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ABSTRACT
During the last decades organizations have made large investments in Information
Technology (IT). The effects of these investments have been studied in business and
academic communities over the years. A large amount of research has been conducted on the
relation between the investments in IT and productivity growth. Productivity is a central
measure of national and organizational success and is often considered in economic decisionmaking. Researchers have however found it difficult to present a clear-cut answer to the effect
of IT investments on productivity growth; an inability defined as the productivity paradox.
Within the Impact of IT on Productivity (ITOP) research program the relevance of the
productivity measure as an indicator of the value of IT is questionned. IT has over the years
replaced physical interfaces with digital and in this way enabled new ways to process
information. A retrospective research approach is therefore applied where the effects of
digitized information flows are studied within specific organizational settings.
In this thesis the effects of digitized information flows within Swedish grocery distribution
are studied. A comprehensive presentation of the development is first conducted and three
focal areas are thereafter presented. These describe supply chain information flows including
order information, information on new items and analysis of point-of-sales information. The
presentation of the focal areas identifies a number of effects from the digitization of
information flows. The effects are analyzed according to a predefined analytical framework.
The effects are divided into five categories and are thereafter evaluated when it comes to
potential for generating value.
The study shows that the digitization of information flows has generated numerous,
multifaceted effects. Automational, informational, transformational, consumer surplus and
other effects are observed. They are difficult to evaluate using a single indicator. Specific
indicators that are closely related to the effects can however be defined. The study also
concludes that the productivity measure does not capture all positive effects generated by
digitized information flows.
This work has been supported by the foundations of Jan Wallander, Tom Hedelius and Tore
Browaldh.

Department of Computer and Information Science
Linköpings universitet
SE-581 83 Linköping, Sweden

PREFACE
The field of Economic Information Systems (EIS) includes the communication and
transmission of information to, from and between people, as well as the development
and evaluation of appropriate information systems for those purposes. The field also
covers information structures; in other words, the interaction among modern
information technology, organisational solutions and people.
Doctoral candidates in this field are associated with various research programmes. Some
candidates conduct their research at IMIE (International Graduate School of
Management and Industrial Engineering). Doctoral candidates at EIS may also
participate in "Management and IT" (MIT), a co-operative research programmes
involving ten universities. Other doctoral candidates are enrolled in the Industry
Research School in Applied IT and Software Engineering, which is partially funded by
the Swedish Foundation for Knowledge and Competence Development. There is also a
three-year licentiate Research Programme for Auditors and Consultants (RAC). RAC is
being carried out in partnership with leading audit firms in Sweden. EIS also co-operates
closely with Gotland University College and Skövde University College. EIS graduate
study programmes are open to some of their doctoral students.
EIS research is currently conducted under a number of principal headings:
e-Business
Combating Economic Crime
Financial Accounting and Auditing
Organisation and Communication with New Information Technology
Strategy and Management Control
Simulation, Decision Support, and Control of Manufacturing Flows
Applications of Principal-Agent Theory
IT and productivity
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Is information technology contributing to productivity growth? Until recently, studies based
on aggregate data have failed to show any clear connection between IT investment and
productivity in the US economy. The apparent absence of such a relationship has become
known as the “productivity paradox”. Today, positive effects of IT investments on
productivity have been reported, but to an appreciable extent the overall value of IT is still
under debate.
Earlier research has focused largely on IT capital spending and has generally ignored how the
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1

INTRODUCTION

The aim of the first chapter is to introduce the reader into the study and set the stage for the
chapters to come. The chapter provides an initial description of the impact of IT on Productivity
research program (ITOP). The background to the study and the research approach are
thereafter presented. Based on this presentation, the purpose of the research and the research
questions are stated. A comprehensive outline of the study is provided at the end of the
introductory chapter.

1.1

THE IMPACT OF IT ON PRODUCTIVITY RESEARCH PROGRAM

This study has been conducted within the Impact of IT on Productivity (ITOP)
research program. The ITOP research program was initiated in 2003 at Economic
Information Systems, a division of the Department of Computer and Information
Science at Linköping University.
With a point of departure in research concerning the correlation between investments
in Information Technology (IT) and the development of productivity, this research
aims at generating a complementary view on the effects of IT. The overall purpose of
the ITOP research 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. A
further 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.
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The research program includes three parallel qualitative microeconomic studies
focused on the business system1 of grocery distribution, the logging industry and the
graphic industry, respectively. Within these business systems, the development and use
of IT is studied for the purpose of identifying the effects generated. With the same
point of departure and approach as the ITOP research program, this study is devoted
to one part of the overall purpose; which is described and explained below.
1.2

BEYOND IT AND PRODUCTIVITY

A GROCERY STORE IN THE 1960S COMPARED TO TODAY
Imagine a grocery store in the 1960s. Self-service has been introduced, but all routines
are manually executed. When deciding which items to order, the retailer walks around
the store and visually identifies shortages. The information is manually entered on a
sheet of paper and sent by surface mail or communicated via telephone to a
wholesaler. Today it is possible automatically to identify shortages based on
transaction information from computerized cash registers and send an electronic
message to the wholesaler. These changes have generated a number of effects.
THE PRODUCTIVITY PARADOX
During the last few decades, organizations have made immense investments in
Information Technology (IT). The implications of these investments for productivity
have been widely discussed in business and academic communities since the American
economist Solow questioned their benefits. In a now famous quote from 1987, he
claims, “You can see the computer age everywhere but in the productivity statistics”
(Solow, 1987). Growth in productivity is a central measure of national and
organizational success and is often considered in economic decision-making. This is
because the amount that a nation can consume is closely linked to what the nation
produces. In a similar way, the performance of a company is dependant on its ability
to deliver more value for consumers based on the same resources. The quote
therefore attracted much attention.
The inability to demonstrate a positive correlation between IT investments and
improved productivity was later defined as the productivity paradox and formed a

A business system is in this study defined as a network of cooperating companies within and beyond
industry limits (SCB, 1999).
1
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baseline for many studies and discussions in subsequent years. The results were
conflicting. Many studies in the 1980s showed no correlation between IT investments
and productivity growth, whereas research based on subsequent data and new
assumptions2 mainly showed a positive and significant effect on productivity and
economic growth (Dedrick et al, 2003).
As various questions of measurement made it difficult to present distinct conclusions
based on aggregate national or industry-level data (e.g. discussed in Krussel, 2000;
Edquist, 2004), researchers turned to aggregate firm-level data when seeking
explanations for the productivity paradox. This research indicates that organizations
that have made IT investments of equal scale show substantial differences in the
development of their productivity (Brynjolfsson, 2003). One explanation for this
phenomenon is that the benefits gained from investments in IT are dependent on
firm-specific conditions. Idiosyncratic conditions (i.e. market position, cost structures
etc.) and complementary investments in management practices, organizational
development and strategy are decisive for achieving planned effects. One example is
Mellander et al (2005), who conclude that there is a correlation between the level of
employee education and the productivity gains from investments in IT.
Another part of the explanation for the productivity paradox is the view of IT as a
General Purpose Technology (GPT) that makes extensive further development possible
and offers a wide range of potential applications (Bresnahan & Trajtenberg, 1995).
The implementation of other GPT’s, such as the electrical dynamo and the steam
engine, has shown that it takes time before full advantage of the technology can be
taken and productivity improvements achieved (David, 1990). Information structures
and operating modes need to be developed and organizations adjusted for the effects
of a new technology to be realized. Chapter 2 of this study presents further research
that tends to support the productivity paradox as well as research that seeks to explain
it.
BEYOND IT AND PRODUCTIVITY - THE ITOP RESEARCH APPROACH
Based on what can be learned from previous research on the productivity paradox, a
research approach has been defined within the ITOP research program. This research

2

New assumptions are made, e.g. about evaluating the quality of output.
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approach that is applied in this study is presented in detail in chapter 3. The principal
ingredients of the approach may briefly be described as follows:
Given the importance of idiosyncratic effects in implementing IT, research is
concentrated on a single business system and seeks to present the specific contextual
factors in this setting. The organizational context in this study is Swedish grocery3
distribution4, a business system that has undergone immense structural changes as a
result of developments in IT. For instance, the implementation of computerized cash
registers, applications in inventory management, scanner technology and standardized
bar code systems has changed underlying business processes and generated a number
of effects.
Grocery manufacturing and trade in general accounts for approximately 11 % of
Sweden’s GDP and employs roughly 560 000 employees5; it thus has an important
role in the economy (www.ssd.scb.se/databaser, 2005-04-15). Significant progress has
been made at international grocery distribution firms like Wal-Mart, 7 Eleven and
Tesco. For reasons of feasibility, this study is concentrated on developments within
organizations present on the Swedish market. However, the analysis of data
concerning Swedish organizations will include some limited international
comparisons. Together with countries like the USA, Japan, Finland and Denmark,
Sweden is one of the most extensive users of IT in businesses6. It is therefore
interesting to conduct a study of the Swedish context.
In many cases, a narrow definition of IT has been applied in previous research. IT is
often defined as one of the two categories7 used by the US Bureau of Economic

Groceries are defined as products that meet consumers’ daily purchasing needs, i.e. food, household
chemical products, flowers, newspapers, magazines etc.
3

4

Including Swedish grocery manufacturers, wholesalers and retailers.
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Corresponds to 21% of the employees in the private sector of the Swedish economy.

According to statistics from the OECD, 95.2% of companies use the Internet, employment
in the IT sector is very high (4.68%) and the contributions of ICT investment to GDP growth
is greater in Sweden than in other countries included in the statistics (OECD Productivity
Database, September 2004, www.oecd.org/statistics/productivity, 2005-02-01).
6

OCAM = Office, Computing and Accounting Machinery or IPE = Information Processing Equipment
(communications equipment, scientific and engineering instruments, photocopiers and related equipment).
7
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Analysis (Brynjolfsson & Yang, 1996), where the definition is limited to hardware.
Investments in software, related services and embedded systems are thus excluded.
Information technology, however, is integrated into machines and processes in a way
that makes it difficult to separate from other technology. It is embedded into virtually
all appliances that have a digital interface, e.g. watches, microwaves, VCRs and cars.
Thus, the narrow definition of IT not only underestimates investments made in IT,
but also fails to illustrate the wider role of IT as a generator in the development of
business processes. The research approach adopted by the ITOP research program
therefore applies a broader definition of IT that seeks to capture the wider role of IT
and includes hardware as well as software, related services and systems embedded in
machinery. The definition used is: a technology for collecting, storing, processing, recalling and
communicating data, text, images and speech (SIKA, 2004). The technology that is included
however needs to be digital and electronic.
According to Massé (1962, in Rapp, 1974) an investment “constitutes the sacrifice of
immediate and certain satisfaction in exchange for a future expectation whose security lies in the
capital invested”. When it comes to the consequences of investments in IT, it has been
concluded that they can be difficult to estimate in advance (Lucas, 1999) and might be
the result of a bundle of investments (Falk & Olve, 1996; Broadbent & Weill, 1997).
The term consequence indicates that there is a direct connection between the investment
and the result (www.ne.se, 2005-05-11). Using the term effect8 suggests that the results
are viewed in a broader perspective. In this study effects of IT are studied for a bundle
of investments and a bundle of organizations, and over a longer period of time.
A large part of previous research has been focused on productivity growth. The
productivity measure has however been criticized as it has become increasingly
difficult to apply. Delivered value is dependant on intangible aspects like product
quality, convenience, variety and customization and a labor hour that is supported by
necessary complementary resources cannot be compared to a labor hour that is not
(Brynjolfsson & Hitt, 1998). Other aspects than productivity thus needs to be
considered.

