercial graphics production. Newspaper graphic companies today,
as will be shown in chapter 6, do not only produce newspapers but also printed
matter such as advertising brochures and periodical magazines. Another limitation of the figure is that the text stresses the fact that the purpose of graphic
industries is to communicate by putting information in any visual form on pa52

per. Today though, as mentioned in chapter 1, the businesses are often producing information that could be presented in any media, not only the printed.
This is something that Kipphan (2001, 503) emphasizes when he writes:
“The graphic industry is without doubt on its way to becoming a multimedia industry where printing itself might no longer be the dominant sector, but will nevertheless remain an important component in
the long term.” Kipphan (2001, 503)

Or as Romano (1999, viii) puts it:
“Those who say print is dead do so in newsletters. The Wall Street
Journal described printing as a “sunset industry” a while back. They
had to say it in print as well.”

Based on this the production of printed matter could still be seen as the main
business of the graphic industry and it is therefore relevant, when establishing a
definition, to focus on this part.
A PROCESS ORIENTED DEFINITION
The view of the industry represented in figure 5- 1 is in some ways hierarchic.
However, as mentioned earlier, the main perspective applied here concerning
the empirical studies is process oriented. It is therefore important that a definition, which will be used as a starting point and a framework for the presentation of the empirical studies, is based on such a perspective.
In chapter 4, a definition on processes was established:
“A repetitive used network of in order linked activities that use information and resources to transform input to output, from identification to satisfying of customer needs” (Ljungberg & Larsson 2001,
44).

As mentioned above the core business of graphic industry is to communicate
information in visual form on paper. It is possible, from a process perspective,
to assume that it is a customer with a certain need for communication that
originates the information. The graphic processes thereafter transform this
information into visual form, text and pictures, and finally put it on paper. To
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handle the different activities in the processes there is a need in the graphic
industry for different actors that contribute to the process with specific competences. A process-oriented definition on the graphic industry could therefore
be defined as follows:
The graphic industry process is a repetitively used network of in order linked activities that
use information and resources from different actors to handle a customer need for transforming
information into a large amount of printed matter.
HISTORICAL DEVELOPMENT
Among the different processes of the graphic industry, printing is to be seen as
the heart and soul. As mentioned in chapter 1, the history of printing is commonly known to have started with Gutenberg in the 15th century. By using a
letterpress with movable types he managed to print information on paper in
such a cost efficient way that it became available to a broader segment of individuals, not only to a narrow elite of the society29 (Romano 1999). The next
step for the printing technology was taken in the beginning of the 19th century.
The invention of the lithography technology and the introduction of the automatic cylinder press was a first step away from the technologies that Gutenberg had invented (Kipphan 2001; Romano 1999). Later on in the century, the
gravure printing technology saw the day of light. This technology developed
into the rotation press and together with the automatic typesetter, also known
as the Linotype, it became possible to print and distribute newspapers and
books in an increasing amount. With the Linotype, whole lines of matrices that
could be filled with molten lead were composed by means of a keyboard (Hadenius & Weibull 1997). Partly because of these and other inventions during
this time, printing gradually developed into a graphic industry.
Together with social reforms such as public schools, which lead to a reduction
of illiteracy, printing technology had importance for the development of society from agricultural to industrial. In 1881, 83 percent of all children in Sweden

29 The first document printed from movable types was a 30-line Indulgence by Pope Nicolaus
V, produced in 1454. (Romano 1999)
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between the age of seven and fourteen took part of subjects such as reading,
writing, math, and religion in public schools (Bonnier lexicon 1994). The development of the printing technology also went hand in hand with the development of other communication media such as the telegraph, the railway, and
the telephone. For example in United States between 1846 and 1850, 12 000
miles of telegraph wires were built parallel with a rapid expansion of the railway (Standage 1998; Chandler & Cortada 2000). In the western world, and especially in Sweden, the telephone had a breakthrough as a mean of communication at the turn of the century. In Stockholm there were at that time 84 000
telephones registered, or 163 per 10 000 inhabitants, more than in for example
New York, Paris, and London (Johnson 2000). These technological progresses
made it possible to distribute and handle information in a way and in an
amount that earlier had not been attainable.
DEVELOPMENT OF THE GRAPHIC INDUSTRY IN THE 20TH CENTURY
Graphic technologies continued to develop during the first part of the 20th
century, but it was not until the 1960s that major technological changes started
to occur. These changes, when introduced, dramatically rearranged processes
and activities in the graphic industry. Until then originals were developed
mainly from lead types, principally the same technology that was introduced
with the automatic typesetter machine (Kipphan 2001). For example at a
newspaper, compositors wrote down text produced by journalists on composing machines. These machines created lead letters that were assembled into
blocks of text within frames, so called ships, and handled over to typographers
who made test prints that went back to the newspaper office for proofreading.
If any faults were discovered, these were noted and the compositors had to
correct them. The typographer then mounted the ships according to the editor
sketch and it was quite common that the editor worked alongside the typographer in this activity. Pictures that were used to illustrate the text were developed and then sent over to a cliché department. There they were developed
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into raster30 and transferred onto a zinc plate. These plates were then at the
newspaper assembled in wooden frames, so called matrices, together with the
text blocks. Finally, the assembled pages were cast on a cylinder with molten
lead on the surface, two pages per cylinder for a tabloid size. The cylinders
were then mounted in the press in a proper order (Sollerman 1986).
Offset was a printing technology, first invented and patented in 1907 by Caspar Herman that achieved commercial breakthrough in the 1960s when it, instead of the gravure technology described above, started to dominate the
graphic industry (Kipphan 2001). Offset is a lithographic, indirect printing
technology31. Ink is first transferred on to an engraved aluminum plate and
from the plate to a rubber blanket that is mounted on a cylinder. Then paper
passes between the rubber blanket cylinder and a pressure cylinder and the ink
is thereby passed on to the paper (Ibid). There are two different kinds of offset
printing technologies, sheet offset and web roll offset. The most common
technology used in Sweden is sheet offset and, as the name indicates, the printing is done on separate sheets. Web offset is appropriate to use when the
numbers of printed matters are 50 000 or more and when quality demands are
not the highest priority. It is for example not possible, when this technology is
used, to make any advanced postpress operations on the printed matter produced. Daily newspapers are normally printed with web offset technology. (Johansson et al. 1998)
Another graphic technology that developed in the 1960s was photocomposition. The vario klichograph made it possible to engrave pictures on to a plate.
The paper copy of a picture was illuminated and depending on how much light
was reflected, a needle gravured the plate with different depths. The next step
for handling pictures was taken in the late 1960s when scanner technology was

30 Raster is a technology for simulating grey scales in printing. Normally dots in different sizes
are used and all nuances in printing, concerning both text and pictures, are constructed with
raster dots. (Johansson et al. 1998)
31

An illustration of an offset printing press is available in appendix III.
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introduced and in 1974 digital scanners with separate storing capability saw the
light of day. With the introduction of these scanners, the digitization of the
graphic process started to evolve (Kipphan 2001).
THE GRAPHIC INDUSTRY OF TODAY
During the last decades the graphic industry, as defined above, has been heavily influenced by the implementation and use of IT in its processes (Johansson
et al 1998; The Swedish Graphic Companies’ Federation 1999; 2001). This has
affected the way production is done and the industry has, for example:
“…increasingly changed from craftsmen’s trade into industrial production. As in other industrial sectors, computer-integrated manufacturing
(CIM) is becoming important.” (Kipphan 2001, 35)

The technological development could be seen as one cause of the existing drift
in businesses that the industry is experiencing (The Swedish Graphic Companies’ Federation 1999). Rosengren (20040422) has experienced this when collecting statistics about the industry. He claims that it sometimes is hard to collect proper statistics because the business has drifted more towards services
than just printing and these services do not sort under existing statistical codes.
It may therefore be hard to clearly point out which part of the process it is
possible to cover in the statistics, because the drift has made the borders between different activities in the graphic production process quite fuzzy.
Graphic companies nowadays have to face competition not only from within
the industry, but also from competitors active in the media business as a whole.
Due to that, the business logic has changed and knowledge has gradually become more important than equipment. Furthermore, the services that the industry sells to a customer are more often priced not mainly by the product, but
by the value, it has for the customer. (Swedish Graphic Companies’ Federation
2001) One example of such change in business logic is found at the Swedish
based company Strålfors. On their web site they present their business of today
as follows:
“Information Logistics - our Core Business. We at Stralfors are specialists in developing customer-unique solutions for the transfer of in-
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formation whatever the media is. By the input of expertise into modern logistics and IT, we have developed from our base in the graphical industry into the leading company in information logistics in the
Nordic region”. (stralfors.se 2006-11-07)

When it comes to classifying the technologies that have had great importance
to the development of the graphic industry during the last decades, it is possible to divide them into four different categories. (Davis 1998, in Swedish
Graphic Companies’ Federation 1999):
•

The analog technology, which means that there is no use of workstations
or software in the processes at all.

•

The digital technology, which is mainly connected to the use of computers
in the production process.

•

The network digital technology, which comprises all parts of the production
of printed matter that are integrated in local or wide area networks.

•

The interactive digital technology, which contributes to even more disbanding of borders between suppliers, customers and producers.

IT innovations have enabled the last three categories. More details of how and
when these technologies were introduced in the graphic industry are presented
in chapter 6. In order to be able to further discuss the processes of the graphic
industry in the following chapters, different parts of these are presented below.
PRODUCTION PHASES IN THE GRAPHIC INDUSTRY
As an introduction to defining the processes, it could be of interest to examine
Johansson et al. (1998), who divides the production of printed matters into
three phases with nine different steps:
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1.
2.
3.
4.
5.
6.
7.
8.
9.

Strategic
Creative
Manufacture of original
Picture production
Printing of original
Pre printing
Plate and printing
Post treatment
Distribution

Idea development
Creative production

Industrial production

The content of the different phases are as follows (Johansson et al 1998):
The Strategic phase consists of planning the job in a broad scale while the creative
phase consists of a more detailed planning concerning for example graphic form
and profile. These two phases together is also known as the idea development
part.
The next step, manufacturing of originals, consists of writing text, producing originals and planning pictures. Parallel with this phase runs picture production, which
implies photographing and developing pictures and different types of work
with the picture such as retouching. These two phases together represent the
creative production part.
The third and last part, when manufacturing printed matter, is the industrial
production. The original is put on film or on paper in the printing of original phase,
which is followed by pre printing where the purpose is to produce a pre production of the original. Then the original goes into the plate and printing phase and
when the printing is done the printed matter is post treated through cutting, folding, fastening together etc. Finally, the posted matter will be distributed to the
customer.
ACTORS AND OPERATORS WITHIN GRAPHIC INDUSTRY
In this thesis there are two central concepts that, besides process and activities,
will be repeated in the following chapters and in part III: actor and operator. The
concept actor indicates an organization or a company involved in a process,
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while operator denotes an individual with a specific profession, for example a
CTP32 - operator, that is involved in an activity.
Actors that today are involved in this production can be divided into three
groups: the ones who transform a customer’s need into an Original, those who
further Process Originals and those who thereafter transform the information
contained into Printed matter. In Table 5- 1 these actors are presented:
Creation of
original
Commercial
graphic

Newspaper
Graphic

Processing original

Advertising agen- Graphic company prepress department
cies
Marketing department
Newspaper offices Graphic company prepress department

Printing

Graphic company
printing and postpress
department
Graphic company
printing and postpress
department

Table 5-1: Actors in commercial and newspaper graphic process in Sweden.
(Carlsson 20040928; Johansson et.al 1998)

Advertising agencies, marketing departments and newspaper offices are examples of main
actors when an original is created. They have the first contact with the customer that, for example, could be a company that is going to promote an advertising campaign or owners of a newspaper that want to produce information and in the end make a profit. Based on customer needs for transforming
information, these actors produce an Original, which is a layout concept that
consists of images, text, and graphics (Kipphan 2001).
The original is additionally processed before the information can be transferred
on to paper. This is mostly handled at a graphic company through three different
departments, prepress, printing, and postpress. In the graphic industry, companies

32

CTP = Computer to plate. Further explanation is to be found in chapter 6 and appendix I.
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were previously more specialized, for example on post-press activities, but today the structure of a graphic company is often designed after a total entrepreneur model. There are different reasons behind this structural change in the
industry such as technological development and demands from customers.
PROCESSES OF GRAPHIC INDUSTRY IN THIS THESIS
Based on the process definition above, the description of Johansson et al.
(1998), the definition of actors and the opinion of interviewees, the processes
of the graphic industry in this thesis will from here on be divided into following:
Prepress (today)
Processes

Creation of original

Phases

Idea development
Creative production

Actors

Advertising agency
Marketing department
Editorial office

Composing –
Reproduction (1970s)

Printing

Postpress

Industrial production

Graphic company prepress, printing and postpress departments

Figure 5- 2: The definition of graphic industry processes that will be used further on in this Thesis, in relation to the phases previously described and the
identified actors connected to the industry.

In Figure 5- 2 the relationship between the processes identified and the phases
and actors previously described in this chapter is illustrated. The purpose of
the illustration is to show how these processes are grounded in literature and
the empirical material that has been gained. When handling a customer need
for transforming information into a large amount of printed matter, the different processes in use are creation of original, prepress (composing/reproduction), printing and post-press. Within these processes, there are a
number of activities where the actual transformation of information occurs. In
the next chapter, the processes will be described with a focus on how IT innovations and digitization of information flows has influenced the development
of them.
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CHAPTER 6. PROCESS DEVELOPMENT IN THE
GRAPHIC INDUSTRY

Development of processes within the graphic industry has strived towards an
increasing digitization of the information flows. In an estimation made by
Davis (1998, in The Graphic Company’s Federation 1999) the use of digital
and network technologies in different processes in year 2000, would comprise
70 – 80 % of the total amount of production assignments in USA and Europe.
But that has not always been the case, especially in the 1970s when the use of
IT in the graphic industry processes was unusual.
This chapter contains initially a detailed description of processes and activities
in the graphic industry as they were during the 1970s. It is followed by a part
that highlights different IT applications that since then have been introduced in
the processes. Finally, the graphic industry processes and activities of today are
described, followed by a summary of influences and outcomes that IT applications have had after being introduced. The overall purpose of the chapter is to
present, as a preparation for the analysis in chapter 7, some of the empirical
findings of the research made.
CRITICAL GRAPHIC PRODUCTION PROCESSES IN SWEDEN IN THE 1970S
Processes in the newspaper and commercial graphic industry in Sweden in the
middle of the 1970’s is summarized in figure 6-1. When comparing such a figure with one that illustrates the processes of today, it may seem as little has
changed. But when studying the processes and their activities in a more detailed way, a completely different picture arises. For example Kipphan writes
following about changes that have occurred in the prepress process:
“A fundamental technological change has taken place within prepress.
The use of conventional typesetting machines, repro cameras, and
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film has been replaced by computer technology in virtually all
branches of this industry.” (Kipphan 2001, 452)

The presentation of these changes will start with a description of the graphic
processes in Sweden as they were in the middle of the 1970s. In the text in the
following part and in Figure 6-1, the activities in these processes, the interfaces
between them and the actors in them are presented. The label of the activities,
as they are named in the figure, is written in italics in the text and the description corresponds to the figure by letters starting with “A”. An activity with a
letter combined with a number indicates the activity is done parallel with another activity. Furthermore, the processes that the activity is a part of are numbered from “1” to “5.” When processes, activities, and interfaces are dark gray
colored the information flows in them are analog or mainly analog. If they are
light gray it indicates they are digitized or partly digitized. Actors involved in
the processes have no gray scale except for vertical stripes. The text and figure
are to be viewed as generic descriptions and can be seen as representative for
both commercial and newspaper graphic processes33. Focus lies on describing
what could be considered as main processes. Other supporting processes, like
administration and management, are therefore not illustrated in the text.

33.

The 1970s process descriptions are mainly based on interviews made with Carlsson
(20040928); (Danielsson) 20050117; (Månsson) 20041118; (Öberg), 200420041029. In a
second round of interviews these descriptions were validated by Dyrssen (20060908);
Malmsten (20060907); Medbo (20060907); Odelius (20060908); Pilerö & Gauding
(20060823); Rolf (20060823); Carlsson (20070424) and Hernnäs (20070416). When other
references have been used they are referred to in the text.
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Figure 6-1: A generic illustration of the commercial and newspaper graphics processes as they were in the mid 1970s.
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1. CREATION OF ORIGINAL
Input in the commercial and newspaper graphic process was in the 1970s’, just
as it is today, a need for a customer to transform information into a large
amount of printed matter. This could for example be in form of a newspaper
or a brochure.
The marketing department of a company, an advertising company, or an editor
at a newspaper made a first sketch (A) on how the final product should be
structured. Then a reporter or an art director wrote a text (B1) on a typewriter
while a photographer took pictures (B2) that would illustrate it. The manuscript
got in scripted (C1) on an IBM composer, which stored the text on cassette
tapes. These tapes were then put into a printer that printed the text on paper
strips that had the form of a column. The printer could be prepared with different printing balls, comparable to those in an electric typewriter, depending
on which typeface that was going to be used. These text strips were then, together with the original sketch, handed over to either a composing room that
could be organized as a business of its own or as another part of the newspaper/printing company. The photos that were developed (C2) were instead
handed over to a reproduction department or a reproduction company.
In the commercial graphics, an important individual in this part of the process
was the Overseer. He was responsible for the transformation of the text and
picture into an original and it was therefore common that the overseer personally handed over text, pictures, and instructions to the reproduction company.
IT used in the process: Information was temporarily digitized using an IBM
composer in the text inscription activity before it was printed on text strips.
Example of operators involved in the process: Editor/Overseer, journalist/art director, photographer, typist, typesetter, photo developer.
2. COMPOSING
At the composing room/department, a compositor arranged the text (A1) according to the sketch. The typographer put a background paper on a light
board and then he moved the different text strips around. This was possible
because wax was put on the other side of the strip, which made it stick onto
the paper temporarily, comparable to modern post-it notes. Parallel with handling the text, headlines (A2) were produced by the composing room and put
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onto the paper original. The original was then, together with written instructions, sent to a reproduction company/department.
IT used in the process: None.
Operators involved in the process: Compositors.
3. REPRODUCTION
In the reproduction process, the only actor was the reproduction company/department. It was quite common though that the Overseer or the editor
was involved in the activity of approving the original before it went to the
printing company.
The first thing that happened to the graphic material was that pictures were
scanned (A1) in repro scanners. The principle of repro scanners was that they
converted the light energy reflected by the original into an electrical analog
signal, corresponding to the tone and color value of the original. The electrical
signal was stored as digital information and thereafter sent to an output
unit/recording system. There the information was converted into light energy,
which was exposed to light sensitive materials (Kipphan 2001). Another result
of the scanning activity was that colors in the pictures were separated into four
different ones: cyan (blue), magenta (red), yellow, and black. During this process, the pictures also were rastered or RIP:ed34. (ibid)
Parallel with handling pictures the mounted text was put on a plexiglas board.
It was thereafter photographed with a repro (A2) camera and the film, with the
text on it, was developed. The next activity was to assemble (B) picture and text.
The different films were put together and placed on a carrier sheet, which was
a plastic film. The result was that text and picture were assembled into one film
per page. These films were then assembled together according to a layout sheet
where the pages, for example last page and the first, were pared together, a socalled sheet assembly.
It was then time to check if the produced films were correct. This was done in
the proof activity. The method normally used for doing a proof (C) was to make
a blueprint. It offered an overview on the layout sheets that made it possible

34

RIP = Raster image process.
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to check (D) if there were any faults concerning the completeness of the pages
and their position on the sheet (Kipphan 2001). In this activity the client of the
reproduction company/department, usually represented by an overseer or an
editor, often played an active part. If any faults were discovered, they were corrected on the separate photo- and text films that were put together during the
assembly activity. If no faults were discovered, the sheets together with instructions of color adjustments (developed when the pictures were scanned), presented on a product order produced by the overseer, were transported to the
printing company/department.
IT used in the process: IT embedded in photo scanners.
Operators involved in the process: Scanner operators and typographers.
4. PRINTING
The printing company initially took the film and assembled (A2) it on aluminum
plates, with two pages of film per plate. Pages with color on them were divided
on four different plates, one for each of the colors: cyan (blue), magenta (red),
yellow, and black. If there were no colors on the pages, one plate per page was
produced. Plate and film were then put in a copying machine where they were
exposed (B) to a strong light under a rubber lid. The plate was then put in a developing (C) machine for 2–3 minutes, and the result of these activities was that the
information on the film was transferred on to the plate. As a final preparation
the edge of the plates were manually folded with a demand of millimeter accuracy.
As the plates were completed, the next activity was to mount (D1) them in the
printer. Parallel with this activity the printing supervisor manually made the
necessary adjustments (D2) concerning amounts of ink and colors that were to
be used. Finally, the printing (E) activity started and the information was transferred to paper. If the printer was operated at a newspaper graphic company (a
web printer), the paper in the end of the printing activity was stacked, stitched
together35 and folded. If it was operated at a commercial graphic company (a
sheet printer) the paper would only, in this stage of the processes, be stacked
together. The papers, folded and stitched or merely stacked, were then manually transported to the postpress department.

35

Broad sheets are sized together; tabloids are stitched.
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IT used in the process: None.
Operators involved in the process: A printing supervisor and printing assistances.
5. POSTPRESS
The postpress process differed between newspaper and commercial graphics.
Activities carried out in the newspaper printing process were in the commercial
graphics handled in this process.
The first post-press activity was to cut (A1) the paper sheets. This was done
according to the measurements of the final product and to do so the paper
sheets were put in a cutting machine that was operated manually. The paper
sheets were then placed in correct order in a manually operated folding (B) machine, which folded the papers according to the operator’s adjusted values. The
last preparation of the commercial graphics product was to stitch (C) together
the folded papers. In this activity, depending on the type of product, a separately produced cover could also be jointed to the block of paper sheets. If the
product contained more than 50 pages, it was normally sized together. As a
final touch of the product, the cover could be trimmed so that it would fit to
the paper block it was jointed to (Kipphan 2001).
At this stage, the information had transformed into printed matter, which as a
final activity was packed (D) in proper order. The products were then ready to
be delivered to the customer who had ordered them.
In the newspaper graphic postpress process, the stitched newspaper came on a
transportation line from the printing department. If the paper contained inserts
(A1) (for example an advertising brochure or a separate sport supplement),
these were manually put into the newspaper. The newspapers were then put
into a stacking machine that counted and packed (D) them into standard and/or
special bundles depending on the district where they were to be delivered. Finally, before delivering the newspaper bundles to the distributor, notes with
district addresses were manually attached.
IT used in the process: None.
Operators involved in the process: Prepress machine operators, packaging
operators.
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INTRODUCTION

OF

IT

INNOVATIONS IN THE GRAPHIC INDUSTRY PROC-

ESSES

In chapter 1 innovations were defined as new products or services, or new
production methods in which all activities that is needed to process the product or service are included (Dahmén 1950). This is a definition supported by,
e.g., Carlsson (1995) who stresses that innovations are at the heart of a dynamic economy. He also writes that an innovation may have many different
forms such as new products, processes, organizations, markets, or sources of
supply. Important to notice though, is that those innovations seldom come
fully developed and they therefore tend to undergo numerous changes during
their life cycle.
The common denominator for the innovations presented later in this chapter
is that they all originate from inventions based on IT. The introduction and
use of IT innovations have, besides the digitization of information flows, in
many cases also influenced the organizational structure of companies involved
in the processes. For example, the number of operators necessary for handling
different activities has decreased, as will be shown in this part.
In Figure 6-2, IT innovations of great importance to the graphic industry have
been gathered based on two axes. The vertical one indicates a time line that
stretches between 1980 until 2007. The horizontal axis indicates the process
flow from input (customer need for a transformation of information into a
large amount of printed matter) to output (printed matter prepared to be delivered to customer). In the top of the figure, the main process is highlighted. The
light gray squares with horizontal stripes highlight different IT innovations that
have contributed to the digitization of information, in height corresponding to
the time when they occurred and in length to the process they have influenced.
Numbers, from 1 to 9, sorts the innovations, while the different technological
inventions that have contributed to it is represented by a capital letter A, B, C,
or D.
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Figure 6- 2: IT-innovations that have influenced the graphic industry in Sweden between the years 1980–2007.

The text below corresponds to figure 6-2 and contains descriptions of IT innovations highlighted in the figure. These descriptions are mainly based on
information gained from interviewees who have been working as operators for
a long period of time at different commercial and newspaper graphic companies in Sweden36. The descriptions are, as in the case of the processes’ descriptions in this chapter, to be viewed upon as generic. Along with the descriptions, there are figures (from Figure 6- 3 until Figure 6- 10) that in detail illustrate which activities in the graphic production processes that have been influ-

The IT innovation descriptions are mainly based on interviews made with Andersson, Flodström, Wennberg (20041019), Carlsson (20040928), Hernnäs (20041006), Petersson
(20041026); Sääv (20041011); and Öberg (20041029). In a second round of interviews these
descriptions were validated by Dyrssen (20060908); Malmsten (20060907); Medbo (20060907);
Odelius (20060908); Pilerö & Gauding (20060823); Rolf (20060823). When other references
have been used they are referred to in the text.
36
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enced by the different IT innovations introduced. The color settings in the
figures are the same as inFigure 6-1: When processes, activities, and interfaces
are dark gray colored the information flows in them became analog or mainly
analog. If they are light gray with horizontal stripes it indicates they became
digitized or partly digitized.
IT INNOVATIONS IN THE 1980S
IT innovations in the 1980s mainly influenced the creation of original and reproduction/prepress processes. The technology introduced in these processes
made it possible to digitize information that earlier had been handled in form
of text on paper strips and photos developed on paper.
1. STORING AND PROCESSING OF DIGITIZED PICTURES
Technologies for digitization of pictures had already occurred in the middle of
1970s when digital scanners were introduced. These scanners could perform
color separation and the output from them was put on film that was assembled
together with text film onto printing plates. During the 1970s, the possibility to
store information on DAT – cassettes37 also evolved and in the beginning of
the 1980s, the storing of pictures further developed when disk drives (A) were
introduced. These were stored in disk drive rooms and in order to process the
information on them, the disk drive had to be put in a central unit. On one
pack of disk drives, there was about 30 megabytes of storage capacity, which
corresponded to five pages of pictures. The problem though was that the information could not be stored for a long time on the disk drives, this could
only be done on floppy disks and magnetic tapes. One positive effect of the
new storing capacity was that it made it possible to transfer information generated to a different output device than the photo composer. Such a device introduced in the beginning of the 1980s was the digitization table (B). This picture
handling system made it possible to process the picture information generated
from scanner operations trough a screen interface. The first Macintosh desktop
computers that were introduced a couple of years later had the same functions
as digitalization tables, but the tables were far more expensive.

DAT = Digital Audio Tapes, a storage media permitting writing and reading access. (Kipphan 2001)
37
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Figure 6- 3: The parts of the graphic production processes that the introduction
of the digitization table mainly influenced during the 1980s.

