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Abstract  

This paper reviews the impact of digitization and information technology over several decades in 

four industries representing a cross-section of the entire economy. It is based on in-depth studies 

of the raw material production, manufacturing, retailing, and public service sectors in Sweden. 

The focus is on the content of industrial transformation in the form of new and improved 

products, improved processes, changed organizational structures, and redefined industry 

boundaries. Some of these changes are measurable in terms of their economic impact, but most 

are not. We find that digitization has been a gradual and iterative process involving interrelated 

technological and organizational changes. This confirms the findings in previous studies that 

Sweden is the leading country in Europe in adopting IT and may help to explain Sweden’s 

successful economic performance over the last decade or so. 

 

1. Introduction   

The early literature on the economic impact of information technology focused on 

productivity change and explaining the rapid productivity growth in the United States in the latter 

half of the 1990s in comparison with the previous decades and with other countries (see for 

example Lipsey et al., 1998; David & Wright, 1999; Brynjolfsson & Hitt, 2000; Castells, 2000; 
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Jorgenson & Stiroh, 2000; and Oliner & Sichel, 2000). As U.S. growth alleviated the concerns 

about the “productivity paradox” (the lack of measured impact of IT on economic growth), 

studies began to emerge on the broader impact of IT, beyond simple productivity gains, in the 

form of the transformation of economic activity associated with the introduction and use of IT 

(Litan & Rivlin, 2001; Carlsson, 2004). Even though many of the productivity benefits spawned 

by IT remain difficult to define and measure (see for example Yao, Liu & Chan, 2010), today it is 

undisputable that IT is transforming the economy. IT can be viewed as a general-purpose 

technology (e.g. David &Wright, 1999; Lipsey et al., 1998; Carlsson, 2004), as it is an integral 

part of business and a source of further development in a range of different areas. 

Rather than focusing solely on the productivity-enhancing impact of digitization, this 

paper examines the broader transformation caused by the adoption of information technology as 

reflected in the transformation of products, processes, organization, and boundaries of four major 

industries. The paper is based on comprehensive investigations of the digitization of the health 

care, grocery distribution, printing and publishing, and logging industries in Sweden. These 

sectors represent a broad spectrum of economic activity—from raw material producing to 

manufacturing, retailing and service sectors (including public services). As a result, the findings 

presented here are indicative of the types of transformation of the economy caused by digitization 

and IT: increased quality, enhanced connectivity, reduced costs, new products and services, and 

greater consumer access to goods and services. The purpose is to identify commonalities across 

industries with regard to effects of digitization and to draw general conclusions about the impact 

of IT on industrial transformation, thereby enriching theory and informing practitioners on all 

organizational levels dealing with IT investments.  

The next sections of the paper present the theoretical framework and the methodology. 

Then empirical examples from the various industries are put forth and discussed. Conclusions are 

drawn on how IT has transformed these industries. Finally, we place our findings in a European 

perspective, reflecting on how they illuminate the relatively successful economic performance of 

Sweden during the last decade. 
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2. Theoretical Framework   

Digitization of information flows enhances productivity throughout the value chain 

through improvement in existing activities, as well as through increased collaboration with 

suppliers and customers (Hedman & Kalling, 2003). Digital interfaces, such as the Internet, 

influence internal as well as external industrial processes and enable the interlinking of activities 

and processes, thereby increasing the degree of automation and the amount of accessible 

information. Digitization of information flows also enables the restructuring of economic 

activities at the industry level, and digital interfaces change how companies interact with their 

customers. Customers tend to achieve greater influence in the design and execution of services, 

for example in the banking and airline industries. This is also true in other industries: digital 

interfaces interlink customers, producers and suppliers in interactive networks that influence the 

design of various products. This may be seen as characteristic of the type of network economy 

described by Castells (2000) for example, which evolves from implementation of various IT 

innovations. Shapiro and Varian (1999) claim that the network economy is characterized by 

demand rather than supply. Furthermore, the users of a product or a service also become 

influential in the design and production of it.  

The most important effect of digitization in the long term is likely to come through the 

development of entirely new products (Carlsson, 2004). It is always hard to predict what new 

products may be developed, as by definition they are unknown. Two examples of new products, 

however, are e-mail and mobile phones, which have changed interpersonal communication in a 

way that was impossible to predict in the early 1990s. A common feature of new products and 

services that evolves in the digital economy is that they tend to involve changes in delivery. 

However, new combinations do not necessarily imply a totally new product; they can also be the 

result of numerous small changes that individually can be hard to identify and measure. For 

example, Cöster (2007) defines transformation in the printing and publishing industry as the 

result of numerous small changes. A single change—for example the introduction of an IT 

innovation or the development of a new product—does not necessarily represent a 
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transformation. Yet, when minor changes that have accumulated over time are added together, a 

major transformation may result.    

 

2.1 Industrial Transformation: Changes in Products, Processes, Organizations, and 

Boundaries   

In order to categorize and sort different types of industrial transformations, we divide 

them into changes in products, processes, organizations, and boundaries (Schumpeter, 1911).  

Here, a product is defined as a good or service produced by humans for exploitation in a 

market and that satisfies customer needs (see for example Grönroos, 2002; Kotler et al., 

2008). The process in which the product is created has a starting point and an end point, wherein 

various activities are coordinated to transform the resources (inputs) into a product (output). The 

purpose of a process is to create value for customers (e.g. Davenport, 1993; Hammer and Chapy, 

1993). The organization that enables the process can be regarded as a dynamic process that 

involves a group of individuals striving to reach common goals by designing, producing and 

delivering different products. The organization is upheld by common laws and regulations and 

can be illustrated by a value chain (Porter 1980). Organizations may also be seen as a collection 

of activities made up of different organizational elements such as IT, technology and 

communication systems in order to achieve their stipulated goals. It is important to consider that 

an organization can also be viewed as being a part of and connected to an environment or broader 

system. However, the organizational boundaries separate the organization from the surroundings.  

Changing these processes may influence the organization in which the processing is carried out 

and may also affect other parts of the value chain, in other words how a company interacts with 

its suppliers. This may change the boundaries of each of the organizations. 

 

3. Methodology  

When IT is implemented in an industry, it tends to generate intangible values that are 

often lost when only quantitative methods are used.1

                                                            
1 For example, Bannister & Remenyi (2005) point out that there are strategic values of IT that are not always 
quantifiable. 

 In our study we use a meso-level approach 
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based on systems analysis for studying computer applications and embedded technology in 

several industries. As a result, we can identify not only the effects on productivity as 

conventionally measured, but also numerous other benefits from IT, some of which are 

intangible.  

We have looked at businesses and organizations from a process perspective and studied 

when and how IT has been implemented, as well as the emerging results. The studies are 

explorative in nature, viewing IT as a tool for processing information through which information 

is converted from an analog to a digital form. Initially, processes in the four different industrial 

systems were mapped in order to describe how they have changed since the genesis of 

digitization about 40-50 years ago. This enables us to identify major changes and discuss 

milestones of the digitization process that have been important for process development. 

Information on process development was gathered from interviews with individuals that had 

many years of experience, 20-45 years, working within the industries. Through this procedure, 

generic process descriptions gradually evolved, and similarities in the answers from the 

interviewees were identified. Therefore, the processes represent more than just specific cases 

within the different industries, as the aim has been to reflect a general picture of industrial 

processes in Sweden.  