8

An effect is in this study defined as a result of a certain operation (www.ne.se, 2004-10-27).
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The principal effect of IT is that it has permitted digitization9 of information, where
digital interfaces have replaced physical ones. The costs of obtaining, processing and
transmitting information have thereby been dramatically reduced, laying the
foundation for the development of new ways to conduct business, i.e. new business
models (Porter & Millar, 1985; Brynjolfsson & Hitt, 2000). A more efficient and
extensive exchange of information between organizational units, consumers and
companies, manufacturers and purchasers has transformed underlying processes10. The
transformation has had various effects; productivity growth is one of them.
IT has made rationalization possible in organizations by minimizing human
intervention. These aspects of IT are labeled as automational (Zuboff, 1988). Increased
access to information and enhanced means of accessing, analyzing, storing and
communicating information can result in effects in addition to pure rationalization.
These aspects are defined as informational (Zuboff, 1988) and refer, for instance, to
employee empowerment and improved quality of decisions. A third type of effects
consists of the changes observed in process innovation and transformation, defined as
transformational effects (Mooney et al., 1996). Another type of effects is acknowledged by
Hitt & Brynjolfsson (1996), who discuss the importance of the increased value
perceived by consumers as a result of technological improvements. This phenomenon
is defined as consumer surplus. Chapter 4, in this study, further presents the theoretical
background of the effects of IT. In view of these additional effects, exclusively
focusing on productivity effects might lead to underestimation of the true potential of
IT for generating value. The ITOP research program therefore seeks to identify the
effects of IT on productivity as well as on other aspects. Identified effects could be
interrelated in different ways. Productivity could be affected directly or indirectly or
not at all. Based on an identification and analysis of effects, a discussion of the role of
the productivity measure is made possible.
To permit identification of these effects, the broader definition of IT is applied in a
study on the development of specific business processes over time. When the work
methods used in submitting an order in the 1960s are compared to the process based
on the latest technology, the effects are highlighted and made more tangible. A study

9

Digitization is in this study defined as transformation of information from analog to digital format.

A process is in this study defined as “a specific ordering of work activities across time and place, with a
beginning, and end, and clearly identified inputs and outputs” (Davenport, 1993, p.5).
10
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of the development of processes enhances the validity and understanding of the
identified effects as it is conducted at the same level at which the technology is applied
(Mooney et al, 1996).
In studying the development of business processes over time, the research emphasizes
the improved possibilities of accessing, analyzing, storing and communicating
information that are generated by digitization of information flows. In this study, the
focus is on information flows within the grocery supply chain. Supply chain is defined
as the sequence of linked activities that are performed by various organizations in order to move goods
from the sources of raw materials to final consumers and can be seen as the central element of
grocery distribution. It is therefore considered a relevant part of the business system
to study.
IN SUMMARY
This study will focus on grocery distribution and within this organizational context
illustrate the effects of digitized information flows over time. This approach should
contribute to a broader understanding of the role of IT and the role of productivity.
The study neither confirms nor disproves the proposition that there is a positive
correlation between IT investments and the development of productivity; rather, it
seeks to illustrate and analyze effects on productivity as well as other effects within the
context of grocery distribution. By thus identifying and analyzing effects of
digitization, the study opens the way for discussing the validity of the productivity
measure and productivity measurement.
1.3

PURPOSE

The purpose of this study is to:
Identify milestones in IT development in Swedish grocery distribution. Thereafter identify, categorize
and evaluate effects generated by digitized supply chain information flows in Swedish grocery
distribution. On the basis of the findings, discuss the role of the productivity measure.

7

1.4

RESEARCH QUESTIONS

The study addresses the following research questions:
·

Which are the milestones in IT development in Swedish grocery distribution?

·

What effects can be identified from the digitization of supply chain information
flows in Swedish grocery distribution and how can these effects be categorized
and evaluated?

·

Based on these findings, what are the implications for the role of the
productivity measure?

1.5

OUTLINE

Figure 1-1 provides a comprehensive outline of the study. The adherent text presents
the content of each part.

1) INTRODUCTION

2) THE PRODUCTIVITY
PARADOX

3) RESEARCH DESIGN

4) EFFECTS OF IT
– A THEORETICAL BACKGROUND

5) SWEDISH GROCERY DISTRIBUTION
- AN INTRODUCTION
6) IT DEVELOPMENT IN SWEDISH
GROCERY DISTRIBUTION – A
SYNOPSIS
7) SUPPLY CHAIN
INFORMATION FLOWS
IN GROCERY
DISTRIBUTION

8) EFFECTS OF DIGITIZED
INFORMATION FLOWS – AN ANALYSIS

9) CONCLUSIONS
AND FUTURE RESEARCH

Figure 1-1: Outline
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1)

Presentation of research program and background of the study. Clarification of
the research problem and purpose of the research.

2)

Presentation of results from and challenges encountered in previous research.

3)

What are we going to do differently? Presentation of the research approach and
reasons for it, research object and the research process.

4)

Theoretical background on other effects from IT and the influence of
contextual factors. Generates an analytical framework applied in the analysis
chapter.

5)

Describes the industry and its organizations in broad terms. Discusses the
productivity measure in this context and available results.

6)

Summarizes the development of IT in Swedish grocery distribution. Identifies
suitable areas to study in more detail.

7)

More detailed study of three focal areas connected to supply chain activities.
Identifies effects of digitizing supply chain information.

8)

Analysis of identified effects in two steps based on the analytical framework
presented in chapter 4. Identified effects are first categorized and then
evaluated according to their capacity to generate value.

9)

Conclusions, discussion of implications on the productivity measure, quality of
the results and recommended next steps.

9
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THE PRODUCTIVITY PARADOX

Chapter 2 provides a review of previous research in connection with the productivity paradox.
The aim of the chapter is to identify issues emerging from previous research that in turn will
underlie the research approach in chapter 3. The chapter includes a presentation of the concept of
productivity, a description of the situation where the paradox is presented and explanations for
the paradox. The latter are divided into three categories: 1) measurement problems, 2)
contextual factors and 3) IT as a general purpose technology. A section on results from more or
less IT-intense industries is also included. The chapter ends with some conclusions on which the
research approach, presented in chapter 3, is based.

2.1

MEASURING PRODUCTIVITY

Productivity growth is the foundation for economic prosperity, a prerequisite for
national development (SOU, 1991:82) and also an important indicator of
organizational competitiveness (Dedrick et al, 2003). Measured productivity therefore
shapes the political decisions of national governments and management decisions
within organizations.
Productivity commonly refers to the ratio between results (output) and the resources
(input) required to achieve them (OECD Statistics Directorate, 2001). In the OECD
Productivity Manual different measures of productivity are presented. A distinction is
made between single-factor productivity measures, which relate output to a single
measure of input, and multi-factor productivity measures, which relate output to a
bundle of inputs. The single-factor measure, labor productivity, is considered useful as it
is relatively easy to apply and reflects the degree of efficiency in the combination of
labor and other resources (OECD Statistics Directorate, 2001). The Swedish statistical
authority, Statistics Sweden, defines labor productivity as the change in value added in
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constant prices in relation to the change in the number of hours worked; this
information is included in the National Accounts (www.scb.se, 2005-06-13). In
analyzing growth patterns and the potential for future development, the use of multifactor productivity measures is recommended (OECD Statistics Directorate, 2001).
The choice between applying one productivity measure or the other, however,
depends on the purpose of productivity measurement and, in many cases, on data
availability (Schreyer & Pilat, 2001).
Productivity at the organizational level is affected by the level of competition, which
leads other organizations to step up the development of their productivity (Dedrick et
al, 2003). Increased productivity, however, does not necessarily imply increased
profitability. Competition may result in lower prices, thus eroding improvement in
margins. The beneficiaries will then be consumers, who get more value added for the
price paid (Dedrick et al, 2003). This phenomenon is defined as consumer surplus and is
discussed, for example, in the research by Hitt & Brynjolfsson (1996).
Some authors distinguish between productivity and efficiency. While productivity applies
to the transformation of input to output in a process, efficiency expresses the relation
between input and output in monetary terms. Thus measured, the results not only
indicate the improvement in output per man-hour or the change in the quantity of
inputs, but also the importance of changes in costs of inputs such as human resources.
(Rapp & Rapp, 1999) In this study, however, no difference is made between
productivity and efficiency and the term productivity will primarily be used.
2.2

THE PARADOX IS PRESENTED

Productivity growth arises from the development of new work methods based on new
technology and production techniques. Consequently, when the new technology of IT
was introduced in working life, productivity growth was expected. But because
computers were initially used in a situation where US productivity growth had been
low and unemployment had been high since the mid-1970s, it was initially difficult to
prove positive effects of investments in IT (Lundgren & Wiberg, 2001). As mentioned
in the introduction, Solow referred to this situation when he stated, “You can see the
computer age everywhere but in the productivity statistics” (Solow, 1987). This
phenomenon was later defined as the productivity paradox.
Solow was not alone in his skepticism toward the investments made in IT. In a
memorandum from 1987, Roach concludes that although computer investment per
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white-collar worker in the service sector had increased by several hundred percent
since 1977, no effects were observed on output per worker (Brynjolfsson & Hitt,
2000). In an article from 1995, Berndt & Morrison, based on data from the Bureau of
Economic Analysis, reports that increases in the share of high-tech capital in the total
stock of physical capital are negatively correlated with multi-factor productivity and
tend to be labor-intensive (Berndt & Morrison, 1995).
In a book from 1990, Strassmann concludes, ”There is no relationship between
expenses for computers and business profitability” (1990, p. xvii). Similar technologies
can lead either to a positive development or to failure depending on how they are put
into practice in organizations he argues. On a national level, however, there is no
correlation between investments in IT and productivity as conventionally measured.
Further, Strassmann concludes that the impact of IT on societal productivity is
dependent on the growth of the administrative workload related to computers.
Automation of activities might be an efficient application of IT, but does not
necessarily deliver an increase in value added. Doing the wrong things faster will not
improve a country’s living standards.
2.3