The effect of this new technology was that picture production increased because of the reduction of time for assembling pictures. In addition, new demands emerged from customers on how the pictures were processed and the
need for specialists handling the pictures in form of photocomposition film
decreased. The new technology made it possible to focus on the artistic side
instead of the technical, it was for example feasible to change colors in pictures
in a way that had not been possible with previous technologies. Introduction
of digitized storing capacity and the digitization table opened up possibilities to
re-use information and increasing the quality of the pictures produced.
2. INTRODUCTION OF DESK TOP TECHNOLOGIES
In 1984 when Macintosh (A) released their first desktop computer, digitization
of the processes in graphic industry accelerated. Romano (2004) states that the
first Macintosh computer was the digital dinosaur asteroid of the graphic industry. Flessa (2001) also emphasizes the release of Adobe systems software
PostScript (B) in 1985 and the introduction of the first Apple laser printer (C) the
same year as equally important. Apple was however not the first actor on the
desktop arena. For example Bedford, a similar system to Macintosh, was introduced in the commercial graphic industry a couple of years earlier. In the
newspaper graphic industry systems for handling text like Norsk Data in the
beginning of the 1980s made the inscription activity vanish. The benefits of
Macintosh were a lower system investment cost and the requirement for less
specialized handling skills. Parallel with the introduction of desktop technology, communication devices such as telephone modems (D), together with mag-
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netic tapes and floppy disks, made it possible to digitize the interface between
individuals involved in the processes.
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Figure 6- 4: The parts of the graphic production processes that the introduction
of the desktop technologies mainly influenced during the 1980s.

The creation of original, composing and reproduction processes was thus
gradually changed. The unique skills and competencies of composers and typographers were now put into the software of desktop computers and made
available to anyone with interest in creating and processing originals. Until
1985 the graphic industry, and especially composers and typographers, experienced a monopoly situation in the relation of printed information against marketing departments/advertising companies/newspaper offices, because of
unique skills in the existing technologies. But with the implementation of new
technology, the control over prepress activities gradually shifted over to the
main actors in the creation of original process. This initially led to a reduction
of composers and typographers and at the end of the decade, companies specialized on these professions and the old composing systems more or less vanished. (The Graphic Companies’ Federation 1999). These professionals were
then often integrated to printing companies and their profession changed, as
they instead became e.g. Macintosh operators. According to Flessa (2001), it
was during this time the expression desktop publishing started to be used. Desk-
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top publishing means that it is possible for one person to manage the whole
Creation of original process, from first draft until sending it to a printing company or printing it using, for example, a desktop printer.
These changes could have taken place faster but there was often disagreement
in the industry about who should do what. For example, in England this antagonism lead to several conflicts between newspaper industrialists such as
between Robert Maxwell and the graphic union. After threatening to shut
down newspapers, Maxwell, head of the Mirror Group of newspapers, made
an agreement with the unions to lay off one-third of the newspaper group’s 6
000 staffers (Time 1985). Another reason these organizational changes were
possible was that the information flows, between those who handled the originals and the printing companies, were digitized when new interfaces were introduced.
Due to this change in the composing of originals process, the typographic
quality of originals was often reduced, as they were handled over to the printing company, caused by lack of graphic competence among those who processed them in the desktop environment. Other problems graphic companies
experienced, as they introduced new technology, were initially that files and
ripping systems were slow in processing information. The process of updating
software and hardware was also expensive due to the amount of programs
used and the cost for licenses.
IT INNOVATIONS IN THE 1990S
IT innovations introduced in this decade initially consisted of development and
introduction of new desktop technologies. But during the 1990s, printing and
postpress processes were also influenced by the gradual introduction of IT and
the information flows in these processes were thereby digitized.
3. DEVELOPMENT OF DESK TOP PUBLISHING
During the 1990s the desktop environment developed. In the original process
creation, it became more common that text and pictures were assembled and
processed as a digital original (A)38. There were still problems with the originals

38

Text was created directly in a digital environment, developed pictures were scanned.

74

crated and approximately 70% were sent back by the printing companies due
to poor graphic quality
“We doubted many times if the digital system ever would work out”
(Peterson 20041026 – my translation).

The communication technologies (B) also evolved with the introduction of ISDN
technologies39, the Internet and in the end of the 90s FTP40. This was necessary
due to the large postscript files that were generated in the original creation
process.

Creation of original

Paper with
instructions,
Ftp,
internet,
DVD, CDrom

Sketch of
original
layout

Processing
of original
Raster
Image
Process

A nonsatisfactory
result
Text

Intranet
Film and
paper with
original
information

Prepress

Digital
Color
information
Repro film
in A1 size

Photo shot
Paper
printout
Developing
pictures

Assembly by
laser photo
composer

Original
check

Picture
scanning

Layout – a
first draft

Figure 6- 5: The parts of the graphic production processes that the development of the desktop technologies mainly influenced during the 1990s.

In the prepress process, new RIP systems (C) were introduced which made it
possible to dramatically reduce the time it took to RIP a page. In the beginning
of the decade, it took about 30 minutes to make a RIP, but gradually this time
was reduced to 30 seconds. New laser photo-composers (D) that could handle the

39 Abbreviation of Integrated Services Digital Network. An international communications standard
for sending voice, video, and data over digital telephone lines or normal telephone wires.
ISDN supports data transfer rates of 64 Kb per second (Webopedia.com 2005-05-23)
40 FTP, File Transfer Protocol, is a protocol for exchanging files between two computers or
servers via the Internet. FTP is the fastest protocol for transferring files on the internet.( Johansson et al. 1998; webopedia.com 2005-01-13)
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digitized original information were introduced. Earlier the composed original
was printed on paper and then photographed by a repro camera. The new
composers made it possible to print out repro films in A 1 size, which meant
that text and picture no longer had to be assembled. By using laser, it was also
possible to expose a larger amount of raster dots on to the film, which in the
end increased the quality of the printed matter. In commercial graphics processes, advertisements in the beginning of the decade could often not be converted into digital form, so they were instead mounted separately on to the
repro film.
The concept prepress started to be used in the end of the decade as the printing companies’ composing and reproduction departments were merged. One
effect of this was that the number of individuals employed in these departments was reduced with about 50 %.
4. INTRODUCTION OF EMBEDDED IT IN PRINTING PRESS
In the printing process, IT was introduced in printing presses in the form of
individual control systems, so called shaft-less printers. The technology in use
for handling central control of printing presses, introduced during the 80s’,
could be seen as electromechanical, for example, in form of signal control with
potentiometers. But now IT was embedded into the printing presses as control
systems (A) and the adjustments of the printing press were thus more automatized and centralized. This did not remarkably affect the capacity of the printing presses, instead the benefit was that the printing supervisor better could
control and manage the complete printing process via a screen in the control
room. In the newspaper printing process, this led to a 50 % increase in use of
color for approximately 16 pages of printed matter.
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Figure 6- 6: The parts of the graphic production processes that the development of printing technologies mainly influenced during the 1990s.

The sheet press also developed when it became possible to turn plates automatically during the printing operation. Printing press adjustments were further
digitized as a scanning device (B), that read the plates and calculated amount of
ink and color that should be used, was introduced. As a result, the number of
printing units in printing presses in some cases doubled (from four to eight in
sheet printers) and the cost for producing color pages was reduced.
As digital printing press (C) was introduced in the beginning of the decade, the
information flows gradually became more digitized in the original and prepress
processes. The printing companies were then able to offer print-on-demand services, which opened up possibilities to individualize for example advertising
campaigns. But this type of technology has still not had its breakthrough in the
production of printed matter, as the experience is that a lot of advertising still
printed is aimed towards a wide target group.
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5. INCREASING AUTOMATIZATION OF POSTPRESS
In newspaper graphics, the post-press process developed when activities
gradually were automatized. Transportation lines (A) between the press to the
post-press department and trimming devices (B) were introduced. In addition,
machines that handled inserts became more common during the decade. These
different machines were all dependent on the digitized information received
from postpress control systems (C) that had been introduced. Because of this, the
handling of existing machines in the postpress process, for example the
stacker, was further automatized.
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Figure 6- 7: The parts of the graphic production processes that the development of post-press technologies mainly influenced during the 1990s.

IT INNOVATIONS IN THE 2000S
During the 2000s, information flows in the different processes have converted
to almost total digitization, and analog information flows have therefore gradu-
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ally seized to exist. Software such as Adobe PDF41 and FTP technologies are
examples of standards that have been broadly accepted by the industry.
6. TOTAL DIGITIZATION OF THE MAKING OF ORIGINAL PROCESS
As a result of continuous development and introduction of new soft- and
hardware related to Creation of original and Prepress processes, the information flows between the actors involved in these processes have become further
digitized and automatized. This is caused by the development of Internet and
especially FTP technology (A). Another important factor for the automatized
information flow is the increasing use of the PDF format (B).
“There has been a ketchup effect when it comes to the use of PDF. It
was slow in the beginning but now it starts to work out well since the
technology has had its breakthrough” (Peterson 20041026 - my translation).

As a result, fewer individuals are involved in handling originals and therefore
the number of mistakes in the products has decreased.

Short for Portable Document Format. It is a file format that captures formatting information
from a variety of desktop publishing applications, making it possible to send formatted documents and have them appear on the recipient's monitor or printer as they were intended.
41
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Figure 6- 8: The parts of the graphic production processes that further development of desktop- and communication technologies and the introduction of
digital cameras mainly have influenced during the 2000s.

To ensure the graphic quality of the originals, the printing/graphic companies
have been focusing on educating Original operators at their clients. Or as one
of the printing companies’ interviewees reflected about the fact that the printing company has less to do with the creation of originals today:
“We buy machines and educate people so that they in the end shall
take the job away from us” (Andersson et al. 20041019 - my translation).

Network technologies have also had impact on the geographic location of actors taking part in the different processes. For example, parts of the newspapers on Gotland are produced in Västervik and V-Tab in Västerås is receiving
originals from customers located in Stockholm.
Another important advancement in the original process is that use of digital
cameras (C) has become standard. In the Original process, the actors more often
handle both picture and text. This has affected for example the commercial
printing companies where scanner operators, who used to digitalize pictures
with scanners, more or less have disappeared.
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7. INTRODUCTION OF NEW PRINTING PLATE TECHNOLOGY
The CTP, computer to plate, (A) technology was introduced at the end of the
1990s, but the commercial breakthrough came in the early 2000s. CTP made
the overlapping between the activities approving of original to developing of plates
smoother, since the original information did not have to be transferred on to
repro film before it was exposed on printing plates. One positive effect gained
from the CTP technology is that quality of the printed matter has improved.
The raster dots tend to enlarge for every activity, for example, when films are
assembled and developed. But with the introduction of CTP variations in quality have become fewer and depend instead on uneven functions in the CTP
laser and on the quality of the plate.
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Figure 6- 9: The parts of the graphic production processes that the introduction
of CTP technology and the introduction of web based interface for approval of
originals, have influenced during the 2000s.

The introduction of CTP also had organizational effects. Reproduction departments, that earlier did not merge into prepress departments, vanished and
instead the individuals have been trained to become CTP operators. As a result, the number of individuals employed in the prepress departments has been
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reduced by approximately 50 %. Parallel with the CTP, new RIP and process control systems (B) were introduced which has led to the need for only one operator
to control the complete prepress process. The handling of plates, which earlier
was a part of the printing process, is now a part of the prepress process.
CTP was introduced quite rapidly since digitization of information gradually
has evolved in the original and prepress process since the 1980s. When the
CTP technology was commercialized, other necessary conditions concerning
hardware and software in the processes were already operative. Together with
CTP, software like CIP 342 also started to be used in the prepress and printing
processes. Another digital information channel, which at the same time was
introduced as an alternative to paper printouts, was the web interface for approving of originals.
8. COLOR MANAGEMENT
In the 2000s, there has been an increasing use of color in the printing activity.
To increase the quality of the printed matter ICC profiles43 (A), or color management was introduced. In addition, control systems for printing press have
been updated and thanks to the use of CIP 3 (B) the Printing process during
the 2000s has become digital.
9. DIGITIZED DISTRIBUTION INFORMATION
In commercial graphics, new machines that can handle digitized information
concerning the Postpress activities have been introduced. The quality of the
activities has increased but has not led to more automatization.

CIP 3, International Cooperation for Prepress, press and postpress/ PPF Printing Production Format, is a software standard developed by Heidelberg, Man Roland, Agfa and Adobe to
support digital workflows by enabling communication between administration and production
systems. (Johansson et al. 1998; Kipphan 2001)

42

The intent of the ICC (International Color Consortium) profile format is to provide a crossplatform device profile format. Device profiles can be used to translate color data created on
one device into another device's native color space. The acceptance of this format by operating
system vendors allows end users to move profiles and images with embedded profiles between
different operating systems. (International Color Consortium 2005)

43
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Figure 6- 10: The parts of the graphic production processes that the use of digitized distribution information has influenced during the 2000s.

The distribution information, used for bundling newspapers has, based on information gained from the distribution companies, become divided into districts that are more precise. This has lead to a more accurate number of newspapers in the separate bundles and sometimes to adjustments of some of the
advertisements in the paper, depending on where they will be distributed. Consumer information has also been used to develop automatic addressing of
newspaper or magazines with ink-jet printers (A).
OTHER

EVIDENCE OF

IT

INNOVATIONS IN THE GRAPHIC INDUSTRY

PROCESSES

When widening the scope to a more global outlook, there are indications that
the graphic industry in Sweden has kept pace with the western world when it
comes to introducing IT in its processes. In the Seybold Report, Davis and
Walter (2003) summarize the IT development that has taken place until today
by categorizing it into four stages:
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1980

1988/89

1991/92

2000

Desktop stage

Server stage

WWW stage

Networkservice stage

Building publishing systems from
off–the-shelf components.

Client server architecture, application
of database technology to workflows.

Inexpensive, global
connectivity and
access to content
and media through
linked Web sites.

Shared-resource
architecture, integration of content
publishing. Multichannel, richmedia content
delivery.

Figure 6-11: Four stages of IT development that according to Davis and Walter
have influenced the Graphic industry since 1980.

The years noted above marks the period when the technology started to take
off in the industry. All of these technologies, though they have different life
cycles, are according to Davis and Walter (2003) still relevant to the industry.
In the text below, as described by Davis and Walter, the content of the stages
is presented together with their estimations of the benefits resulting from the
introduction of new IT innovations.
Technology development at the desktop stage focused on digital presentation of
content using for example the Macintosh computer, introduction of digital
software tools, new devices for input capture, and proprietary workflows for
conventional and digital printing. Davis & Walter (2003) estimate that this has
contributed to a 10X reduction in page cost with individual productivity gains
and cost reductions from applying digital tools to manual processes.
At the time of the server stage, the printing process gradually became more available to others than the graphical industry as the digitalization of information
continued to develop. Therefore the monopolistic role that the industry once
had, concerning printing and postpress, also started to disappear. The technical
focus was on integrating client-server architecture and separation of data from
content so that these could be more readily shared between innovations,
document and content management, print-on-demand, and corporate multiuser innovations such as enterprise publishing. Davis & Walter (2003) estimate
that this has contributed to a 5 – 10X shift in the cost of sharing information
internally between systems while group productivity and business efficiencies
have increased as a result from the sharing of data.
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The world wide web stage has had both a larger and a substantially different technical impact on the industry than the two previous stages. Because of the webtechnologies applied, such as web software tools for page authoring and content management, online publishing was no longer the sole province of specialized providers. Suddenly everyone involved in the process had a common platform for electronic publishing. Davis & Walter (2003) estimate that this has
contributed to a 100X improvement in economics concerning delivering digital
pages and also created possibilities to gain increased revenues, reduced time to
market, closer connection to content and customer.
Still, in the beginning the web had some limitations that the next technological
stage, the Network service, was able to overcome. The effects of this stage have
just recently emerged in a broad scale. Technical developments made possible
the use of internet protocols, the potential to deliver service and products anytime and anywhere, and a total integration of processes between innovations,
businesses and customers. Davis & Walter (2003) estimate that this has contributed to a 5-10X shift in speed and total process costs.
CRITICAL GRAPHIC PRODUCTION PROCESSES IN SWEDEN TODAY, 2007
The description of production processes earlier in this chapter indicates that
activities in these have been heavily influenced by the introduction of IT innovations. Altogether, this has resulted in processes where the information flows
differ from those in the 1970s. These changes will in this section be summarized by a presentation of the graphic production processes, as they are today
2004.
As mentioned in chapter 5, there are nowadays great similarities between
newspaper and commercial graphic companies in the production of printed
matter. For example, the newspaper printing company V-Tab categorizes their
products into three different groups: newspapers, periodical magazines, and
direct advertising44. At the commercial graphic company Sörmlands grafiska,
about 80% of printed matter produced is periodical magazines and 20% is designated for direct advertising.

44 V-Tab printed in autumn 2004 nine different newspapers, about forty periodical magazines
and three direct advertising papers.
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“The number of periodical magazines have increased but so have also
the competition from newspaper graphic companies” (Sääv 2004-1011).

In the 1970s, it was more common for graphic companies to focus and be specialized but today the competencies often collect within the same organization.
An example is the commercial graphic company Elanders and their organizing
of businesses into Info media houses. Davis and Walter (2003) make the same
reflection when they write that printing companies more and more reposition
themselves as media producers.
“Printers…reaching both upstream into the creation cycle and downstream into packaging, fulfillment and distribution.” (Davis & Walter
2003, 10)

Many of the technologies used in the industry are standardized and IT has a
central part in the production. What mainly differentiate newspaper and commercial graphic companies are the type of printing press (web printer or sheet
printer), the volume possible to produce, and the quality of the printed matter.
It is today, as shown in Figure 5-2, possible to divide the graphic process into
four main processes: 1.Creation of original, 2. Prepress, 3. Printing, and 4.Postpress.
These processes and the activities within them will be described in the text that
follows and in Figure 6-12. Descriptions are, as in the case of the 1970s’ process description, to be viewed as generic and they can be seen as representative
for both commercial and newspaper graphics processes45. When an activity in a
process has a letter combined with a number that means the activity is done
parallel with another activity. When processes, activities, and interfaces are dark
gray colored the information flows in them are analog or mainly analog. If they
are light gray it indicates they are digitized or partly digitized. Actors involved
in the processes have no grayscale except for vertical stripes.

The process descriptions are mainly based on interviews made with Andersson, Flodström,
Wennberg (20041019), Carlsson (20040928), Hernnäs (20041006), Petersson (20041026); Sääv
(20041011); and Öberg (20041029). In a second round of interviews these descriptions were
validated by Dyrssen (20060908); Malmsten (20060907); Medbo (20060907); Odelius
(20060908); Pilerö & Gauding (20060823); Rolf (20060823). When other references have been
used they are referred to in the text.

45
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The focus lies on describing what could be considered main processes, and
other supporting processes, like administration and management, are therefore
not illustrated in the text. An illustration of the graphics processes of today is
presented in Figure 6-12:
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Figure 6-12: A generic illustration of the commercial and newspaper graphics processes as they are done in Sweden today, 2004

An advertising bureau
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internet,
DVD
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1. Creation of original

Customer

Input: Customer need for
transforming information into a
large amount of printed matters

1. CREATION OF AN ORIGINAL
The input in the graphic industry process today is still the need for a customer
to transform information into a large amount of printed matter. One difference from the past though, is the possibility to distribute the information via
digital sources such as the Internet.
The first step is to make a sketch (A) of the final product and this will differ
some between technologies used. Paper and pencil are often still useful at the
advertising company, while at the newspaper the structure of the pages from
the start is created in the editorial software in use46. A journalist or, for example
an art-director, is then responsible for creating the text. The text is written (B1)
at a workstation that uses software such as Quark-press47. The text is then
saved in a database on a server that connects the different workstations at the
editorial department/office and thereby makes it available for the persons responsible for the next activity. A photographer, using a digital camera, takes
pictures (B2) to be used to illustrate the information. The photographer next
transfers the pictures taken to the same database used for storing the text.
An editor or art-director then makes a layout (C) of the original where the
stored text and pictures are assembled. The layout is produced using software
such as Adobe Page Maker or editorial software. In the commercial graphic
process, the graphic company is sometimes involved in this activity. They
could for example have a consulting role on the best way to arrange the layout
concerning printing demands. At a newspaper, the graphic company normally
does not play that part. Instead, the editor in charge has the full responsibility
regarding the layout of the original. Before transferring the original to the

46 Editorial programs have the function of gathering and managing the information generated
in different activities. An example of editorial software is Doris, used at Norrköpings tidningar
and Gotlandspress. Doris is a system for document control based on a SQL database and it
enables handling of different kinds of documents like text, images, videos etcetera. (Anygraaf
2005)

47

QuarkXPress is a layout software that combines writing, editing, and typography with color
and pictures. QuarkXPress is used by magazines, newspapers, advertising agencies, etcetera.
(Quark 2005)
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graphic company the newspaper office/marketing department/advertising
company has two choices, either to convert (D) the original into a closed postscript file48, or to send it as an open original. In the newspaper graphic process,
approximately 90% of the originals are sent as a pdf-file, while in the commercial graphic it is about 80%. The most common interface used for transferring
the original information to the printing company today is via an FTPconnection49. Other media used are Internet and DVD or CD-rom.
IT used in the process: Software tools like Quark-press, Adobe PageMaker,
Adobe Acrobat, and editorial systems. Hardware such as workstations and
servers. Communication tools like Internet and FTP.
Operators involved in the process: Journalist/art-director, photographer,
editor, a printing company project manager.
2. PREPRESS
If the original is open when it arrives at the graphic company, the first activity
is to process (A) it. For example, pictures can be scanned and applied to the
original according to agreements made with the newspaper office/marketing
department/advertising company. When the original is properly processed the
next activity is to raster (B) and color divide it using a raster image process, RIP,
program. This program consists of two main parts, a Postscript translator and
a raster processor (Johansson et al. 1998). Besides raster, the pages of the
original in this activity are also paired together, for example the last page together with first. If the original is closed, RIP is the first activity done at the
printing company. Information from the activity is then divided into two parts,
one visual and one containing necessary information about color, structure of
sheets etcetera. This information is gathered on a CIP-3/PPF file, which is
transferred via intranet or a disc to the printer control room. To support this
process a production system, for example Prinergy50, is used.

48 Adobe Postscript is an object based page description language that has become standard in
the graphic industry. Today the Postscript system can be divided into three main functions:
translation of document to Postscript code, transferring of Postscript code, and rip of Postscript code. Adobe PDF is related to Postscript programs and has today become the most
common page description program in use in the graphic industry. (Johansson et al. 1998)

Prinergy uses so called job tickets to carry processing instructions through a system. These
process plans can be linked together as production templates (workflow plans) to create automated prepress workflows. It also contains an Oracle database, which stores job status and
50
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Depending on the agreement between the printing company and the newspaper/marketing department/advertising company one alternative is to print out
(C) the original as a pre-print proof. Normally this is done on an ink jet printer
that can print the originals in full scale. The other alternative is to publish the
processed original on a web page available only to those responsible for it, a
so-called soft proof. The purpose of these activities, despite technologies used,
is the same: to check (D1, D2) the processed original and then approve or reject
it. When the original is approved the file is transferred via intranet and an operator into the Computer to plate, CTP, machine. Here the information is exposed directly on to aluminum plates (E) by lasers. The whole operation for a
plate takes about 40 seconds and in the end is the edge of the plate folded in
an accurate way. For each color page of printed matter, it is necessary to develop four different plates. The transferring of information onto plates is the
first physical activity that occurs if a soft proof has been used.
When all information is transferred on to plates, these are gathered and transported to the printer. Together with the plates, a work order follows that is
handled in a folder. The work order is created by the project manager and
holds different documents that concern the printed matter produced.
IT used in the process: Postscript files, hardware and software RIP, ink jet
printers, software for handling soft proofs, productions systems like Prinergy,
embedded systems in the CTP machine and CIP 3 files. Communication tools
like Internet, FTP and Intranet.
Operators involved in the process: Operators that overview and handle the
rip, side matching, approval, and creation of plates.
3. PRINTING
In the printing process, the information about the printed matter comes
through two different methods: the plates delivered physically and the original
information on a CIP 3 file.
The plates are initially mounted (A1) in the printing press, which uses either web
offset or sheet offset technologies. At the same time, the printing supervisor
transfers the information (A2) in the CIP 3 file to the printing press. Based on this
information, necessary adjustments in the printer automatically take place con-

history, linking any errors to specific job elements to aid in troubleshooting. (creo.com 200502-02)
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cerning amount of ink, type of colors and so forth. These adjustments are presented on a display in a control room from which the printing activity is processed. Important for this activity is the handling of color management or ICC
profiles. In earlier stages these are sent from the printing company to the customers who create the originals that will be printed. It is a way to ensure that
the colors in the digital original in the end will be the same as in the printed
matter thus increasing the quality of the product. These preparations are at the
web offset press completed with information concerning other technical values
such as register value, web tension, and printing unit control.
When all the necessary adjustments are done the printing (B) activity starts. The
supervisor makes a visual inspection of the first numbers of printed paper that
is delivered. If there is a need for further color adjustments these can be done
via the control monitor. If the printer is a sheet offset, the normal proceeding
is to make a test print on a few sheets that are checked with a scanning machine connected to the control monitor.
Gradually, as the sheets are printed in the sheet printing press, they are gathered on loading pallets for further transportation to the prepress department. If
a web offset printing press is used at a newspaper graphic company, the papers
in the end of the activity are stacked, stitched51, and folded together before
they are delivered via a transportation band to the packing department.
IT used in the process: The printing press control system, embedded systems
in the printing press that handles adjustments activities. ICC – profiles. Communication tools such as Intranet or/and disc storing devices.
Operators involved in the process: A printing supervisor and printing operators who handle the printers and overview the printing process.
4. POSTPRESS
In the postpress process the product is transformed into its final form. If the
printed matter contains more than two pages it is only folded but if containing
more than eight pages it is also stitched together (Johansson et al. 1998). This
process differs between commercial graphic and newspaper graphic companies.

51

Broad sheets are sized together, tabloids are stitched.
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The commercial graphic postpress process starts with stacking and cutting (A1)
of the sheets. This is done using a cutting machine into which an operator program loads necessary measurement information. It is very important that the
sheets are correctly cut; otherwise there may be losses in quality and increased
costs. Modern cutting machines therefore have computer-based job processing
systems that can receive data from, for example, a CIP3 file from either an
intranet or a floppy disk (Kipphan 2001). Next, the operator puts the cut
sheets in a folding (B1) machine, which folds them in a proper order. The machine consists of four different modules52 controlled by a technological module. Besides folding, the control module also handles quality control, job management, and machine statistics (ibid). The last preparation of the commercial
graphic product is to stitch (C1) the folded papers together. In this activity, depending on the type of product, a separately produced cover could also be
jointed to the block of paper sheets. If the product contains more than 50
pages it is normally sized together53. As a final touch, the product cover could
also be trimmed so it will fit the paper block it is jointed to (ibid).
In the newspaper graphic postpress process, the stitched newspaper comes on
a transportation line from the printing department, where they initially are
gathered into bundles that are trimmed (A1). If the newspaper contains inserts
(B2) (for example an advertising brochure or a separate sports supplement),
these are put into the newspaper by an insert machine54 that opens it in the
center and inserts the other printed product. The newspapers are then, if necessary, addressed (C2). This is handled by a machine with an ink jet printer,
based on distribution information received from the distribution company.
Next, an operator places the newspapers in a stacker machine, where they are
packed (D) into standard or variable bundles. The bundle information is also
received from the distribution company and finally, before delivery of the
newspaper packages to the distributor, notes with district addresses are automatically put on them. The different activities in the newspaper postpress
process are coordinated and handled by a control system that contains information of addresses, number of inserts etcetera.