We looked for generic patterns of activities and the actors involved. This explorative 

approach provided the flexibility needed in a research process where new pieces of information 

gradually become available (Ghauri & Grønhaug, 2010). When changes over time were observed, 

the importance of the development of accurate descriptions was judged based on the generic 

perspective. During empirical investigations, observations of important changes were 

continuously assessed based on whether they were related to a specific organization or whether 

they could be representative of the industry as a whole. During this process, secondary sources 

such as industry specific literature and statistics were also used in order to complement the 

interviews.  

The process parameters studied include both physical and information flows, involving 

both organizational and technological dimensions. We assumed that the major structural changes 

from digitization of information are related to the nodes or interfaces between actors and/or 

systems. The focus has mainly been on identifying cause and effect relationships in order to 
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explain effects that have occurred in the processes and to determine the effects that can be traced 

to IT investments.  

 

4. Digitization of Four Industries in Sweden  

The industries studied here—the Swedish health care, grocery distribution, printing and 

publishing, and logging industries—were chosen because they represent a wide variety. Due to 

the different industrial contexts, common results found in the studies may also be seen as 

representative of several other industries. For example, the vast majority of the Swedish health 

industry is financed and managed by the public sector, while the logging industry concentrates on 

business-to-business activities between primarily privately-owned companies of various sizes. 

The grocery distribution industry constitutes a value chain consisting of manufacturers, 

wholesalers and retailers that provides consumers with groceries, while the printing and 

publishing industry is about the communication of information in visual form on paper, wherein 

customers range from private individuals to multinational companies.    

The aim here is to present in-depth descriptions of several key processes within each 

industry in order to provide a deeper understanding of the nature of the changes involved, rather 

than offering a comprehensive overview of all the changes involving or driven by digitization in 

all the industries studied. We use the four categories of transformation, including products, 

processes, organizations, and boundaries in our description of major changes.  

 

4.1 The Health Care Industry  

Swedish health care can be viewed as a system that relies on both horizontal (e.g. 

information handling between units and employees) and vertical (e.g. the decision process from 

management to operational units) interplay between various actors on the individual, group, 

organization and industry level. This interplay can be either facilitated or hindered by IT and the 

Internet.  

Throughout history, the evolution of health care has been swift and smooth when it comes 

to medical and clinical practice. In contrast, technological and administrative progress has been 

complicated due to factors such as culture, politics and professional pride. Most researchers and 
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practitioners agree that IT and the Internet can increase productivity and health care quality, and 

at the same time reduce costs and process times. However, the anticipated benefits from 

digitization have often failed to occur. The reasons for this are mostly organizational, having to 

do with lacking or improper additional investments in training, administration and technology.    

In order to capture the multifaceted aspects of health care, three crucial types of health 

care processes are analyzed: diagnostic (diagnostic projection radiography, DPR), administrative 

(prescriptions) and clinical/surgical (laparoscopy) processes. These processes also provide the 

opportunity to discuss three categories of health care IT, namely administrative, embedded (in 

tools and machinery) and medical/clinical IT.  

4.1.1 The Digitization of the Diagnostic Projection Radiography (DPR) Process  

The digitization of the DPR process can be traced back to the late 1970s when the use of 

personal computers (PCs) became increasingly extensive in homes and industries. In the 

beginning, PCs were rather rare, rudimentary and expensive. The initial use typically consisted of 

simple word processing and, to some extent, storage. However, fairly soon most DPR divisions 

were gradually transformed from being completely analog to using computers to write reports 

and store certain patient information. By the mid-1980s, many health care institutions in Sweden 

started to recognize that the enhanced maturity of computers and software had the potential to 

change the working conditions entirely. The technology was now strong enough to allow new, 

effective ways of communicating, planning, executing, and documenting health care. In other 

words, the digitization supported an increased general efficiency with regard to organization.  

During the 1990s, referrals, patient journals, reports, and other documentation were still 

often handwritten. However, depending on the ambitions of the individual institutions, an 

increasing number of operations were carried out with the aid of computers. These process 

changes led to procedural improvements and automations. The development of printers now 

brought about an acceptable printing speed and printout quality. Therefore, with the intention of 

minimizing paper use and facilitating document processing and filing, many DPR divisions 

strived for an increased utilization of these aids. Also, the development of Radiology Information 

Systems (RISs) and the digitization-based improvements of X-ray development techniques 

changed DPR with regard to the process, its products and their quality.  
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Today, the DPR process is fundamentally different from that in the 1970s largely thanks 

to digitization-based changes. Picture Archiving and Communication Systems (PACS) have 

supplemented the RISs, the X-ray process is highly automated, and patient information is mainly 

handled digitally. One of the most recent digital applications in the DPR process is that Swedish 

hospitals can employ DPR professionals in other countries to analyze X-ray images. This has 

changed the organization and boundaries of the DPR process, and it has been facilitated by 

increased connectivity: it is now easy to send digitized texts and images back and forth. Two 

major benefits of this are that national and international experts' second opinions can be included 

in treatment decisions in real time, and that, because of time differences, DPR professionals 

abroad can analyze Swedish X-ray images at night time. As a result, the DPR product has been 

refined and new features have been added to it. This has resulted in new diagnostic procedures 

that can increase efficiency, reduce costs, shorten waiting queues, and improve health care 

quality.  

4.1.2 The Digitization of the Prescription Process  

The digitization of the prescription process started at the same time as escalating general 

computer usage. Yet, it was not until around the turn of the century that it really generated 

revolutionary effects. It started with the unification of operating systems (OSs) within Swedish 

health care in the mid-1990s. Because of the emergence and refinement of Internet services, 

many health care institutions became more aware of the benefits of having compatible systems. 

Most institutions switched to the Microsoft Windows operating system that was more suitable for 

health care systems than predecessors such as OS7. At this stage, discussions about the 

forthcoming e-prescription concept were already taking place. To prepare for the shift, it was 

necessary for such services to upgrade the obsolete OSs. This contributed to an increased OS 

consensus as well. Now almost every health care institution had specialized digital information 

systems for managing patient journals, lab results, prescriptions, X-ray images, and referrals for 

example. Hence, these developments changed the prescription process on both the process and 

organization levels.  

In the beginning of the 2000s, the e-prescription service started to evolve. Essentially it 

involves electronic prescribing and transferring of prescriptions to pharmacies. The prescribing 

physician or nurse completes the prescription in a prescription module (via a form on the 

computer screen), which is then transferred to the pharmacies. Initially, these prescriptions could 
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only be sent to one pharmacy at a time. It would take until 2004 before the prescriptions could be 

accessed by all pharmacies. This was made possible by the launch of the national e-prescription 

mailbox, which is Internet-based and allows for all pharmacies in Sweden to obtain prescriptions 

from a national platform. This transformed the boundaries of the prescription process: physicians 

can now write prescriptions directly to the web so that they can instantly be reached by all 

pharmacies. In addition, the transformation of the prescription process into an e-prescription 

service has reduced the need for patients to visit the surgery. Repeated prescriptions can be 

phoned in or e-mailed. Usually the physician or nurse can fill the digitized prescription form 

while the patient is still on the phone, and when they hang up the prescription is already in the 

central mailbox ready for pick-up at any pharmacy.  

These digitization-based procedural improvements and process automations have changed 

the prescription process: costs have been reduced, waiting queues have been shortened, the 

general quality has increased, and patient information and integrity security have been improved. 