THE PARADOX IS EXPLAINED

In the latter 1990s, US productivity growth accelerated again, rising by 2.5 % annually
until 2000 (Litan & Rivlin, 2002). Researchers also found more and more proof of a
positive relationship between IT and productivity. The President’s Council of
Economic Advisers presents supporting evidence in 2001, concluding that labor
productivity had increased more in the sectors that used IT more frequently and that
productivity growth was more structural than cyclical in nature.
The reasons for the productivity paradox have been the subject of considerable
research. In this chapter a number of explanations are presented. These are divided
into three categories: 1) measurement problems 2) contextual factors and 3) IT as a
general purpose technology. The three categories are interconnected and somewhat
overlapping, but the explanations treat the paradox from three different perspectives.
In addition, some researchers divide industries into more and less IT-intensive and
study the influence of IT on productivity growth accordingly. A presentation of this
research is also included.
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1) MEASUREMENT PROBLEMS
The first category of explanations for the productivity paradox is focused on the
measurement techniques used to determine the correlation between IT investments
and productivity.
When studying to the availability of suitable Swedish statistics, Falk & Persson (2004)
found some weaknesses in the existing statistics. The data presented are gathered from
different sources, and data populations are based on different data-collection
methods. The relevancy of industry-level statistics was also questioned as large
companies cover several industry segments. A third factor that influenced the
reliability of the statistical data as input in research on the productivity paradox was
the absence of clear definitions of IT and data on IT investments. Apel & Lindström
(2003) further articulate the challenge of defining relevant and reliable measures of IT
assets in the economy; this difficulty limits the possibilities of analysis11.
Krusell (2000) describes two further issues relevant to the correlation between IT
investments and productivity development: 1) quality improvements are not reflected
in the valuation of output and 2) measurement techniques in the service sectors are
not reliable. Some improvements have been made, but there are still adjustments to
consider when analyzing the productivity paradox. One example affecting the analysis
is the change in the manner of measuring output in the American banking sector;
formerly based on the number of employees, output is now measured by the number
of transactions. In this way the improvement in productivity made possible by IT
became evident in the statistics (Krusell, 2000). Edquist (2004) discusses the
challenges of measuring productivity growth in industries where prices and products
are rapidly changing. This is the case in IT-producing industries, where technological
development has led to a situation where higher quality is delivered at a lower price.
Hitt & Brynjolfsson (1996) study the impact of quality improvements categorized as
consumer surplus, which is defined as a situation where the valuation of a good is
higher than the market price paid by the customer. In a competitive market, a firm’s
gain from investments in IT might be eroded by the competition and the positive
effects passed on to customers. But since it is difficult to determine actual customer

Until 1994, the Swedish statistical authority, Statistics Sweden, collected data on IT
investments of organizations. No data are available for subsequent years.
11
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demand and thereby the consumer surplus, this value is not captured in productivity
statistics.
There thus seem to be a number of areas where shortcomings in the measurement of
productivity generate misleading results. However, the conclusion that the
productivity paradox is a result of inadequate measurement techniques has been
criticized. According to Gordon (1999), the productivity recovery seen in American
statistics is related purely to improved methods for measurement of price deflators,
cyclical responses to an increase in output growth and/or growth in sectors related to
hardware development. Thus, no productivity increase in addition to cyclical effects or
adjusted measurement techniques can be identified in the parts of the economy that
are not connected to hardware development. David (1999) argues that measurement
problems are relatively unimportant. If measured differently, all data will change, and
no actual productivity growth will be seen in subsequent data, either.
2) CONTEXTUAL FACTORS
A second area where noteworthy findings about the productivity paradox have been
made is related to the contextual factors affecting IT investments. Contextual factors
like the level of education among the employees of an organization or the presence of
complementary investments are seen as decisive for achieving the desired effects.
Based on a review of the literature on the business value of IT investments, Melville et
al (2004) conclude that IT is valuable but dependent on internal and external factors
such as complementary organizational investments and resources. Effects of an IT
investment can be divided into two parts: one that is specific for the company in
question and dependent on idiosyncratic factors, and one that is generic for all
companies. Approximately 50 % of the effects of IT investments are estimated to be
related to firm-specific factors (Brynjolfsson & Hitt, 1998).
The impact of the employees’ educational level is discussed in a report by Mellander et
al (2005), which considers the influence of IT on productivity in Swedish
manufacturing companies during 1986-1995. Based on empirical analysis of the
impact of human resources, it is concluded that the educational level accounted for
differences in the effects of IT on productivity.
However, IT might also enable further organizational development, in business
processes, for example, through the effects of the resulting changes in the
organization. This situation has been studied by Brynjolfsson & Hitt (1998; 2000),
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who conclude that the effects of IT investments that are not reflected in productivity
statistics include improvements in product quality and supply, which in turn positively
influence sales. The results show that investments in IT have had a substantial indirect
impact on output. The authors report that the ROI for investments in IT has averaged
81 %, which is higher than for other capital investments.
The authors also conclude that the five main reasons for investing in IT are not
captured in productivity statistics. These reasons are the following: a decreased need
for labor, improved quality, increased product supply, improved customer service and
faster response times. It cannot be proved that investments in IT will lead to abovenormal profits. When this is the objective companies should look beyond the
productivity issue and identify solutions where IT can leverage strategic advantages
based on product positioning, quality or customer service (Hitt & Brynjolfsson, 1996).
In an article from 2000, Brynjolfsson & Hitt, present further studies on IT-enabled
organizational development of internal processes, manufacturer relations and
customer relations. They conclude that these developments are driven by a change in
the cost of handling information.
Evidence in this second area reinforces the conclusion by Strassmann (1990) that
there is a large disparity among organizations in reaping the benefits of IT. Depending
on contextual factors, the same investments could have either positive or negative
effects.
3) IT AS A GENERAL PURPOSE TECHNOLOGY
A third research area, which has provided further insight into the productivity paradox
concerns information technology as a generator of growth. Bresnahan & Trajtenberg
(1995) present a view of technologies in a tree-like framework, where technologies at
the top generate others further down. These top-level technologies are termed General
Purpose Technologies (GPT’s) and are characterized by pervasiveness, technological
dynamism and the presence of technological complementarities. Examples of such
technologies, which are widely applied and have made further development possible,
are the steam engine, the electric motor and semiconductors. Bresnahan &
Trajtenberg study whether this handful of enabling technologies has had the dramatic
impact on growth described in other research and what in their nature has given them
this role. The authors conclude that complementary initiatives are widely dispersed in
the economy, but must be coordinated if effects on growth are to result.
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This point is also discussed by Romer, who focuses on incentives, innovations and
institutions as prerequisites for economic development. It is not a single innovation
that influences the speed of development, but the coordinated development and
application of several innovations (Romer, 1990). Technological changes are often
dependent on a specific sequence of previous events and on a number of factors
(Rosenberg, 1985). Similarly, Dahmén concludes that the coordination of technologies
within development blocks12 results in a situation where no positive effects are observed
until all parts of the cluster have been developed (Johansson & Karlsson, 2002).
So what does this research imply for the productivity paradox? Approaching the
productivity paradox from a historical perspective, David (1990) discusses the time
span involved in establishing a new technology. Viewing IT as a GPT, he concludes
that it takes time before the technical advancements affect productivity. Information
structures and operating modes need to be developed before full advantage of the
technology can be taken (David, 1990). The technology must be mature enough, and
organizations must be properly adapted, before the benefits of the technology can be
realized. In other words, we need to be patient.
Investments in IT fell during 2002-2003, but productivity growth has continued to rise
(London, 2003). This tendency indicates that David’s conclusions are correct.
Investments need to be supported by organizational development, and it takes time
before the effects of IT investments can be seen in productivity statistics.
MORE OR LESS IT-INTENSIVE INDUSTRIES
Van Ark (2000) discusses the difference in productivity development between the US
and Europe based on the fact that American productivity growth has been higher.
Van Ark concludes that an increasing proportion of productivity growth has been
generated by IT-producing industries and that the IT-producing sector is larger and
more productive in the US. Also, in the use of IT applications, Europe has lagged
behind the US, and for this reason some IT effects have not yet appeared in Europe.
Edquist & Henreksson (2002) study the impact of IT on productivity at an industry
level. Included in the analysis are manufacturing industries in five countries13, divided

12

A block is defined as a cluster or network of integrated production and distribution units.

13

Finland, France, Sweden, Germany and USA.
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into IT-producing14 and IT-consuming industries. The study, which is based on OECD
data, concludes that most of the productivity growth has been generated in the ITproducing industries and no indications of any spillover effects from IT-producing
industries to IT-consuming industries are found. The authors discuss the challenges of
measuring this growth in productivity and conclude that measurements might both
underestimate the effects on productivity and overestimate the role of IT-producing
industries. It is also important to note that the manufacturing industries included in
the study only constitute about one fourth of the total economy.
Lind (2002) studied the development of Swedish productivity in the years 1994-2001,
distinguishing between IT-producing and IT-using industries15. He concludes that the ITproducing industries accounted on average for 60 % of productivity growth during the
latter half of this period (1998-2001). The IT-using industries had no influence on
overall productivity growth during the years 1994-1997, but contributed 0.5
percentage points to overall growth during the latter period (1998-2001). Based on
these results, the potential of IT to generate productivity growth in other parts of the
economy16 is questioned. Future developments, though, will depend on the ability to
implement and use IT in an optimal way, especially within the growing service
industries. However, productivity in these industries is difficult to measure, and the
results might not always be visible in the National Accounts (Lind, 2002).
2.4

LESSONS FROM PREVIOUS RESEARCH

Previous research on the productivity paradox provides a number of lessons that are
important to consider in defining a research approach for the study in question. These
are summarized as follows:

Defined as the industries that facilitate by electronic means the processing, transmission and
display of information, including production of office machines and computers, other
electronic devices, telecommunication products and precision, medical and optical instruments.
14

IT producers are defined as producers of telecommunication products, post and
telecommunication companies and computer consulting companies, whereas IT users are
defined as producers of other electronic devices and precision, medical and optical
instruments, retail and wholesale trade, research organizations and other company service
organizations.
15

16

So-called spillover effects.
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·

Previous studies often involve quantitative analyses of data from a large
number of companies in different industries (Dedrick et al, 2003). Based on the
conclusion that IT development is dependent on idiosyncratic organizational
development and surrounding contextual factors (Brynjolfsson & Hitt, 1996), a
study focused on one industry segment could provide a valuable contribution.

·

Previous studies often apply a limited definition of IT (Dedrick et al, 2003),
where software, related services and embedded systems are excluded. Focusing
on one specific context makes it feasible to use a definition of IT that includes
the specific technology considered as IT in this context. A broader definition
also permits more thorough analysis of the effects of IT.

·

Previous studies are often limited to a time frame defined according to the
availability of statistical data. Focusing on one specific context permits analysis
of the time frame that is of specific importance and ensures that decisive
milestones are not excluded from the analysis.

These observations will be further discussed and considered in the research design.
From previous research on the productivity paradox, it is concluded that productivity
might not be the only aspect of IT investments and use that is important to include in
the study. When focusing on a single measure, such as productivity, one might risk
omitting important effects. The theoretical background presented in Chapter 4 will
therefore review other effects of IT that are described in literature.
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3

RESEARCH DESIGN

This chapter aims at presenting and motivating the research design applied in the study. The
presentation is divided into three parts: 1) research approach based on lessons from previous
research 2) research object presenting the scope of the empirical study and 3) research process
that describes how the study is performed.