52 The modules in a folding machine are feeder (separate sheets, align and transport them into
the first folding unit), folding units, conveyance units, deliveries.

This can be done by thread-stitching, gluing block spines, gauzing blocks, or back-stripping
blocks.

53

There are four types of inserts machine systems in use: drum system, wheel system, line
system, carousel system.
54
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IT used in the process: Commercial graphic: Embedded systems in cutting,
folding and stitching machines. Newspaper graphics: Embedded systems in the
folding, addressing, and packing machines. Postpress control system.
Operators involved in the process: Prepress machine operators.
SUMMARY OF PROCESS DESCRIPTIONS
The generic process descriptions above indicate that use of IT and resulting
digitization of information flows have influenced activities in key processes at
commercial and newspaper graphic companies during the last decades. The
labels of the activities are almost the same throughout the processes, but the
content reveals that they are handled differently. As one of the interviewees
points out:
“It is hard to compare with the past. It is like comparing apples and
pears” (Peterson 2004-10-26).

INFLUENCE ON INFORMATION FLOWS AND NUMBER OF INDIVIDUALS
Characteristics of the processes described in this chapter, with a focus on type
of information flow and number of individuals involved, are gathered in Table
6-1.
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Creation of original

Composing/
Reproduction/
Prepress

Process mid
1970s

Process 2007

Analog

Digital

Editor/Overseer,
journalist/art director,
photographer, typist,
typesetter, photo
developer
Analog/Digital

Editor, journalist/art
director, photographer,
a printing company
project manager.

Compositors, scanner
operators, typographers

Digital
Operators that overview and handle the
rip, side matching,
approval, and creation
of plates
Digital/Analog

Type of information
flow
Operators involved

Type of information
flow
Operators involved

Printing

Analog

Postpress

A printing supervisor
A printing supervisor
and printing assistants. and printing operators.
Analog
Analog/Digital
Type of information
Prepress machine
operators, packaging
operators.

Prepress machine
operators

Type of information
flow
Operators involved
flow
Operators involved

Table 6-1: Characteristics of the generic graphic processes described in chapter
6, with a focus on in which way information flows have been digitized and how
the changes in processes have influenced the operators involved in the processes.

In the table above, the two process descriptions are compared to each other.
The left column represents the different processes; the two in the middle represent the 1970s process and the process of today. The far right column shows
the areas compared; type of information flow and operators involved in the
processes.
Analog means that the information flow is handled in an analog way, for example, original content in form of text strips arranged on a paper sheet or plates
with original information on. Analog/Digital indicates that the information flow
in the main part of the process is analog but in some parts also digital as in a
scanning device that color separates and raster photos before they are reproduced as plate film. Digital/Analog indicates that the main part of the information flow in the process is digital but in some parts also analog. For example,
most of the information in the printing process, except the one on the printing
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plates, is today handled in a digital form. Digital means that the information
flow is handled in a digital way, for example creation of an original in a desktop
environment. The operators presented in the table are the ones mentioned by
the participating interviewees
The table indicates that some of the operators, such as typesetter, typist and
developer, no longer are a part of the graphic process. It also shows that the
information flows in the processes during this time has switched from analog
to digital. This is exemplified by a statement made by Andersson et al.
(20041019), who claim that the number of operators employed at Edita västra
Aros, a commercial graphic printing company, over the years has been more or
less constant. However, the production capacity has during the same time tripled. Another example on increased production capacity is found at V-Tab.
Previously, according to Hernnäs (20041006), when the printing company was
integrated with one local newspaper, the printing presses operated about 3
hours a day, six days per week. Today the printing presses operate 24 hours a
day, five days a week, and 15 hours a day on the weekends.
Another example indicating IT influences on production processes can be
found at Sörmlands grafiska. Sääv (20041011) estimates that the company, during the last decades, has doubled the production of printed matter while the
printing paper stock has been kept at the same level. An explanation is better
control of the production flow, which has increased just-in-time deliveries of
printing paper goods.
From the process illustration, it is also clear that these have changed concerning amount and type of activities. Two of the processes, composing and reproduction, have emerged into one - prepress. Furthermore, in the 1970s, 22 different activities were necessary to produce printed matter; today the total sum
is 18. This can probably be seen as the result of a higher level of information
digitization and fewer individuals used for the activities.
OUTCOMES IN THE SWEDISH GRAPHIC INDUSTRY
The gradual introduction of IT in the graphic industry in Sweden and the resulting changes in processes has also resulted in different outcomes. In the text
above, some of them have been mentioned, but it is difficult to catch every
detail of consequences originating from the changes in the graphic industry
processes. Still, based on experience from interviewees, outcomes of the introduction of IT between 1980 and 2004 are summarized in Table 6- 2. In the left
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column the processes are labelled and in the other three columns the different
decades are represented. The text in these columns notes some of the most
apparent outcomes that have occurred during the decades.
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1980s
Creation
of original

Composing and
Reproduction/
Prepress

1990s

Increased
picture
production
New demands from
customers concerning
printed matter
Focus on artistic side
instead of technology
Reduced quality on
composed originals
Slow RIP processing
Less need for photocomposition competence
Re-use of information
Composers and typographers profession
transformed
Composing and typographic
companies
vanished
Increased quality of
pictures produced
Increasing costs when
upgrading soft- and
hardware

Printing

Postpress

2000s

Increasing possibilities to
handle digitized text and
pictures in the same document
Possibilities to send digitized information between
different actors

Fewer operators involved in the process.
Increased automatization of information flow
between actors in original and prepress processes

Reduction of time in the
RIP activity
Reduction of time in handling repro film
Increased quality of the
repro film
Decreased number of individuals involved in the
prepress process.

Decreasing amount of
faults in received originals
Knowledge about
graphic production
spread among the actors
Scanner operators at
printing companies vanished
Fewer individuals involved in the prepress
process.

Automatization and centralization of printing press
control
Increasing use of color
Reduced cost for printing
color pages
Individualization of information in printed matter,
print-on-demand.
Increased automatization of
postpress activities
Decreased need for individuals in the activities

Increased quality of the
printed matter
Increasing use of color
Complete digitization
of the Printing process

A more precise amount
of newspaper distributed
Adjustments of information in newspapers
depending on where
they will be distributed

Table 6- 2: Outcomes that gradually occurred in the graphic industry during 1980 – 2004
when different IT applications were introduced in the processes.
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During the 1980s, outcomes from of IT innovations occurred in Creation of
original and Prepress processes. These were new ways to handle pictures and text,
which after a while lead to new demands from customers of printed matters.
The quality of processed pictures increased and the cost for transforming information decreased, as it became possible to re-use it. Instead, the cost of
handling soft- and hardware increased. Gradually there was a switch in competences from composers and typographers to individuals involved in the Creation
of original process, which often resulted in poor quality of processed originals.
During the 1990s, the outcomes that occurred were sometimes caused by the
ones that originated in the 1980s. In Creation of original and Prepress this led to
increased quality, a reduction in time to process the information, and a reduction of the number of individuals involved. These effects also started to show
up in Printing and Postpress processes as there was an increased use of color,
increased automatization and less need for individuals involved.
Finally, in the 2000s, pieces started to come together. Increased quality in
processed originals, fewer individuals, and an increased automatization were
the main effects of all the processes as the information flows in them became
totally digitized.
WHAT IS NEXT?
The discussions in this chapter indicate that introduction of IT innovations has
lead to an almost total transformation of the graphic industry processes. The
use of Internet today is for example an unconditional part of the service the
graphic company offers to its customers (The Swedish graphical industry association 2001).
In a global perspective, Davis and Walter (2003) see additional development of
the architecture beyond the network services stage. They think that a framework for IT and communication will emerge, which will improve economics of
building and operating integrated publishing processes. The framework is, according to them, based on four key technologies: Business-process management for
implementing and integrating business and production workflow. Web services
that can be seen as loosely coupled innovations, which will be used within and
between organizational processes and easily consumed by other innovations
using standard Internet technologies. Service grids that consist of utilities that
make it possible to discover, integrate with, and arrange delivery of shared services. Internet standards that in shared-resource architecture will make it able to
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implement all levels of IT and communication infrastructure by the use of universally supported open standards, protocols, and management utilities for the
Internet.
CHAPTER SUMMARY
In this chapter changes in the processes of the Swedish graphic industry during
the last decades and the main effects caused, have been presented. The empirically based material indicates a connection between the reduction of activities
and operators and the introduction of IT in the processes. The time for producing printed matter has also been reduced combined with an increasing quality of the final product. The descriptions in this chapter will be used as fundamentals for the analyses of the next chapter, where the questions about its influence on productivity and other contributions will be handled.
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CHAPTER 7. EFFECTS OF DIGITIZATION

It is as a starting point for the analysis in this chapter relevant to reconnect to
the first three research questions presented in chapter 1:
Q1: How has the introduction of IT innovations influenced the development of critical production processes within the commercial and newspaper graphic industry?
Q2: Which effects on productivity development in the commercial and newspaper graphic
industry have these changes had?
Q3: Which other possible effects can be identified as a result of the introduction of IT innovations?
The first question has partly been answered in the previous chapter. In this
chapter it, and the other two questions, will be analyzed from the perspective
of the theoretical tools presented in chapter 4. Initially the outcomes from
chapter 6 will therefore be translated into different direct or second order transformational, automational, and informational effects. These effects will then be further
categorized into single or multiple effects before they finally are summarized into a
more general type of additional effects. The structure of the analysis is further
illustrated in Figure 7-1:

0. Outcomes
from digitization
of information in
the graphic
industry

1. A first categorization of
effects.
• Transformational
Direct /
Second
• Automational
Order
• Informational

2. A second categorization of effects.
• Single
• Multiple

3. Additional
effects
• Productivity
• Others

Figure 7-1: Illustration of how the analysis in this chapter will be structured

CATEGORIZING THE EFFECTS
In this section the outcomes previously presented in chapter 6, and summarized in Table 6– 4, have been further analyzed and categorized into different
types of effects (mentioned above). Those identified are presented in Table 7101

1 and sorted under type of effect and the process or processes where they have
occurred. Some of the effects analyzed appear not only in a single process but
in several, such as the effect Integration of processes, which appeared in all of the
processes. The numbers in the table refer directly to the headlines found in the
text and these do not indicate a chronological order of the appearing of effects.
They are instead primarily a way to organize and elucidate the effects to the
author and to the reader throughout the chapter. The effects are further described in the text following Table 7- 1, where effects considered as closely
related have been gathered under a common headline.
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Transformational Automational

Informational

Creation
of original

Direct impact
1. Vanishing professions
Second order impact
2. Integration of processes
3. Increased costs for IT
innovations

Direct impact
5. Reduced number of
operators involved
Second order impact
------------------------

Prepress

Direct impact
1. Vanishing professions
Second order impact
2. Integration of processes
3. Increased costs for IT
innovations
4. Merging of processes

Direct impact
5. Reduced number of
operators involved
6. Decreased production
time
7. Increased production
capacity
Second order impact
---------------------------

Printing

Direct impact
-----------------Second order impact
2. Integration of processes
3. Increased costs for IT
innovations

Direct impact
10. Increased picture production
11. Increasing use of color
12. Mix of different information sources
13. Increased amount and quality of
communication
14. Geographically adjusted information
15. Individualized information
Second order impact
16. New demands from customers
17. Increased quality in produced originals
18. Reuse of information
19. Options for reduced costs
Direct impact
12. Mix of different information sources
13. Increased amount and quality of
communication
14. Geographically adjusted information
15. Individualized information
20. Increased quality in prepress process
outcome
Second order impact
17. Increased quality in produced originals
18. Reuse of information
19. Options for reduced costs
Direct impact
11. Increasing use of color
13. Increased amount and quality of
communication
14. Geographically adjusted information
15. Individualized information
20. Increased quality in printing process
outcome
Second order impact
19. Options for reduced costs

Postpress

Direct impact
5. Reduced number of
operators involved
6. Decreased production
time
7. Increased production
capacity
8. Centralized control
9. Decreased costs
Second order impact
------------------------Direct impact
Direct impact
----------------5. Reduced number of
Second order impact
operators involved
2. Integration of proc- 6. Decreased production
esses
time
3. Increased costs for IT 7. Increased production
innovations
capacity
Second order impact
---------------------

Direct impact
11. Increasing use of color
13. Increased amount and quality of
communication
14. Geographically adjusted information
15. Individualized information
Second order impact
16. New demands from customers
19. Options for reduced costs

Table 7- 1: Transformational, automational and informational effects resulting
from the digitization of information in the graphic industry and divided onto
the processes in which they have occurred.
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TRANSFORMATIONAL

EFFECTS IN THE PROCESSES OF THE GRAPHIC IN-

DUSTRY

Transformational effects started to emerge in the 1980s in the Creation of
original and Composing and Reproduction / Prepress processes. The digitization of these processes in the 1990s and 2000s also opened up for complementary digitization of the information flows in the subsequent Printing and Postpress processes.
DIRECT IMPACT FROM DIGITIZATION OF INFORMATION – TRANSFORMATIONAL
EFFECTS

1: Vanishing professions
The most obvious effect appearing from the digitization of information in the
composing and reproduction / prepress process has been transformational.
Initially the professions of composers and typographers transformed as the
information became digitized. However, when the knowledge and expertise of
these professions were gradually built into different IT innovations, other actors were able to handle the activities performed by these operators. The effect
of this was that composing and typographic companies finally vanished; something that during the 2000s also happened to the scanner operators at printing
companies when digitized pictures more and more became the industry standard. This also had some automational effects on information flows between
the remaining actors. The transformations were in the beginning far from unproblematic though. Operators in printing companies learned, for example,
that they had to educate operators in the creation of original process in order
to achieve proper quality of the originals that were handed to them.
SECOND

ORDER IMPACT FROM DIGITIZATION OF INFORMATION

-

TRANSFOR-

MATIONAL EFFECTS

2: Integration of processes
Before digitization, each process and the information generated in the activities
were more separated from previous or following processes and activities. A
major reason was that information handled required specific expertise and that
information came in an analog form. For example, information that arrived to
the printing process concerning an original included papers with instructions in
addition to the gathered text and pictures. In the early 2000s, the handling of
digitized information finally started to pay off. The reason was that the technology and innovations used, for example the Internet, FTP, and PDF, had
reached such a level of standardization that “everyone” in the industry used
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them. This can also be viewed as an example of an increase of network externalities that the graphic industry has come to experience. Today when the major part of the information is digitized, the processes are therefore more integrated. This has made it possible to have a continuous dialogue between the
actors during the production of printed matter, not realizable before. In addition, it is now possible for actors in the different processes to interact independently of location and organizational settings.
3: Increased costs for IT innovations
A transformational effect that has occurred as a result is that costs for IT innovations have increased. During the decades these have developed at a pace that
demands constant updates of soft- and hardware, in order to handle the more
automatized information flows. The license costs for the actors involved have
also increased as more are using IT innovations when handling the activities in
the process. This is a negative development of costs that may be hard to break.
Once you have digitized your information flows you are past the point of no
return, the choice of going back to an analog information flow does not exist.
When you are acting in an industry with few manufacturers of usable soft- and
hardware innovations, like the graphic industry, you may end up in a position
where the IT investments are what Lucas (1999) classifies as required or no other
way. Insignificant competition among producers of soft- and hardware together
with that type of IT investments may push companies into a negative cost spiral that is hard to control. For smaller companies in the industry it may even
end up in breaking their total financial situation.
4: Merging of processes
Second order impact from the disappearance of professions in the composing
and reproduction process, was that these merged into the Prepress process.
Previously, assembling of film on plate, plate exposure, and plate developing were activities of the printing process. Today, however, when CTP is a dominating technology, these activities have vanished and the handling of plates is instead an
activity in the Prepress process. The Composing process activities were in a
way also a part of the creation of original process. For those generating the
originals the merging of processes has made it possible to gain better control
of the processing of the originals. Another consequence, that also has an
automational character, is that the total number of activities has been reduced
in the process descriptions in Figure 6 – 4 and Figure 6 – 15 from twenty-two
activities to eighteen. That may not seem significant, but each activity in a
process requires resources in the form of human assistance and/or material.
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Reducing activities means that costs for supplying these resources to the processes also are reduced.
AUTOMATIONAL EFFECTS IN THE PROCESSES OF THE GRAPHIC INDUSTRY
The most obvious automational effects in the graphic industry have occurred
when information has been digitized and processes have merged or integrated.
The effects include decreased production time and a decreased number of actors involved parallel with an increasing production capacity.
DIRECT

IMPACTS FROM DIGITIZATION OF INFORMATION

-

AUTOMATIONAL

EFFECTS

5, 6: Reduced number of operators involved and decreased production
time
The desktop technologies introduced in the 1980s had limited capacity in the
beginning when it came to processing large amounts of digitized information.
Therefore, the process of RIP was initially slow, but gradually as the IT innovations improved, the time consumed in the RIP activity was reduced. This was
also the case with the handling of repro film, an activity that vanished when
information digitization was pushed one step further with the introduction of
CTP in the 2000s. A direct impact of the introduction of the CTP technology
is that the number of operators involved in the prepress process has decreased.
Today only a few operators are necessary compared to the late 1970s/early
1980s. Another example of the decreasing numbers of actors involved is found
in the creation of original processes. The operators that disappeared during the
1980s and 1990s were those handling the interface between Creation of original and Composing and Reproduction / Prepress processes. As the information flow became more and more automatized and processes merged, there
was less need for actors and operators. One example of this type of transformational effect was the overseer who previously played an important part in
handling the information from one process to another, today their skill is handled by software and decisions are made based on what is presented on the
computer screen. Another process where these effects have occurred is the
postpress process. The need for actors in these activities decreased when information flows became digitized. The handling of inserts and addressing are
examples of activities, previously based on analog information, which no
longer have a need for human assistance.
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7: Increased production capacity
As information has been digitized and different activities have become automatized the capacity in especially the prepress, printing, and postpress processes
has increased. One conclusion made in chapter 5 was that the capacity nowadays compared to the late 1970s / early 1980s has tripled. The activities that
have been automatized were the ones that previously, from time to time, demanded the largest number of individuals involved and therefore the gains
from automatizing were substantial. For example, automatization of inserts and
addressing activities in the postpress process in the 1990s resulted in increasing
capacity. This was also necessary in order to handle the larger amount of
printed matter that could be produced as the information in the printing processes became digitized.
8, 9: Centralized control and decreased costs in printing process
When embedded systems were introduced in the printing presses during the
1990s, it led to the development of automatization and centralization of printing press control. Previously, when the information flows were analog, printing
press adjustments were made separately on each printing press tower. However, since the introduction of embedded systems operated from a control central, the majority of adjustments made are supported by digital information in
the form of, for example, CIP – 3 files, and these adjustments are presented via
a screen interface55 to the operator. The process is not fully automated though;
there is still opportunity for printing operators to use specialty skills and in the
final analysis it is their assessment concerning the quality of the printed matter
produced that has a decisive influence on the final product. The digitization of
information in the printing process has also led to decreased costs for printing
color pages, because the embedded digitized control system allows a more precise amount of ink being used. This has also led to transformational effects, as
there is less need for human assistance in the process when the control function has been centralized.
INFORMATIONAL EFFECTS IN THE PROCESSES OF THE GRAPHIC INDUSTRY
A majority of the effects that have occurred in the graphic industry as a result
of information digitization are informational. At the same time, the positive
aspects of this type of effect are sometimes harder to establish compared to the
other two previously analyzed. When, for example, the automational effect is

55

An illustration of this is presented in Appendix IV.
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easy to quantify, the informational instead tends to appear in a more abstract
and intangible form, such as an increased quality.
DIRECT

IMPACTS FROM DIGITIZATION OF INFORMATION

-

INFORMATIONAL

EFFECTS

10, 11: Increased picture production and increasing use of color
The number of pictures produced has increased as the information in them has
been digitized. The first steps were taken in the 1970s when the pictures were
scanned and it was possible to separate the colors in them. In the 1980s, IT
innovations made it possible to edit the digitalized pictures. During the 2000s,
the digital camera has accelerated the production of pictures, with a lower cost
as a consequence of less need for the developing activity. Parallel with this, a
reduced cost for printing color pages has accelerated the use of color in printed
matter production. Besides an increasing picture production and use of color,
the possibilities to manipulate the picture and the information it represents
have gradually increased. From an informational point of view, this may be
seen as a positive impact. Increased production and use of pictures mean increased distribution of information and in this context color can be seen as a
type of information carrier. A picture or a text in which color is used tends to
hold more information in it than the other way around. Use of color does not
automatically raise the quality of the information though, for example, reality
show broadcasts on television today are often not in the same league as black
and white movie classics like Casablanca. A picture has the advantage of often
being easier to relate to than a written text. Properly used pictures or illustrations also tend to strengthen information in a simultaneously received text. A
negative side may be that increasing possibilities to manipulate digitized information in a picture is a way to affect the receiver. Not everything is always
what it seems to be.
12: Increased possibilities to use and mix different types of information
sources
A significant informational effect when information became digitized in the
creation of original process was increasing possibilities to handle and mix text
and pictures in the same document. This was not unproblematic though in the
start up of digitization in the 1980s. Initially, the quality of the digitized originals produced was worse than when the information was analog. The knowledge that composers and typographers had regarding how to arrange the information in form of pictures and types was not transferred into the software
in use. Selecting the text format in context with the intended purpose of the
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printed matter, is one example of basic skills that the composers and typographers developed as explicit and in some cases tacit knowledge. It therefore
took some time before this knowledge was spread among the new actors who
started to work with digitized originals.
13: Increased amount and quality of communicated information
Another important informational effect that occurred in for example the creation of original process was the possibility to send digitized information between different actors. As a consequence, the interface between processes and
activities has been more automated and tends to run smoother than before.
Previously the professions involved in this process were more limited in their
roles. The editor made up the first sketch while it was the composer who arranged the text and headlines. Today this has changed as the editor in charge
arranges the text and headlines and while doing it he/she is receiving the information from a database where pictures and text is stored. When the pages
to be printed are arranged, they are sent in a digital format to the printing
company. Previously, the information was delivered by hand to composing and
reproduction departments, something that took more time and made the dialogue between the actors involved limited. Today it is possible to work separated from the other actors in the process. One example is V-Tab in Västerås,
who every day receives digital originals from newspapers located in Stockholm,
100 km away. The quality aspect is the fact that when standardized formats for
information are used, for example a PDF –file, and parts of the activities that
have routine character are automated, it is possible to focus on content and
substance instead of technical issues.
14, 15: Individualized and geographically adjusted information
When digital printing technology entered the industry, it also increased the
possibilities to individualize the information in a group of printed matter. This
is an important aspect that has not fully been exploited. According to marketing management researchers like Gummesson (1998), the personalized communication between a company and its customer is of fundamental importance. In this case perhaps other channels such as e-mail and telephone services are being chosen for this kind of one – to – one concept of marketing.
As in the case of digital printing, the digitization of information has also made
it possible to adjust the information in newspapers depending on where they
will be distributed. This may in the end have a positive impact on the newspapers’ advertising sales. If a majority of a company’s customers live in a limited
area, it is possible that the company is not interested in spending money on
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advertising that reaches far outside this area. This could for example be the
case of a local grocery shop that is highly dependent on a geographically narrow base of customers. If they believe that their advertising efforts can be directed more efficiently against their target group, they may be more interested
to use a specific newspaper or magazine as a principal source for customer
communication.
SECOND

ORDER IMPACTS FROM DIGITIZATION OF INFORMATION

-

INFORMA-

TIONAL EFFECTS

16: New demands from customers
As information was digitized it became easier to involve customers in the creation of original process. After a while, when customers discovered what was
possible to create, new demands concerning printed matter gradually emerged.
As the IT innovations introduced became more and more standardized the
focus in the creation of original process moved from technology to a more
artistic perspective among the actors involved in the process. This shift in focus was a consequence of the fact that handling information in the process
became easier as the IT innovations developed. Specialty skills like the ones
composers and typographers represented were no longer needed to create an
original of high quality.
17, 18: Increased quality in produced originals and reuse of information
A second order of impact that occurred in the creation of original process was
a decrease in number of errors in the originals produced. It was not necessary
for the operators in the composing and reproduction/prepress process to put
in as much effort and time as before in sending back or correcting the originals
received. This had an effect of gradually increasing knowledge among actors
and operators involved in the creation of an original process, regarding the
quality demands of graphic production based on digitized information. This
effect together with the development of soft- and hardware for handling digitized information has also made it possible to reuse information in a way not
possible before. For the larger production of, for example, a product catalogue
for the Swedish company Ikea, the result has been savings of both time and
costs.
19: Options for reduced costs
Many of the informational effects presented tend in the end to open up for
reduced costs in the processes where they occur. For example when the information flows in postpress processes were digitized, information about sub-
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scribers became more accurate and integrated into the bundling activities. It
was then possible for newspaper companies to print and distribute a more precise number of newspapers, something that in the end may result in reduced
costs. The managing of such options is something that does not happen by
itself though since it demands innovative thoughts about the possibilities that
digitized information flows offer.
20: Increased quality of prepress and printing processes output
The initial informational effect that occurred when information in the composing and reproduction / prepress process was digitized was less need for photocomposition competence. Part of the expertise previously held by picture
scanner operators was built into the software in use. At the same time, the type
of quality problems that emerged in the creation of original processes (see effect descriptions 17 and 18) did not occur here. One explanation may be that
in the composing and reproduction / prepress process the same individuals
that previously handled the analog picture information often also handled the
digitized one. That had the effect that quality of the pictures and repro films
produced increased. When the CTP technology replaced the use of repro film
it also meant a boost in quality, because the film did not have to be exposed to
the plate before the plate was developed. For each step taken when transforming information onto printing plates, the raster dots tend to enlarge. Today
when the information is put on plate by laser technology the actual size of the
physical raster dots is kept smaller resulting in a higher resolution of pictures
and text. In the end, receivers of the produced printed matter gain a higher
quality product. This has also had transformational effects, as the handling-ofplate activities became a part of the prepress instead of the printing process.
The information necessary to control the printing process has also become
more detailed and precise when handled in digital form. For example, the colors used are applied to the paper in a more precise and automated way than
before and the digitized information also allows an increased number of nuances. These informational effects have altogether in the different processes in
the end lead to an increased quality of process output.
SUMMARIZING

THE IDENTIFIED EFFECTS

–

CATEGORIZING SINGLE AND

MULTIPLE EFFECTS

The effects presented above have so far been divided into direct or second order
transformational, automational, and informational. The second part of the analysis
will categorize these into single or multiple effects. This was considered proper
because, as the analysis of the effects developed, it soon became evident that
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dividing effects into the categories mentioned above was to consider as too
blunt a tool. Some of the identified effects, such as Vanishing professions, may at
first look seem transformational. However, vanishing professions can also result
in a reduction of actors and an automatization of activities, which would indicate that the effect could be categorized as automational. By categorizing effects
into single and multiple it may be possible in the next part of the analysis to let
some of the multiple effects contribute to more than one type of benefit. That
may be necessary since an effect considered multiple possesses a mix of transformational, automational, and informational characteristics. This division of
effects does not have direct support from the theoretical tools, but it is thought
of as a well-grounded consequence of the previous part of the analysis.
When Mooney et al. (1995) in their paper visualized the categorized effects as
dimensions of IT business value, they used oval forms connected to each
other. These were placed in a process realm and thereby underlining that the
effects are complementary to each other (also shown in figure 4-4). In Figure
7-2 and Table 7- 2 the effects presented above have therefore been further
mapped out inspired by the figure presented by Mooney et al. (Ibid). The
numbers in the ovals represent effects that have been put either in a single effect
area or in a multiple effect area and the numbers are also congruent with those
presented in Table 7- 1 and Table 7- 2. The far left column in the table divides
the effects into single or multiple categories. Thereafter the numbers and headlines that the effects were given in the previous section are represented. Finally
in the right column, the letters show whether the effect has been analyzed as
transformational (T), automational (A) or informational (I), and if it has been
considered as a direct (D) or a second order impact (SO). When there is more
than one of the letters T, A, and I the effect is multiple and the order of the letters indicates which type of effect that is the dominating. For example I/T/A
indicates that the effect is primarily informational but it could also be considered as transformational and in some cases even automational.