These changes have affected the prescription process, the product itself and its boundaries. As a 

result, customers now receive their services in a more efficient, safe and convenient manner 

compared to before digitization.  

4.1.3 The Digitization of the Laparoscopy Process  

In the early 1980s, laparoscopy (keyhole surgery) became an increasingly common 

method and gained more space in medical education. From the start, the method was completely 

analog. The equipment developed rapidly during this period, but the breakthrough came with the 

start of video laparoscopy in 1982. It took some time before it was a generic process in Swedish 

health care, but around the mid-1980s most of the main hospitals used the method. This 

technology involves a digital image-forming fiber optical system that illuminates the observed 

organ or tissue and transmits an image to an attached video camera through a lens system. 

Embedded in this system is an additional channel for medical instruments. The transmitted image 

can then be viewed on a screen using a projector, television or computer.  

During the late 1980s, the video laparoscopy method was refined and more widely used, 

and the associated tools (such as knives, scissors and pliers) became more advanced (e.g., laser 

knives and ultrasound devices). However, the actual laparoscopy process was not transformed per 

se. The main improvements in digital technology made the equipment more accurate and the 
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imaging systems more sophisticated. However, the field of application entailed new surgical 

procedures and treatment methods, including cholecystectomy (gallbladder surgery), which was a 

revolution in its area, increasing the survival rate of patients immensely. This procedure also 

made even more physicians, especially gynecologists, interested in laparoscopy. Thus, in this 

case it is not a matter of transformed core processes, but gradually improved tools and the 

development of new applications, in other words novel products and services.  

An interesting development in the late 1990s was the ability to make live broadcasts of 

laparoscopic surgery over the Internet. This transformed the boundaries and organization of 

laparoscopy. Among other things, it enabled geographically independent specialist support during 

surgery, generating great educational benefits. Although this technology is not used very 

frequently on a global scale, it is predicted to help improve health care quality and to further 

increase the number of possible surgical operations.  

In Swedish health care, the politicians and the social insurance office started to really 

acknowledge laparoscopy at this point. When the clinical results of modern laparoscopy became 

clear, the comprehensive economic paybacks—mostly owing to shorter recovery times—were 

recognized as well. Before digitization, recovery regularly took up to four weeks, but after 

digitization it generally stood at one or two weeks at the most. Thus, here it is a matter of 

transformations in the products, which in turn brought about a political willingness to sponsor 

laparoscopic equipment and surgery, subsequently leading to new products, enhanced health care 

quality and reduced waiting queues.  

 

4.2 The Grocery Distribution Industry  

Groceries are defined as products that meet consumers’ daily purchasing needs such as 

food, household items, flowers, newspapers, and magazines. Supplying consumers with groceries 

involves a range of activities, including the processing of raw materials to final groceries 

(manufacturing), managing logistics and inventories (wholesaling), and selling the products in a 

store (retailing). These activities constitute the grocery value chain.  

The grocery distribution industry has undergone a significant change as a result of 

investments in IT. IT development can be described in 16 milestones concerning different areas, 

including inventory management, replenishment, price labeling, Internet grocery shopping, and 
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technology for information on customer buying patterns (Horzella, 2005). The development has 

taken place in a number of steps, implemented by manufacturers, wholesalers and retailers. This 

development, in combination with the establishment of standard information carriers in the form 

of bar codes and RFID (radio frequency identification) technology, has altered the underlying 

processes and has had numerous widespread effects. Some parts of the development—for 

instance computerized cash registers, scanner technology and bar codes—took longer to 

implement than expected. However, once implemented, extensive positive effects are identified.  

Comparing the processes that underlie supplying a grocery store with products before and 

after digitization reveals a number of significant changes. A store in the 1960s was based on 

manual routines for identifying shortages and placing orders at wholesalers. Today it is possible 

automatically to identify shortages based on transaction information from computerized cash 

registers and to send an electronic message to the wholesaler. IT has also dramatically changed 

the relationship between wholesalers and manufacturers in similar ways. As a result, the whole 

value chain from manufacturer to consumer has changed. The replenishment processes from 

retailers to wholesalers and manufactures are described below. 

4.2.1 The Digitization of the Replenishment Process from Retailers to Wholesalers  

In the replenishment process, before IT systems were implemented, the retailer walked 

around the store and visually identified shortages. Based on binders containing information on 

products that were possible to order, the retailer entered orders manually on a sheet of paper and 

sent it by surface mail or communicated it via telephone to a wholesaler. These binders were 

considered very troublesome and time-consuming to handle. When changes occurred, the 

wholesaler had to distribute updated physical binders to the stores.  

When the order was delivered to the wholesaler, it was punched into a system that was 

used to print invoices and lists used in the inventory for picking up the items to be delivered. The 

system was also used to keep sales-related statistics. Eight to ten employees handled the entry of 

information into the punched card system at each wholesale distribution center. Errors were 

common as personnel had to interpret the information that had been manually entered in the order 

forms by retailers. Based on this process, the delivery of goods took approximately four days 

depending on the geographical location of the store. Orders were placed once or twice per week, 

and an average order took four to five hours for retailing personnel to complete.  
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During the late 1970s, handheld devices were introduced in stores and used for entering 

order information based on the shelf labels. At this time, the shelf labels also indicated the level 

at which to reorder and included information on average sales per week, the number of packages 

that would fit into the shelf space provided, and so on. This information was automatically 

generated from a sales statistics database. The statistics were specific for each store but not 

optimal, as they reflected deliveries from the wholesaler to the store rather than actual sales to 

final customers.  

When completed, the order was submitted to the wholesaler via a modem. The first 

handheld devices had very limited memory, so retailers were sometimes compelled to send in 

their orders in parts. From the early 1980s onwards, however, retailers could obtain printed lists 

of submitted orders, which were kept until the order was delivered. This improvement enhanced 

control of the replenishment activity. The order sent to the wholesaler could also be viewed on a 

screen by the wholesaler, and any changes or additions could be made by telephone. The 

handheld device was seen as a revolution in the replenishment process and was welcomed at 

stores. Replenishment information was gathered, entered and submitted more easily and quickly: 

an order now took approximately two hours to complete.  

The functionality of printers and handheld devices gradually improved during the 1980s 

and 1990s. The memory capacity of the devices was increased, and a scanner pen was connected 

to the device. Retailers could now scan bar codes on shelf labels, no longer entering item 

numbers by hand. In the mid-1990s, electronic data interchange (EDI) communication between 

manufacturers and wholesalers was established, and orders were communicated via EDI instead 

of surface mail. In the beginning of 2000, the estimated time for completing one order was 30 

minutes.  

During the 2000s, stores implemented technology that applied sales information generated 

in the computerized cash registers as a basis for replenishment. This system is defined as 

Computer Assisted Ordering (CAO) or Automatic Replenishment. The system eliminates manual 

identification and entry of replenishment requirements and the quality of information is 

enhanced, resulting in better control over distribution flow, decreased inventory levels and 

improved service levels (reductions in items out-of-stock). Automatic replenishment primarily 

concerns items with a regular turnover that is easy to estimate.    
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4.2.2 Digitization of the Replenishment Process From Wholesalers to Manufacturers  

When ordering goods from manufacturers in the 1960s, wholesaler purchasers used 

physical cards containing information on each item, including item number, organization number, 

and price and billing instructions. Orders were generally placed via telephone at prices that were 

set once a year. The information cards were updated when changes occurred and otherwise kept 

current so as to be reliable. Each wholesaler distribution center employed about 10 purchasers 

divided into groups according to the type of items handled. The manufacturer entered the order 

information on a physical order form, and orders received were aggregated manually. 