3.1

RESEARCH APPROACH

The purpose of this study, as set forth in the introduction, is to identify, categorize
and evaluate the effects generated by digitization of supply chain information flows in
Swedish grocery distribution. Based on these findings, a further purpose is to discuss
the role of the productivity measure. The research approach presented in this section
is developed to support this purpose.
A retrospective, qualitative study on the effects of digitized information flows within a
single organizational context is conducted. The approach taken and the reasons for it
will be gradually developed in this section. A presentation of key definitions is also
included.
A QUALITATIVE STUDY OF GROCERY DISTRIBUTION
As presented in Chapter 2, many of the studies on IT and productivity base their
analysis on retrospective, quantitative data in order to examine correlations between
productivity and investments in IT (Dedrick et al, 2003; Bannister, 2002). The studies
are often quantitative and include data from many different organizations and
industries. Similarities are identified, and the assumption is made that the conditions
for IT development are similar in the different cases. In studying the effects of IT,
however, it is important to consider the underlying sequence of events that has
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produced them (Mason et al., 1997). For this reason, the development of IT should be
viewed in its specific context.
In regard to firm-level research based on aggregate data, it is also concluded that
equivalent investments in IT generate different results in different organizations.
Idiosyncratic conditions and specific complementary investments are viewed as
decisive for achieving the planned benefits of IT investments (Brynjolfsson & Hitt,
2000). In addition, Melville et al (2004) find that the application of IT in companies is
dependent on the organization of the industry to which the company belongs; certain
industries have achieved greater productivity improvements and larger cost reductions
than others from investments in IT. As further discussed in Chapter 4, the
concentration of the industry, the configuration of the supply chain, the rate of
technological change, regulations and IT standards influence the conditions for IT
investments and use. Moreover, Pettigrew (1990) argues that research aimed at
describing change should explore the context, content and process of change through
their interconnections in time -- an indication that a study focused on one specific
industry should arrive at interesting and relevant findings.
Based on these results, the ITOP research program has chosen to perform qualitative
studies on specific business systems17. The research in this study is focused on grocery
distribution in Sweden18. Qualitative studies emphasize the differences between
settings, not the similarities, and focus on one specific context rather than covering
many (Myers, 2005). The study therefore includes a presentation of relevant industry
features in order to facilitate overall understanding of the role of IT. However, the
information used in identifying and evaluating the effects of IT is a combination of
qualitative and quantitative data, numerical as well as verbal, gathered from interviews
and documents.
A BROADER DEFINITION OF IT
IT as a technology is a very sweeping construct, which cannot be treated in a
homogenous way. Different systems exist for different objectives and cannot be
evaluated with a single performance indicator (Weill, 1992). A view of IT as
homogenous and producing specific results independent of its social and

17

Defined as networks of cooperating companies within and beyond industry limits (SCB, 1999)
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A further description of this business system is provided in Section 3.2 Research Object
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organizational surroundings has therefore been criticized as the black-box view of IT
(Orlikowski & Iacono, 2001). This study presents and analyzes the effects of specific
IT applications in their particular organizational setting and should therefore avoid
treating IT as a black-box.
The definition of IT in previous research on the relationship between IT and
productivity is often confined to one of the two categories19 set by the US Bureau of
Economic Analysis (Brynjolfsson & Yang, 1996), where the definition is limited to
hardware. Investments in software, related services and embedded systems are thus
excluded. One exception is Weill (1992), who applied a broader definition of
information technology that included all hardware, software, communications,
telephone and facsimile as well as personnel and other resources dedicated to IT.
However, Weill chose to exclude IT that was embedded in production technology, as
he wanted to study technology that was applied for informational purposes.
When viewing IT as a General Purpose Technology (GPT), it is believed that the
definition used in previous research does not fully cover the role and influence of IT
and fails to illustrate the broader function of IT as a generator in the development of
business processes. In studying the development of IT within a specific context, there
is no need to limit the definition of IT according to the availability of data, and IT that
is embedded in production technology, for example, can be included in the analysis.
In this study, the following broader definition set by the Swedish Institute for
Transport and Communications Analysis (SIKA, 2004) will be applied: Information
Technology (IT) is a technology for collecting, storing, processing, recalling and communicating data,
text, images and speech. It is however necessary to note that this definition includes
technology that is electronic and digital.
One technology that has been applied with and without computers is punched cards.
Punched cards were originally invented by Hollerith and were initially used for
statistics tabulation in the 1890s. The invention and its applications were further
developed by e.g. Jacquard and Babbage. As from the 1950s punched cards were used
in computers. (Jones, 2005) When used as one component in a computer, punched
cards are mentioned in the study, but no strong emphasis is put on the technology.

OCAM = Office, Computing and Accounting Machinery or IPE= Information Processing Equipment
(communications equipment, scientific and engineering instruments, photocopiers and related equipment).
19
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The applied definition of IT further includes IT embedded in production technology
and consumer products and will therefore obtain a more correct picture of the
broader role of the technology. An embedded system is defined as a specialized computer
system that is part of a larger system or machine (www.webopedia.com). Virtually all
appliances that have a digital interface, for instance watches, microwaves, VCRs and
cars, utilize embedded systems. In the analysis of grocery distribution, the IT
applications embedded in cash registers and handheld devices, for example, will be
included in the definition of IT and thus in the analysis.
An alternative definition that often is used is Information and Communication Technology
(ICT). Although IT and ICT are considered synonymous, the term IT is consistently
used in this study.
A RETROSPECTIVE RESEARCH APPROACH THAT VISUALIZES
DEVELOPMENT OVER TIME
Perceiving IT as a GPT also implies that its development should be studied over a
longer period. In the implementation of other GPT’s such as electricity, the main
positive effects were not realized until necessary organizational adjustments had been
identified and implemented. IT is seen as infrastructure (Broadbent & Weill, 1997;
Falk & Olve, 1996), meaning that investments made in one year will later generate
results by themselves or in connection with other investments. Brynjolfsson & Yang
(1996) report further that it can take several years before the benefits of IT reach the
bottom line. These lags are explained by the complexity of the technology, which
requires that organizations and individual employees accumulate a certain degree of
experience before the intended returns can be delivered. In order to grasp the effects
of IT, it is therefore necessary to study its development over time. For this purpose, a
retrospective research approach is applied.
Such an approach is not unusual when the effects of IT are studied. In quantitative
research related to the productivity paradox, longitudinal studies are commonly
undertaken (Bannister, 2002). The time frame for these studies, however, is defined
according to the availability of data and might not always capture critical milestones.
This risk is avoided when the study is focused on one specific context; the time frame
is then determined by the specific interest of the study. This study covers the
development of grocery distribution from the time when the first major signs of IT
appeared in the 1970s. The use of punched cards was adopted in retailing as early as in
the 1950s - 1960s. This period is for feasibility reasons not included in the study. A
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description of the situation when the story begins is however included in chapter 6.
Chapter 7 includes three focal areas that describe the development within a specific
area. As these present a before and after scenario they include descriptions of time
periods before the 1970s.
A retrospective approach puts specific requirements on the research process and
lessons from the adjacent historical research approach needs to be considered. An
historical analysis is based on a research question that is related to events in the past
(Florén & Ågren, 1998). Views on what constitutes history have changed over time,
whereby researchers have shifted their focus from pure facts to interpretation of past
events (Bannister, 2002). Historical methods reflect the cultural circumstances and
ideological assumptions that set the stage for certain phenomena and highlight the
role of key decision makers and the long-term influence of economic, social and
political forces (Mason et al., 1997).
Historical research is not radically different from other types of research, but some
general differences can be mentioned regarding the two adjacent approaches of
longitudinal studies and time-series analysis. Compared to a longitudinal study, an
historical study in general considers a phenomenon over a longer period of time but
does not imply that the researcher is present during the period in question or that the
phenomenon is viewed in real time. A longitudinal study is often based on
observations and contemporaneous measurement, whereas historical studies use other
sources of data such as documents, commentaries, artifacts and external interviews.
Compared to a time-series analysis, which often incorporates data from the past,
historical analyses focus on understanding specific events, whereas time-series analyses
are looking for patterns in a large amount of data. (Bannister, 2002)
In this study the term retrospective is used in order to articulate that the study covers
the development over a longer period of time. The term longitudinal is not used as the
research is not based on contemporaneous observations.
BEYOND PRODUCTIVITY - IDENTIFYING MULTIPLE EFFECTS OF A
BUNDLE OF INVESTMENTS
As noted in Chapter 2, many studies on the effects of IT are concentrated on
productivity development. It is, however, our belief that confining the study to one
indicator might also limit the results and thereby the view on the effects of IT.
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One criticism of the productivity measure is that it has become increasingly difficult to
apply. The value of output, for instance, depends on the value delivered to customers.
That value might have been feasible to measure 50 years ago, but today it is more and
more a function of intangible aspects like product quality, convenience, variety and
customization. The other side of the productivity measure, input, is also difficult to
determine. For instance, one labor hour from an educated employee supported by
necessary equipment and other resources is not the same as one labor hour from an
unemployed worker with no support from other resources. (Brynjolfsson & Hitt,
1998)
As the productivity measure does not capture the value connected with enhanced
quality, variety, convenience, customization etc. of delivered products, we need to
broaden our search for the effects of IT. This study will therefore seek to identify a
palette of effects and divide them into different categories. Based on the identified
effects and their categorization, a more thorough discussion on the role of the
productivity measure will then be possible. Theoretical background for the
categorization of effects is presented in Chapter 4.
As noted in the introduction, an investment can be defined as “the sacrifice of immediate
and certain satisfaction in exchange for a future expectation whose security lies in the capital invested”
(Massé 1962, in Rapp, 1974). The potential future consequences of an investment in
IT, however, can be difficult to estimate in advance (Lucas, 1999) and might be the
result of a bundle of investments (Falk & Olve, 1996; Broadbent & Weill, 1997). The
term consequence means that there is a direct connection between the investment and
the result (www.ne.se, 2005-05-11). The term effect20, by contrast, implies that the
results are seen in a broader perspective. Since this study considers what is generated
by a bundle of investments in IT within a bundle of organizations and over a longer
period, we have chosen to use the term effect in this study.
BEYOND IT - A FOCUS ON THE DIGITIZATION OF INFORMATION
FLOWS
IT has replaced physical interfaces with digital ones, thereby reducing the costs and
increasing the potential for accessing, processing and communicating information.
This development has generated a transformation of working methods and new ways

20

An effect is defined in this study as a result of a certain operation (www.ne.se, 2004-10-27).
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to conduct business (Porter & Millar, 1985; Brynjolfsson & Hitt, 2000). Assessing the
value of information technology is thus closely connected with the value of the
information carried. According to Haeckel (1985), however, it is difficult to measure
information in terms of value, as information is infinite, in unlimited supply (at least
regarding quantity) and difficult to estimate in terms of quality. The value of
information is contextual, meaning that it is dependent on the situation and making it
even harder to measure in general terms. Information thus needs to be measured
according to the effects of more or better information on the business processes
where it is applied. Measuring the effects on processes permits quantification of
effects in terms, for instance, of faster lead-times, reduced inventories or elimination
of activities.
In order to grasp the changes generated by implementation of IT, the study will
therefore focus on working methods at different points in time, i.e. the processes on
which grocery distribution is based. A process is in this study defined as “a specific
ordering of work activities across time and place, with a beginning and end, and clearly identified
inputs and outputs” (Davenport, 1993). When considering changes in processes, the
study will describe the specific manifestations of the change, e.g. what was involved in
ordering new products to a store in the 1960s and how this activity is performed
today. Presenting these changes in this manner makes it possible to identify tangible
effects as IT is illustrated at the level where it is applied.
The study is concentrated on the changes in processes that become possible in the
form of enhanced ways of accessing, storing, analyzing and communicating
information. In describing the processes, the use and communication of information
is identified and highlighted. The process studies are hence focused on the flows of
information, with development regarded as digitization of information whereby analog
interfaces are replaced by digital ones. In order to convey the meaning of this approach, the
two concepts of information and digitization are further defined below.