112

Transformational

Automational

1. 3.
4. 5, 6.
8, 9.
7.

2.

13.
20.
12.

19.
10, 11.

14, 15.

16.

17, 18.

Informational
Figure 7- 2: The identified effects that have occurred in the graphic industry
when information flows have been digitized, categorized as single or multiple
effect.
Number
in figure
7-2

Single
effects

Multiple
effects

2.
7.
10,11.
14,15.
16.
17,18.
1.
4.
3.
5,6.
8,9.
12.
13.
19.
20.

Identified effect

Type of
effect

Integration of processes
Increased production capacity
Increased picture production and increasing use of color
Individualized and geographically adjusted information
New demands from customers
Increased quality in produced originals and reuse of information

T (SO)
A (D)
I (D)
I (D)
I (SO)
I (SO)

Vanishing professions
Merging of processes
Increased costs for IT innovations
Reduced number of operators involved and decreased production time
Centralized control and decreased costs in printing process
Increased possibilities to use and mix different types of information sources
Increased amount and quality of communicated information
Options for reduced costs
Increased quality in prepress and printing processes output

T/A (D)
T/A (SO)
T/A (SO)
A/T (D)
A/T (D)
I/T (D)
I/A/T (D)
I/A (SO)
I/T/A (D)

Table 7- 2: Explanation of numbers presented in Figure 7- 1, based on text in
the previous section of this chapter, and categorization of single and multiple
effects.
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Figure 7- 2 and Table 7- 2 illustrate several points. For example, it is possible
to identify more multiple effects compared to single effects, while the majority
of the identified automational and transformational effects are multiple, whilst the
informational effects are equally single and that multiple. The same applies to
single effects taking into account that they are categorized as direct or second order
impacts. The multiple effects have more direct effects represented since six out
of nine are categorized as multiple, direct effects. This may imply following:
•

Transformational effects are more closely related to automational. For
example, it is possible that an automatization appears because of a reconstruction of processes. This, on the other hand, may be realized because the information flows in the processes have been digitized as a
result of the introduction of IT. This may also explain why informational effects seem harder to establish; they tend to stand alone and if
they appear, it is more difficult to connect them to the other type of effect. This may give the informational effects an abstract and intangible
character.

•

Direct and second order impacts are equally important to consider
when analyzing the effects from IT investments. It is a combination of
these that in the end contribute to the development of an industry and
it is therefore important to not focus only on the most apparent, direct
effects from information digitization. It is instead crucial to have a strategic focus and consider which effects in the end may result from specific and from complementary IT investments.

Based on this categorization of effects, the next step in the analysis chapter will
be to identify additional such that can be summarized from the collected effects presented above.
ESTABLISHING ADDITIONAL EFFECTS
The effects presented so far have been identified from the empirical and theoretical material and are therefore to be considered as specific for the graphic
industry. By summarizing these effects it is possible to present results that can
be seen as viewed more generally. In this part of the analysis, the effects presented in the previous section will therefore be combined in order to identify
different additional effects. The result from this analysis is found in Table 7- 3
and in the text that follows. In the column with identified effects, the number
in front of the text is identical to those previously presented in Table 7- 1 and
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Table 7- 2. As in the case of those tables, the numbers do not indicate a
chronological order for the appearance of effects. In Table 7- 3, the purpose is
also to show the reader from which effects the additional effects, presented in
the column to the right, are resulting. Furthermore, the intention with the
numbers is also to increase the transparency of the analysis.
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A/T (D)

T/A (D)
T/A (SO)
T/A (SO)
A/T (D)

I/A (SO)

1+4+5,6+8,9

Options for management improvements in the production processes …

…might be gained by summarizing the effects:
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Table 7- 3: Possible additional effects that have been identified by summarizing effects analyzed from the theoretical and empirical material in chapters 4,5, and 6.

12. Increased possibilities to use and mix different types I/T (D)
of information sources

19. Options for reduced costs

20. Increased quality in prepress and printing processes I/T/A (D)
output

Increased integration of customers in the production processes…
… might be gained by summarizing the effects:
2+4+13+16
Increased physical quality in produced products…
…might be gained by summarizing the effects:
13+14+17,18

Increased capacity to handle and produce information…
…might be gained by summarizing the effects:
10,11+12+13+14,15

I (D)
I (SO)
I (SO)

Productivity improvements…
…might be gained by summarizing the effects:
1+4+3+5,6+7+8,9+13+19+20

Additional effects

T (SO)
A (D)
I (D)

Type of
effect

Multiple 13. Increased amount and quality of communicated I/A/T (D)
effects information

Single
effects

2.Integration of processes
7. Increased production capacity
10,11.Increased picture production and increasing use
of color
14,15.Individualized and geographically adjusted information
16. New demands from customers
17, 18 Increased quality in produced originals and reuse
of information
1. Vanishing professions
4. Merging of processes
3. Increased costs for IT innovations
5,6. Reduced number of operators involved and decreased production time
8,9. Centralized control and decreased costs in printing
process

Identified effects

In the following section the different additional effects are further presented,
beginning with productivity improvements.
PRODUCTIVITY IMPROVEMENTS IN THE GRAPHIC INDUSTRY

When analyzing the empirical material by identifying automational effects it is
clear, based on several indications, that productivity in the graphic industry
during the studied period should have increased as a result of IT investments.
Professions and operators required to handle the activities have vanished and at the
same time processes merged. Furthermore, production time has decreased and the number
of operators involved has been reduced. However, parallel with this the production capacity increased, in some cases tripled, while the costs in the most cost-intensive
process, the printing process, have decreased in combination with the introduction of
more centralized control. On the negative side, increased costs for IT innovations are
found though, but these may be neutralized by other options for reduced costs. In
an information-intensive business like the graphic industry, it may also be positive for the productivity development that an increasing amount and quality of communicated information is based on more automated information channels. That may also
be the case of the output from prepress and printing processes; the increasing quality is
partly possible because the information flow has been more automatized.
One problem with quantifying these effects in a productivity index is to find
concrete numbers to use. As mentioned in chapter 3 efforts have been made in
the research process, but without reliable results. It is possible though, by using
the effects gathered above as a starting point, to speculate about how different
output and input factors in a labor productivity index have been influenced.
Considering the Statistic Sweden (SCB 2000) recommendations, value-added is
to prefer as an output factor when doing this. Value added is, as mentioned in
chapter 4, received when purchases from intermediate inputs are deducted
from gross output. In other words, value added index indicates what a company has contributed in order to raise the value of the final products that they
produce. In the case of the graphic industry the printed matter is the most
common final product. Effects that indicate positive changes in value added
output in the graphic industry can therefore be decreased costs in the printing process
and options for decreased costs, while increased costs for IT innovations indicates a more
negative change. Furthermore, the effect of a decreased production time may also
influence the value added index. Another identified effect that can have a positive influence on quantity output is the fact that production capacity has increased as
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there has been an increasing automation of the information flows, which has allowed
an increasing production of printed matter without lowering the quality. Reduced costs and reducing the time it takes to produce a product are valuable
factors to consider in this context, because these effects are closely related to
the monetary side of production. Decreasing these factors and keeping production on a similar or higher quantity can therefore in the end contribute to raise
the total value of all goods produced.
As stated in chapter 4, the input factor in labor productivity is either numbers
of hours worked or numbers of employed. The effects identified above relate
in a quite distinctive way to these types of input factors. Considering the effects merging of processes, vanishing professions, and reduced number of operators involved
in the processes, it is possible to believe the input factor in a labor productivity
index of the graphic industry has decreased during the time period studied.
This is further illustrated in Table 7- 4:

Factors in the proc- Factors in the process
ess mid 1970s
today
Quantity index of value
added output (printed
matters produced)

Quantity index of labor
input (number of individuals or hours worked)

• Costs in the printing
process
• Costs for IT innovations
• Other costs
• Production time
• Production capacity
• No. of processes
• No. of professions
• No. of operators

• Costs in the printing process ↓ (+)
• Costs for IT innovations ↑
(-)
• Other costs → (+/-)
• Production time ↓ (+)
• Production capacity ↑ (+)
• No. of processes ↓ (+)
• No. of professions ↓ (+)
• No. of operators ↓ (+)

Table 7- 4: Factors that may influence a labor productivity index of the graphic
industry based on some of the identified effects in the analysis chapter

The left column holds the identified factors that may influence a labor productivity index of the graphic industry. These factors existed in the production
processes of the mid 1970s previously described in chapter 6. In the right column the arrows indicate whether the factor has increased (↑ ) or decreased ( ↓)
in the processes of today. Furthermore, the + and – signs indicate if the
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change may contribute to a positive (+) or negative (-) productivity development. When considering value added output, costs for IT innovations is the
effect that may have a negative influence on the index. The factor, other costs,
is indicated as being on the same level, but there are uncertainties about the
direction since it is dependent on how well the options for lowering other
costs have been managed. All the other output factors indicate a positive influence on the output index. The factors in the index for labor input have all decreased, which in this context indicates a positive influence on the input index.
In summary, Table 7- 4 shows that there probably is a positive effect on the
productivity development, if it is calculated based on a labor productivity index. The effects that indicate this positive labor productivity development is all
fully or partly results of a switch from handling analog information in the
graphic industry to handling it in a digitized form. The tool for this transformation of information flows has been IT, so therefore it is possible to conclude
following:
A benefit from automational effects in the graphic industry has been a development of factors
of importance for measuring labor productivity. This development has probably generated
positive labor productivity gains, but without IT investments, these gains could not have been
possible.
This conclusion can of course be questioned. For example, the chosen input
and output factors may be too few, or in some cases even less relevant as they
are too limited to seriously influence the input or output figures. Nevertheless,
even when this is considered, it is hard to foresee the empirical facts previously
presented in chapter 5 and 6. They clearly indicate that there has been a change
in factors that will influence productivity development in a positive way and
the introduction and use of IT is one major reason for this development.
INCREASED CAPACITY TO HANDLE AND PRODUCE INFORMATION
When summarizing the informational effects; increased picture production and increasing use of color, individual and geographically adjusted information, increased amount
and quality of communicated information, and a mix of different information sources, one
additional effect that is possible to gain is an increased capacity to handle and
produce information. The introduction and use of IT innovations in the
graphic industry can be seen as the direct cause of this effect. For example, the
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physical storing capacity of digitized information is so many times greater than
any analog based archive that it is relevant to assume that the capacity not only
has increased, it has more or less exploded. From a customer perspective, this
benefit can be considered as both positive and negative, depending on the user
of the information. From the perspective that more information for example
helps individuals to make better and rigid decisions, this is a positive benefit.
Not only does the amount of information increase, but the way it is packaged
has also been enriched when traditional text based information is mixed with
more colors and pictures. However, too much information can also be negative
if the individual does not know how to relate to the information received; information overload is one familiar concept that may occur in this context. It is
also important that the receiver of the information has a critical standpoint to
it. For example, it is necessary for the individual to be aware of the possibilities
to manipulate the produced information, especially if the information is intended to be used as some type of decision support.
For the graphic industry this is only positive, as it mostly deals with handling
and producing information, generally packaged in some form of printed matter. Increased capacity to handle and produce information means that the
companies involved in the processes can handle an increasing demand from
customers with different needs and requirements. Doing so, and doing it well,
will probably in the end also lead to increasing revenues and hopefully rising
profits.
INCREASED INTEGRATION OF CUSTOMERS IN THE PRODUCTION PROCESSES
The effects integration of processes, merging of processes, increased amount and quality of
communicated information, and new demands from customers point in the direction that
there has been an integration of customers in the production processes. As
mentioned in chapter 4 (Bergman & Klevsjö 1995) it is possible in a process
description to define a customer as internal or external. In the process descriptions of chapter 6, the customer is described as solely external; the needs of the
external customer initiate the process of producing printed matter that in the
end is distributed to the same. However, in the process there may also be internal customers depending on the organizational borders of the actors. Figures 5–2, 6–1 and 6–12 indicate that there are several actors involved in the
graphic industry processes. It may therefore be possible, from for example a
printing company’s point of view, to identify a marketing department or a
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newspaper office as an internal customer in the graphic production process.
The external customer to the process hereby also becomes the “customer’s
customer” to the printing company. The integration of customers in the production processes may have several positive implications as it opens possibilities to gain a continual dialogue during the production of the printed matter.
This is something that in the end increases the chances that an external customer finds the quality of the printed matter delivered congruent to or even
higher than originally expected. For the actors in the graphic industry process
this may result in more satisfied customers, which in the end may increase the
possibilities that customers return when they have a need for more printed
matter. By keeping a continual dialogue it is also more likely that the actors in
the process gain continuous knowledge of the customer’s wants and needs,
information that is of fundamental importance when developing a business.
INCREASED PHYSICAL QUALITY IN PRODUCED PRODUCTS
Quality is, as mentioned above, an important effect gained from the digitization of information in the graphic industry. Besides a continual dialogue with
the customer other identified effects are also of importance in order to achieve
a higher quality. That is because quality can be seen as a relatively subjective
expression; what I as an individual experience as quality may differ from my
neighbor’s opinion. However, it is probably easier to gain consensus about
physical quality of a printed matter. Increased amount and quality of communication,
increased quality in originals and reuse of information, and increased quality in prepress and
printing process output are effects that have improved the physical quality of
printed matter.
For example, higher resolution of text and pictures is one result that from a
customer’s point of view is solely positive. Increasing the quality means that
the customer will gain more information from the money spent as it is easier to
communicate the information to the human eye if the resolution of printed
matter is higher. It also opens up possibilities for the customer to adjust the
level of quality, because the number of quality levels may be multiple. The
highest quality is often the most expensive and by choosing a lower physical
quality the customer may still achieve printed matter that will communicate the
information, but at a lower cost. From the view of actors in the graphic industry the physical quality goes hand in hand with customer relations. To be able
to offer higher quality, sometimes combined with constant or lower prices, is a
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way to gain competitive advantage against competitors. However, the negative
side for the company is that the IT used to gain this advantage is often available to others in the business, which means that the competitive advantage
may be limited in time and space. The income necessary to manage the costs
from investing in new IT equipment can therefore not solely be gained from
the technology itself. This connects to the quote by Lucas (1999) in chapter 4,
where he writes that the probability of successfully converting an IT investment into a working application is something that in this context must be
weighted when assessing possible ROI. The management of IT must not be
overlooked if the actor in the process is to gain positive benefits from the increased physical quality of the goods or services produced.
OPTIONS FOR MANAGEMENT IMPROVEMENTS IN THE PRODUCTION PROCESSES
Management and control of the activities in the processes in which a dominating part of the information is digitized, requires some form of supportive information system. Considering the transformational and automational effects;
vanishing professions, merging of processes, reduced number of actors involved, and decreased
production time, together with a more centralized control and decreased costs in printing
process there are options in the graphic production process to gain that type of
system. As the information gradually has been digitized it has become easier
for managers and those responsible to follow the production from idea to
printed matter. However, as mentioned in chapter 2 (Macdonald 2003), it is
necessary for the organizations involved in the processes to change if they all
want to benefit from IT investments. The description in chapter 6 indicates
this has been the case of the graphic industry.
Today there are only a few actors involved in the processes and it may therefore become more manageable to practice control over the production processes. Another important aspect is how this development may influence the
profit of companies involved in the processes. In Lee’s (2001) model presented
in chapter 4, there is an indirect relationship between IT and a company’s
profit. It is probable though that by gaining the type of control mentioned
above it will also be possible to integrate and practice control over what Lee
(2001) defines as complementary activities, such as internal and external processes. It is possible that practicing this type of control on a major part of the
activities will eventually have a positive, direct impact on the profit of the
companies involved in the graphic industry processes. Besides an increased
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production control, the transformational and automational effects have also
made it possible to achieve a more intense production tempo. For example,
time-consuming activities like developing of film and plates have vanished and
for the actors involved this correlates to the profit of the business. A higher
production tempo means a larger amount of printed matter produced. More
printed matter produced means lower marginal costs, which in the end also
may have positive influence on the total profit. However, the chase of minutes
in the production processes may also have negative effects that instead increase
the total cost for the companies involved. The time for adjusting details in
printed matter produced in the different processes may not be accurate which
can result in a loss of quality. This may force the actors and companies involved in the processes to reproduce the printed matter, because it does not
reach customer standards. With a more intense production tempo there is a
need for balance between time and acceptable quality levels, a balance that may
be kept if adequate management and control are practiced. To achieve this, an
important tool is a supportive information system, based upon relevant IT innovations and organizational adjustments. From a customer perspective, the
higher production tempo is mostly a positive benefit though. A newspaper
editor can for example postpone the deadline several hours, more than previously possible. When doing so it is more likely that the printed newspaper produced is updated as much as possible and the customer who buys the newspaper may experience that the information received is relevant and up to date.
BEYOND THE INTERNAL EFFECTS – INTRODUCTION OF THE INNOVATION
INFLUENCE CONCEPT

The process changes, productivity development, and other more or less intangible effects that have been presented in this chapter can all be seen as internal
symptoms of a transformation. But just as high fever, runny nose and sore
throat might be symptoms of flue; these kinds of symptoms do not explain the
external environment that is linked to the condition. What type of environment
does the individual live in and to what extent have changes in this environment
caused the flue? In order to achieve a better understanding of the condition it
is therefore important to establish knowledge of the external environment that
causes the symptoms. With regard to a cold the answer might be a change
from clean to polluted air, whereas looking at the graphic industry it might be
changes that have occurred on the markets that companies act on.
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However, doing so could enable a deeper understanding of why the industry
has developed in a certain way, and also help to determine important actions
that have to be made in order to achieve a certain desirable transformation. In
order to conduct such an analysis the perspectives based on observations from
actors within the graphic industry have to be amplified. In this context suppliers play an important role, partly because they develop technological innovations that induce change when introduced in the production processes. In the
following chapters the intention is therefore to enhance the empirical material
with observations made by suppliers and their customers. Based on these observations, an analysis concerning the influence of IT innovations on the transformation of the industry’s markets will be conducted.
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CHAPTER 8. SUPPLIER INFLUENCE ON CRITICAL
PRODUCTION PROCESSES

INTRODUCTION
The research presented in previous chapters has so far been dominated by an
internal focus. Transformation caused by IT innovations and its effects has
been limited to an analysis concerning critical production processes. But what
may influence an industry is not restricted to its internal processes. When analyzing influences from IT innovations also an external focus is of great interest,
because the effects from introducing new IT is much dependent on to which
degree the innovation’s environment has become digitized. Isolated from its
surroundings the effects from an IT innovation is more or less limited but, as
was shown in the previous chapter, when the innovation becomes part of a
digitized information flow the effects may be multiple. For example, a general
IT innovation like the Internet has changed production processes and markets
for a majority of industries since the technology enables companies to connect
their internal process with the external environment in almost unlimited ways.
In the next chapters the intention is therefore to take a step outside the internal
graphic industry production processes and study how the external environment
has been influenced by the IT innovations presented in chapter 6. The objective of the following will therefore be to analyze the fourth research question:
In which way have the introduced IT innovations also influenced the graphic industry’s markets in Sweden?
In the first step towards this analysis the internal focus will be kept though. In
this chapter, the role suppliers have had in the transformation of the graphic
industry critical production processes will be examined. The purpose is here to
introduce the suppliers through a description of their role as developer and
deliverer of IT innovations. Vendors have, just as actors in the critical production processes, had great influence on and in turn been influenced by the transformation of internal production processes and external markets. In the fol-
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lowing text the empirical material presented in chapters 5 and 6 therefore will
be complemented with material gained from interviews with individual representatives for suppliers, original creators, and graphic companies. Thereafter, in
the forthcoming chapters, the focus will change from internal to external when
tools and an analysis concerning changes for the graphic industry’s markets will
be presented.
AN EXTENDED PROCESS DESCRIPTION – THE INFLUENCE BY SUPPLIERS
Examples of suppliers to critical production processes in the graphic industry
are developers and deliverers of innovations such as desktop technologies,
prepress and printing equipments, and printing ink. In Figure 10-1 these are
represented by the squares in the lower section of the figure. The length of the
squares is matched to the production processes in which suppliers are involved
in delivering goods and equipment, and the arrows illustrate which actor in the
production processes they cooperate with.
Prepress (today)
Processes

Creation of original

Actors

Advertising agency
Marketing department
Editorial office

Composing –
Reproduction (1970s)

Printing

Postpress

Graphic company prepress, printing and postpress departments

Supplier
Prepress equipment
(e.g. Agfa, InfraLogic,
Crossfield)

Supplier
Printing presses
(e.g. Heidelberg,
Koenig & Bauer)

Supplier Ink
(e.g. Sun
Chemica,
Hartman, Asco
Nobel)

Figure 10-1: Illustration of critical graphic industry processes and the actors
and suppliers involved in these.

The way suppliers are involved in the processes of handling a customer’s need
for transforming information into a large amount of printed matter has
changed due to the digitization of information flows. A generic description of
how the involvement of suppliers has developed and influenced the industry
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during the digitization of critical production processes56 follows below. For this
study three industry categories of suppliers have been chosen, represented by
Agfa, Heidelberg, and Sun Chemicals.57 The generic description is mainly based
on interviews with individuals working at these companies. As in the case with
the critical production process description in chapter 6, the supplier interviewees all have long personal experience of the graphic industry. Furthermore, the
companies they represent have a substantial part of the graphic industry supplier market in Sweden delivering, for example, equipment to the majority of
the major graphic companies in Sweden today (Carlsson 20070424; Hernnäs
20070416). Finally, all of these suppliers have also experienced an intense period of technological development during the period studied.
In Table 10-1 the essence of supplier influence on critical production processes
are gathered and labeled as different outcomes. In the following text these outcomes are further explained and they are to be seen as complementary to the
ones presented in chapter 6. A common denominator is the focus on outcomes from the digitization of information flows through introduction of IT
innovations.

These descriptions are based on interviews with Dyrssen (20060908); Malmsten (20060907);
Medbo (20060907); Odelius (20060908); Rolf (20060823) Carlsson (20070424) and Hernnäs
(20070416). When other references have been used they are referred to in the text.

56

Agfa Graphics develops and delivers prepress equipment to commercial, newspaper and
industrial graphic companies. (agfa.com 2007) Heidelberg develops and delivers prepress,
printing presses and postpress equipment, to commercial, newspaper and industrial graphic
companies. (heidelberg.com 2007) Sun Chemicals develops and delivers printing ink to commercial, newspaper and industrial graphic companies (sunchemical.com 2007)
57
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Today (2007)

Outcomes observed

Involvement in single activities

Involvement in processes

Process development

Technology requiring craftsmanship

Technology requiring industrial process operators

New set of skills

Day time service process
Quality control through manual observations

24 –7 service process
Quality control through
automatized activities

Upgraded service process
Intensified quality control

Then (Mid 1970s

)

Table 10-1: Outcomes that suppliers in the graphic industry have contributed
to due to the digitization of information flows.

PROCESS DEVELOPMENT
From the mid 1970s until the mid 1990s, the relations between suppliers and
actors in the critical production processes were in most cases kept on an operative, single activity level. Today, business relations on a process level are more
common. For example, suppliers of prepress equipment previously mainly sold
film, chemicals, offset plates, developing machines, and film setters. When this
kind of equipment was sold the business relations were kept on an operative
level at the specific department where it was used, as for example in composing and reproduction. Today suppliers handling prepress equipment instead
deliver prepress production systems that are totally digitized from the production of originals to the creation of printing plates. The digitized prepress process and the customer integration that characterize it is one of the most critical
of the graphic industry process, because it is here the digitized information is
transferred into analogue on printing plates. If any problems occur within this
process the production flow will halt, which in turn affects the succeeding
printing and postpress processes.
“This is something that generates consequences on a strategic level
and therefore we today discuss with managers of a firm instead with
the single operator.” (Medbo 20060907 – my translation)

Printing press suppliers also experience differences concerning the level at
which business relations are upheld today. When interacting with larger graphic
companies the supplier primarily cooperates with the manager of the printing
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company or a production manager. The discussions held with these managers
are about workflows and software solutions such as JDF58. These types of
products tend to influence several activities and processes, compared to narrow technological solutions that only affect single activities. Graphic companies have also experienced increased supplier influence on production processes. Basic technology solutions in prepress and printing processes are today
highly standardized, so in order to compete suppliers attach different services
to the physical products they sell. Suppliers have thereby gradually become
more involved in the development of the printing production processes.
A greater influence from suppliers is also related to the introduction of the
Internet. It is today common that suppliers of printing ink communicate with
the top managers at graphic companies on how to develop their production
processes. This has been made possible through the introduction of different
innovations that together with the Internet have digitized and automatized the
operative information flows. For example, larger printing companies today use
1000-kilogram containers filled with printing ink. These are placed on scales
that are connected to the Internet. The weight of the container is continually
measured and when it reaches a critical level, information is sent via the Internet to the ink producer and a new container is then delivered to the printing
company. Such information flows were previously a part of the negotiation
between the supplier and the operator at the printing press.
NEW SET OF SKILLS
During the 1980s and until the mid 1990s printing companies often managed
to stay competitive as long as they invested in the latest printing production
equipment. At the same time, when the information flows were analogue, it
was necessary that involved operators had craftsmen’ skills when they handled
production process technology. Adjustments made in order to produce high
quality printed matter were based on years of practice and experience as described in chapter 6. As IT innovations were introduced and the information

Short for Job Definition Format. JDF is a printing management tool that allows describing the
intent of a printed piece and each process step required to achieve that intent. Thereby JDF
holds not only the job content, but also instructions to interact with other JDF-enabled devices, such as CTP and printing presses
58
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flows became digitized it was no longer enough with only craftsmanship to stay
competitive, instead it became more urgent to develop an industrialized approach to the production processes. As shown in chapter 7, this resulted for
example in a transformation of the profession of composers and typographers.
Today it is immediately obvious in the design of an original how the final
printed matter will come out and in which way information has to be processed in order to attain the required result. The original is then put into an industrialized process that should more or less automatically deliver a printed
matter based on the original information.
“Because of this the craftsman no longer has a role to play in the
process; instead he has been reduced to a machine operator that primarily shall focus on controlling, and less on hands-on adjustment.
This is a condition that many actors and operators in the industry
have found difficult to accept”. (Medbo 20060907 – my translation).