Manufacturers began using computers to support this activity. In the mid-1980s, the manufacturer 

interviewed installed AS/400, a mainframe computer where the order information received was 

entered and processed. Printed selection instructions from this system were sent to inventory.  

In the mid-1970s, a system called Dakom was developed as a shared solution in a process 

driven by a special interest organization consisting of major wholesalers and an industry 

organization that represented the manufacturers. Dakom consisted of a central computer, which 

functioned as a mailbox sorting electronic order messages from wholesalers to manufacturers. At 

a time chosen by the manufacturer, orders were collected from the system and processed in the 

organization. Approximately 100 companies were connected to Dakom in 1987, and some 700 

orders containing roughly 6,000 order lines were submitted per day. An assessment made 10 

years after initial implementation (Johnson, 1987) showed that:  

1)              The quality of the process was improved as the number of mistakes 

caused by manual transmission and reception of orders was reduced;  

2)              The transmission of information was faster, resulting in a more flexible 

process, where adjustments in price and assortment could be made more quickly and 

frequently, and orders could be placed / received around the clock;  

3)              Dakom made it possible to improve management of other areas such as 

inventory and planning of purchases, transports and liquidity; and 

4)            The cost of submitting an order via Dakom (SEK 0.8) was lower than the 

cost of submitting it via telephone (estimated at SEK 6) or by surface mail (at the time SEK 

2.10).  
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On the other hand, some negative effects were also identified. Organizations became 

increasingly dependent on technology, and work was duplicated as former routines were not 

completely phased out. Moreover, the required investments in technology made it difficult for 

small companies to take part in this development.  

In the mid-1990s, Dakom was replaced by communication through EDI. The new system 

contained the same information as Dakom; however, this information was more standardized 

through EDIFACT, a universal standard for EDI messages. EDI communication has also been 

extended to include messages other than orders, for example invoices. However, the 

implementation of EDI has been limited. In 2005, one example from a Swedish manufacturer 

showed that only 65 percent of their customers used EDI when placing orders. The reason why 

EDI was not used more frequently was that many of the manufacturer’s customers were minor 

independent organizations that up to that point had not computerized their processes. Where EDI 

had not been implemented, orders were placed by telephone or fax. The manufacturer’s 

organization must then have the resources to receive and process these orders. 

 

4.3 The Printing and Publishing Industry  

The printing and publishing industry's main business is about communication of 

information in visual form on paper. The industry can be divided into three different segments: 

commercial products, newsprint and industrial products. The commercial product segment 

constitutes the industry's core business, as it generally offers a broader segment of services with a 

high quality of the printed matter produced. The newsprint segment, on the other hand, can offer 

greater volumes with an acceptable quality depending on the type of printing presses used. 

Industrial products are mainly represented in the packaging industry, where the role of the printed 

product is complementary. The starting point for the industry's critical production processes is a 

customers' particular need for communication. This need represents information that is 

transformed into visual form (text and pictures) that is put on paper. To handle the various 

activities in the processes, several actors are involved such as advertising agencies and newspaper 

offices along with pre-press, printing, and post-press departments at printing and publishing 

companies. 
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Digitization has caused this classification of the industry to become less rigid. For 

example, newsprint companies produce not only newspapers but also other printed matter such as 

advertising brochures and periodical magazines. Also, digitized information produced by the 

industry can currently not only be printed but presented in any medium. Ultimately, the printing 

and publishing industry, as Kipphan (2001) points out for example, has drifted towards becoming 

a multimedia industry, where printing itself might no longer be the dominant activity. However, it 

will probably remain an important component in the long run.  

Traditionally, the output from the printing and publishing industry production process is 

printed matter, which can come in many shapes and forms, including books, newspapers or 

magazines. The critical processes necessary to produce a printed matter using off-set printing 

technology consists of the creation of original, pre-press, printing, and post-press processes. What 

follows are some examples of how these processes changed as they became digitized.  

4.3.1 The Digitization of the Creation of Original  

Creating an original in the mid-1970s consisted of a series of activities, including 

producing a first sketch, writing a text manuscript and photographing. The manuscript was 

inscripted on cassette tapes, thereby becoming temporarily digitized, and was put into a printer 

that printed the text on paper strips. These strips together with the original sketch were then 

handed over to the composing process. The photos that were developed were in turn handed over 

to the reproduction process. Operators such as editors, overseers, journalists, photographers, 

typists, typesetters, and photo developers were all involved in these activities. Besides the text 

inscription activity, the process was totally analog.  

In the mid-1980s, as desktop computers, postscript software, laser printers, magnetic 

tapes, and floppy disks became available, digitization of the processes accelerated. This made it 

possible to digitize the interfaces between individuals involved in the process. The unique skills 

and competencies of composers and typographers were put into the software of desktop 

computers and made available to anyone interested in creating and processing originals. Desktop 

publishing made it possible for a single person to manage the whole creation of original process. 

However, a negative side of this development was that the typographic quality of originals was 

often reduced, and the process of updating software and hardware was expensive due to the 

number of programs used.  
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As a result of an ongoing introduction of new soft- and hardware, the information flows 

between the actors involved in this process have become totally digitized and automated during 

the last decade. An important factor here has been the development of the Internet. For example, 

today it is quite common for customers to access material stored on the publisher's servers. At the 

same time, publishers have greater control over the material they produce during a longer time of 

the production process. Other examples of changes are fewer operators, increased use of pictures 

in printed matters and increased automation of the information flow. 

4.3.2 The Digitization of the Pre-press Process  

In the mid-1970s, the pre-press process consisted of two separate processes: composing 

and reproduction. In the composing department, a compositor arranged the text received from the 

creation of original process, using a background paper put on a light board. Wax was put on the 

other side of the text strips, which made them stick to the paper temporarily, comparable to post-

it notes. The original was then, together with written instructions, sent to the Reproduction 

process. Here the graphic material was photographed with a repro camera, and the film was 

developed and assembled with the pictures that had also been scanned in the process. In order to 

check if the produced repro film was correct, a blueprint was developed. If no errors were 

discovered, the sheets and the instructions of color adjustments were transported to the printing 

process. In these processes, IT was embedded in photo scanners. In other processes, the scanners 

were analog and heavily dependent on the competences of compositors, scanner operators and 

typographers.  

During the late 1980s and early 1990s, as the digitization of the industry accelerated, 

composing and reproduction merged into the pre-press process. One IT innovation that 

transformed the process was CTP (computer to plate) technology, which was introduced at the 

end of the 1990s. CTP uses a digitally controlled laser to transfer information onto printing 

plates, whereby the original information does not have to be transferred on repro film before 

being exposed on printing plates. One effect of the CTP technology was that the quality of the 

printed matter was improved and the number of individuals employed in the pre-press 

departments was reduced. CTP technology also dramatically reduced the time for processing the 

printing plates.   
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4.3.3 The Digitization of the Printing Process  

In the printing process, plates received from the pre-press process are mounted in the 

printing press. Before digitization, the printing supervisor manually made the necessary 

adjustments concerning the amounts of ink and colors to be used before the printing activity 

started and the information was transferred to paper. In the printing process, IT in the early 1990s 

was initially embedded in printing presses as individual control systems that made the 

adjustments of the printing press more automatic and centralized. The printing supervisor could 

now control and manage the complete printing process via a screen in the control room.  