Definition of Information
Information is often distinguished from data, with information defined as a message
that is useful for decision or action, as opposed to data, defined as a set of symbols
that represents a part of a message (Langefors & Samuelsson, 1976). According to the
infological approach, information is a function or interpretation of data, the receiver’s
frame of reference and the time available for interpretation (Langefors, 1973). This
definition of the terms data and information and the distinction between them are
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applied by other researchers. One of these is Davenport (1997), who presents the
following table, which also includes a definition of knowledge:
Data
Simple observations of
states of the world

Information
Data endowed with
relevance or purpose

- Easily structured
- Easily captured on
machines
- Often quantified

- Requires unit of analysis
- Needs consensus on
meaning
- Human mediation
necessary

Knowledge
Valuable information from
the human mind. Includes
reflection, synthesis, and
context.
- Hard to structure
- Difficult to capture on
machines
- Often tacit

- Easily transferred
- Hard to transfer
Table 3-1: Data, information and knowledge (Davenport, 1997)

In this study, however, the terms data and information are regarded as synonymous.
The reason is that the study explores the possibilities of processing information in
different settings, rather than interprets the characteristics of specific information. It is
not argued that one definition is more correct than another, but for the reasons noted
above this definition is considered to be more appropriate in this study. As a
consequence of this choice, data is not distinguished from information, and
information is used as the main definition throughout the study. Where the term data
is used (e.g. in the definition of information technology) its meaning is not
differentiated from the term information.

Definition of Digitization
As mentioned previously, the ambition of the research program is to study the
development of IT over time. The focus is not on the technology itself but on the
conditions for processing information, and consequently not on computerization but
on digitization of information.
For purposes of our research, we define digitization as transformation of information from
analog to digital format (www.webopedia.com). An associated term is process digitization,
which refers to the transformation of processes from the performance of activities in a traditional
way to the digital performance of activities (BarNir, Gallaugher & Auger, 2003).
Although the study is concentrated on the digitization of information flows over time,
it is not limited to the initial transformation of information from analog to digital
format. The further development of digitized information is also included in the
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analysis. The enhancement of information processing is studied from initial
digitization to present functionality in order to identify and analyze effects of IT.
SUMMARY OF RESEARCH APPROACH
The fundamental research approach in this study can be summarized as follows:
·

A qualitative research approach, including qualitative as well as quantitative
information, is applied in one specific organizational context. The reason for
this approach is the conclusion from previous research that the effects of IT
development are dependent on contextual factors. In a study focused on the
development of IT within grocery distribution, an understanding of these
factors can be included as an objective of the research. A presentation of the
business system of Swedish grocery distribution is provided in Chapter 5.

·

Previous research in connection with the productivity paradox applies a limited
definition of IT in statistical terms. A qualitative approach makes it possible to
use a broader context-specific definition that leads to a better understanding of
IT effects. A synopsis of the specific development of IT within grocery
distribution is presented in Chapter 5.

·

Viewing IT as a GPT implies that effects of IT investments are a result of a
bundle of investments over a longer period. In order to capture this
development, we study it over time with a retrospective research approach. The
consequences of this approach are further described in 3.3 Research Process.

·

It is assumed that the productivity measure does not capture all relevant effects
of investments in IT. This study will therefore include a broader search for
such effects. These are not identified on the basis of one specific investment,
but on the collective effects of a bundle of investments. A theoretical
background on the effects of IT, included in Chapter 4, is used in identifying
them.

·

In order to study the effects of IT at the level where it is used, research is
focused on process changes. As IT has enhanced the possibilities of accessing,
storing, analyzing and communicating information, the study is concentrated on
the changes in information flows in processes, with an emphasis on digitization
of information. These information flows are presented in Chapter 7.
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Key definitions used in the research approach are the following:
Concept
Effect
Digitization

Information

Information
Technology

Process

3.2

Definition
A result of a certain operation (www.ne.se).
Transformation of information from analog to digital format
(www.webopedia.com).
Everything that can be communicated is information. The terms data
and information are regarded as synonymous in the study.
Technology for collecting, storing, processing, retrieving and
communicating data, text, images and speech (SIKA, 2004). Included
technology is digital and electronic.
A specific ordering of work activities across time and place, with a
beginning, an end, and clearly identified inputs and outputs
(Davenport, 1993).
Table 3-2: Key definitions

RESEARCH OBJECT

The effects of information digitization are studied based on a specific example,
information flows in Swedish grocery distribution. This section provides a description
of grocery distribution and explains the choices made regarding the scope of the study
and the perspectives applied.
SCOPE: FROM GROCERY TRADE TO GROCERY DISTRIBUTION
Groceries are defined as products that meet consumers’ daily purchasing needs, i.e. food, household
chemical products, flowers, newspapers and magazines etc. An alternative definition, used by
Coop, is Fast Moving Consumer Goods (FMCG). Since the two definitions are essentially
the same, the simpler term grocery is used in this study.
Supplying consumers with groceries involves a range of activities from producing raw
materials, packaging and final groceries (manufacturing), managing logistics and
inventories (wholesaling) to selling the products in a store (retailing). These activities
constitute the grocery value chain, which is further presented in Chapter 5. In a
classification of industries for statistical purposes, one part of the value chain
incorporating grocery wholesale and retail activities is defined as grocery trade. This part
is treated as a different industry separate from the other activities (SCB, 2003). In a
1999 study, however, Statistics Sweden reclassified industries according to a new logic
where the economy was viewed as a number of dynamic business systems (SCB, 1999).
This study was based on changing relations between organizations that shaped
networks of cooperating companies within and beyond industry limits, a situation
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where boundaries between industries were becoming increasingly fluid. The division
of the economy into business systems is based on the final products distributed.
Grocery related activities were thus defined in the study by Statistics Sweden as the
business system, groceries, which includes agriculture, grocery manufacturing, related
services, grocery wholesale and grocery retail.
It is apparent that in order to understand the complete information flows involved in
delivering a grocery product to a consumer, the analysis must include more than the
grocery trade. The process of manufacturing final groceries and above all the
relationships between grocery manufacturers, wholesalers and retailers are therefore
incorporated into the analysis. Due to feasibility reasons the study does however not
include producers of raw materials (agriculture), producers of packaging or related
services (e.g. banks and carriers). The scope of the analysis is illustrated in Figure 5.1,
which shows the starting point (input), the result (output) and the organizations
involved. The scope of this study as thus defined is hereafter referred to as the business
system of grocery distribution.
INPUT:
PRODUCT
DEMAND

GROCERY
MANUFACTURING

GROCERY
WHOLESALE

GROCERY
RETAILING

OUTPUT:
PRODUCT SUPPLIED
TO CONSUMER

Figure 3-1: Scope of the study

PERSPECTIVES
The development of IT and perceptions of its value have different meanings and
implications for different organizations within grocery distribution. Small, individual
retailers regard development differently than large supermarkets belonging to a chain,
and consumers do not always value innovations in the way that retailers expect them
to. It is therefore essential to specify the organizational perspective chosen in the
analysis. Hammarkvist (1980) emphasizes the importance of analyzing the implications
of IT from different perspectives over time in order to provide a fair picture of its role
within a specific context. One lesson learned from grocery distribution has been to
take the complete chain into consideration rather than focusing a specific organization
(De Bernardi & Larsson, 1995). To increase margins in retailing, it is necessary to
improve the cost structures of the entire chain, not just within the retailing
organization. This study will therefore avoid focusing on any single organization in the
business system, i.e. manufacturers, wholesalers or retailers, and aim instead at
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including more than one perspective in the analysis, with the perspectives specified
when necessary.
The scope of the study is a business system and will illustrate and discuss
developments from a business perspective rather than the perspective of the industry
as a whole or the Swedish economy. The value passed on to consumers, however, will
also be regarded in the identification and analysis of effects. Included organizations
are further described in Chapter 5.
SELECTING THE FOCAL AREAS
Based on the comprehensive synopsis of the development within grocery distribution,
which is described in Chapter 6, more detailed focal areas are identified. A focal area is
defined in this study as a specific part of the grocery value chain that is examined in detail,
emphasizing the digitization of information flows.
The selected focal areas presented in Chapter 7 are all connected with supply chain
activities in grocery distribution, but describe different aspects of the digitization of
information flows. Supply chain is defined as the sequence of linked activities that are
performed by various organizations in order to move goods from the sources of raw materials to final
consumers. The supply chain is regarded as an important set of activities to examine, as
it is a central part of the grocery distribution business system. Moreover, studying the
supply chain makes it possible to provide a broad description of the effects generated
by digitization of the information flow.
The focal areas are intended to capture a comprehensive view of developments and
detailed differences between categories of items or organizations are not fully covered
in the presentation. The focal areas can therefore be viewed as typical processes that
show a typical development over time in the business system.
The focal areas does not aim at presenting an exhaustive description of supply chain
information flows. Included information flows are examples that are connected to the
grocery supply chain.
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Table 3-3 describes and explains the selection of the focal areas presented in Chapter
7.
Focal area
1) Capture and processing
of order information

2) New item introductions

3) Analysis of point of
sales information

Content
Presents the information
flows when ordering items
from retailers, via wholesalers
to manufacturers.
Includes the information flow
for new items from
manufacturers to wholesalers
and retailers.

Significance
Generates an overview of the
development of the
information flow related to
orders.
An important part of the
value chain where deficient
information leads to
inefficiency in related
processes.
An area where digitization of
transaction information has
generated widespread effects
on the design, management
and organization of stores.

Describes the enhanced
possibilities of accessing,
storing and analyzing
transaction information
through implementation of
computerized cash registers
and related technology.
Table 3-3: Focal areas in Chapter 7.