The change in professions among operators in critical production processes
has in turn induced a need for competency change by operators working in the
vendor business. For a company like Agfa digitization has affected the core
business and thereby the competence among their employees. Previously the
business was about skills in selling chemicals and analogue technologies, but
today the core skill is more about handling different IT-solutions. This has
resulted in new standards for supplier sales and service departments concerning competence. As an example, considerable effort has been put into training
operators to educate customers in handling digitized technology to ensure the
delivered systems function in the production processes.
Competences among service technicians at printing press suppliers like Heidelberg have also changed as the printing presses have become digitized. Previously almost everyone’s functional skill was to repair mechanical failures, but
nowadays around fifty percent are primarily repairing failures in digital technology. Furthermore, when printing presses were purely analogue, it was also
possible for a graphic company to hire a freelance technician if there was a
problem with their printing press. But as these have become digitized this is no
longer an option since critical software applications are not available for them.
One disadvantage of this development is that the production process at the
graphic company is more sensitive today when it comes to disturbances caused
by failing technology.
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“There has always been a race against deadlines in the industry, but
these days it has become extreme. If a printing press is out of order
for two days it is a catastrophe for the graphic company”. (Malmsten
20060907 – my translation)

UPGRADED SERVICE PROCESS
The service process offered by suppliers today tends to be more differentiated
compared to how it was organized before digitization. Actors in critical production processes have experienced this, as suppliers tend to sell not only the
physical machine equipment, but also an extended service package. In turn this
affects the relationship between the supplier and the graphic company, as the
former becomes more involved in the critical production processes in ways as
described above. The suppliers who have realized the value of this extended
service process have tended to gain value out of it because it may result in
greater locked-in effects. Another driving force for development of the service
process has been the increased standardization of machine equipment and embedded software developed and delivered by different suppliers.
”Because of the increased standardization in the graphic technology,
it is no longer of interest for us and our suppliers to primarily discuss
basic technological standards. In order to stay competitive, suppliers
instead offer different services when they sell prepress and printing
equipment to us.” (Carlsson 20070424 – my translation)

An important innovation in the context of the upgraded service process is the
introduction of the Internet. For example, if a customer has problems with a
printing press today it is connected to a web based remote service site. Based
on the information communicated from the printing press system and the dialogue with the printing press operator, the service technician at the printing
press company tries to diagnose the problem with the printing press. If the
problem is identified and spare parts are required the technician can order
these via the printing press company’s Intranet.
Compared to previous routines this way of diagnosing often saves the service
technician one visit at the graphic company. At the same time the customer
tends to obtain more precise information concerning the problem and how
long it will take before the spare parts are delivered and installed. On occasions
when the problem is not a mechanical one it is also often possible to solve
online. This development during the 2000s forced Heidelberg to reorganize its
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service functions so that today they have service support available 24 hours a
day. One positive outcome experienced by customers buying printing presses
is that they can, to a greater extent than before, minimize standstills on their
printing presses. This in turn tends to influence production costs in a positive
direction. Suppliers that deliver the printing presses may also benefit as the
upgraded service process enables them to handle more customers using the
same number of sales and service personnel.
INTENSIFIED QUALITY CONTROL
As the different parts of the production process have become digitized it has
become possible for the customer to achieve greater participation in quality
control than previously attainable. Suppliers have contributed to the upgrading
of quality control, among others by adjusting their products to the speed and
automatization that characterize the digitized production process. A web sheet
offset printing press today has the capacity to produce around 18 000 sheets
per hour, while a web offset printing press produces approximately 100 000
prints per hour. The ink used in these printing presses has in turn been developed by ink-suppliers to match the production speed of modern printing
presses. The smallest part of the ink used in the printing presses consists of a
single pigment. When the ink is transported, the pigment is encapsulated and
the ink therefore has a floating consistency. When the ink is poured on the
plate in the offset printing press, the pigment is released and the ink changes
from a floating consistency to a single pigment consistency. The precision and
accuracy of this activity in the digitized printing process is today much greater
than before because of the increased quality standards of the ink. It is also an
example of how digitization of a production process tends to influence everything and everyone involved, in this case down to the single ink pigment and
the suppliers that produce and deliver it.
As production processes due to digitization have become more industrialized
and the quality standard of printing presses and ink are higher, much of the
responsibility for the quality of the final printed matter produced has shifted.
Previously a shared responsibility concerning quality control between the
graphic company and, for example, a composing firm was common but today
it has shifted to be more or less the sole responsibility of the creator of the
original. This is something that actors in the original process may find uncomfortable, because if something goes wrong in the production process the rea-
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son is often a poorly produced original. For example, during the 1990s and
until the beginning of the 2000s, as mentioned in chapter 6, the great majority
of PDF files delivered to a graphic company had some type of quality problem.
The graphic company therefore, in cooperation with its customer, had to make
necessary adjustments in order to make the PDF ready for the prepress process.
Today the majority of the PDF files are technically correct and the responsibility for the quality of the final printed matter has been directed towards the
producer of the original. An effect of this change has been that those who deliver the original, for example a publisher, experience a need for more intense
quality control before the original is delivered. It is more common today that
also the customer who has ordered printed matter is involved in the approval
process. A positive side of the increased quality control is that it is possible to
lower some of the costs previously generated when these services were received from for example a composing firm. Another benefit experienced by
original actors from working in a digitized environment is that they can manage the creation of the original process in more efficiently by having the composing room in their computers.

THE INFLUENCE BY SUPPLIERS COMPARED TO ADDITIONAL EFFECTS
In chapter 7, the different effects caused by digitization of production processes were summarized into additional effects. These were labeled:
− Productivity improvements
− Increased capacity to handle and produce information
− Increased integration of customers in the production process
− Increased physical quality
− Options for management improvement
Comparing these effects to the outcomes from influences by suppliers, it
stands clear that vendors have had an important role in the development of the
industry’s critical production processes. The development of processes and the upgraded service process are important factors in gaining productivity improvements
and for the ability to integrate customers in the production processes. The intensified quality control has contributed to an increasing physical quality in the
printed matter produced. Finally new sets of skills have made it possible to handle
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and produce a greater amount of information, as well as contributed to improvements in management.
The observations highlighted in this chapter describe a clear pattern: The influence by suppliers has been of great importance in the digitized development of
the graphic industry so far examined. It is therefore appropriate to conclude
that they, together with actors in critical production processes, also have had a
great influence on the industry’s external markets, for example as developers
and deliverers of IT innovations that have made the transformation possible.
In order to clarify and achieve more precise knowledge concerning this, a
model for describing influences from innovations on industrial transformation
will therefore be presented in the next chapter.
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CHAPTER 9. CONCEPTS OF INDUSTRIAL
TRANSFORMATION
INTRODUCTION
To transform may be seen as a way to take yet another step, based on the
foundation of previous achievements, in a direction that is believed to be the
right one. In chapter 1 transformation was defined as a state that is the sum of
several changes. A single change, e.g., the introduction of an IT innovation or
the development of a new product, does not represent a transformation. But
when changes that have occurred during a certain period of time are added
together, a state of transformation might be clarified.
The result of a transformation is more or less concrete, but the path to get
there may often be seen as quite abstract. For example, when comparing a picture of you taken fifteen years ago to one recently shot, a thought that may
develop is “what happened to that once so smooth skin and where did all
those wrinkles come from?” In everyday life this is a transformation that is
perceived as aging, and we all know it is an irreversible process. We are born,
we age and we die, that is the way of life (and hopefully we do something useful in-between). Still, questions that arise looking at those photographs might
be “when did it happen”? “how did it happen?” and “why did it happen?”. The
same types of questions are also raised when trying to describe the transformation of an industry. It is obvious to each and everyone involved in the graphic
industry that great changes have occurred, and in this thesis answers to the
questions “when?” and “how?” have so far been presented.
What has not been fully examined though is an analysis that handles the
“why?” i.e., a description of the actions that have initiated and fundamentally
influenced the transformation of the graphic industry. In this context such actions are believed to be closely related to the introduction of different innovations, especially innovations based on digital technology. Several were presented in chapter 6 where their influence on critical production processes was
described. By identifying how these innovations also have come to influence
the industry’s markets it is alleged that a deeper understanding of why the in-
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dustry has developed in a certain way can be established. This type of analysis
of a rather abstract process requires an analytical tool though and such a tool
will be presented further on in this chapter, beginning with an introduction of
its theoretical foundation.
INDUSTRIAL TRANSFORMATION AND THE SWEDISH
FOUNDATIONS FOR AN ANALYSIS MODEL

GROWTH SCHOOL

-

Transformation and development are of specific interest in certain economics
research. Schumpeter (1934) defined economic development as a state of new
combinations, and in a competitive economy new combinations mean the
competitive elimination of the old. To be able to carry out new combinations it
is, according to Schumpeter (ibid), necessary to introduce new goods or new
quality of existing goods. Also new methods for production, opening of new
markets, development of new sources of supply of raw materials, and new organization of any industry have to be developed. The means of production for
these new combinations should, from Schumpeter’s view, be drawn from some
old combinations, in a process of creative destruction.
“The carrying out of new combinations means, therefore, simply the
different employment of the economic system’s existing supplies of
productive means… command over means of production is necessary
to the carrying out of new combinations” (Schumpeter 1934, p 68)

Schumpeter defines these new combinations as enterprise and the individuals
whose function it is to carry them out as entrepreneurs. He furthermore sees
the creation of enterprises and the new markets they operate in as the very core
of capitalism and the environment that capitalistic enterprises have to be able
to handle. (Swedberg 1994). Schumpeter’s ideas on economic growth have inspired several researchers throughout the years, some of them labeled under
the title New Growth Theories and advocated by, among others, Arthur
(1994), Romer (e.g. 1989; 1994), and Rosenberg (1994). Arthur writes concerning the concepts change and the transformation in economics:
“The actual economic world is one of constant transformation and
change. It is a messy, organic, complicated world. If I have had a constant purpose it is to show that transformation, change and messiness
are natural in the economy... Above all, it is a world of process and
pattern change” (Arthur 1994, p xx)
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Although Schumpeter’s ideas originally were formulated in the first half of the
20th century, they still are of interest today. One example is a study conducted
by McAfee and Brynjolfsson (2007) in which they examined data from the U.S.
private sector divided into 61 industries. A conclusion from the study is that
competition among the companies in these industries has become more intense, especially in the industries that have made large investments in IT. This,
they claim, is a sign that the U.S. economy has become more “Schumpeterian”
and that the brutal competitive cycle known as creative destruction is a reality
that managers must be able to handle today. The way to do so, according to
McAfee and Brynjolfsson (ibid), is to put a lot of effort into innovation and
process development.
THE SWEDISH GROWTH SCHOOL
In what has been categorized as the Swedish Growth School59 (SGS), approaches to economic growth and industrial transformation have been developed by researchers such as Dahmén (e.g. 1942, 1950, 1989), Carlsson (e.g.
1995, 1997), and Carlsson & Eliasson (1999, 2003). The SGS differs from traditional economic theory since it emphasizes economic growth as an evolutionary process in which entrepreneurship and innovations have fundamental
signification. Economic growth is a result of an industrial transformation that
is characterized by start-up, expansion, contraction and liquidation of different
enterprises (Johansson & Karlsson 2002).
What makes concepts in the SGS interesting here is that these strongly emphasize a focus on micro studies in order to explain mechanisms behind economic
growth and industrial transformation. For example, Dahméns’ (1942, 1950)
approach on Development blocks is grounded on a micro level perspective. In
his early works, Dahmén (1950) established that econometrics as a method for
economic analysis has fundamental scarcity of results when it comes to defining the process of economic transformation. Economic transformation, according to Dahmén (1942), instead concerns origin of new goods, new technology, new organizations, new markets, and the struggle and defeat over older

The concept Swedish Growth School (Den svenska tillväxtskolan) was introduced by the
Swedish research institute Ratio during the 2000s and is today, 2007, relatively established as a
concept in Swedish economic research. (Karlsson 20070514)
59
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production processes. Companies change a state of equilibrium by affecting
their context, which in turn opens up new and previous unknown possibilities
for themselves and for others. The actions conducted by these companies and
their customers are characterized by a lack of knowledge and successes are
therefore mixed with failures. Dahmén (1950) states that these continuous confrontations between actions of non-equilibrium and equilibrium contain dynamics that a model for growth under equilibrium cannot describe. Instead he
advocates the use of an analysis that examines causal conjunctions, which is a
method that focuses on a historical course of events based on explicit and
theoretical questions.
Carlsson (e.g. 1995) represents another concept within the SGS in which he,
similar to Dahmén, views the creation and exploitation of new opportunities as
the main reason for economic development. New business opportunities are a
result of new combinations that have been identified in existing or emerging
technological possibilities. These new opportunities may also be a result of a
re-combination of existing business opportunities, or a combination of new
technological possibilities with existing business opportunities (Carlsson &
Eliasson 2003). Taking this stand Carlsson, as in the case of Dahmén, clearly
refers to the theories of Schumpeter (1934), presented above.
Based on the above, comparison of the perspectives of my research to concepts within the SGS may be considered compatible in several ways:
− The historical perspective. In this thesis transformations that have occurred
between the mid 1970s and today are described and analyzed. What has
happened in the past is believed to be of importance when explaining
the state of the presence. A similar historical approach is advocated by
Dahmén (1942, 1950) when he discusses the importance of casual
analysis in the Development block approach.
− The micro level perspective. Both Dahmén (ibid) and Carlsson (1995) emphasize the use of a micro level perspective in research on transformation and economic development. In my research an industrial perspective is used which can be considered as equal to the micro perspective
advocated in the Development block and Technological systems concepts.

138

− Technological perspective. A main focus of the research presented in this
thesis is to identify effects and benefits that have occurred as IT innovations have been introduced in an industry. This perspective is
grounded in the belief that IT is to be considered a general-purpose
technology. A GPT is a tool that enables new combinations that in
turn are crucial for the transformation and development of the industry. Especially Carlsson (ibid) but also Dahmén (1942, 1995) emphasize
the importance of technology for analysis of industrial transformation
and economic development.
It is important to notice though that the focus in my research in some parts
differs from those in the SGS concepts. My ambition in this thesis is not to
identify economic growth, instead the focal interest is to explain what caused
the transformation of the graphic industry, and in which way IT and digitization of information flows have influenced it. The main purpose of the SGS
concepts is also to explain what causes industrial transformation, but the results from such an analysis is primarily used in order to find explanations to
what causes economic growth.
Although some differences exist, the use of SGS when developing an analytic
tool is believed to enable an analysis to identify how innovations have influenced the transformation of the graphic industry. Therefore two SGS concepts, Carlsson’s (e.g.1995, 1997) on Technological systems and Dahmén’s
(e.g.1950, 1980) on Development blocks and industrial transformation, will be
used as a starting point for this analysis. The following parts of this chapter will
initially introduce their background and components, and thereafter an analysis
model based on the content of these concepts will be presented.
THE TECHNOLOGICAL SYSTEMS CONCEPT
Carlsson (1995) writes that technological change constitutes the core of the
processes that creates new opportunities within an industry. Technological
change is thereby believed to be the main determinant of economic growth.
The concept of technology is, according to Carlsson ( in Johansson & Karlsson
2002), characterized by a broad definition and in the technological systems
approach it is equal to:
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“…the sum of intellectual resources that is necessary to manufacture
and distribute goods and services” (Carlsson 2002, in Johansson &
Karlsson 2002 p. 49).

Another basic assumption is that technological opportunities are virtually
unlimited and therefore there are practically no boundaries for the possibilities
that these may create (Carlsson 1995). The technology becomes the engine of
economic growth, which is a result from interactions between many different
actors and customers. The actors create and use technologies and the customers contribute with demands on the products or services they buy (Carlsson in
Johansson & Karlsson 2002).
DEFINITION OF TECHNOLOGICAL SYSTEMS
A technological system is by Carlsson defined as:
“ …a network of agents interacting in the economic/industrial areas
under a particular institutional infrastructure and involved in the generation, diffusion, and utilization of technology.” (Carlsson 1995, 23)

The technological systems concept is characterized by a system view of
technological change. Neither firms nor innovations, taken individually, can
explain the mechanisms behind technological and economic change. Instead it
is necessary to adopt a system perspective where larger, various agents interact
with each other, and where institutions matter (Carlsson 1995). The technological system organizes technical knowledge and the actors who embody
this knowledge.
Furthermore, it also holds organizations and institutions that support the creation and diffusion of knowledge and conversion of technical possibilities into
business opportunities (Carlsson & Eliasson 2003). Based on this a technological system has, according to (Carlsson in Johansson & Karlsson 2002), three
main characteristics, also defined as dimensions. A cognitive, that defines the
cluster of knowledge and technology necessary to create new technical possibilities. An organizational that supports the network based interaction between
different actors in the creation of these new technologies. Finally the technological system also contains an economic dimension, which holds the actors
that develop new technological possibilities into business opportunities. These
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dimensions are altogether fundamental when a technological system is to be
identified.
THE IDENTIFICATION OF A TECHNOLOGICAL SYSTEM
Carlsson (1995) recommends a focus on the process of technological and economic change at the micro level when identifying a technological system. According to him the micro level:
“… refer to firms or even units within firms, whereas in other cases
it is more appropriately understood as referring to clusters of firms
and technologies which Erik Dahmén has called development blocks.”
(Carlsson 1995, 21-22).

In my research the micro level has been equal to the industry level when studying the development of the graphic industry. Therefore the perspective chosen
in this thesis, as mentioned above, agrees in general with the perspective recommended by Carlsson when it comes to studying technological systems.
When applying a micro perspective in order to identify a technological system,
one should focus on the three different dimensions mentioned above and further illustrated in figure 9-1
The (A) cognitive dimension can also be referred to as design spaces (Carlsson &
Eliasson 2003). In these it is possible to distinguish between three nodes of
technological development: the discovery of new technological capabilities; the
integration of different technologies; and the accumulation of knowledge on
how to apply the technology in different areas (Carlsson in Johansson & Karlsson 2002).
As illustrated in figure 9-1 the cognitive dimension coexists with the (B) organizational dimension. This dimension embodies a network of actors consisting of
individuals that might be spread across different organizations such as companies, universities, other R&D and educational organizations, etcetera (Carlsson
& Eliasson 2003). The role in the technological system for the organizations
and the individuals within them is to solve different technological problems
and thereby contribute to an ongoing process of innovation (Carlsson in Johansson & Karlsson 2002).
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In order to develop technological possibilities into business opportunities an
(C) economic dimension also has to exist. In this dimension actors are found that
commercialize the new technology developed in the cognitive and organizational dimension. When such an innovation becomes commercialized the demand side of the market starts to confront it, a process that in the end decides
if further development of the innovation is desirable (Carlsson & Eliasson
2003). But an innovation does not have to be designated to only a single market. A generic technology like IT, for example, may in the economic dimension
be transformed into business opportunities in several markets (Carlsson in Johansson & Karlsson 2002).

A. The cognitive dimension
A cluster of knowledge and
technology.

B. The organizational
dimension
Interactions between actors in the network.

C. The economic
dimension
Development of
technological possibilities into business
opportunities.

A market

Figure 9- 1: The dimensions in a technological system, necessary for the
development and introduction of innovations to a market.

THE USE OF TECHNOLOGICAL SYSTEMS IN A RESEARCH CONTEXT
In summary the technological system concept contains the parts that are necessary in order to commercialize innovations of new technology. However,
Carlsson & Eliasson (2003) write that not all innovations generated within a
technological system will be successful. Some are sorted out in the confrontation with the demand side and therefore is the outcome more or less unpredictable. One should therefore be careful and not use the technological systems
concept, as a precise tool to conclude which new technologies may be success-

142

ful or not. However it could be useful if the purpose instead is to analyze how
a technical possibility is converted into a business opportunity, and by doing so
how it in the long run affects economic growth.
In this thesis a technological system is considered as a useful tool for analyzing
how innovations that lie behind the transformation of the graphic industry
have been developed. The perspective of cognitive, organizational, and economic dimensions will in the forthcoming chapter and thereafter be used in
order to identify the actors involved when innovations based on IT have been
developed and introduced to the critical production processes of the graphic
industry.
TECHNOLOGICAL SYSTEMS AND DEVELOPMENT BLOCKS
Technological systems however only describe the initial phase when new innovations are created. Carlsson (1995) writes that under the right conditions the
technological systems may transform into a development block, which could
occur if there also is the presence of an entrepreneur and a sufficient critical
mass. Therefore it may be beneficial to supplement the use of technological
systems with the Development block concept when analyzing how innovations
have influenced the transformation of the graphic industry. In this context an
important actor is the entrepreneur, whose role it is to act as a link between the
technological system and the development block
In order for a development block to evolve Carlsson (ibid) emphasizes that
there must be a fertile environment, as well as something or someone to get
the process started. An important aspect of the environment is that there has
to be a critical mass of resources before these can be pulled together and organized in a development block. The critical mass can refer to people and ideas
as well as to physical resources and infrastructure. Translated into the graphic
industry the people and ideas may be the actors handling the critical production processes, and the infrastructure may be the technology used in the activities as described in chapter 6.
THE DEVELOPMENT BLOCKS CONCEPT
In the context of the SGS it is fair to say that Carlsson’s Technological systems
concept has its roots in Dahmén’s (e.g. 1942, 1950) on Development blocks.
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These concepts have much in common but also differ on some specific points.
The technological systems discussed above are, for example, to be viewed as a
pre-state of the development block. These two approaches in the context of
this thesis are therefore seen as complementary tools.
In his early works Dahmén was primarily inspired by researchers such as Veblen, Åkerman and Schumpeter60
“Schumpeter’s studies on economic development played a major part
... Studies concerning industrial structures were a priority and it was
mainly J. Åkerman’s methodology and Schumpeter’s theory that my
licentiate thesis, and later on doctorial thesis, used as starting points.”
(Dahmén 1980, 24 - my translation)

Schumpeter’s influence is obvious in Dahmén’s (1980) view on industrial
transformation, which he characterized as a struggle between the old and new
that in the end will result in a change. Furthermore he writes that the first thing
to observe when approaching the Development block concept is that it belongs to Schumpeterian dynamics. In his work Dahmén (1950) distinguishes
himself from Schumpeter though, in the sense that he focuses primarily on
industrial development and thereby puts the business cycle perspective in the
background. Focus is instead on the transformation process through analysis
of company creation, development, and disbandment.
In his studies Dahmén (ibid) describes the transformation of industries by observing changes through time within and among micro entities. He also emphasizes that the process of innovations is of great importance when it comes
to industrial transformation. Innovations introduced may result in both direct

In his doctoral thesis Dahmén (1950, p 8) uses, among others, the following references to
these researchers:
Th Veblen: Theory of Business Enterprise. New York 1904
J. Åkerman: Economic Progress and Economic Crises (Ekonomiskt framåtskridande och ekonomiska kriser), Sthlm 1931
J. Schumpeter: Theorie der wirtschaftlichen Entwicklung, Jena 1911
60
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and secondary effects and the secondary effects are in turn the ones that in the
end most often result in large disturbances that are of great importance for the
industry.
The results presented in chapter 7 in some ways connect to this view, as several effects described in that chapter occurred as second order impacts. These
did not occur instantly when the information flows in the graphic industry
were digitized, but after a while when complementary adjustments had been
made. Nonetheless, the importance of these effects was underscored as they
came out as increased quality, options for reduced costs, merging of processes,
and new demands from customers, effects that have been of great importance
to the development of the graphic industry.
DEVELOPMENT BLOCKS,

A CONCEPT FOR ANALYSING INDUSTRIAL TRANSFOR-

MATION

When discussing analysis through studies of causal conjunctions, Dahmén
(1950, 45-46) writes that important starting points for conducting such include:
1. The concepts of cause and reason have to be connected to a chain of
events that have occurred during a certain period of time, and not to
the timeless chain of event represented by logic reasoning.
2. The choice of which transformation to analyze should be based upon
arbitrary point of departures. It is therefore not necessary to include
transformations that happened before that point of time.
3. The reason why a certain industry has developed in a particular way
may depend on specific efforts that a single person has made. That is
something that may be hard to include in traditional economic analysis.
These starting points may be translated into what Rosenberg (1994) and Arthur
(1994) define as the path-dependence of technological development. In order
to study a technological innovation today and to understand the effects it has
had on the context in which it is used, one has to take into account the roots
from which it has been developed.
In my research this perspective, as mentioned in the introduction of this chapter, is of special interest. The historical process perspective used when describ-
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ing the development of the graphic industry could be interpreted as a study of
a chain of events that have occurred during a certain period of time. Furthermore the choice of starting point, mid 1970s, may be seen as arbitrary. Digitization had occurred previously, but in the mid 1970s it seriously started to influence the industry. Thus Dahmén’s (1950) starting points for a study on industrial transformation are in some ways included in the design of the research
presented in this thesis.
Furthermore, Dahmén (1942) sees development blocks as the dynamic mechanism of the transformation process. Examples of transformation that according to Dahmén (1989, 4; Carlsson & Henriksson 1991, 127) may occur in an
industry include introduction of new methods of production and marketing;
appearance of new and marketable products and services; opening up of new
markets; decline and fall of old markets; scrapping of old methods of production, marketing, and services; and disappearance of old products and services.
Still, Dahmén’s writings on how to conclude an analysis using the Development block approach are not very specific in details. It is not a concept that
explains how firms should act; rather it is a tool that can be used to find answers to how and why an industry has developed in a certain way. Westberg
(2007) writes that this lack of detail may be seen as a positive challenge, the
possibility to interpret makes it applicable in research on real conditions. Later
on in this chapter the different key elements of the Development blocks concept will therefore be interpreted, starting with a summarization in Figure 9- 2:
The Development block

1. Structural
tension

2. Innovation

3. Market push

4. Market pull
and/or
Market contraction

5. Transformation pressure

Figure 9- 2 Different key elements in Dahmén’s Development block concept
as interpreted in this thesis
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Dahmén writes that a Development block consists of:
“A series of actions in enterprising, technological development (including innovations) in which different links in one way or another
has a causal relation to or an influence on each other.” (Dhamén
1980, p 31, my translation)

In my research the development block is represented by the transformation of the
graphic industry while the critical production processes in the industry are
equal to series of actions. The actors involved in the processes as described in
chapters 5, 6 and 8, embody enterprising. Furthermore the IT innovations summarized in figure 6-2 represent technological development (including innovations). Finally, different links that in one way or another have a causal relation to or influence each
other are in this context represented by the information flows that bind together
the processes and activities in the graphic industry.
In the development block concept the transformation of an industry may be
analyzed through identification of how the following key elements structural
tension, innovation, market push, market pull, market contraction, and transformation
pressure (highlighted in Figure 9- 2) interact and influence the industry. In the
section that follows the content of these key elements are explained in more
detail.
Structural tensions
Dahmén (1942) writes that economic development has two sides: a positive
one consisting of the initiation of production of some new commodity, and a
negative side consisting of the shutting down of older production. In this development there is a connection between an existing lack of profitability and
new investments. This connection is described as structural tensions (1), which
influence industries by being an expansionary force that creates preconditions
for eliminating unprofitability. Structural tension may also arise if various production levels in a production chain (in the context of this thesis interpreted as
various activities in a production process), e.g., for technical reasons, are unable to keep pace with development. In such situations new innovations are
induced which makes it possible to engage in new investments.
In Dahmén’s (1989) concept the rise of a Development block is the answer to
structural tensions experienced by entrepreneurs involved in the industry. One
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way to face and handle these structural tensions is to develop and introduce
innovations. In the context of my research it may, as a starting point in the
forthcoming analysis, therefore be relevant to define which structural tensions
occurred during the period studied. Furthermore how these influenced the
graphic industry and if actors in the industry introduced any new innovations
in order to handle the structural tensions.
Innovations
Innovation (2) is defined by Dahmén (1950) as a new product or service, or as a
new production method where all activities needed to process the product or
service is included. In the Development block context innovations are considered as a positive component of the transformation process. Innovations, as in
the case of the Technological systems concept, are of great importance in a
transformation analysis.
“The concept of “innovation” is fundamental. An innovation is equal
to “new combinations of factors of production”, and less theoretical
that one does something different.” (Dahmén 1980, 23, my translation)