As the printing process became digitized, the cooperation between suppliers and graphic 

companies became more integrated. Today, cooperation is quite common in projects where the 

industry jointly tries to identify different areas of improvement and new niches. For example, 

representatives of different actors such as printing press, paper and ink developers participate 

together with printing and publishing companies in order to develop innovations that increase the 

printing and publishing companies’ production capacity, lower the weight of newspaper 

supplements, and lower costs of printing paper. Another example of increased cooperation due to 

digitization of the printing process is between suppliers such as ink producers and developers of 

printing presses. If a printing press is developed there is also a need to develop ink that will 

function properly in the specific press, a requirement that has contributed to an upgraded quality 

control. This has led to an increased use of color in printed matter production and development of 

new services amongst suppliers. 

 

4.4 The Logging Industry  

The Swedish logging industry occupies an important position on both the national and 

international levels. The industry provides raw materials to the wood and the pulp and paper 

industries (Hailu & Veeman, 2003). The logging process covers activities related to logging 

operations such as planning of logging activities and preparations for the logging stand, 

harvesting or felling and reprocessing of logs, forwarding or transportation of logs in forest 

terrain, transportation of timber from the forest to the sawmill, and timber measurement and 

follow-up on timber production. During the last few decades, technological advancements and 

mechanization in logging operations have led to a rapid increase in productivity. Rationalization 
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has been important for companies to remain competitive in the face of intensified global 

competition. The total number of employees in the industry has decreased by almost 60 percent 

over the last 30 years.  

A condition for this development has been technological enhancement with regard to 

forest machines. Logging operations are not traditionally considered as being in the forefront of 

IT development. Yet, digitization of information flows in logging operations started back in the 

1960s, and today numerous IT applications can be found in a wide range of logging-related 

activities (Höglund, 2000).  

Digitization in timber harvesting was initiated about 30 years ago, and in timber 

measurement digitization started about 50 years ago by the founding of the Forestry Computing 

Center whose services are used by all companies in the industry. Timber harvesting outlines an 

example of embedded IT; IT is closely integrated in harvesting machinery. Timber measurement 

illustrates a process wherein nationwide IT standardization has a key role. Digitization of these 

two processes has led to a wide range of minor changes that altogether have contributed to the 

transformation of the entire industry. 

4.4.1 Timber Harvesting  

Harvesting includes felling the tree, removing its limbs, measuring the trunk and dividing 

it into assortments for optimal utilization, cutting it into desired lengths, and sorting and piling 

the logs. A harvester is used for felling, limbing and bucking of logs. Bucking is the activity 

where the log is sectioned into assortments so as to achieve the highest possible financial return 

on the tree. A bucking computer is used to calculate the optimal lengths of logs and is used to 

determine the final timber value.  

IT has led to changes in timber harvesting in several ways. The first computer system for 

harvesters was introduced in the 1980s as support for log measurement, and computers have been 

used for bucking calculations since the beginning of the 1990s. Before, the harvester operator had 

to memorize information about sawmill prices. The operator did not know where the tree would 

end up and for what purpose it would be used. Price levels remained quite stable from season to 

season, and forest owners were only roughly aware of customer needs.  

With computer-based bucking, products are more precisely customized and have a higher 

quality. The harvester operator can determine which tree should be delivered to which sawmill 
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based on the updated price lists and on complex calculations rather than on memorized data. 

Given the complexity of calculations, it would be impossible for a harvester operator to manage 

this bucking manually. Each tree has a specific purpose and is evaluated individually in order to 

obtain the optimal value. Timber delivered to sawmills is more adapted to market demands than 

before, which has contributed to a growth in new timber refinement activites in sawmill 

organizations. The industry boundaries have changed due to the closer integration of processes 

and increased collaboration between sawmills and forest operations. It is possible for the sawmill 

to be active in planning activities in the forest, pointing out individual trees and the different 

assortment categories that they should be part of. Market boundaries have also been expanded as 

new market opportunities have emerged, especially in countries with specific quality 

requirements such as Japan.  

The increased connectivity, amount of information, and increased availability have led to 

production process improvements related to follow-up, process control and decision-making 

support. New information services have also been developed. The bucking computer is used for 

harvester production data reporting, remote troubleshooting, positioning systems, and for 

administrative purposes, including logbooks for maintenance and fuel, salary calculations, and 

time and production management. This has helped to improve the utilization of harvester 

machinery. Due to the increased complexity in work routines, the requirements on harvester 

operator skills are high.  

4.4.2 Timber Measurement  

Timber measurement takes place on arrival at the sawmill. Its main purpose is to establish 

support for invoicing and payment. Measurement is carried out by an independent body that acts 

as a third party to check the quality and dimensions of the logs, and to evaluate how well the 

logging technology has worked so that the customer receives what has been stated in the contract.  

The Forestry Computing Center (SDC) was founded in 1961 with the purpose to 

coordinate and rationalize timber measurement reporting through computerization. Punch cards 

had been used for measurement reporting since the 1950s: whole departments with punching 

operators at both forest companies and the SDC worked with registration of timber measurement 

data. Since the early 1980s, all timber accounting has been managed through a nationwide 

computerized system for timber measurement—VIOL (Virkesmätning Online) (SDC, 1986). 
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Measurement stations are connected to VIOL, and measurement results are automatically 

registered without any intermediary or conversion.  

This has led to both process and organizational improvements such as increased 

efficiency in measurement registration, lower costs of timber accounting and higher skill levels. 

The system enables buyers and sellers to access information about their timber transactions that 

have been registered in VIOL. The VIOL information center has enhanced connectivity between 

actors in the supply chain. This in turn has affected industry boundaries since the Swedish market 

has become more open.  

Since the early 2000s, data from the harvester computers are also transferred to the SDC 

and registered in VIOL. This has led to a greater inter-organizational transparency and better 

understanding of the entire timber flow in the supply chain, as information in the production 

processes and transactions flows have merged. Members also have their own interfaces with the 

SDC database. From the database, they transfer important information to their internal systems. 

More information is now more easily available and can be used for more purposes. The use of 

VIOL has increased access to information, and the opportunity to refine and process it. VIOL has 

also enabled improved support for decision-making and continuous evaluation of the production 

process.  

 

5. Summary of Case Examples  

As discussed in the preceding section, there are several ways in which IT has induced or 

at least been associated with transformations in the four industries. Table 1 below summarizes the 

types of changes we have identified. We analyze these changes in four dimensions: product, 

process, organization of the value chain, and organizational boundaries. Product change refers to 

changes in the output of the industry such as new products or improvements in existing products 

in terms of higher quality, greater consumer access and usefulness, or lower prices. Process 

change refers to the ways in which goods and services are produced within the industry. 

Organizational change refers to re-organization of the value chain, and Changes in 

organizational boundaries refer to changes in the degree of integration of activities within the 

industry and between the industry and its suppliers and buyers.  
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In the rows of the table each of the industries is represented. The changes that have 

occurred in the industries are divided into “internal” and “external” change. “Internal” refers to 

changes that have occurred in and influenced the value chain, while “external” changes have 

mainly influenced industry markets and the customers in these markets.  