THE RESEARCH OBJECT – A SUMMARY
This study covers digitization of information flows within the business system of
grocery distribution, including grocery manufacturing, wholesaling and retailing. A
comprehensive presentation of this development is included in Chapter 6. Three focal
areas are then selected. These focal areas, described in Chapter 7, are intended to
provide a more detailed description of the digitization of specific information flows.
The focal areas are related to supply chain activities, which are seen as one part of the
grocery value chain. The study will present developments from the perspective of the
complete business system rather than any specific organization. However, the effects
identified are considered in a business or consumer perspective rather than from the
standpoint of the industry as a whole or the entire Swedish economy.
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The definitions in relation to the research object and the scope of the study are
provided in the following table:
Concept
Business system

Definition
Networks of cooperating companies within and beyond
industry limits (SCB, 1999).
Focal area
A specific part of the grocery value chain that is studied in
more detail, with an emphasis on digitization of
information flows.
Groceries
Products that meet consumers’ daily purchasing needs,
including food, household chemical products, flowers,
newspapers and magazines
Grocery distribution
Grocery manufacturing, wholesaling and retailing.
Grocery value chain
The activities required in order to supply consumers with
groceries.
Manufacturer
Importer and/or producer of groceries (www.dlf.se, 200409-07)
Retailing
Sale of goods to final consumers, normally in small
quantities (www.ne.se, 2004-09-07)
Supply chain
The sequence of linked activities that are performed by
various organizations in order to move goods from the
sources of raw materials to final consumers.
Typical process
Comprehensive view of digitized information flows,
whereby detailed differences between item categories or
organizations are not fully covered.
Wholesaling
Sale of goods other than to private consumers or
households (Hammarkvist & Wirsäll, 1980)
Table 3-4: Definitions related to the object and scope of the research

3.3

RESEARCH PROCESS

This section includes a description of the activities performed in the research. The
process is based upon and influenced by the research approach described in 3.1. As
discussed in this section, a retrospective research approach has been chosen.
According to Mason et al (1997) and Pettigrew (1990), for example, there is a
difference between studying current phenomena and studying developments that have
taken place in the past. Therefore, observations from previous retrospective studies
have been of value in the research process. A summary of these lessons is therefore
included.
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LESSONS FROM PREVIOUS RETROSPECTIVE STUDIES
When asking a retailer about the potential for Internet grocery shopping, you would
probably get a very different answer in 1995 than you would today. As expressed by
Pettigrew (1990), “truth is the daughter of time”. The time chosen for performing a
study sets the frame of reference that determines which changes are identified and
explained. In identifying the effects of digitized information flows over more than 40
years, many would probably be overlooked if the search was limited to asking
questions today. As we are unable to travel in time, we need to supplement
information gained from interviews with studies of documents. These documents
include a description of the technology at the time that it was implemented, its
potential and its realized effects. This point is discussed further when the method for
collecting data is presented.
Mason et al (1997) conducted historical research on the development of the IT
function in larger organizations. Based on their experience, a number of observations
and recommendations were made. In a retrospective study, it may be difficult to
identify suitable informants and validate their reliability. Interviews with eyewitnesses
require experience in separating a colorful biased story from what actually happened.
It is therefore recommended that the researcher initially acquires a background
understanding of the research object through information from public sources such as
articles, books, reports, annual reports and trade association studies. Written sources
might provide, for example, an authentic time line of critical events as opposed to
interviewees, who often fail to remember exact dates of events. However, since public
sources are intended to communicate with the public, it is important to consider
whether the information provided is biased or incomplete. In conducting
retrospective research, it is thus advisable to combine several sources of evidence and
extend the focus to include written sources as a complement to interviews. Such
triangulation of sources leads to a broader understanding of events and permits crossexamination of sources, thereby enhancing the validity of the research.
The description of the research process is influenced by the historical research process
described in Mason et al (1997) and is divided into the four parts described in Figure
3-2. The presentation of the research process below is based upon these phases.
1) FOCUS

QUESTIONS
AND SPECIFY THE
DOMAIN

2) COLLECT

EMPIRICAL
INFORMATION

3) VALIDATE THE
INFORMATION

Figure 3-2: Phases of the research process
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4) DETERMINE

PATTERNS BY
ANALYZING
INFORMATION

1) FOCUS QUESTIONS AND SPECIFY THE DOMAIN
The research questions in this study are the product of considerable thinking. They
were initially developed jointly within the ITOP research program and then adjusted
and formulated specifically for this study. An extensive search and study of previous
research was performed within the research program during the first phase of the
project. Relevant literature was identified by using databases such as Business Source
Elite and by following up the list of references in previously identified articles and
books. The results of this work are presented for the most part in Chapter 2 and 4,
which reviews previous research on the productivity paradox and effects of IT, and in
the research approach described in this chapter.
This part of the research process also included extensive efforts to find previous
research on grocery distribution. This endeavor provided an initial understanding of
the empirical area and made it possible to specify the scope of the study in more
detail. The selection of the empirical setting to study, its scope and details of choosing
the focal areas are described in 3.2 Research Object.
2) COLLECT EMPIRICAL INFORMATION
Data collection was divided into two phases. The first was concentrated on obtaining
a background understanding of the empirical context, the second on describing the
digitization of specific information flows and the effects generated. Both phases
involved the use of written sources as well as interviews.

Phase I
Phase I focused on gathering comprehensive information on the development of the
business system of grocery distribution. The search included information on the
general development as well as on investments in IT and their implementation. This
was done in order to permit validation of data collected in the second phase. The
information collected during the first phase also influenced the content and approach
of the second phase of data collection.
Previous research was gathered from library databases and through follow-up of the
reference lists in the studies found. In addition, academic journals in the field of
retailing and distribution were scanned in order to identify relevant previous research
presented in articles. Journals were identified using the search terms retail, wholesale,
distribution and groceries. The journals were then reviewed for articles on retrospective
studies, productivity issues and technological development.
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Annual reports of major grocery distributors were studied, and information available
on the Internet was gathered; the homepages used are included in the list of
references. Information on the development of labor productivity in grocery
manufacturing and trade in general was obtained from the homepage of Statistics
Sweden. The same source was used in order to study the development of grocery
prices. Available statistics are presented in chapter 5 and in Attachment 4.
As a complement to the investigation, interviews were conducted with The Swedish
Research Institute of Trade (Handelns Utredningsinstitut), a research organization
associated with the Swedish Federation of Trade (Svensk Handel), a major retailing
and wholesaling organization, and with the Grocery Manufacturers of Sweden
(Dagligvaruhandlarnas Förbund). A consultant with long experience in grocery
distribution was also interviewed, as were fellow researchers with experience in the
field. The purpose was to gain an understanding of the empirical setting, as well as to
identify relevant previous research and interesting aspects to study. For this reason,
the interviews conducted during phase I were open-ended and aimed at discussing
high-level phenomena with the respondents. More information on the interviews is
included in Attachment 2.

Phase II
The second data-collection phase emphasized information on the focal areas
presented in Chapter 7. The aim of the empirical information collection was to
identify effects from digitized information flows. One source of data was interviews
with personnel who could describe the process before it was supported by IT, the
changes made and the present situation. As mentioned in the presentation of the
research design, it is challenging to perform a retrospective study based on questions
asked and answered today. The view on developments in the 1970s and the benefits
of digitization might not be same today as it was at that time. Secondary sources were
considered critical for understanding what had happened and for estimating the
reliability of interviewees.
The interviews conducted in the second phase were more focused than those in phase
1 and followed a predetermined set of questions connected to the analysis of a specific
supply chain information flow. An example of an interview guide is included in
Attachment 2. The interview guide was used as a framework for the interview and
additional questions were identified during the dialogue.
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The interviews conducted during the second phase covered three organizations: Coop,
ICA and Kraft Foods. One of the interviewees was identified through an article in an
industry magazine21. The other interviewees were chosen by consulting initial contact
persons. Requirements in selecting interviewees were that they had substantial
experience with the development, had been working in the industry for a long time
and were able to describe the changes in supply chain processes, including the related
technology.
The interview guide was submitted to the organization approximately one week before
the interview. In this way the interviewee could ensure that he was an appropriate
person to answer the questions; in some cases this resulted in changes. In addition, the
interviewees used the interview guide to prepare for the interview, consulting
colleagues in order to make sure of providing a correct view of developments. The
interviews lasted for two to four hours. Since there was no intention to obtain specific
quotes, the interviews were not recorded. Notes were taken by hand. Further
information on the interviews conducted during phase II is provided in Attachment 2.
In order to capture the reactions to the development at the time and to validate the
information gathered in the interviews, secondary sources were also used. Principal
sources in phase II were industry-specific journals from the years 1975-2004 and
annual reports of the major organizations. Collection of information from these
sources, however, has been hampered by their lack of availability.
A specific review of the industry journal, Supermarket, was conducted. This magazine is
directed at managers in Swedish retailing, wholesale and grocery manufacturing. The
magazine was chosen because of its suitability and the lack of other journals. A limited
search was initially performed, and as it revealed interesting information, an extended
review followed. From the table of contents in each issue, articles describing the
technology implemented, effects of implemented technology, the use of information,
investments and investment needs were identified. The search emphasized the
development of supply chain information flows on the Swedish market and included
different Swedish organizations. The articles from Supermarket are specified in the list
of references.

Clifton Bergmark was found through an article on the TID system in Svenska EAN
Vär(l)den (June, 2004).
21
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Identification of Effects
The empirical data collection aimed at identifying effects deriving from digitized
information flows. These effects were identified by studying information flows at
different points in time. Effects are identified through process changes described in
interviews and in documents. Effects are also directly expressed by interviewees and in
documents. The information flows included in chapter 7 were mapped during the
interview and afterwords documented and verified with the interviewees.
Improvements to the design of the illustrations were made after the data collection
phase.
3) VALIDATE THE INFORMATION
The object of this step is to identify false, contradictory, irrelevant or incomplete data.
One activity in validating the information gathered was to edit the interview notes and
show them to the interviewee. Interviewees were asked to confirm the information
and indicate any areas that they did not wish to include in the presentation of the
study. Comments on the interview notes were received from all interviewees.
Material from the different interviews and secondary sources was also compared and
verified in order to enhance the reliability of collected information. Regarding
information on events that took place in the past, statements of the time when a
certain technology was implemented or a certain process changed were verified against
other sources.
The identification of effects, which is done primarily in Chapter 7, is thus based upon
a combination of written and oral sources. Moreover, continuous attention was paid
to the distinction between potential effects and realized effects, with the emphasis on
realized effects in the presentation of empirical data. Identified effects were
continuously validated in light of the other projects in the ITOP research program.
4) DETERMINE PATTERNS BY ANALYZING INFORMATION
Yin (2003) describes two types of strategies for data analysis: a comparison and/or
structure based on a theoretical background, or an analysis structure developed
specifically for the study. The analysis presented in Chapter 8 is based upon a
framework derived from the previous research reviewed in Chapter 4. The strategy
chosen is thus the former, an analysis based on a theoretical background.

39

An analytical framework is developed in chapter 4 that includes a presentation of
previous research concerning the effects of IT. The analytical framework is applied in
the analysis chapter whereby identified effects are categorized and evaluated.

Categorizing Effects
The effects that are defined in the focal areas in chapter 7 are summarized before the
categorization in chapter 8. All effects are included, but several effects that imply an
enhanced information quality are for instance summarized into one. The analytical
framework contains four identified categories which are identified in the theoretical
background in chapter 4. The theoretical background also includes definition of the
categories. An additional category, other effects, is included in order to capture additional
effects that cannot be sorted into one of the predefined categories. Based on this
conceptual framework and the included definitions, identified effects are categorized.
The framework thus sets the structure for the analysis. Based on the results, the
applicability of the framework is discussed in the concluding chapter.

Evaluating Effects
After categorization, the effects are evaluated according to their potential for
generating value. Within each category and for each focal area the effects are first
divided into groups, defined as themes, which included similar effects. All effects that
imply that the time spent on an activity is reduced are for example divided into one
theme. This is done by the researcher and is done in order to emphasize important
parts of the development and simplify the evaluation.
Suitable indicators of value are thereafter identified. This is done based on interviews
and documents. Where possible mathematical examples are then included in order to
apply the identified indicators and illustrate the value generated by the effects. The
mathematical examples are based upon quantitative data collected from interviews and
documents.
SUMMARY OF THE RESEARCH PROCESS
The research process has been influenced by what can be learned from previous
retrospective studies. In these it is noted, for instance, that it might be difficult to
identify suitable and reliable informants. It is therefore recommended that an
extensive background study of the area in question is conducted and that oral sources
are supplemented by suitable written sources.
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The research process is divided into four phases:
1)

Focus questions and specify the domain. Included obtaining a background
understanding of the theoretical as well as the empirical domain. Was in part
performed collectively within the ITOP research program.