New combinations are developed from doing business and are therefore to be
viewed as more than a single invention. The concept of innovations concerns
products, services, and production methods that are realized in a commercial
context. The role of innovation could be defined through observations of the
direct and indirect effects that it has on its surroundings, i.e., the industry or
market in which the innovation is used. Dahmén (1980) also points out that by
analyzing the processes of innovations it is possible to explore where the dynamic force in the industrial course of events has occurred. He emphasizes
though that it is not possible through these observations to draw the conclusion that the most innovative industries are the ones that also have the highest
productivity rates. It is only possible to come up with conclusions concerning
what the technological progress in itself has contributed to.
Introduction of IT and the digitization of information flows are the innovations in focus when analyzing the graphic industry. IT is, as mentioned in the
introduction chapter, a broad concept including various applications and new
combinations when put in a production process context. From the perspective
of the Development blocks it may therefore, in the forthcoming analysis, be of
interest to identify how and why innovations based on IT occurred in the
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graphic industry. Furthermore, an analysis to the level of close cooperation
between suppliers, manufacturers of graphic products and their customers and
which of these actors have initiated new innovations could also provide additional insight.
Market push, market pull, and market contraction
The output from the introduction of an innovation is that it enables companies
in an industry to develop new products and services. These reach customers
through new or existing markets which are defined as an endogenous market
push (3) in the Development block concept (Dahméns 1980).
Besides market push, the industry may also experience increasing and decreasing exogenous demands on products that are not directly connected to the introduction of innovations. Market pull (4) represents an increasing demand on a
certain product, i.e., expansion pressures from the market, while market contraction (4) in turn is a concept for a decreasing demand. Both these concepts may
occur because of parallel competition, i.e., when competitors have introduced
similar products in similar markets. When these competitors instead introduce
products of a different type that fulfill the same purpose, the term substitution
competition is more correct.
In my research the interpretation of these elements is that the creation of new
markets, market pull, is a direct effect of the introduction of innovations. Market push and market contraction can also occur as a result of innovation introduction, but these concepts may also be caused by reasons not directly connected to innovations. Dahmén (ibid), in his writings on development blocks,
does not define the market concept in itself. Still, the definition that will be
used here is, as highlighted in chapter 1, that a market is created when buyers
and sellers of a product interact to determine its price. In the marketplace both
buyers and sellers can receive information about the product and in the end do
business with each other. (e.g., Lipsey et.al 1999; Parkin 2003; Pindyck &
Rubenfield 2001). A product is in turn the physical result of a number of processes and activities involving several actors (e.g., Normann & Ramirez 1995).
The product and/or the new production method here also define the borders
of the market. For example, online bookstores are a new method for selling
existing products, something that initiates a new market for printed books. The
e-book on the other hand is a new product, developed from the traditional
printed book, which also initiates a new market.
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In the graphic industry, actors may have the roles of both buyers and sellers.
When introducing a new innovation the vendor becomes a seller and the
graphic company the buyer. On the other hand, as soon as the innovation is
introduced it contributes to the production of products that the graphic company sells to their customers in an existing or on a new market.
Changes on a market have direct effects though on the transformation of an
industry as they initiate a transformation pressure that affects the industry as
well as the single company. It is therefore of interest in the forthcoming analysis to determine if any new markets were created due to the development and
introduction of new products and/or production methods built upon IT innovation. Furthermore, to consider whether the graphic industry experienced
increasing or decreasing demand on different markets as digitized technology
spread in the surrounding society.
Transformation pressure
Changes in a market like those described above expose companies acting in it
to transformation pressure (5). This pressure can be either contractive or expansive
and can also be caused by changes in the companies’ factor markets (Dahmén
1980). Through a combination of studies concerning relative price and relative
cost on an industrial level, it is possible to gain knowledge about the extent of
the transformation pressure. As a rule though, Dahmén (1950) writes that it is
often necessary to complement such studies with material derived from single
companies, i.e., it is necessary to drive the disaggregation of data even further
and build it on information other than price data. An analysis on this level
should therefore include studies on how companies have reacted, defensively
or offensively, to the transformation pressure.
In the transformation analysis of the graphic industry it may be of interest to
identify if the companies included in the empirical research experienced a
transformation pressure and how they reacted to it during the period from the
mid 1970s until today, and to what extent IT innovations and the digitization
of information flows influenced this state of change. Was digitization the driving force behind the experienced transformation pressure or was it the answer
to it?
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DEVELOPMENT BLOCKS THEORY, FINAL REMARKS
Dahmén (1942) writes that when the Development blocks concept is used at
the center of an analysis, it is important to be aware there is a great chance that
relative or absolute unprofitability is obtained as long as the development
block remains uncompleted. Actors in the development block may therefore
under certain circumstances exert depressive tendencies.
“This occurs as soon as the sight spans related to the investment
within the frame of uncompleted development blocks are shortened
so much that they do not include the time for further extension. As
an intermittently “concentrated” unprofitability actualization brings
with it a general tendency towards curtailment of fields of perceptions, large parts of industry will become unprofitable because development blocks are interrupted.” (1942, 36)

Furthermore, Dahmén (1989) points out that when conducting an analysis using the Development blocks approach it is necessary to be aware that economic success at certain stages in a development process may require the realization of one or more specific complementary stages. As long as the complementary ones are missing, it may lead to a depressive pressure in stages that are
to be viewed as premature. This, in turn, means that the development potential
will be released as soon as the missing stages have come into place. For example, in the graphic industry this type of depressive pressure tended to develop
as composing and reproduction processes changed during the 1980s. As described in chapter 6, when digitization emerged competences and technologies
previously critical in these processes were no longer necessary. The potential of
these processes was then released as they merged into one, the prepress process, during the early 1990s.
In some cases the perspective reproduced above is on a higher organizational
and economic level than the one used in my research. Dahmén’s theory originates as a purpose to explain mechanisms behind industrial transformation that
in the long run cause economic growth. As pointed out in the introduction of
this chapter, the perspective presented in this thesis is more limited and therefore concentrated to one specific industry. The results that will emerge from
the analysis in the next chapter will therefore not be of such a character that
general conclusions on economic growth can be made. Instead the Development block concept in this context, as in the case of Technological systems,
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should be viewed as a systematic tool used in order to explain the transformation of the graphic industry and the role that IT innovations has had on it.
THE INNOVATION INFLUENCE MODEL
The purpose of this chapter is to present theoretical tools that will be useful in
order to find answers to the research question: In which way have the introduced IT
innovations also influenced the transformation of the graphic industry markets in Sweden?
The tools chosen and interpreted are concepts on Technological systems and
Development blocks. These have previously been presented as individual
components, but in Figure 9- 3 they are merged into the Innovation influence
model explained in the following text:
The analysis model consists of the concepts Technological systems, which is represented by the light grey column, and Development blocks, which is represented by
the dark grey column. The technological system is viewed as a pre-state to the
development block and is defined through identification of the Cognitive, Organizational, and Economic dimensions that lead to the realization of technological
(1.) Innovations. The entrepreneur, who may be an individual or an organization, is
the one that thereafter initiates the realization of new technological opportunities, the innovations created in the technological system, to the Development
block.
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.

Technological Systems

Development blocks

The entrepreneur
Economic dimensions

Cognitive Organizational
dimensions dimensions

1. Innovations

3. Market push

2. Structural tensions

4. Market pull
and/or
Market contraction

5. Transformation pressures

Figure 9- 3 The innovation influence model, based on interpretations of
Technological systems and Development blocks concepts.

Innovations are one of the five key elements highlighted within the analysis
model. The other four elements are: (2.), Structural tensions, (3.) Market push, (4.)
Market pull and/or market contraction, and (5.) Transformation pressure.
Structural tension, previously described as a connection between the existing lack
of profitability on the one hand and the specific new investments on the other,
also has a crucial role as an initiator of a development block. Structural tension
may be displayed when various production levels in a production chain, e.g.,
for technical reasons, are unable to keep pace with development. In such cases
new innovations, or new combinations of factors of production, are induced in
order to handle the structural tension. When the innovations are introduced
into business processes it results in an endogenous Market push. Parallel to this,
Market pull and/or Market contraction can occur as a result of the innovation, but
these concepts/mechanisms may also occur because of exogenous reasons not
directly caused by the innovation. A result from changes in a market caused by
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these elements is that actors experience (5.) Transformation pressures, i.e., in order
to meet changes in the markets the actors in the development block have to
change their processes, their products, etcetera.
But in the same way as innovations developed from technological system influence the development block, the transformation pressure is believed to in
turn affect the technological system. The need for change that occurs in order
to handle the transformation pressures is believed to result in different demands from actors in the development block. These demands may consider
either further development of the innovations previously introduced, or the
development of new innovations. The development of software standards may,
for example, be seen as a result of this feedback-loop from the development
block to the technological system. In order to make processes efficient, as the
information flows become digitized, standardization of software products is
crucial. But the first software innovation that occurs seldom has these standardization functions, and to make it work well the actors within the different
dimensions in the technological system have to develop innovation as a consequence. The Technological system and the Development block are thereby
affected by each other through the demands that arise from the actors within
the system/block.
The purpose of the innovation influence model described above is to enable an
analysis of the importance that IT innovations and digitized information flows
have had in the transformation of the graphic industry in Sweden. The starting
point for such an analysis is the empirical material previously presented in
chapters 5, 6, and 8. This material will in the next chapter be developed further
and based on this the influence from digitization will be analyzed through the
perspective of the Innovation influence model.
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CHAPTER 10. IT INNOVATIONS’ INFLUENCE ON
THE GRAPHIC INDUSTRY’S MARKETS
In the Innovation influence model61 ( se Figure 9-3) five different elements for
analysis of industrial transformation are identified: Innovations, structural tensions, market push, market pull and/or market contraction, and transformation
pressure. These elements are believed to be of great importance when describing and identifying what has caused the graphic industry transformation, as
they represent an external perspective in the transformation analysis. This is
because the elements influence not only critical internal production processes,
but also external relations between graphic industry companies, suppliers, and
customers. In the following parts of this chapter the influence of IT innovations on the industry will therefore be discussed on the basis of this model62.
The text will be structured into different sections, starting with innovations. In
the beginning of each section a miniature illustration of the IIM will show
which part of the model will be analyzed under the current caption. In the end
of each section a short summary of the analysis that has been presented will
follow. At the end of the chapter these summaries are brought together and
final conclusions are drawn from the material.
INNOVATION DEVELOPMENT IN THE GRAPHIC INDUSTRY
Innovations were defined in chapter 6 as a new product or service, or a new
production method in which all activities that are necessary to process the
product or service are included. Summarized in figure 6-2, innovations of importance to the development of critical production processes were presented.

61

Further on in this text abbreviated IIM.

Besides the empirical material previously presented in chapters 5,6 and 8, this part is also
based on interviews with Carlsson (20070424); Hernnäs (20070416); Dyrssen (20060908);
Malmsten (20060907); Medbo (20060907); Odelius (20060908); Pilerö & Gauding (20060823);
Rolf (20060823). When other references have been used they are referred to in the text.
62
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These innovations were labeled as follows (with the time span when they occurred63):
1.
2.
3.
4.
5.
6.
7.
8.

Storing and processing of digitized pictures (1980
Desktop technologies (1985 1999)
Embedded IT in printing presses (1990 1999)
Increased automatization (1990 1997)
Total digitization (2000 2006)
New printing plates (1999 2006)
Color management (2000 2006)
Digitized distribution information (2000 2006)

1985)

These innovations resulted in radical changes of the production processes as
previously illustrated in figure 6-12. New methods of production did occur as
an adaptation to the digital environment. For example, the activities previously
operated by a composing room are today processed through the use of software in desktop computers. The original creator thereby gains greater control
over the production process from input to output. In this context a single IT
innovation such as PDF, after being accepted as an industry standard, had evident impact on production methods during the 2000s. One contribution from
this influence is a higher degree of automatization as the PDF file today is expected to flow through the systems from the original, via the prepress, to the
printing process without any manual adjustments of its content being made.
This is one example of an innovation that, as noticed in chapter 8, has contributed to the transformation of craftsmen managed processes into industrialized
processes where the customer has become a critical partner. The graphic company cannot just wait to receive a number of specifications from their customers; instead they have to create a contact and a system that integrates them.
Otherwise there is a chance the customer instead turns to a competitor that
offers the same industrialized production process, but with a higher degree of
involvement and influence. Large graphic companies like Elanders, for exam-

Occurrence of innovations refers to the introduction of them in the graphic industry. It is
important to notice that the majority of these innovations still are in use today, but in a developed form.
63
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ple, previously had specialized systems for integration of their main customers,
but today all of their customers are handled this way. But innovations based on
digital technology have not totally reduced friction in the production processes:
“Although the production is much more standardized today there
still is a difference between the producers, the digitized system does
not solve the problems by itself. (Odelius 20060908 - my translation)”
CREATION OF INNOVATIONS IN THE GRAPHIC INDUSTRY

- COGNITIVE,

OR-

GANIZATIONAL, AND ECONOMIC DIMENSIONS

This may become a problem when actors in the industry experience structural
tensions. One way to reduce the friction could be to develop the technological
system where innovations are created. In the IIM (se Figure 10-1) the creation
of innovations is crucial in order to handle the structural tensions. Innovations
are created and developed through a network of actors in the different cognitive, organizational, and economic dimensions of the graphic industry’s technological system. In the following section the creation process of innovations
will be further analyzed.

Figure 10-1:The part of the IIM discussed in this section.

Cognitive and organizational dimension
A cognitive dimension defines the cluster of knowledge and technology necessary to create new technological possibilities. The organizational dimension on
the other hand supports the network-based interaction between different actors in the creation of these new technologies. In the graphic industry both
suppliers and graphic companies have throughout the years contributed
knowledge concerning technological possibilities. The dimension that has
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seemed to gone through the greatest changes is therefore the organizational
one.
In the early days of digitization many minor actors were involved in the process of initiating innovations, but today the number of players on this arena has
decreased. For example, in the first half of the 1980s companies like Norsk
data and Nokia introduced page setting software. But the actor that initially
played a major part in the cognitive and organizational dimension of the
graphic industry’s technological system was Apple with the release of the Macintosh desktop computer. Therefore it is proper to conclude that the revolution in the graphic industry, as mentioned in chapter 5, started with the introduction of Macintosh and later expanded with PC computers.
Although it is possible to point out single actors of importance in the innovation development process, the participation by both developers and users of
new technology has been common. From the 1980s until the early 1990s the
actors in the innovation process tended not to cooperate closely though. As an
example, the vendor company Sun-Chemicals developed different ink qualities
at their factory plants in the 1970s and 1980s based on what they believed to
be customers’ demands. This development did however not include any
continuous dialogue with their customers. Actors at graphic companies
confirm this development. From their point of view suppliers earlier mainly
acted at industry fairs and these were thus the main interface between
developers and users of new innovations. Today the interface instead has the
character of a continuous dialogue, although for many small printing
companies industry fairs are still the main arenas for participation in
technological development.
In the early 1990s the innovation development process started to change and
the cooperation between suppliers and graphic companies became more integrated. Cooperation is today quite common in projects where the industry
jointly tries to identify both different areas of improvement and new niches.
One example of such a project was to decrease the amount of wastepaper in
the printing processes. In the project group, representatives for different actors
such as printing press, paper, and ink developers participated together with
graphic companies. The companies involved wanted to develop ink that could
be used on different types of papers, glossy as well as matte. The project succeeded to develop this type of ink, which made it possible for the graphic
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companies involved to increase their production speed, lower the weight of
newspaper supplements, and lower their costs in printing paper.
At Sun-Chemicals, for example, this kind of cooperation with developers of
printing presses is today an ongoing process. If a printing press is developed
there is also need to develop ink that will function properly in the press, a requirement that, as pointed out in chapter 8, has contributed to an upgraded
quality control. Part of this innovation development process has been technology driven, for example by release of new software like Adobe In-design, Photoshop, etcetera.
A tendency in this context is that new innovations initially have been adopted
by a minor user-group, so called early adopters, and after a while, if considered
successful, a wider number of graphic companies also start to use it. For example advertising agencies, who initially were the main users of the Macintosh,
have tended to be one step ahead of the graphic companies in applying new
types of desktop innovations. From the 1990s until today there is a tendency
though for new technologies to become accepted faster. It took for example
only five years for the CTP (computer to plate) technology to be adopted by
the industry, while it took about ten years for the desktop technology. One
reason may be that actors in the cognitive and organizational dimension have
improved their technology development cooperation processes.
There are also examples where cooperation in the cognitive and organizational
dimensions of the graphic industry’s technological system has failed. When
Agfa in the late 1990s decided to use PDF as standard software in their CTP
machines, many important functions in the PDF software were not yet fully
functional. They therefore started to develop their own CTP software in order
to make the equipment they delivered to printing/graphic companies function
properly. The problem was that Adobe, who owns the PDF source code software that runs critical data flows in the CTP, decided to not participate in this
development. As Adobe’s design programs have developed, the CTP source
code has not been upgraded at the same pace. Agfa has therefore experienced
problems with the CTP products they develop when handling data originated
from recently updated PDF formats.
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Economic dimension
In the economic dimension the new technology developed in the cognitive and
organizational dimensions is commercialized into innovations. Suppliers of
technological equipment have been the actors that usually initiate new innovations in the graphic industry. Before new technology is adapted in a production
process it is common that suppliers have to argue for and, in a way, educate
the graphic companies of the potential benefits from implementation.
An example is the development and introduction of the innovation JDF. Suppliers introduced it during the beginning of 2000s, but initially graphic companies approached it with great skepticism. The purpose of JDF is to integrate
calculation applications with production applications to achieve greater control
over production processes. For example, it was Heidelberg’s experience that
their customers seldom had knowledge about which printed matter produced
their greatest earnings. By using JDF however, it became possible to gain such
knowledge since the system delivers information from the printing press that
the graphic company previously only could approximate. It is also possible in
the JDF system to group the customers in a database from which the graphic
company can gain detailed information of the whole production process. It is
then possible for them to calculate which production has been the most valuable, information that in turn is the basis for analyses concerning strategic production decisions. From an outside observation this range of benefits seems to
offer obvious reasons to invest, yet it was not until recent years that investments in JDF increased. One reason may be that the JDF concept initially was
not developed jointly. Or in the words of the IIM: It is an output of poor cooperation in the cognitive and economic dimension, which resulted in a weak
response in the economic dimension.
Once the graphic companies have made an investment in a new innovation
there has been a tendency though, that these actors in turn have developed
demands concerning further technological development. This kind of feedback
loop has mainly been a result of a continuous market development. Because of
this development the graphic companies have been forced to develop their
production processes in order to profit from their business. Innovation development may therefore in addition be seen as a symbiosis between the graphic
companies’ needs and the suppliers’ new technology. One example of an initiating actor in the economic dimension is the Swedish publishing company
ICA-förlaget. During the mid 1990s, before PDF became standard, they ex160

perienced quality problems when delivering originals to the graphic companies
with whom they cooperated. As a result, ICA-förlaget gathered all their partners at a meeting were they announced that they had decided to use PDF as
standard and if the graphic companies wanted to cooperate with them in the
future, they also had to start using this format. The outcome from this meeting
was that the graphic companies involved had no choice but to accept the directive, otherwise they would loose one of their major customers.
But the economic dimension has during the 2000s also developed towards a
closer cooperation between the actors involved. For example Heidelberg, the
supplier and printing press developer, has today a closer cooperation with several of the major graphic companies in Sweden. The introduction of innovations in the economic dimension is therefore characterized more as a partner
relation than a customer – sales relation. They have, for example, a service
agreement with Elanders where Heidelberg guarantees that they will show up
within four hours if Elanders experience any problems with their Heidelberg
equipment.
There is also a tendency that changes in the economic dimension have affected
innovation development in the organizational and cognitive dimensions of the
graphic industry. An ensuing problem for Heidelberg with the introduction of
new innovations is that large companies like Elanders are seldom located in
Sweden. The majority of Heidelberg’s customers were previously minor
graphic companies to which they delivered smaller printing presses. These
types of firms were not involved in the technological development, but they
represented a profitable market for Heidelberg until the mid 1980s; profits that
could be used for financing additional innovation development. Many of these
firms, however, have a tendency to go out of business when the founder of the
company retires. Furthermore smaller graphic firms have also experienced increasing competition as technology and innovations have become digitized.
Extended use of PC and desktop printers has reduced the demand for the type
of printed matter they produce. Therefore few smaller firms are still in the
graphic business today, something that in the long run may affect resources
gained for technological development. Changes in the economic dimension
have thus a direct impact on innovation development conducted by Heidelberg
and their partners.
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INNOVATION CREATION IN THE GRAPHIC INDUSTRY - A SUMMARY
Innovation development in the cognitive and organizational dimension of the
graphic industry has been characterized by joint efforts between developers
and users of new innovations. Until the early 1990s this cooperation was quite
sporadic, but as IT became more established and accepted as the major technology standard, it intensified. Once introduced, IT has become the main
technology behind the development of new innovations. In the economic dimension the acceptance of IT by leading actors as a major technology resulted
in a no-choice situation for the actors involved. You either accepted the technology and the innovations with resulting outcomes or you went out of business. But for some actors adapting digital innovations has not been enough in
order to stay competitive. The market for the printed matter they produce has
changed, as these products today are often derived alternatively from desktop
printers.
It is important to notice that the different dimensions, in which innovation
development occurs, have tended to influence each other. It means that innovation development in the cognitive and organizational dimension cannot be
isolated from actions taken in the economic dimension. In the same way, actors in the economic dimension are heavily influenced by the innovations that
come out of the development process. In the early stage of this process a goal
should therefore be to identify demands from the actors in the different dimensions. Successfully combining these demands may then lead to a more accurate innovation design that becomes adopted relatively fast by the actors in
the industry. When doing so today, IT is a main tool for enabling such a
method of innovation development.
STRUCTURAL TENSIONS EXPERIENCED BY GRAPHIC INDUSTRY ACTORS
Structural tensions is in the IIM (Figure 10-2) defined as the connection between existing lacks of profitability on the one hand and specific new investments on the other. Before an investment contributes to increasing profits, it
might therefore be necessary to carry out additional such. Seen from a process
perspective the structural tension might be illustrated as an unbalance between
different activities in a production process.
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Figure 10-2: Structural tension, the part of the IIM discussed in this section.

One example on the appearance and effects of structural tensions in the
graphic industry is how the organization and work routines at graphic companies have developed. The established way to organize production at these
companies has been to use two working shifts, which kept the production going for sixteen hours. A problem though, when information flows were mainly
analogue, was that four of these hours normally were spent on shifting printing
jobs, and because of lacks in quality control another hour could be spent on
remaking of plates. Finally the customers were often keen on attending when
the plates were mounted and the printing activity started, because it was their
main possibility to control production before the final printed matter were delivered. This participation tended to affect the activities making them take
longer time than they was supposed to. In the end the analogue graphic company therefore could charge their customer only approximately ten hours of
work out of the sixteen they had spent on production.
When production became digitized innovations introduced made it possible to
change processes, which became a way to handle the structural tension derived
from unprofitability in the printing process. A graphic company that have adjusted to the digital environment might today, because of an increased efficiency, charge their customer fourteen hours of work instead of ten, something
that in the end might contributes to a positive rise of their profits.
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“Companies that have observed the opportunities that the digitization
of production processes offer, have become successful whilst others
that have not are the ones that go into bankruptcy.” (Medbo
20060907 – my translation)

Suppliers have contributed to the rise of structural tensions to some extent. In
their role as deliverers of new innovations one of their main goals is to commercialize the products they develop, hereby pushing the technological borders
forward step by step. But as these steps have gradually been completed, it has
been difficult for the actors that implement the innovations to maintain balance in their production processes. For example, as the original prepress and
printing processes became digitized during the 1980s and 1990s the production
capacity gradually increased as well as the capability to develop products, e.g.,
magazines, by producing different types of advertising inserts, etcetera. But as
long as postpress departments had to pack inserts manually and the trimming
devices were not fully developed, the development of printed matter was hindered by the lack of capacity in this process. The unbalanced and structural
tension continued until the postpress process became digitized through new
innovations delivered by suppliers.
As highlighted in the IIM, structural tension may not only grow from within an
industry, it can also be a result of an unbalance in the interaction with the market. The Internet is an innovation that has not been specifically developed for
the graphic industry, but it has had a great impact on the industry because it
has initiated new ways to communicate. As the Internet has become adopted in
the society and the graphic industry market, customers to actors in graphic
production processes have come up with new demands that have contributed
to a structural tension. An example on such demands is that it today is quite
common that customers to publishers want to be able to get access to material
stored on the publisher company’s servers. Another aspect of the digitized environment and the use of the Internet are, as mentioned in chapter 8, is that
publishers during a longer time of the production process experience a greater
control of the material they produced, not only in their own process but also in
the prepress and printing process. Previous originals had to be stored at
graphic companies at an earlier stage and because of that the publishers became dependent of the conditions that these companies announced. Today
though, the increased storing and transferring capacity at the publishers instead
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has put a pressure on the graphic companies when it comes to creating sound
and long lasting customer relations.
STRUCTURAL TENSIONS IN THE GRAPHIC INDUSTRY, A SUMMARY
Structural tensions in the graphic industry have been caused mainly by a mismatch between the organizational structure of production processes and the
capability of new innovations introduced. The effects from introduction of
innovations based on IT have been twofold. On one hand these have made it
possible to handle structural tensions through rationalization of production
processes in a different, and most of the time, a more efficient way. On the
other hand IT innovations have also contributed to an ongoing structural tension by enabling increasing and intense competition. Here suppliers have had
great influence by contributing to and easing existing structural tensions.
As in the case of the economic dimension in the IIM, actors within the graphic
industry have therefore had little choice but to accept these new innovations in
order to manage the structural tension. The production processes have hereby
gradually become adapted to the digitized conditions initiated by the innovations. But innovations created in the graphic industry’s technological system
are not the only ones that have contributed to the structural tension. General
innovations, like the Internet, have also had great importance as an interface
for communication and storing of information between the actors involved in
the critical production processes. Altogether, new innovations and actions
taken to handle structural tensions have both influenced the graphic industry’s
markets.
MARKET PUSH, PULL, AND CONTRACTION IN THE GRAPHIC INDUSTRY
In the IIM (figure 10-3) endogenous creation of new markets, defined as market push, is a result of innovations influence on an industry. This may happen
when the innovation consists of a new method and/or of a new product. An
industry may also experience increasing or decreasing exogenous demands that
have little to do with actions taken by the industry, defined as market pull or
market contraction.
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Figure 10-3: Market push, pull and contraction, the parts of the IIM discussed
in this section.