 

 

 
Location of 
change 

Changes    
      

Industries   Product Process Organization Boundaries 
Health care Value Chain New and improved 

diagnostic, treatment, 

and aftercare 

procedures  

Merging and 

integration of 

processes  

Improved administative 

procedures  
Increased 

connectivity  

    Increased data 

collection and 

statistics  

Digitized and 

automated information 

flows  

New and improved internal and 

external communication 

patterns  

Internationalization 

    Vanishing and 

changing professions  
  Distance services  

End customer 

(the patient) 
Reduced costs  Increased production 

capacity  
Systems thinking 

and chain logistics with focus 

on customer value  

National 

IS systems  

  Increased general 

product quality  
Decreased production 

time and cost  
Corporatization   Outsourcing  

    

Increased, enhanced 

and more available 

product information  

      

Grocery  
distribution 

Value Chain Adjusted product 

assortment to meet 

customer demand  

Radically decreased 

lead times  
Delegated responsibilities  Value chain 

integration 

   Improved product 

availability for 

consumers (fewer 

stock-outs)  

Simplified 

maintenance of price 

and product 

information  

Difficult to compete for smaller 

independent stores  
 

  End customer     

(the consumer) 
Increased the shelf 

life time of products  
Faster check-out in 

stores  
Customer self-scanning 

service in stores  
Consumers more 

closely connected 

to retailing chains  
    Internet grocery 

shopping   
Freed up time in stores 

enables improved 

service      
Printing 
and 
publishing 

Value Chain Information produced 

at editorial offices 

published in various 

media 

Changing professional 

skills and reduced 

number of operators  

P&P companies transform 

towards information logistic 

companies  

Supplier 

involvement in 

product 

development  
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   Longer commercial 

life cycle of printed 

matters such as 

books 

Improved production 

and process control  
Fewer and larger P&P 

companies  Internet access to 

different actors in 

the value chain  
  End customer       

(the consumer) 
Increased quality in 

produced originals 

and reuse of 

information  

Increased production 

capacity and 

decreased production 

time  

Market contractions, for 

example envelope printing, 

catalogue production  

Publishers gain 

entry to new 

markets through.e-

commercial book 

stores for example  
    Individualized and 

geographically 

adjusted information 

in printed matters  
  

New markets, for example e-

books   

Increased 

integration of 

customers in the 

production 

processes  
Logging Value Chain Increased availability 

of price information  
Increased 

administrative 

efficiency and lower 

costs  

Higher requirements on 

employees skills  
Improved 

international market 

opportunities  

   Enhanced product 

value  
Reduced waste  Greater transparency and 

better understanding of 

material flow  

More open national 

market  

  

  New information 

services  
Support for production 

follow-up, process 

control and decision-

making  

    

  

Customer (the 

sawmills) 
Increased product 

customization  
Production planning 

and control based on 

updated sawmill prices  

Increases in product 

refinement services  
Closer customer 

collaboration and 

integration  

    
Higher quality 

precision in deliveries  
  

    

Table 1: A summary of changes that have occurred during the digitization of the 

Health care, Grocery distribution, Printing and publishing, and Logging industries. 

The changes are summarized into different types of transformations. Neither the table nor 

the analysis can be exhaustive, as the full reality is simply too complex. Instead, our ambition is 

to provide illustrative examples of important transformations that have taken place. For more 

detail, the reader is referred to the underlying studies. Some of the transformations we report are 

measurable in principle but many are not.  

 

6. Analysis   

Changes in the product, process, organizational, and boundary dimensions that are 

highlighted in each of the industries in Table 1 are here added together. As mentioned earlier, 
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transformation is in this context considered as a state that is the sum of numerous changes. The 

single changes in the industries are therefore summarized as different types of transformation that 

may be seen as generic not only for the industries here, but also for others.  

 

6.1 Product transformation  

Our studies illustrate that digitization has led to transformations in the four industries. The 

effects of digitization vary from beneficial to disadvantageous, from internal to external, and 

from minor to major. For the customer, or end receiver—irrespective of whether it is a matter of 

business-to-business or business-to-customer—the effects of digitization are numerous. There are 

noteworthy similarities and differences with regard to transformations and their effects between 

the industries. Contemplating this variation can lead to plausible conclusions about the impact of 

IT on industrial transformation in general. The transformations of products are defined as new 

and improved products, reduced costs and increased quality, improved information, and enhanced 

product accessibility. 

New and improved products. As the industry digitization descriptions show, IT and the 

Internet have contributed to new or improved products in all of the industries. For instance, 

information produced at editorial offices is now published in novel online newspaper products, 

and in the paper version of daily newspaper products there are greater possibilities to 

geographically adjust the published information. Diagnostic, treatment, and aftercare health care 

procedures are constantly improved and entirely new methods are developed (e.g., digital 

radiology and video laparoscopy). In grocery distribution, e-commerce solutions have generated 

new services to end-consumers, where orders are placed online and delivered to the address 

entered by the consumer. And in all of the industries, the digital information handling contributes 

to increased product quality. In short, IT has led to improved products in all industries and new 

products in the health care and printing and publishing industries. The conclusion here is that IT 

leads to novel products in some industries, to improved products in some industries, and 

occasionally it leads to both. For example, medical problems that were untreatable are now being 

treated, and customers can acquire numerous types of digital media.  

Reduced costs and increased quality. In several of the industries IT has led to reduced 

production costs, sometimes leading to product price reduction and/or higher profits. It is 
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interesting that while IT lowers production costs—for example through smooth production 

processes—product quality is often improved. This, naturally, affects both practitioners and end 

receivers positively. In the logging industry, based on the price list bucking, the high quality logs 

(right dimensions and right quality) are delivered to the customer offering the highest price. 

Customer needs are directly translated into the price list.    

Improved information. Another thing that strongly affects products and product handling 

is the digitization of information, automation of information flows, and the affiliated information 

services. In all of the industries this means that more information about the products, and 

sometimes more individualized information, is available for both intermediaries and end-users. 

Increases in the amount and availability of information has further led to the development of new 

information services. This means that all involved parties are better informed, and it opens up for 

data collection and statistics that can help research and development. This can also contribute to 

an improved product assortment based on more detailed sales statistics, enhanced product quality 

and entirely novel products. One important consequence of this connectivity is that products can 

be developed in collaboration between producer and customer, which facilitates product 

customization and creates surplus value for customers.    

Enhanced product accessibility. An additional common effect is that the accessibility of 

products increases because of enhanced connectivity and distribution. For instance, patients have 

easier access to health care because of better information handling and smoother health care 

processes; customers have greater access to groceries due to longer shelf life and fewer stock-

outs; and groceries, books and other products can be bought on the Internet.  

The key insight with regard to IT-enabled product transformation, and the affiliated 

effects, is that despite the fact that the four industries are dissimilar in many ways, they all benefit 

from digitization. This strengthens the notion of IT’s transforming power and its general positive 

effects on economic activity.  

 

6.2 Process transformation  

All of the included industry examples show evident development in underlying processes 

when it comes to physical flows and information flows. The transformations can be summarized 
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as changes in lead times, improved communication channels between the parties involved, and an 

improved process quality. These are described further below.  