2)

Collect empirical information. Was divided into two phases, the first
generated further background understanding of the empirical context and the
specific development of IT in grocery distribution. The second included
information on the specified focal areas, with an emphasis on changes in supply
chain information flows. Both parts included written sources as well as
interviews.

3)

Validate the information. Included identification of contradictory, incorrect
and incomplete information. Performed by comparing different types of
information, with information gathered through interviews validated against
other interviews and available written sources. Identified effects were also
validated against other projects in the ITOP research program.

4)

Determine patterns by analyzing information. The analysis is based on an
analytical framework developed from previous research in Chapter 4.
Empirically identified effects are categorized and discussed in terms of their
ability to generate value. Quantitative data is used in mathematical examples
that are included in order to illustrate the effects.
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4

EFFECTS OF IT – A THEORETICAL BACKGROUND
The aim of this theoretical chapter is to set the stage for the empirical investigation and facilitate
a broader understanding and analysis of the data collected. The chapter is divided into three
major parts. The first part describes multiple effects of investments in IT, while the second
examines the factors that influence the realization of these effects. A third part discusses
evaluation of IT investments. Finally an analytical framework, based on previous research, is
presented.

4.1

BEYOND PRODUCTIVITY – ADDITIONAL EFFECTS OF IT

To facilitate identification of effects of IT in the empirical data gathered, previous
research will be reviewed below. This review begins with a presentation of the
multiple objectives that might underlie a decision to invest in IT. The ITOP research
approach, however, is intended to cover developments over a number of years,
including multiple investments and multiple organizations. It is therefore relevant to
review previous research that considers the effects from IT in broader terms and
includes a bundle of investments. This research is presented in the second part of this
section, which identifies several categories of IT effects that can be used in analyzing
the empirical data.
MULTIPLE INVESTMENT OBJECTIVES
Not all IT investments are aimed at improving productivity within a specific
organization or process. Researchers have identified varying objectives for
implemented IT applications. Weill (1992), for instance, argues that there are three
major categories of investments in IT, each with its own objectives. These categories
are: 1) investments in transactional IT processes (payroll, order entry, accounts
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receivable), which are intended to cut costs; 2) investments in strategic IT applications,
aimed at strengthening the company’s competitive position or increasing its market
share through development of new channels to customers or new product areas; and
3) investments in informational IT applications (e-mail, facsimile, information
infrastructure), designed to enhance other functions such as management control,
budgeting and production planning. The improvements resulting from the first
category of investments are preferably measured in terms of labor productivity and
profitability, whereas strategic IT investments may be evaluated in terms of growth,
for example in turnover or market share (Weill, 1992). No measurement technique is
mentioned concerning informational investments.
Falk & Olve (1996) also recognize the rationalizing, information-generating and
strategic effects of IT. They add investments in essential systems, that is, in systems
needed in order to manage operations or to comply with existing legislation. Such
required investments are also included in a more detailed list of objectives presented
by Lucas (1999) who argues that they deliver few benefits. Also on this list are
infrastructure investments, which support the current business and might enable further
investments later on, as well as investments expected to provide indirect returns, which
are more difficult to estimate. Strategic investments are further divided into those that
are a competitive necessity and investments in strategic applications with benefits that are
difficult to estimate prior to implementation. Lucas (1999) also considers
transformational investments, which are associated with overall organizational changes.
There seems to be a general correspondence between the frameworks presented
above, and it is evident that there is a broad spectrum of reasons for investing in IT.
This multitude of possible reasons needs to be considered when investments are
evaluated. For instance, an investment in infrastructure that is intended to support the
current and future business cannot be properly evaluated in terms of competitive
advantage, and vice versa. The intention of this study is not to evaluate single
investments, but the broader effects of digitized information flows. For this reason,
the classifications above, though important to consider, will not be directly
incorporated in the analysis.
EFFECTS OF IT
The reasons for investing in IT might not always correspond to the actual effects and
use of IT investments. For example, effects might appear on a different organizational
level from the one where the specific investment was made; they might also be the
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result of a bundle of investments. Effects might be emergent and not included in the
plans of business managers. Moreover, the ability to realize the effects of one IT
investment might be dependent on other investments that have been made or
planned. Falk & Olve (1996) discuss the role of IT as an integral part of the
infrastructure in organizations. Many IT applications are common to an entire
organization, and the effects derived from one system are dependent on the use of
others. Broadbent & Weill (1997) further discuss the relevance of long-term
commitments that underlie computer applications and business processes.
Investments in IT infrastructure today will set the limits for future possibilities. This
section provides a review of experienced effects of IT. The review is intended to
capture the different types of effects in an analytical framework that can be applied in
the analysis.
Mooney et al (1996) present a comprehensive model that includes three different
types of effects of IT: automational, informational and transformational effects.
Automational effects refer to the rationalizing aspect of IT and are measured in terms
of productivity, cost reduction and labor savings. Informational effects, in the form of
enhanced ways to process information, are indicated by potential improvements in
quality of decisions, employee empowerment, quality improvements and
organizational effectiveness. Transformational effects are related to facilitation and
support of business innovation and development through re-engineered processes.
Transformational effects are manifested in reduced cycle times, improved
responsiveness, and redesigned organizational structures. These three categories will
be further explored in the following section. One additional category of IT effects,
which is related to the effects experienced by consumers, is also included in the
review.

Automating, Rationalizing Effects
The rationalizing effects of IT are manifested in the automation of business processes.
Activities that were previously performed manually are automated, thereby
rationalizing the organization (Zuboff, 1988). Automation is defined as applying
technology in ways that increase the self-acting and self-regulating capacities of machine systems, thus
minimizing human intervention (Zuboff, 1991). The rationalization effects are in turn
manifested in labor productivity. As discussed in Chapter 2, this measure reflects the
contribution of input to output; improved productivity means that the same or a
higher output can be generated with fewer hours worked. These automational effects
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are thus viewed in an efficiency perspective, where value is derived primarily from
labor savings and cost reductions.

Informational Effects
When discussing the underlying elements of Information Technology, Zuboff (1988)
concludes that the technology has specific distinguishing characteristics in comparison
to other technologies. IT not only permits automation of processes, but also registers
data in these automated processes and thereby generates new streams of information.
In addition to automating, IT “informates”, she contends. Further, in Zuboff (1991),
she discusses the role of information within organizations and argues that
empowerment, where information is made available to employees at different
organizational levels, is required in order to obtain positive effects from IT.
The capacity for generating these informational effects is related to the value of the
information processed. As discussed in the research approach, the value of
information is contextual and must be determined according to the situation where it
is applied. The quality of information is thus dependent on its applicability and
significance in a specific context. Its relevance is further dependent on the level of
accuracy, quantity and timeliness. Another important aspect is the rarity of the
information. In some situations, restricted access to information can generate higher
value. (Zmud, 1978; Davenport, 1997)
The theories on the value of information presented by for instance Zmud (1978) and
Davenport (1997) reveal a broad range of effects that can be generated through new
ways to process information.

Transformational Effects Related to Changes in Business Processes
IT can facilitate and support business innovation and development through reengineered business processes. These effects are manifested, for example, in reduced
cycle times, improved responsiveness and redesigned organizational structures
(Mooney et al, 1996). In an article from 1990, Hammer discusses the ability of
organizations to realize these effects. He argues that organizations tend to use new
technology to automate present business processes, instead of identifying new
processes that could improve performance.
Kraemer et al (1999) discuss the value of shortened lead times in increasing the
efficiency of business processes. Shorter lead times enable companies not only to
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reduce inventories, but also to bring new products to market faster, to increase market
share and to obtain higher returns on investment. This benefit of IT is termed in the
article as the value of time. Mendelson & Pillai (1998), found a strong correlation
between the clock-speed of operations in an industry and the use of IT to improve
external and internal communication. Other effects related to changes in business
processes are mentioned by Lucas (1999). For instance, IT can be used to improve the
customer service process, and functional digitized order management can simplify the
exchange of information on transactions.
In the model presented by Mooney et al., transformational effects of IT also include
those on competitive advantages. Among others McFarlan (1984) and Porter & Millar
(1985) discuss the possibilities of generating competitive advantages through IT. The
authors argue that IT is modifying the ways that organizations operate. For instance,
IT can change industry conditions by creating barriers to entry or increasing switching
costs, i.e. making it more costly for a customer to change suppliers. The
implementation of inter-organizational systems can also change the balance of power in a
supplier-customer relationship. For example, a customer can become dependent on a
particular supplier and be unable to switch if prices change. In addition, IT could
support either a low-cost strategy or a strategy based on product differentiation,
thereby altering competitive conditions.
Some authors view IT as organizational resources that has the potential to generate
competitive advantages. For instance, Bharadway (2000) classifies IT resources as
physical IT infrastructure, human IT resources (i.e. technical and managerial skills) and intangible
IT-enabled resources such as knowledge assets, customer orientation and synergies. He concludes
that IT can be a source of competitive advantage when separate IT resources are
combined. The potential for generating competitive advantage based on IT resources
is defined as the organization’s IT capability. Mata et al. (1995) argue that managerial
IT skills are the only IT-related capabilities that can be a source of sustainable
competitive advantages. Management skills refer to acuity in identifying business
needs regarding IT solutions, the talent to enhance cooperation between business
functions regarding the development of shared IT solutions, and the capacity to
anticipate future business needs regarding IT.
The potential of IT to generate competitive advantage is still subject to considerable
debate. In 2003 Carr argues that “IT doesn’t matter” as it cannot provide a basis for
competitive advantages. Applications are seen as commodities that every organization
can possess and duplicate. Therefore, IT cannot enable a company to outperform the
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competition for any extended time. In reaction to this article, Grove, chairman of the
Intel Corporation, contends that only some aspects of IT are treated in Carr’s analysis
and that IT still has an enormous potential for changing the way people work and live
(Business Week, 2003-08-25).

Effects Perceived by Consumers
Hitt & Brynjolfsson (1996) discuss the effects of IT on the value that a customer
perceives in a product or service. Consumer surplus is defined as the difference between the
price that a consumer is willing to pay for a product and the market price. Investments in IT can
increase the perceived value of the products but this increase is not necessarily
reflected in the price of the product. A consumer surplus can be manifested, for
instance, in improved service levels and a broader product assortment as well as in
lower prices.
SUMMARY
The following table summarizes the effects of IT that have been identified in previous
research. These are divided into the three categories of automational, informational
and transformational effects. As these categories are focused on the capacity of IT to
generate business value, the framework presented by Mooney et al (1996) does not
include the effects experienced by consumers. A fourth category, consumer surplus, is
therefore added. These four categories will later be reflected in the analytical
framework applied in the study.
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Category of effects
Automational

Definition
Rationalization by minimizing human
intervention. Measured in terms of
productivity, labor savings and cost
reductions.

Informational

Emerge from capacity through IT to
collect, store, process and communicate
information. Value gained from
enhanced decision quality, employee
empowerment, quality improvements
and enhanced organizational
effectiveness.
Effects derived through capacity of IT
to facilitate and support business
innovation and development through reengineered processes. This is manifested
in e.g. reduced cycle times, improved
responsiveness, redesigned
organizational structures and
competitive capability.
Difference between the price that a
consumer is willing to pay for a product
and the market price.