ENDOGENOUS MARKET CREATION
As production processes have become digitized, existing and new markets for
printed matter such as books, newspapers, and magazines have developed. For
example, publishers target different customers groups through an increased
differentiation of their products, as books today are produced as a hard copy
or a paperback at the same time. Digitization has also contributed to book design development. Hard copy books, such as coffee-table books and cookbooks, have become more illustrated with increased use of colors, identified as
an informational effect in chapter 7. At the same time paperback book covers
come in a greater variety of paper quality and illustrations which are factors of
importance for attracting new potential customers. This has lead to development of new markets in that books today are sold almost everywhere, including
gas stations and supermarkets.
As a result of the increased competition mentioned above, these new markets
have not automatically lead to increased profits. Publishers are today more dependent on a few best sellers, from which they make profits used to develop
other parts of their production. Parallel to an increasing demand for traditional
books, publishers have also found a new niche in the production of sound
books digitally stored on a CD-rom for example. It is a market that has increased during the 2000s and it may be seen as an expansion of the traditional
printed book. Another example of similar expansion is the development of the
e-book. These types of books are easily downloaded and stored in hand-held
digital devices. The market for this product has expanded slowly so far since
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many people today still find it hard to read large amounts of text from the existing types of digital screens.
During the digitization of the graphic industry, markets that only existed for a
limited period of time were also created. One example was the development
and introduction of pit-stop systems in the prepress process RIP activity64 during the 1990s. Before PDF was accepted as an industry standard for transferring original information, there was a need for specialized software that could
handle the PDF-format in the RIP activity. As PDF gradually became adopted
as standard, the demand for software applications like pit-stop systems vanished. Another example is the market for film composers used in the prepress
process. When the CTP technology was introduced this process became totally
digitized and the business unit, at suppliers like Agfa, handling film composers
has more or less disappeared.
Another new developing market during the 2000s is personalized digital print
and print-on-demand. This market has not experienced great success so far,
mainly because it still is quite expensive to produce larger quantities using this
technology. Offset therefore continues to be the dominating technology in use
when printed matter is produced today.
“At the same time it is odd that actors in the industry talk in terms of
offset and digital print when all of the printing industry is more or
less digitized today. “ (Odelius 20060908 – my translation)

Graphic companies that use “old” offset technology have been able to develop
new markets as this technology has become digitized. One example is the quotation in chapter 5 concerning Strålfors, a Swedish graphic company, in which
they described their business as information logistics. A similar approach is
also represented at another major graphic company in Sweden, Elanders. They
have strived to develop existing printing matter products through development
of different services. Such services include not only storing of information on
databases, but also a dialogue concerning development of the customer’s information processes. In that dialogue Elanders offer the customer different
solutions, such as web-to-print for example. Using this service through a web-

64

Previous described in chapter 6
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site offered by Elanders, the customer can develop their information material
through the use of predefined models, before producing for example printed
matter or an online brochure.
The exploration of new markets has however not been automatically equal to
increased profits for actors involved in the graphic industry. That is because
another output from market push efforts has tended to be increased competition. If an actor in the industry has been successful in finding a new niche,
competitors often choose to follow the same path. Cookbooks, for example,
have been very popular since the mid 1980s and for some publishers this was
initially a profitable market. Today new publisher actors have entered this market, partly since the digital technology has made it less complicated to learn and
handle the graphic production process.
At the same time the printing costs for this type of books within the EU are
lower than they used to be, mainly because the handling of originals is less
complicated and not hindered by geographical distances. Today an original is
stored and distributed on a cd-rom for example, compared to the analogue
time when an original consisted of approximately 20-30 kilograms of different
paper documents distributed by mail services. As a result of this increasing
competition a new cookbook is produced almost every day. A possible observation from this example is that digitization of the graphic processes has initiated endogenous development of markets resulting in the growth of small, independent publishers. These have increased the competition on arenas previously dominated by large publishing companies.
EXOGENOUS MARKET CREATION
When an industry experiences an increasing exogenous demand on a certain
product it is referred to as market pull in the IIM. Online bookshops like
Amazon and Adlibris are examples of a new market that has developed as information flows have become digitized in society. They have made it possible
for publishers to gain access to a market with a greater geographic diffusion
than offered by traditional bookshops. The e-commerce bookshops have also
contributed to an increased demand by offering customers low prices and a
wide range of book titles. A positive effect experienced by publishers is that ecommerce has contributed to increased sales of older books. The traditional
bookstore keeps books in its inventory for a limited time, but the online source
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has direct access to the publishers’ inventory and additionally to products not
recently produced. This has also come to influence the publishers’ economic
terms. The physical bookstore keeps an inventory and doing so gets long-term
credits, marketing subsidies, and a discount based on the number of books
they keep. Conversely, the online bookstore buys one book at a time and gets
short-term credits and no discount.
The demand for niche magazines with themes such as motorcycles and housing, for example, has also increased. One explanation may be that the Internet
and the digitization of society have increased the possibilities of gaining information concerning an individual’s specific interests. The disadvantage of the
Internet is that it cannot be carried around in your hand, so the niche magazine
fills a purpose as a complement to the World Wide Web. Parallel to this market
pull, digitization has made it possible, as mentioned above and in chapter 7, to
lower production costs for these types of products.
As the Internet has become the main source of information tracking for many
people around the world, it has also increased the demand for on-line newspaper products. This demand has in turn encouraged the introduction of innovations that enable digital convergence of editorial information. Traditional
newspapers have hereby been able to expand their products in several additional channels. The Swedish media group Aftonbladet, originally a daily tabloid newspaper, is an example. As digitization has influenced production processes they today reach the market through three additional channels: the internet site aftonbladet.se; a morning paper free of charge delivered at for example
subways and bus stations in the main cities in Sweden; and the TV-channel
Aftonbladet TV 7 (Aftonbladet 2007). The strategy behind distributing information through these diverse channels is described as follows:
“Aftonbladet is one of the main media groups in Sweden and our
publicist idea is to deliver news, run opinion, and to deliver service –
24 hours a day” (aftonbladet.se/tv7 20070514 – my translation)

Another recent example of the digital convergence is The Economist that began offering their subscribers an audio newsletter service option in May 2007.
The idea behind is that readers shall be able to listen to the magazine during
for example travelling, working out or at other times when it is more convenient to listen than to read (The Economist newsletter 2007).
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EXOGENOUS MARKET CONTRACTION
The mechanism market contraction is recognized in the IIM as occurring when
an industry experiences a decreasing demand on a market. This decreasing demand does not have to do with actions taken by the industry, but may instead
be caused by competitors that have acted with similar products in a similar
market. In the graphic industry there are several examples of markets that have
shrunk as the industry and society gradually have become digitized. One example is envelope printing, i.e., the production of letters, envelopes, and etcetera.
Until the early 1990s office-offset firms existed that specialized on these types
of products, but today the majority are out of business since regular desktop
printers easily produce such printed matter.
The Internet and development of search engines have reduced the demand for
printed encyclopedias to almost a minimum at publishing companies. In addition, book clubs, which reached a peak in the mid 1990s, are a market that has
been heavily reduced because of the growth of online bookshops. Another
market that has experienced the same development is catalogues, manuals, and
advertising papers. Customers today have access to these types of products in
other digitized channels or, as in the case of stationery printing, produce these
themselves on an office printer. This in turn also affects the suppliers to actors
in the critical production processes, for example ink suppliers that deliver ink
to the offset printing presses.
“If I wanted to buy a new bicycle ten years age I went to the store and
got a brochure in order to obtain information about the product. Today these types of brochures hardly exist; instead the customer is directed to a website. … thereby it is proper to say that the digital technology has reduced some of the offset market. Our market as ink
producers has therefore become more narrower with fewer but bigger
actors to cooperate with”. (Dyrrsen 20060908 – my translation)

This development has also lead to a decreasing demand for small printing
presses, which have been replaced by desktop printers at offices and in homes.
Within the graphic industry, digitization has come to influence the demand for
specific products. For example, the need for proofs is decreased today since
operators involved in the processes have instead come to trust what is visible
on the screen. That is so because the quality of the web-based proofs used is
almost identical to the final printed matter produced when it comes to color
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reproduction. Publishers have in turn experienced less need for sending
printed proofs to book critics; today they instead print these themselves or
make the proofs available on a server.
MARKET PULL, PUSH AND CONTRACTION - A SUMMARY
Although the printed matter in the end may be seen as a product that only has
experienced marginal development during the last decades, IT innovations
have made it possible for actors in the graphic industry to explore new markets
for their products. A greater differentiation allows publishers to gain entry to
new markets through online bookshops, gas stations, and supermarkets. At the
same time the digitization of the industry has made the barrier lower for new
publisher companies to enter the market, which has increased competition.
Newspaper companies have also been able to explore new markets. Digitization has made it possible to publish information produced at editorial offices in
different media such as TV and the Internet.
The introduction of desktop technology was an important starting point for
the digitization of the graphic industry processes. At the same time, the use of
desktop technologies in society combined with the development of the Internet has contributed to a loss in markets such as production of envelopes, catalogues, manuals, and advertising papers. Within the graphic industry desktop
technology has e.g. reduced the market for smaller printing presses.
TRANSFORMATION PRESSURE IN THE GRAPHIC INDUSTRY
Changing demands like those described above may expose companies acting
on different markets to a transformation pressure. This pressure can be either
contractive or expansive and can also be caused by changes on the companies’
factor markets. In the IMM (figure 10-4) the transformation pressure in the
development block is believed to in turn influence the technological system.
When a need for change occurs in order to handle a transformation pressure, it
results in different demands by the actors in the development block, demands
that in the end also influence the actors in the technological system.
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Figure 10-4: Transformation pressure, the part of the IIM discussed in this
section.

The transformation pressure in the graphic industry seems to have developed
in pace with the introduction of IT innovations and the digitization of information flows. Fewer but larger companies point in the direction that actors
involved have tried to handle transformation pressure by increasing their productivity, something that the analysis in chapter 7 established they have succeeded in. Today fewer operators in the graphic industry therefore produce
larger volumes of printed matter. Industry statistics65 show that in 1993, 3 498
companies in the graphic industry in Sweden employed 55 467 operators. In
2006 the number of companies had been reduced to 3 146 and these employed
40 367 operators. (SCB 2007) These numbers indicate that the reduction of
operators has been approximately 27%, while the reduction of companies has
been only 10%. When comparing an index of number of employees per company it shows the same pattern, as there were 15,8 operators per company employed in 1993 and 12,8 in 2006.
For example, publishing companies that today have fewer employees than before confirm this development. They tend to produce more book titles than
ever as innovations based on digitized technologies have lowered the cost of
book production. But these innovations have also contributed to increasing
competition as they are easily adaptable to all actors on the publisher market.
In the 1970s and 1980s it was quite common among Swedish publishers to

Using second-level aggregated statistics, SNI 22. See also chapter 4 for a further presentation
of the SNI concept.
65
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print about 4000 copies of a first edition. Today it is very rare though, because
of the increasing competition, to produce more than 2000 first edition copies.
This increased competition makes it difficult for established publishing companies to defend their market position and the profit margin on each book is
lower today than it used to be.
Another way to handle transformation pressure has been to offer a low-price
concept, a strategy that mainly has benefited the customer of printed matter.
This type of competitive strategy requires solid financial resources, a development that has favored large graphic companies and the small niche companies
that do not need to adapt to such a profile. The companies that have had difficulties surviving the competition have been the medium sized graphic companies, which today almost are all gone.
“I believe that the cost for a customer to get a printed matter produced is lower than ever, but they are not aware of that. If you compare the price, it is obvious that a customer today pays much less for
a four-color printed matter product. In other industries they have developed business models to handle this, but that is not the case in the
graphic industry. “(Odelius 20060908 – my translation)

The focus on low price offerings to customers of printed matter has also
tended to affect the cooperation between actors in the industry. There are examples when cooperation between advertising companies and graphic companies in pricing printed matter has not worked out very well. The advertising
companies tend to offer an external customer one price while the graphic
company many times offers another, lower price. This situation tempts the
customers to try to create the original themselves and send it directly to the
graphic company, which makes the original creators lose income.
The fact that anyone with enough skills and standard desktop equipment today
can create an original that was previously only produced by specialists is another example of evolving transformation pressure. This affects the production
of printed matter in different ways. Products believed to have the greatest opportunities to experience positive development in the graphic industry are
packaging printing and magazines. Especially since there is no competition
from private persons and the range for this type of products is much greater
today. Books have, as described above, also experienced a positive develop-
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ment. Many books are however printed abroad, which affects the Swedish
graphic industry in a negative way. Textbooks may in the future have difficulties competing against other pedagogic tools such as different interactive software applications.
The decrease in graphic companies has also resulted in greater transformation
pressure on suppliers. When the remaining companies become larger it tends
to result in a greater pressure concerning the price on the products that suppliers deliver. As a result of this development today only three main suppliers
remain that deliver prepress equipment in Sweden: Kodak, Fuji, and Agfa. The
suppliers have in turn tended to develop new innovations in order to handle
the transformation pressure they have experienced. One such innovation that
has gained recognition during the 2000s is JDF. As previously described in this
chapter, actors in the critical production processes have been skeptical though
to adopt this innovation. A skepticism that suppliers sometimes have experienced as frustrating as the benefits from such an innovation from their perspective is obvious.
”When I sell JDF to our customers they ask me: “How can JDF
make our business more profitable?” I believe that it is the wrong
question to ask, instead the main focus should be on development…it
is necessary to develop the right kind of organization; right kind of
competence amongst the operators; right kind of systems; and foremost all these parts have to be integrated and that is how the JDF system can contribute. (Medbo 20060907 – my translation)
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CHANGES IN THE GRAPHIC INDUSTRY MARKETS
The final research question to be answered in this chapter is:
In which way have the introduced IT innovations also influenced the graphic industry’s markets in Sweden?
A conclusion drawn from the IIM analysis is that IT innovations have influenced the graphic industry’s markets in several ways. In figure 10-5 these influences are illustrated and in the following text further explained. Initially
trough highlighting changes in the innovation creation process and the occurrence of structural tensions.

Internal structural tension
− Organization and work
routines
− Process change

−
−
−
−
−
−
−
−

Market push
− Increased differentiation
of products
− Greater variety in quality
− Additional book stores
− Sound book
− e-book
− Digital print
− Print on demand
− New information services

−
−
−
−

IT Innovations
Storing and processing of digitized pictures
Desktop technologies
Embedded IT in printing presses
Increased automatization
Total digitization
New printing plates
Color management
Digitized distribution information
Gradual increasing cooperation
IT the main technology
Market influences

Market pull
− Online bookstores
− Niche magazines
newspaper
− Additional
products

External structural tension
Increasing digitization in
society (e.g. the Internet)

Market contraction
− Envelope printing
− Encyclopedias

− Book clubs
− Pre-press systems
− Small printing presses

Transformation pressure
Fewer and larger graphic companies
Fewer suppliers
Low price concepts
Competition amongst actors in the production process

Figure 10-5: An illustration of how IT innovations have influenced the graphic
industry’s
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THE CORRELATION BETWEEN IT INNOVATIONS AND STRUCTURAL TENSION
In Figure 10-5 the IT innovations that have emerged since the early 1980s are
highlighted. When these were developed the interaction among actors involved
was more or less obsolete. In order to gain positive results from commercialization of the IT innovations actors nowadays jointly develop these.
The structural tension is another element that has influenced this cooperation.
Influence from this element has seemed to be both internal and external. The
internal structural tension has partly been a result of an unbalance in the production process. For example, as shown in chapter 6, the information flow in
some activities has remained analog while it has become digitized in others.
The industry has tried to handle this unbalance through continual development
of organization and processes. This has been enabled by the development and
introduction of new IT innovations. The external structural tension has been
caused by an increasing digitization of the surrounding society through general
IT innovations like the Internet.
Actors within the graphic industry and their suppliers have therefore had little
choice but to accept new innovations introduced. The gradually evolving digital environment has thereby pushed the companies in the industry forward.
The digitization of information flows has made it possible for these to develop
production processes and products in order to enhance existing and new markets.
CHANGES IN THE GRAPHIC INDUSTRY’S MARKETS
The development of existing and new markets is in Figure 10-5 categorized as
market push, pull, and contraction. IT innovations have facilitated several market push initiatives. Digitization enables a greater differentiation of printed
matter, such as books for example. Paperback books, in different sizes and
qualities, are a relatively low cost product that is easy to deliver and store. This
allows publishers to gain entry into new market places such as gas stations and
supermarkets. Digitization has also enabled production of information that a
printed matter contains in other media. Audio books and e-books are examples
of products that have opened up new markets for publishing companies. In the
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short run these types of products are an addition to traditional printed matter.
In the long run though, as digitization develops, the markets for these products
may exceed those for traditional printed books.
Graphic companies have also developed new markets. Digital personalized
print and print-on-demand services are additional technologies to offset printing. By adopting these technologies the graphic companies have broadened
their product output. Digitization of information flows has also made it possible for graphic companies to expand their offers. Instead of solely delivering
printed matter they can today offer their customers information logistical solutions. Such services may include storing, process, and publishing of customer
information in other media other than printed matter.
Market pull initiatives have partly been influenced by IT innovations developed
by the graphic industry. Important for those initiatives has been the increasing
level of digitization. E-commerce markets are a result of influence by digitization of the surrounding society. Online bookshops have made it possible for
publishers to gain access to a market with a greater geographical distribution
than offered by traditional bookshops. They have also contributed to an increasing demand by offering customers low prices and a wide range of book
titles.
The Internet and the digitization of the society have also increased the possibilities of gaining information concerning an individual’s specific interest. This
has had a positive influence on the demand for magazines with specialized
content. Newspaper companies have also been able to explore new markets.
Digitization has made it possible to publish information produced at editorial
offices in additional media such as TV and the Internet.
The development and use of desktop innovations in society combined with the
development of the Internet has resulted in market contraction. Today there is a
very limited market for printed matter like envelopes, catalogues, manuals, and
advertising papers. Consumers commonly print these types of products themselves. The encyclopedia market has also more or less vanished as search engines on the Internet have evolved. Within the graphic industry desktop technology has reduced the market for smaller printing presses. Internal markets
have also changed as for example new IT innovations for the pre-press process
have been introduced.
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HANDLING THE TRANSFORMATION PRESSURE
The influence from IT innovations on the graphic industry might here finally
be described as a development cycle (se Figure 10-6). The changes in the
graphic industry’s markets (1) have resulted in an ongoing development of a
transformation pressure (2). One way to handle this pressure has been to increase the production capacity. A strive for increased capacity has influenced
innovation development (3), as it has increased the need for a totally digitized
information flow in the production processes. The graphic industries cognitive
and organizational dimensions cooperating in IT innovations development
have hereby been influenced. That has in turn nourished an ongoing introduction of IT innovations (4) in all activities in the production processes. The IT
innovations have in turn enabled further development of existing and new
products and markets (1).

1. Product and
market
development
Increased competition
induces...

Initiates...

4. IT innovations

Graphic industry
development

2. Transformation
pressure

Need for increased
capacity initiates...

Introduction of...

3. Innovation
development

Figure 10-6: Influence from IT innovations described as a development cycle.

The gradual increasing transformation pressure, as described in Figure 10-6, is
among others experienced as an increasing competitive environment. In order
to succeed in this environment, a dominating strategy among the remaining
graphic companies has been low price/high quality offers to their customers.
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Low price means less income per printed matter sold and companies have
therefore been forced to adjust their assets in order to balance their costs and
revenues. This has among others led to a focus on lowering the production
costs. One way to succeed in doing so is, as mentioned above, to introduce ITinnovations. These innovations enable companies to increase the production
speed and produce larger quantities during a shorter period of time and with
fewer employees involved. Or in other words, it enables them to increase their
productivity in the production processes. This transformation pressure has had
its tribute though as graphic companies that not have the financial resources
necessary to take part of the development have gone out of business. This has
resulted in the existence of fewer and larger graphic companies compared to
before digitization. In turn this has also affected the vendor business, which
consists of fewer but larger companies today.
INNOVATION INFLUENCE –

FINAL REMARKS

The results presented in this chapter point in the direction that IT innovations
throughout the years have had a great influence on the development of the
graphic industry’s markets. The examples presented above are not a complete
list of which markets that have grown or disappeared, but they represent a variety of markets that would not have developed if IT innovations had not been
introduced in the industry. Or as one of the interviewees noted regarding the
importance of digitization:
“If this development had not happened the graphic industry as we
know it would hardly exist today.” (Dyrrsen 20060908 - my translation)
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CHAPTER 11. ENTERING THE DIGITAL SOCIETY
The productivity paradox issue has until today been examined during twenty
years. The results presented have been mixed, but several have during the recent years pointed in the direction that the notion of a paradox was caused by
an incomplete understanding of IT’s role in the development of companies,
industries, and society. The conclusions in my research confirm these results.
However, as has been shown here, the question concerning IT and productivity per se is of less interest. To focus solely on productivity when investing in
IT may obscure observation and evaluation of many other important effects.
The final conclusions that follow in this chapter are based upon the results
analyzed in chapters 7 and 10. However, in order to maintain the course set in
chapter 1, the purpose presented there will be repeated:
To show how innovations based upon IT have influenced the transformation of the Swedish
graphic industry and if this has led to changes in productivity. Furthermore, to identify other
significant effects and changes in the graphic industry’s markets that also have occurred as a
result of the introduction of IT innovations
Two perspectives, one internal and one external, have been used when conducting the research that has had this purpose as its starting point. The internal
perspective focused on describing the graphic industry’s critical production
processes. The changes caused by IT innovations that occurred in these were
identified. Thereafter the effects that have been a result of this internal transformation were categorized.
The external perspective contained descriptions of how the graphic industry’s
markets have changed as IT innovations have been introduced. The IT innovations highlighted were the same as introduced in the internal perspective. The
effects of these were analyzed in the external perspective as influence on the
graphic industry’s markets. In the next section conclusions from the analysis of
these two perspectives are further presented.
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TRANSFORMATION

CAUSED BY

IT

INNOVATIONS

– THE

INTERNAL

PERSPECTIVE

Have the changes in internal critical production processes influenced changes
in productivity? Based on the analysis of the empirical material in this thesis
the answer is yes with regard to labor productivity. It has not been possible to
come to this conclusion by analyzing collected statistics. The conclusion is instead based on the appearance of automational effects, such as reduced number of operators and decreased production time. This combined with an increased production capacity has had a positive influence on factors that may be
a part of a productivity index.
In addition to productivity, several other effects take place when companies
invest in IT. Such effects may include increased capacity to handle and produce
information, increased integration of customers in the production processes,
increased physical quality in produced products, and options for management
improvements in the production processes. These are not the only effects that
may occur, but they illustrate that it is not always the most obvious ones, such
as productivity, that are of greatest significance.
Handling information is of fundamental importance for the graphic industry,
where information is its core business. In addition, integration of customers in
the processes is of great importance to any company that wants to develop its
goods and/or services. Increased physical quality is something that may help a
company to gain competitive advantage against their competitors, no matter
what type of business the company is engaged in. Improvements of management and control in the processes may also be of great importance since these
tend to influence the cost development of the business. Altogether these effects are of importance when developing existing and new markets.
TRANSFORMATION

CAUSED BY

IT

INNOVATIONS

– THE

EXTERNAL PER-

SPECTIVE

The IT innovations highlighted in my research have, besides influence on internal processes, also had influence on the graphic industry’s markets. From an
external perspective these markets have gone through large transformations.
Traditionally the output from the production process is, as pointed out in
chapter 5, a printed matter. Printed matters can come in many shapes and
forms, as for example books, newspapers or magazines. IT innovations and
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digitization of information flows have changed the graphic industry’s markets
by enabling development of these products. Digitization has made it possible
to increase differentiation and also to offer customers a greater variety in quality. But digitization has also made it possible to develop new additional markets
and distribution channels such as online bookstores. Gradually the industry
also has come to develop alternatives to printed matter. The information that
customers previously only had access to in printed form has become available
in digital channels such as sound books, e-books, and newspaper sites on the
Internet.
This transformation has been characterized by what Schumpeter (1934) defines
as creative destruction. Innovations enabling the creation of new markets have
at the same time contributed to the contraction of old ones, especially through
public access to desktop technology, including printers and the Internet. Certain markets for printed matters that have vanished include envelope printing
and encyclopedias.
IT INNOVATIONS IN THE DIGITAL SOCIETY
The development and introduction of IT innovations in the graphic industry
has altogether been the single most important factor of transformation. In the
words of Schumpeter (1934) it has enabled new combinations and competitive
elimination of the old. Furthermore it has also facilitated development of new
goods or new quality of existing goods, new methods for production, opening
of new markets, and reorganization of the industry.
But it is a development that would not be possible if it were not for the increasing overall digitization of society. The transformation of the graphic industry has been dependent on and parallel to the emerging digital environment
that today is present in the developed parts of the world. For example, the first
Macintosh computers were not solely designated for actors in the Creation of
original processes, but it quickly became a main tool for those creating originals. That in turn put pressure on actors in the succeeding processes to be able
to handle the digital original that was produced. Suppliers and actors in the
prepress and printing processes therefore developed new IT innovations. Subsequently the digitized information flow gradually became dominant and actors
in the graphic industry have therefore had little or no choice when it comes to
transforming their production processes and products from analog to digital.
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In order to interact the information flows connecting the industry to its markets have to be digital. Otherwise the chance of survival is minimal for the
individual company.
Being digital is however not enough. Increased standardization of IT innovations has, as shown in the previous chapter, led to an intensified competition.
These results point in the same direction as for example McAfee and Brynjolfsson (2007), who emphasize that the use of IT innovations has increased
the competition in the U.S. economy.
CONTRIBUTIONS FROM THIS RESEARCH
As stated in chapter 2, the majority of previous research on the productivity
paradox has focused on finding relations between IT investments and increases
in productivity by examining aggregated statistical databases. The research presented here has added to previous research by using a different approach. By
studying how IT is actually used it has been possible to identify the real values
that may develop from it. Through interviews with eyewitnesses to the digital
development of the graphic industry it has been possible to show that the
paradox, in the case of the graphic industry, does not exist.
In some previous research general normative recommendations have been presented when the statistics were examined. These have pointed in the same direction: If you want to get value out of your IT investment you also change
your processes and the way you work (e.g. Brynjolfsson & Yang 1996; Brynjolfsson 2005; Oz 2005) A limitation so far though is that no one seems to
have examined if that really is the case. One benefit from my research has
therefore been the historical description of the graphic industry. It has confirmed these previous conclusions as it has shown how the processes have been
transformed and the results the results this transformation has lead to.
Another contribution is the use of combined internal and external perspective.
Depending on the type of statistical data used, the previous research has presented results based on either an internal perspective (research at company
level) or an external perspective (research on country and industry level). The
benefit of using both these perspectives is that it contributes to a wider and
more illustrated picture of how IT influences single firms and industries. This
is an important aspect to consider when discussing value derived from IT in-
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vestments, as organizational borders seldom hinder digitized information
flows. Therefore, when handling IT investments, it is not only necessary to
analyze the adjustments that have to be made on internal processes. It is also
essential to investigate how the entire system of firms in an industry changes.
Some firms benefit while others may not survive on the new markets that are
created as IT innovations enable the development of existing and new graphic
products.
The use of different perspectives has also contributed by including not only the
core companies of the industry, but also their suppliers. Statistical data that are
gathered into a database have to be sorted in a pre-defined order. One example
of such a definition, Statistic Sweden’s SNI code, was previously highlighted
here. The downside of these types of databases is though that when sorting the
data according to certain rules, some data are also sorted out. In the case of the
Swedish graphic industry, suppliers to actors in the industry’s critical production process are not included under the statistic code that represent the graphic
industry, SNI 222. Because of this type of condition research relying only on
statistical data may fail to include important actors such as suppliers in an
analysis. As has been shown here these are a group of actors with an important
role in developing and introducing IT innovations. In the case of the graphic
industry it would probably not have been transformed in the way it has if the
suppliers had not been involved, especially when it comes to development of
IT innovations.
Finally the use of a new approach on IT and productivity in this thesis may be
seen as a contribution to the EIS discipline66(Nilsson & Olve 2006). By combining different theoretical concepts the analysis presented has taken into account both the technological and economic aspects of IT. The analysis model
used in chapter 7 had a main focus on examining technological effects on the
production processes. These technological effects were in the end summarized
into additional economic effects influences.