Reduction in lead times: Reduced lead times are described especially in the health care, 

grocery distribution, and printing and publishing industries. They are based on extended 

possibilities to perform activities more efficiently and to coordinate activities performed by 

different organizations in the value chain. One example of an activity that is performed more 

efficiently is the placing of orders from retailers to wholesalers in grocery distribution. In the case 

included in this article, the replenishment time per order was reduced from four or five hours to 

virtually zero (automatic replenishment system based on sales information from computerized 

cash registers). Another example is the introduction of computer-to-plate technology in the 

printing and publishing industry that simplified the creation of printing plates and dramatically 

reduced the lead time. In the logging industry, major lead time reductions have been related 

primarily to the mechanization of logging operations rather than to digitization. Measurement of 

timber as input to timber accounting is, however, more efficiently performed with support from 

the computerized VIOL system.   

Improved communication reduces interface barriers in processes: Examples of improved 

communication tools are found in all industry examples. In health care, digitization of 

prescriptions through a national platform led to improved communication between patients, 

physicians and pharmacies. This in turn has had a positive effect on waiting queues, general 

quality, and patient information and integrity. EDI communication and later automatic 

replenishment systems have simplified order handling in grocery distribution. The printing and 

publishing industry has experienced a large impact from improved communication between 

different stakeholders. In the production process, digitization led to the elimination of activities 

and related professions (e.g. typographers). Digitization has led to changing and vanishing job 

categories in health care as well. For instance, the use of medical secretaries has decreased in the 

last decades, as physicians are expected to perform many activities themselves using the 

information systems. In the logging industry, improved communication of price information 

created a more flexible market. Bucking decisions are based on frequently updated price 

information, enabling a good utilization of tree resources.    

Fewer errors and improved process quality: Improved production and process control is 

described in the printing and publishing and the logging industries, as well as in health care. 
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Errors can be identified and adjusted in a simplified way so that similar errors can be avoided in 

future activities. In order handling within grocery distribution, where one effect of a retailer’s 

manual entering of orders was accidental errors through wholesaler misunderstandings or 

retyping mistakes, such errors were avoided. In the logging industry, IT has led to 

improved  process quality due to improved resource utilization, thereby reducing waste in 

logging operations. Free time in stores enabled sales personnel to improve service to customers 

by being available for answering questions or giving advice. This is another example of improved 

process quality. 

 

6.3 Organizational Transformation  

As IT has influenced the industrial processes presented here, the formal organizations that 

hold these processes have also been transformed. While our focus is on key production processes 

in each industry, it is important to notice that transformation has also occurred in supportive 

processes such as management processes. Organizational transformation noted here can be 

characterized as physical development, changes of corporate identity, and the development of job 

skills necessary to operate process activities.  

Fewer and larger organizations. Companies that have been able to expand their 

investments in IT have often expanded the volume of their business because IT has enabled 

increased production capacity and increased connectivity in the industries’ value chains. For 

example, in the grocery industry the large chains have been able to offer customers low prices 

and a wide assortment of goods, as IT has made it possible to deliver products at a low cost. 

Smaller independent stores have had a hard time competing with the larger and expanding 

grocery chains. In the printing and publishing industry the same pattern has occurred, as 

organizations have either expanded in production volume or have become specialized in certain 

printing techniques. Organizations that have not changed and therefore been stuck in the middle 

have gradually had a tendency to go out of business, as they have problems with adopting their 

business to new markets. Although IT is not necessarily a key driver of the structural changes that 

have been seen and are still ongoing in the logging industry (both consolidation of smaller 
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companies into larger ones and growth of new specialist service companies), it is likely that IT is 

necessary for change to occur.  

Transformation of corporate identities. As organizations have developed, so too has the 

business logic of many companies in the industries. Partly because of changes in Swedish 

regulations, but also because of digitization, some health care organizations have been 

transformed into private health care business corporations. In the printing and publishing 

industry, the companies that have expanded their business have tended to also change their 

business concept. Instead of focusing solely on delivering printed matter, several of the major 

actors in the industry have transformed their business towards developing information logistic 

services. There is also a growth in specialized business activities related to new timber refinement 

services in the logging industry.  

Development of new skill requirements. Transformation of processes and organizations 

has also induced a transformation of professional skills. In the grocery distribution industry, 

empowerment of low level personnel has among other things led to delegation of responsibility in 

organizational hierarchies for handling incoming orders. The digitization of the logging industry 

has increased the need for higher skills in field operations and administration. In the health care 

industry, system thinking with a focus on patient value has become more common. This 

development has been possible because digitization of patients’ information enables a horizontal 

information flow that reduces friction in the interface between groups of specialists. This in turn 

requires increased skills among medical professions to cooperate in teams instead of operating 

separately. It also requires other ways of managing health care services with regard to, for 

example, booking patients, scheduling medical activities, handling medical information, 

monitoring health care processes, and communicating internally and externally.    

It is clear that all of the industries presented here have experienced organizational 

transformation related to the introduction of IT, and that IT is a necessity for the observed 

organizational transformations. One can discuss whehter IT investments are the main driver of 

organizational change, or whether IT investment is an outcome of planned organizational 

transformation. Sometimes the transformation of organizations happens simultaneously with the 

implementation of IT. Digitization also enables interaction among actors outside of the 

organizational value chain, which means that they may have to broaden their perspective in order 

to incorporate the whole industry value chain.    



28 
 

 

 

6.4 Industry boundaries transformation  

Some features of how IT has contributed to shifting boundaries have turned out to be 

common for several industries. IT has contributed to increased connectivity, resulting in new 

opportunities in coordination and collaboration within supply chains, new markets and sales 

channels.  

First, a geographical (international and national) boundary shift is seen in several cases. 

Second, integration of customers and suppliers has increased. And third, IT has led to increased 

connectivity through centralization and standardization of information. These three perspectives 

are further described here.  

  Increased geographical and time independence. Boundaries have shifted in terms of 

both geography and time. In health care, surgery operations can run 24 hours per day by 

physicians all over the world, regardless of both time and space. New geographical market 

opportunities are seen in the logging industry due to customization, and the national timber 

market has become more open. In printing and publishing, books and magazines are sold (and 

consumed) all over the world 24 hours per day through the Internet. However, there are 

differences among types of products or services in the extent to which they can be digitized. For 

example, timber and grocery products cannot be distributed or consumed digitally in contrast to 

printed material and medical services. These products/services are more digitally integrated 

compared to timber and groceries that are dependent on physical handling in the supply chain. It 

seems that a close connection between a digital distribution channel and the product is central for 

making industry boundaries independent of both time and space. A close connection can also 

enhance customer product value.   

 Integration of suppliers and customers. Boundaries have further shifted backward and 

forward in the supply chains (front-end and back-end integration). Customers are more 

integrated/involved in all four industries. Information from customer companies is more often 

utilized in the supply chain. For example, timber production is more demand-driven as customers 

have a greater influence on production. Consumers have been more closely connected to retailing 

chains through loyalty programs enabled by computerized cash registers. Effects related to 

integration with suppliers and other supply chain partners are also identified in all four industries. 

Automatic replenishment is one such initiative that integrates retailers and wholesalers.  
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  Transactional information exchange. Some elements of standardization and 

centralization of information nodes are also common for the industries. Transactional boundaries 

have shifted via the increased connectivity. Initiatives that have enhanced connectivity include e-

prescription, the VIOL system, DAKOM, and standardized software. These systems enable the 

development of centralized information services that support a seamless flow of information 

across organizational boundaries. Information is primarily of the transactional kind, and IT is 

used to facilitate information exchange through standardization and formalization. There are 

some differences in the  extent to which these systems are open, in other words where the system 

boundaries are and who has access to the information.  