The Economic information systems (EIS) has been a discipline at Linköping University
since 1987. It was developed because of a need to conduct research and education concerning
the links between IT and economy.
66
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In chapter 10 the analysis model used had a different angle. It originated from
concepts developed in order to study economic growth. Therefore the primary
focus of the analysis conducted was on defining economic related effects such
as changes in the graphic industry’s markets. The changes on these markets
were however studied through the technological lens of IT innovations. I believe this way of converging economic and technological perspectives has enriched the research and the results presented here. It shows that from a business perspective it is difficult to exclude one concept if you truly want to understand the other. It also shows that it is primarily the technological systems
in an industry that pushes the transformation forward. Gradually as new innovations are introduced the business perspective changes and new opportunities
arise. Without technological development business would probably change at a
different and perhaps less profitable pace. In the world of business today, it
appears that economics and IT are tightly connected to each other.
THE DIGITAL SOCIETY - A CONTINUOUSLY ONGOING TRANSFORMATION
So what is next? Is it possible for actors in the graphic industry to sit back and
enjoy the benefits that the IT innovations have delivered? The answer to this is
no. Increasing competition, partly nourished by an ongoing development of IT
innovations, means that the actors have to be even more creative when it
comes to business development. From the perspective of the Development
block approach this may be seen as an indication that the graphic industry still
suffers from a state of quite intense structural tension. As long as there are
structural tensions caused by unbalances in supply and demand, the transformation of the industry will continue. When the structural tensions become less
intense the pace of transformation will possibly slow down and the majority of
the industry will benefit from increasing profits. No matter where or when this
happens, the introduction and use of new technical innovations will be the
main tool employed to get there. That may also become the starting point for
the next step in my research. How should companies act and which economic
and technological aspects should they consider when developing their business
through the introduction of IT innovations? Which effects can they expect to
gain from their IT investments and what actions have to be taken in order to
achieve the desirable effects? Since IT has become an unconditional part of
almost every industry today, these types of questions will continuously be of
interest for further research.
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If Gutenberg had been able to step into the graphic production processes during the 1960s, he would probably have been impressed at the speed and accuracy in which printed matter was produced. Nevertheless he would also have
been able to trace the way in which the production was arranged to the letterpress with the movable types that he invented. If he made the same visit today
he would be totally confused. During a period of only thirty years IT innovations have totally converted the graphic industry into a high speed, high quality
digital industry. The pace in which this transformation has occurred has been
extraordinary compared to previous developments. Still, the digital journey of
the graphic industry and society has probably only just begun. In the following
decades the transformation will continue as new IT innovations are introduced.
It is a journey that we all have to take part in, because whether we like it or not,
the digital society is here to stay.
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APPENDIX I. CONCEPTS OF THE GRAPHIC INDUSTRY

In this appendix some of the concepts concerning the graphic industry
used in this Thesis are further described. In the table the concepts are
written in the left column, whilst the explanation of the concept is found
in the right column. These explanations are based on Kipphan (2001),
Johansson et al (1998), and Romano (1997). When other references are
used they are referred to directly in the text.
Concept

Meaning

CIP 3

An acronym for International Cooperation
for Prepress, press and postpress.
An operator for a page layout
An acronym for Computer To Plate. A
technology used for composing/developing
a printing plate by using information received directly from a computer, instead of
from a composing film.
Flatbed letterpress across which the paper
moves on a cylinder while receiving the
print impression as it advances.
An acronym for Digital Audio Tape, a storage media which permits writing and reading access.
A computer’s working environment. Space
on a display screen on which users store
icons that represent documents, folders, etc.
An electromagnetic storage medium for
digitized data.
A unit that holds, spins, reads, and writes
disks
An acronym for File Transfer Protocol. A
protocol for exchanging files between two
computers or servers via the Internet.
A printing method in which the image area
is etched below the surface of the printing
plate. The surface is immersed with ink and
thereafter wiped clean, leaving ink only in
the etched areas.

Composer
CTP

Cylinder press
DAT
Desk top
Disk
Disk drives
FTP
Gravure
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ICC

JDF

Laser photo-composer
Letterpress

Linotype
Lithography

Offset Lithography

PDF

An acronym for International Color Consortium profile, which is a format that provides a cross-platform device profile. The
profiles can be used to translate color data
created on one device into another device's
native color space.
JDF is an abbreviation for Job Definition
Format. JDF is based on a special form of
Extensible Markup Language (XML), which
can link and refer files to multiple production devices. JDF is a printing management
tool that allows to describe the intent of a
printed piece and each process step required
to achieve that intent. Thereby JDF holds
not only the job content, but also instructions to interact with other JDF-enabled
devices, such as CTP and printing presses.
The purpose of JDF is to automate route
job through each workflow step — from
creation to final print production — yielding
greater automation, speed, cost efficiency,
and ease-of-use. (Adobe 2007)
Equipment that sets type photographically
by using laser.
A relief printing method where printing is
done from cast metal types or plates whose
printing areas are raised above the nonprinting areas. When an ink roller touches the
top surface, the raised areas are the ones
who receive ink which is then transferred
onto paper.
Typecasting machine for hot-metal typesetting. It assembles type characters into a line
of molds into which metal is injected.
A generic term for any printing process in
which the image area and the non image
area exist on the same plate. On the plate,
because of chemical repulsion, certain areas
attract ink and others attract water.
A lithography printing technology. To print,
the ink is transferred (offset) from a printing
plate onto a rubber blanket and then to the
paper.
A file format that captures formatting information from a variety of desktop
publishing applications, making it possible
to send formatted documents and have
them appear on the recipient's monitor or
printer as they were intended.
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Postscript

PPF

Raster
Raster Image Process

Repro
Rotary press
Sheet offset
Typographer
Vario clichograph

Web offset

An object based page description language
that has become standard in the graphic
industry. Today the Postscript system can
be divided into three main functions: translation of document to Postscript code,
transferring of Postscript code, and rip of
Postscript code.
An acronym for Printing Production Format, a software standard that supports digital workflows by enabling communication
between administration and production
systems.
Technology for simulating gray scales in
printing.
Translation of typographic and graphic
commands into the sequence of dots or
strokes needed by output hardware like a
printing or display system.
An abbreviated name for type proofs used
by the printer for photographic reproduction.
A press that carries curved plates on a cylinder.
An offset press that is fed with paper that is
divided into sheets.
A specialist in the design of printed matter,
and in the art of typography.
A technology for transferring a picture onto
a zinc plate wherein the picture is illuminated and, depending on how much light is
reflected, increases or decreases the flow of
electric current. In turn, the electricity flow
influences a gravure needle that causes gravure with differences in depth depending on
the strength of the electric current. (Carlsson 2004)
An offset press that is fed with paper from a
roll. The paper is printed on both sides of a
continuous web.
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APPENDIX II. PRESENTATION OF INTERVIEWEES
Below the interviewees that participated in my research are presented according to the part of the study to which they have contributed information.
PRE-STUDY INTERVIEWEES
Blohm, Erik: Researcher at the Swedish Pulp and Paper Research Institute (STFI). He is responsible for the research program Newsprint. STFIPackforsk contributes to the global research in the pulp and paper area.
Their research program involves this year, 2005, 17 different research
clusters.
Enlund, Nils: Professor at the Royal Institute of Technology in Stockholm. He has long experience in research concerning media production,
multi channel publication, media development, and media genre.
Johansson, Hans: He has a long experience of working within the
graphic industry and responsible over the last couple of years for education and environment at the Swedish Graphic Companies’ Federation.
The federation is an industry and employer organization to the graphic
industry, packaging industry, and closely related industries. The main purpose of the organization is to provide support to the companies that are
members.
Rhen, Jonas: Chief Editor at IFRA Nordic. IFRA is an international organization involved in research concerning technology development
mainly within the newspaper graphic industry.
Romano, Frank: Professor Emeritus at School of Print Media, Rochester
Institute of Technology. For over 40 years he has been working within
the graphic industry and has among other things founded the School of
Print Media at Rochester Institute of Technology.
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Rosengren, Henrik: Chief economist at the Swedish Graphic Companies’ Federation. He is responsible for updating aggregated economic
statistics of the graphic industry in Sweden.
Wikström, Maria: PR and Communications Manager at the Swedish
Graphic Companies’ Federation.
INTERVIEWEES THAT CONTRIBUTED INFORMATION CONCERNING INTERNAL PROCESSES AND EXTERNAL MARKETS IN THE GRAPHIC INDUSTRY.
Andersson, Lars: He has been working within the graphic industry since
1956. In 1963 he became employed at Edita in Västerås and today he is
working as a production manager for printing and postpress. Since 2001
the Edita companies have been part of the Finish printing and communication concern Edita Oy. Their business is divided into Info Carrier and
Edita Content, a services that is offered by Edita Västra Aros. The idea
behind this concept is to offer customers, with high investment potential,
graphic services that simplify, increase efficiency, and coordinate their
purchase and handling of digital and printed products.
Carlsson, Hans: Mr. Carlsson has been working within the graphic industry since 1962. He was originally employed, and later managed, the
family composing and reproduction business until it was purchased by the
Elanders Company. After the purchase he started to work as pre media
manager at Elanders Infologistics west. Elanders is one of the major
companies in the graphic industry in Sweden. The business is divided into
two different areas: Infologistics and Infomedia. Elanders can be seen as
an example of a company that has developed from only handling printing
business to offering its customers a broader scope of different information services.
Danielsson, Staffan: Retired since 2005, he previously worked as typographer at the daily newspaper Gotlänningen and later on Gotlands
Tidningar (GT), between the years 1955 – 1991. GT is since 1999 part of
Gotlandspress who also publishes the other daily newspaper on Gotland:
Gotlands Allehanda. These two newspapers are technologically, adminis-
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tratively, and commercially coordinated, but they compete on an editorial
basis.
Dyrrsén, Claes. Started as a constructor and salesman in the offset printing industry during the 1970s. Thereafter he worked for a while at Hartman, a printing ink company, as managing director. In 1998 Sun Chemical
bought Hartman and since then he has been managing director for Sun
Chemical in Sweden.
Flodström, Kenneth: Pre-press manager at Edita Västra Aros. He has
been working within the graphic industry since 1989 and for the last six
years with industrial graphic production.
Gauding, Johan. Started to work in the media business in the early
1980s, including the daily Swedish newspaper Dagens Nyheter among
others. Since 1992 he has been working at publishing companies and today he is head of the department for Illustrations and Design at the publishing company Natur och Kultur.
Hernnäs, Fredrik: He has been working in the graphic industry since
1986 and today he is managing director at V-Tab in Västerås, previous
known as VLT press AB. The business concept of V-Tab is to act as a
creative and developing partner to customers in northern Europe in the
production of newspapers, periodical magazines, and direct advertising.
The company has 150 employees and the production is around 5 million
pieces of printed matter each week.
Medbo, Anders. Nordic sales Manager at Agfa Sweden, which divides its
business into two different areas: newspaper printing and commercial
printing. Anders has been working at Agfa since 1998. Before that he
worked for 20 years at different graphic companies such as Elanders and
Interprint. He has also been active in the IT industry.
Malmsten, Jan. Sales manager at the print and postprint department at
Heidelberg Sweden. Started his professional career as an offset printing
press operator in the early 1970s. In the 1980s he focused on working as a
printed matter salesman. Since 1989 he has been working at Heidelberg
Sweden
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Månsson, Stig: Started to work as a journalist in the late 1940s at
Sydsvenska Dagbladet, Kvällsposten and Ystad Allehanda, in Skåne, Sweden. Between the years 1959 – 1964 he worked as editor at the Swedish
sports magazine Idrottsbladet. He thereafter kept on producing magazines
for different organizations such as the Swedish National Police Board
until his retirement in 1988.
Odelius, Axel. A senior consultant at the advertising agency Odelius
New Media. He has been working within the advertising business and
graphic industry for 40 years. The first half of his professional career was
spent at different companies but for the last 20 years he has been managing his own advertising agency.
Petersson, Johan: Started to work in the graphic industry in 1980. Today
he is technology and staff manager at Nerikes Allehandas (NA) tryck AB.
NA-tryck is located in Örebro and is an affiliated company of the newspaper Nerikes Allehanda AB, which originally was founded in 1843. Besides printing the daily newspaper, they also have an extensive commercial
graphic business.
Pilerö, Jan. Editor at the publishing company Natur och Kultur. He
started to work at graphic companies during the late 1960s, but since 1994
he has been working at different publishing companies.
Rolf, Lennart. Today he is head of production at the publishing company Atlantis in Stockholm. He has spent his entire professional career
since 1969 in the publishing business. Since 1977 he has been employed at
Atlantis, a company in which he has had different positions up until today.
Sääv, Bertil: Has been working in the graphic industry since 1971. Today
he is manager of pre-press technologies at Sörmlands grafiska Qubecor
World Nordic. The company is part of the worldwide Quebecor World
concern, which is one of the biggest companies within the graphic industry. Sörmlands grafiska works with an integrated process model in which
prepress, printing, and postpress services are handled at the same location.
The production includes periodical magazines, catalogues and other
printed matter.
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Wennberg, Mats: Has been working within the graphic industry since
1982. Today he is project manager at Edita Västra Aros.
Öberg, Gunnar: Started to work as a journalist in the early 1960s. Since
1978 he has been part of the managerial staff at Gotlands Tidningar (GT),
a newspaper where he was editor in chief the years 1991 – 1999. Today,
2004, he is edition and distribution manager at Gotlandspress.
INTERVIEWEES

THAT HAVE CONTRIBUTED WITH OTHER TYPES OF COM-

PLEMENTARY INFORMATION.

Glanzelius, Marie: Administrator at Statistics Sweden’s business’ register
in Örebro.
Karlsson, Nils: Associate Professor and President for the independent
Swedish research institute Ratio. The purpose of Ratio is to develop and
distribute new knowledge about: entrepreneurship, the market economy
and growth; the conditions for enterprise – laws, rules and values; and
how political change can be achieved.

.
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APPENDIX III. INTERVIEW GUIDES
The interview guides below were utilized at different occasions. The first
was used in order to map out and define processes and activities within
the graphic industry, and to find out what happened to these when the
information flows in them were digitized. The purpose of the second
guide was to identify the role of suppliers in the graphic industry and to
elucidate how IT innovations have influenced the development of new
products and markets.
Interview Guide I, Autumn 2004
Time:
Place:
Name:
Age:
Situation:
Organization:
Number of years employed within the
graphic industry:

GENERAL QUESTIONS CONCERNING THE GRAPHIC INDUSTRY
1.

If you could provide a definition of the graphic industry today, how would you
formulate it?

2.

Based on this definition which businesses are possible to identify as closely related to the graphic industry?

3.

Which part of the graphic industry does the company that you work for today
belong to?

4.

Has the company position changed within the graphic industry over the years,
and if so, in which way?

In my pre-study of the graphic industry, I have tried to create a definition of it, summarized into a picture. At the interview I intend to show this picture to you and I would
be grateful if you could comment on it.

PROCESSES WITHIN THE GRAPHIC INDUSTRY
5.

What would you characterize as critical processes in the graphic industry of today?
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6.

Describe these processes, and the activities within them, in words and by drawings.

7.

In which way are these processes and activities connected to each other and
what characterizes their interfaces?

8.

Of the information flows in the processes, which ones are digital and which are
analog?

9.

What type of operators and how many are involved in each activity?

10. Which type of technological equipment is used and to what degree is IT embedded into it?
11. Which positive and/or negative qualities are found in these critical processes
concerning production economies, production quality, and personnel?
I am now, based on the description of critical production processes that you have contributed to, interested
in mapping out how these have changed over the years until today. My intention is to start to map out the
processes in the mid 1970. It was then IT, as defined in this research, first seemed to appear in the
graphic industry leading to the start of the digitization of information. Do you think this is a relevant
limitation or do you have an opposite opinion?

MID 1970S

12. What would you characterize as critical processes in the graphic industry in the
mid 1970s
13. Describe these processes, and the activities within them, in words and by drawings.
14. In which way were these processes and activities connected to each other and
what characterizes their interfaces?
15. Of the information flows in the processes, which ones are digital and which are
analog?
16. What type of operators and how many are involved in each activity?
17. Which types of technological equipment were used and to what degree were IT
embedded into it?

18. Which positive and/or negative qualities were found in these critical processes
concerning production economies, production quality, and personnel?

1980S

19. Which important technological milestones appeared during the 1980s in the
graphic industry?

20. What part did IT have in this new technology, was it an enabler or did it have a
complementary character?
21. In which way did this affect the processes of the graphic industry; which activities disappeared and which were additional?
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22. Did it affect the information flows and if so, did these transform from analog
to digital?
23. How did it affect the operators? Did the technology contribute to less need for
them?
24. Did the new technology put new demands on the remaining operators and in
which way was there a need for development of their competence?
25. How did it affect the production economy in the processes?
26. In which way did the final products change, for example concerning quality?

1990S
27. Which important technological milestones appeared during the 1990s in the
graphic industry?
28. What part did IT have in this new technology, was it an enabler or did it have a
complementary character?
29. In which way did this affect the processes of the graphic industry; which activities disappeared and which were additional?
30. Did it affect the information flows and if so, did these transform from analog
to digital?
31. How did it affect the operators? Did the technology contribute to less need for
these?
32. Did the new technology put new demands on the remaining operators and in
which way was there a need for development of their competence?
33. How did it affect the production economy in the processes?
34. In which way did the final products change, for example concerning quality?

2000S
35. Which important technological milestones have appeared during the 2000s in
the graphic industry?
36. What part did IT have in this new technology, was it an enabler or did it have a
complementary character?
37. In which way did this affect the processes of the graphic industry; which activities disappeared and which were additional?
38. Did it affect the information flows and if so, did these transform from analog
to digital?
39. How did it affect the operators? Did the technology contribute to less need for
these?
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40. Did the new technology put new demands on the remaining operators and in
which way was there a need for development of their competence?
41. How did it affect the production economy in the processes?
42. In which way did the final products change, for example concerning quality?

SECONDARY SOURCES

Do you have access to any type of documentation, (books, reports, magazines etc.) that
you believe could be useful to me when trying to document the processes of the graphic
industry and how these processes have changed since the mid 1970s?

COMPLEMENTS

In addition to above questions, are there any other subjects concerning the graphic industry you think could be of importance to me in my future work?
Thank you for your participation!

Interview Guide II, Autumn 2006
Time:
Place:
Name:
Age:
Situation:
Organization:
Number of years employed within the
graphic industry:

GRAPHIC INDUSTRY PROCESSES
1.

Please give your comments to the process descriptions. Do you believe they
represent a valid illustration of critical production processes in the graphic industry, or would you like to describe these processes in another way?

2.

The process descriptions describe critical production processes necessary to
produce printed matter. They therefore do not describe how the processes between suppliers and actors in the processes (e.g., newspaper editorial offices,
graphic companies, etcetera) functioned in the mid 1970s. How would you like
to describe these processes?

3.

To which degree were the information flows in these processes analog and/or
digital?
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4.

Describe how relationships and information flows between suppliers and actors
have changed to present date.

5.

When and how has the introduction of IT innovations during this time influenced relationships and information flows?

6.

How would you describe the processes between suppliers and actors in the
critical production processes today?

7.

Vilka effekter, positiva och negativa, anser du att digitalisering av informationsflöden i processerna har lett till? Which effects, positive or negative, do you
consider to have been caused by digitization of information flows in the processes?

8.

Which effects do you believe have resulted from the digitization of information
flows in critical production processes and the supplier processes?

THE TRANSFORMATION OF THE GRAPHIC INDUSTRY
1.

Give examples of new working methods and products that digitization of the
graphic industry has led to.

2.

How would you like to describe the cooperation between suppliers, graphic
companies and their customers?

3.

Who has had the leading role in the development of these working methods
and products, the suppliers or the graphic companies?

4.

Have you experienced the development as driven by demands, i.e., has there
been a gradual adjustment to customer demands and needs, or have the graphic
companies been “training” their customers to enjoy the new products that have
been developed?

5.

Are there any specific products that have experienced an increasing demand as
information flows have become digitized?

6.

Are there any specific products that have experienced a decreasing demand as
information flows have become digitized?

7.

Have any new markets been created when new working methods and products
have been applied?

8.

Are there markets that have disappeared as new working methods and products
have been applied?
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9.

During this time have you experienced any type of transformation pressure and
if so how has this transformation pressure appeared?

10. In which way has the digitization of information flows influenced the development of such transformation pressure?
11. Which economical consequences do you believe actors in the graphic industry
have experienced as the transformation, caused by digitization, has gradually
developed?
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APPENDIX IV. ILLUSTRATIONS OF TECHNOLOGY
USED IN GRAPHIC INDUSTRY
PRE-PRESS

Picture 1: Computer to plate machines.

Picture 2: A disk with CIP-3 files attached to the workorder that follows
every printed matter.
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Picture 3: Plates ready for transportation to the printing press.

PRINTING

Picture 4: The interface of a web offset printing press from which a supervisor can control the printing process.
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Picture 5: Example of a printing press that was used at a commercial
graphic company until the 1970s.

Picture 6: Sheet offset printing press used today at a commercial graphic
company.
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Picture 7: Quality control of paper that has been printed in a sheet printer.
The paper is scanned and the values are presented on the monitor from
which the printing supervisor can make necessary adjustments.

Picture 8: A web offset printing press.
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Picture 9: A paper roll connected to one of the printing towers of a web
offset press.
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APPENDIX V – BACKGROUND TO THE ITOP RESEARCH PROGRAM
INTRODUCTION
This Thesis is a part of the ITOP (IT on Productivity) research program,
which was initiated in 2003 at the Economic Information Systems, a division at the Department of Computer and Information Science at
Linköping University. In order to better understand the context of the
Thesis a background to the research program is presented in this preface.
THE PRODUCTIVITY PARADOX
For over 40 years, major investments in IT have been made in the western world society. During years of rapid development, it became an enabling technology, a general tool that affects all parts of society from
manufacturing and distribution to consumption. Today IT can therefore
be seen as a. The question whether IT investments really have contributed
to productivity growth has nevertheless during the years been disputed
and is until today not fully elucidated. The start up for this discussion can
be identified with the famous quote from Robert Solow, who wrote, “You
can see the computer age everywhere but in the productivity statistics”
(Solow 1987, 36). This statement later on became known as the
Productivity paradox, a subject in which a lot of research has been made.
A lot of researches made, connected to the productivity paradox, have
been based on aggregated public statistics, with a focus on the increasing
productivity development in the US during the 1990s. It has shown that
the use and production of IT has had a positive impact on productivity
growth (e.g., Jorgensen & Stirho 2000; Oliner & Sichel 2000; Whelan
2000). Other researchers have come to different conclusions though.
Gordon (1999, 2000) explains the productivity growth in the US during
the 1990s as a normal cyclic change in society economics, changes made
in the statistics and an increasing productivity in the IT industry itself. In a
report from Mckinsey (2001), similar explanations were brought forward;
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increasing productivity as a contribution of IT investments were found in
the IT industry, in grocery and wholesale business, and in financial services. Although IT capital per capita increased heavily in other industries,
the productivity in these did not increase. Kiley (1999) vindicates that increasing costs when adopting IT in different industries in fact contributes
to a negative economical growth.
There seems though as if unanimity in the IT industry itself has experienced an increasing productivity growth. Research concerning Swedish
conditions, also based on aggregated public statistics, points out the increasing productivity in the IT industry as one major cause of productivity
development in Sweden during the 1990s and the early 2000s. One main
conclusion in this research is that these positive effects seem not to have
been distributed to other parts of the industry in Sweden. (Edquist &
Henreksson 2001, 2002; Lind 2002; Lindström 2002)
STARTING POINTS FOR THE ITOP RESEARCH PROGRAM
One common interest in previous research on the productivity paradox is
the use of aggregated statistical data as the main resource. When using this
type of data there are several possible sources of errors though that may
affect the results. One fundamental problem is to determine the aggregated use of IT in society and thereby the amount of total IT capital used.
On the other hand, this problem is rooted in how IT and IT investments
are defined and accounted for in the statistics. Usually purchase of hardand software and communication equipment is defined as IT. However,
how is the purchase of a machine with embedded IT handled in the statistics, as an IT investment or as a more traditional machine investment?
Many times this type of IT is hidden in the official statistics and therefore
great amounts of IT in use are not considered in the productivity measurements. Another problem with studies based on aggregated statistics is
that they do not grasp other IT contributed effects that cannot be sorted
under productivity measurement. These effects are a consequence of an
increasing access to information and can be gathered under the labels information synergies or network externalities. The general idea in these
theories is that the value of information for an actor in a network increases with the total number of actors involved (e.g. Litan & Rivlin 2002;
Shapiro & Varian 1999).
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NEED FOR A NEW APPROACH
In order to handle the deficiencies that studies based on aggregated statistics have, there is a need for a new approach to the productivity paradox.
In the ITOP program, the idea therefore is to go beyond the statistics by
mapping key processes on a micro level to identify what really has happened in different industries when IT has been introduced. It will then be
possible to catch up with the “hidden” use of IT and, besides judging
possible effects on productivity to define other benefits that have occurred when IT has been introduced in the production processes studied.
RESEARCH PROGRAM PURPOSE
Based on this the overall purpose of the ITOP research program is as follows:
…to increase the knowledge concerning IT’s contribution to the development of productivity on an aggregated level in the society and its contribution and role in businesses and
branches. Furthermore to develop theories about the role of IT and information in the
economical development. (Appendix 2 in the project application paper, 2003)
This purpose can be further divided into three parts:
To accomplish three explorative and industry related empirical research projects concerning IT’s influence on productivity. The results will be presented in three different licentiate theses.
To deepen the empirical research projects in order to generalize
and develop the results concerning IT’s influence on different industries. The results will be presented in three different doctorial
theses.
Based on the results from the doctorial theses, develop a general
model concerning IT’s influence on society economics. Furthermore, to develop theories concerning the importance of an increasing access to information and the increasing possibilities of
information use that IT development admits.
In addition to this study on the graphic industry, there are three other parallel research projects in the program. Hortzella (2005) deals with the gro-
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cery distribution (PhD –student Åsa Hortzella), Kollberg (2005) focus on
the forest industry (PhD – student Maria Kollberg), and Fryk 2007 studies
health care (PhD student Pontus Fryk).
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