 

7. Summary  

In this study, we have analyzed how transformation has occurred in four Swedish 

industries. Although these industries differ in many ways, they have in common that IT and the 

digitization of information flows have had significant implications for their tranformationover the 

last few decades. The identified effects of IT are related to new and improved products, improved 

processes, changed organizational structures, and redefined industry boundaries. Digitization 

leads to increased connectivity, meaning that we can find new products/services, and they can be 

delivered in more effective and efficient ways, and at the same time with improved quality 

(process improvements). These changes also lead to the possibilities for transformations of the 

organization itself and its boundaries. These latter changes are extensive and are expected to be 

of major importance in the long run. 

In our study, we have seen, for example, that the printing and publishing industry has 

been transformed from being craftsmen managed into industrialized processes in which the 

customer has become a critical partner. The health care industry has become less geographically 

dependent, diagnosis and treatment procedures have become faster, and their quality has 

increased. In short, the health care industry can diagnose and treat patients at a higher quality 

level, and it can do so faster and at a lower price than before the digitization-based 

transformations. The IT transformation of the logging industry is primarily characterized by more 

customized products, more customer-oriented and better controlled processes, and a more 
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efficient and open national timber market. In all of the four industries, digitization has also 

facilitated development of new goods or a higher quality of existing goods, new production 

methods, new services, opening of new markets, and reorganization of the industries.  

The results allow for the possibility of generalizing to other industries in Sweden and in 

other countries. Of special interest here is to consider the wide range of effects when looking at 

the overall effect of IT on the economy.  

Clearly, conventional productivity measures are not enough. They are best at capturing 

improvements in existing processes (reduced costs) but usually inadequate in measuring the value 

and impact of new products and of higher quality and of greater and more timely access to 

existing products. In the long run, it is through new products that the economy grows. As pointed 

out by Nordhaus, most of the products consumed today were not in existence a century ago; “the 

construction of accurate price indexes that capture the impact of new technologies on living 

standards is beyond the practical capability of official statistical agencies.” (Nordhaus, 1996, pp. 

28-29). See also Litan & Rivlin (2001) and Carlsson (2004). Nevertheless, measured productivity 

growth remains the best available representation of economic growth. 

Our study is focused on the broader transformational effects of IT that are difficult or 

impossible to measure accurately rather than on the narrower impact measured by productivity 

growth. The driving forces we have studied (technological and organizational change associated 

with IT) are likely to be at work in other industries and other countries than those we have 

studied. So what can we infer from our study that would add value in a European perspective? 

 

8. A European Perspective 

We are not aware of any comparable multi-industry and longitudinal studies in either the 

U.S. or Europe.  Most studies of IT in Europe have focused on productivity rather than on the 

underlying technological and organizational changes; none of these studies include Sweden. For 

example, Matteucci et al. (2005) consider the contribution of information and communications 

technology (ICT) to productivity performance in the UK, France, and Germany in comparison 

with the United States. Using a growth accounting framework, they show that ICT has typically 

had a lower impact on productivity in Europe than in the US, although they find considerable 

variation within Europe. They also examine micro-economic (firm-level) data from Germany, 
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Italy and the UK. Their results suggest that the UK experience with ICT has been closer to that in 

the US than to that in other European countries. 

Inklaar et al. (2005) analyze sources of growth in four major European countries: France, 

Germany, the Netherlands and the United Kingdom (EU-4), in comparison with the United States 

for the period 1979-2000. They decompose aggregate labor productivity growth into industry-

level contributions of labor quality, ICT and non-ICT capital deepening and total factor 

productivity (TFP). They find that a small set of service industries is mainly responsible for the 

acceleration in ICT capital deepening in both Europe and the U.S., but also that their contribution 

to growth is lower in the EU-4 than in the U.S. Consistent with many other studies, they find that 

TFP in these ICT-intensive services accelerated in the U.S. in the 1990s but not in Europe. In 

addition, they find that widespread deceleration in non-ICT capital deepening in the EU-4 has led 

to a European labor productivity slowdown. 

In contrast to these productivity-oriented studies, Fransman (2007) takes a broader view 

and examines the performance of ICT from a systems viewpoint, distinguishing between four 

different layers (components) in the system: networked elements; networks; platforms, contents, 

and applications; and consumption. He then compares European performance in each layer to that 

in other parts of the world (particularly the U.S. and Japan). His main findings are (1) that Europe 

lags significantly behind the U.S. in internet content and applications (as reflected in the fact that 

Google, Yahoo!, eBay, Amazon, YouTube, and others are all U.S. companies); (2) that Europe 

lags significantly behind the U.S. and Asia in computers, semiconductors, and consumer 

electronics; (3) that Europe lags significantly behind Japan in telecommunications infrastructure 

and optical fiber; and (4) that Europe lags significantly behind the U.S. and Japan in productivity. 

Carlsson & Paulsson (2007) is the only study of which we are aware that includes 

Sweden, along with other European countries, in comparison with the United States. The authors 

argue that in order to understand the role of ICT in the economy, one needs to study not only its 

production but also its application throughout all sectors. They compare ICT developments in US 

and European metropolitan regions and examine the relationships between ICT sector data and 

broader indicators of the digital economy. The comparative analysis focuses on three questions: 

(1) How big is the ICT-producing sector in various regions? (2) What are the differences among 

regions in the composition and growth over time of the ICT-producing and ICY-using sectors? 

(3) To what extent do US and European regions differ? 
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Their study shows that the ICT sector had similar development in Europe as in the US 

during the 1990s. Sweden has the largest ICT sector in Europe (measured as a share of the total 

economy) and is comparable to the US as a whole, while other European countries have smaller 

ICT employment shares. However, there are large variations among regions within countries and 

within Europe. The ICT employment growth was generally slower in Europe than in the US, but 

because of slow or negative employment growth overall, the ICT employment shares increased 

faster in Europe than in the US. In this limited sense, some amount of catching up has taken place 

in Europe, at least in some regions. Still, sharp regional differences continue to exist on both 

sides of the Atlantic. 

When ICT employment shares are compared to broader indicators of the Knowledge 

Economy (for European metropolitan regions) and the Digital Economy (for US regions) (i.e., 

including ICT-using sectors), it turns out that there is some, but not strong, correlation. Thus, the 

ICT sector share of total employment is only a partial indicator of the application of information 

and communication technology is how ICT is used, not where it is produced. By the early 2000s, 

Sweden was in an excellent position to take advantage of information technology. It is likely that 

this has contributed to the relatively good economic performance in Sweden over the last decade 

in comparison with other European countries. 

What we have witnessed in the present study is that a digital revolution has transformed 

the industrial landscape in many ways in Sweden during the last few decades. The boundaries 

and the definition of industries have changed. In the future, new industries are not likely to be 

limited by the boundaries of one nation. The digitization has influenced our social lives both 

privately and professionally. For instance, the recent rapid developments in digital services and 

applications related to social media indicate that there are numerous new ways of using existing 

IT that are still unexplored. Also, the fact that coming generations are more digitally adept 

compared to previous generations is another indication that the development pace itself will 

increase further. This means that what we have seen so far is only a snapshot of past and current 

events over a limited period of time, and that we have only experienced the beginning of the 

development of a powerful digital era. Because of the great future expectations of IT, this 

research provide useful insights by describing historical and current developments that can be 

further used to explain and forecast future events.  
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