Transformational

Consumer Surplus

Reference
E.g. Zuboff
(1988)
Revised by
Mooney et al
(1996)
E.g. Zuboff
(1988)
Revised by
Mooney et al
(1996)

E.g. Mooney et al
(1996)

Hitt &
Brynjolfsson
(1996)

Table 4-1: Effects of IT

This table indicates the wide range of effects resulting from IT investments and use.
Different factors may be important in different organizational settings. Focusing on
only one of these factors, such as productivity, would not result in a comprehensive
view on the implications and role of IT.
4.2

REALIZING THE EFFECTS OF IT

The potential effects of IT investments and the effects actually realized might not
always correspond. Researchers have identified a number of factors that influence the
realization of IT effects. These factors are emphasized in the discussion on the
productivity paradox, where it is concluded that IT applications cannot produce the
results expected without the necessary supporting investments in organizational
development (Brynjolfsson & Hitt, 2000; Melville et al, 2004). A review of relevant
literature, published in 2003, also finds that the improvement in performance from
investments in IT is dependent on complementary investments in training,
decentralized decision-making systems and business-process redesign (Dedrick et al,
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2003). Based on a review of the literature, Dehning & Richardsson (2002) further
discuss the importance of contextual factors for realizing the effects of IT.
Complementary factors are thus important to consider when the development of
effects over time is studied. For this reason, a section that reviews some of these
factors is included. The section begins with a presentation of relevant country and
industry characteristics and then moves on to organizational and individual aspects.
COUNTRY AND INDUSTRY CHARACTERISTICS
Melville et al (2004) conclude that country-related environmental characteristics in
terms of telecommunications infrastructure, Internet diffusion, trade policies,
educational level of the workforce, regulations, taxes etc influence the potential of IT
to generate positive effects. The organization of industries is also regarded as a
decisive factor. The concentration of organizations, the supply chain configuration,
the rate of technological change, regulations and IT standards all impact the
application of IT in organizations and thus the ability to realize the effects of IT. A
high degree of unionization might also affect the possibilities of replacing labor with
automated IT solutions.
Another important aspect of the effects of IT investment is the presence of network
externalities on a market. Within a network, the value of a product to a user is related to
the number of other consumers purchasing the same or compatible items. The use of
a fax machine, for example, is dependent on the number of other companies or
households that are connected to the telephone network and own a fax. Numerous
terms, including network effects, network externalities, demand-side economies of scale, external
economies in consumption and increasing returns, have been used for this mechanism, which
has extensive effects on market dynamics and competitive strategy (Rohlfs, 1974; Katz
& Shapiro, 1986; Arthur, 1989, 1990; Shapiro & Varian, 1999). One area where the
effects of network externalities are particularly important is the market for software
and hardware, which accounts for a major part of business investments in IT. The
reason for the importance of this sector is that the number of users of a product
influences the number of complementary goods. For example, the number of
hardware users is related to the number of specific software products (Katz &
Shapiro, 1985). The quantity of goods sold also has an impact on the experience and
size of the service network, which in turn affects the quality and availability of postpurchase services for the consumer.
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COMPLEMENTARY RESOURCES WITHIN THE ORGANIZATION
In a study from 1992, Weill finds that the quality of firm-wide management and
commitment to IT influenced their ability to improve firm performance through
strategic IT investments. This competence, which is defined as conversion effectiveness, is
related to top-management commitment to IT, previous firm experience with IT, user
satisfaction with systems and the political environment within the organization.
Soh & Markus (1995) discuss the process of creating business value through IT in
order to determine when, how and why an investment in IT results in improved
organizational performance. Process theories, as opposed to variance theories22, focus
on the order of events and the influence of random events and change in general. It
cannot be concluded that IT investments have a certain impact in terms of improved
organizational performance. Improved organizational performance and the presence
of IT assets are a result of a conversion process that in turn is dependent on structural
factors like firm size and information intensity. The process of realizing improvements
from IT investments has three aspects:
1) The conversion process is related to the ability to convert IT investments into
IT assets. The effectiveness of this process, according to the authors, is dependent
on the formulation of an IT strategy, selection of appropriate organizational
structures for executing IT strategy, identification of suitable IT projects and
effective management of these projects.
2) The IT-use process is aimed at identifying appropriate applications of IT. This
process is affected by the circumstances of the organization itself. According to
the authors, little research has been done in this area.
3) The competitive process relates to the incorporation of IT into products or
services in a way that leads to increased customer satisfaction, a redesign of
business processes, improved decision making and the implementation of a
flexible and adaptive organizational structure (Sambarmurthy & Zmud, 1994 in
Soh & Markus, 1995).

22

Weill (1992) is considered as variance theory by Soh & Markus (1995)
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INDIVIDUAL ACCEPTANCE OF IT
In a review of literature on individual acceptance of IT applications, Agarwal (2000)
concludes that knowledge workers are required to use IT as an integral part of
business processes. The value derived from the application, however, is dependent on
the individual’s motivation and the appropriateness of the use; users tend to react
differently when confronted with a new solution, depending on a variety of factors.
The factors mentioned in the article are summarized in the following table:
Factor
Beliefs and attitudes

Definition
The individual’s cognitive determination of and response to the
consequences of a particular behavior.
Individual
Specific differences in perceptions and behavior, personality and
differences
other circumstantial variables such as education and experience.
Managerial
Specific management actions and policies for purposes like
interventions
showing commitment and controlling behavior.
Situational
Acceptance of the technology influenced by a combination of
influences
other person- and situation-related factors.
Social influences
E.g. behavioral modeling grounded in social learning theory and
social information processing.
Figure 4-1: Factors influencing individual acceptance of IT applications (Agarwal,
2000).

SUMMARY
This section has presented a number of factors at different levels that influence the
realization of IT effects. The factors are divided into country- and industry-level
factors, organizational factors and individual factors. The view of IT as infrastructure
and the influence of network externalities are also discussed for the purpose of
facilitating an understanding of the empirical findings in the analysis chapter.
The contextual factors mentioned in this summary should be considered when the
digitization of information flows in grocery distribution is described. As the
presentation portrays a typical development within the business system over time,
including a broad range of applications, the realization process is not analyzed in
detail. However, since it is important to provide a basis for discussing these factors in
the analysis, they will be included in the analytical framework presented in Figure 4-2.
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4.3

EVALUATING THE EFFECTS OF IT

When studying the effects of IT in a wider sense than just focusing on productivity
enhancement, we need to identify a broader factor to which IT investments can be
related. A literature review by Melville et al (2004) focuses on the definition of business
value that is considered as commonly used in the literature. In the article, value is
defined as the influence of the IT resource in enhancing organizational performance
at both the process level and the organizational level. At the organizational level the
impact of IT is considered in all aspects of firm performance, from bottom-line
effects, such as lower costs and higher revenue, to improvements in competitive
advantage. The effects that are studied in the literature reviewed include productivity
as well as other operations-related measures (not specified in the article), financial
measures and types of competitive advantage. It is concluded that while the factors are
related, improvement in one factor does not automatically imply improvement in
others.
In surveying the literature on the impact of IT investments, Dedrick et al (2003)
distinguish economic performance at three levels: firm, industry and country. Economic
performance is defined differently at the three levels. Economic performance at the
country and industry level is measured in terms of economic growth, labor
productivity growth and consumer welfare, whereas the definition applied at the firm
level is labor productivity (to the extent that it affects profitability). Another aspect
considered at the firm level is the enhanced value that consumers derive from the
development, i.e. the consumer surplus, which is defined as the aggregate value
realized by consumers from their purchase of a product, less the price paid.
The economic-performance factor used by Dedrick et al (2003) to determine the
effect of IT investments is thus narrower and more focused on quantitative aspects
than the business-value factor used in Melville et al (2004), for example. In the article
by Dedrick et al (2003), however, the authors conclude that managers make IT
investments to achieve improvements not only in productivity, but also in other
quantitative as well as qualitative measures of performance like profitability, market
share, margins, product variety and quality. Also discussed are the importance of
including the qualitative impacts of introducing IT into the production process and
the effects due to improved information that allows managers and workers to make
better decisions.
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The term business value is thus a broader definition that incorporates all aspects of
effects on organizational performance as opposed to the definitions used by Dedrick
et al (2003), who focus on purely financial factors. According to the categories of IT
effects presented in the analytical framework in Figure 4-2, the study also includes
those on the value perceived by customers. Therefore, the factor used for evaluating
the effects from IT is value instead of business value. This is illustrated in the analytical
framework presented below.
4.4

ANALYTICAL FRAMEWORK

Based on the literature review presented in this chapter, an analytical framework is
defined and illustrated below. The framework is based upon the purpose of the study,
defined in Chapter 1, to identify, categorize and evaluate effects of digitized
information flows. The application of the analytical framework for this purpose is
described below.

CONTEXTUAL FACTORS
AUTOMATIONAL EFFECTS

INFORMATIONAL EFFECTS
DIGITIZED
INFORMATION
FLOWS

TRANSFORMATIONAL EFFECTS

VALUE

CONSUMER SURPLUS

OTHER EFFECTS

1

IDENTIFICATION

2

CATEGORIZATION

3

EVALUATION

Figure 4-2: Analytical framework

The analytical framework will be applied as follows: Effects of digitized information
flows are described and identified principally in empirical Chapter 7. These will be
categorized into five groups -- automational effects, informational effects,
transformational effects, consumer surplus and other effects -- in the analysis in
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Chapter 8. The categories are based upon the literature review in this chapter and in
addition to the four categories found in table 4.1 a fifth category, other effects, has
been added to the framework. This category is intended to include potential effects
that cannot be placed in any other category.
In this chapter the significance of the effects will further be evaluated according to their
potential to generate value. The implications of contextual factors will be presented
partly in Chapters 5 and 6, which describe the business system and its IT
development, and partly in Chapter 7, which reviews the development of three
specific information flows. The role of the contextual factors is further related to in
the discussion in Chapter 8. The discussion will also include comments on the
usefulness of the framework and suggest some improvements based on the empirical
findings.
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5

SWEDISH GROCERY DISTRIBUTION – AN
INTRODUCTION

Chapter 5 provides an introduction to grocery distribution aiming at facilitating the
understanding of the empirical study. The chapter is divided into three main parts. The first
part presents the grocery distribution value chain and the activities required to supply a market
with groceries. The second describes the major organizations and the characteristics of the
market. The final part of the chapter is about the prerequisites and specific challenges for
productivity measurement in grocery distribution. Available statistics on productivity
development in Swedish grocery distribution are included.

5.1

THE VALUE CHAIN IN GROCERY DISTRIBUTION

In order to provide a better understanding of the activities required to supply a market
with groceries, a value chain23 for grocery distribution is presented in Figure 5-1. This
value chain illustrates the specific operational activities entailed in distributing groceries
to customers and the organizations that are involved in this process. Describing
administrative activities such as business planning and development, management
control and human resources management will not help the reader to understand the
specific operations in grocery distribution and are thus not included. The value chain
is a general description of the flow of goods and information, where no particular
contextual factors are considered. It does not illustrate specific operations at a given
point in time, but is intended to convey an understanding of the comprehensive
activities that are performed, irrespective of time or organization. The design of the

A value chain is defined as the chain of activities that are performed in order to create buyer value
(Porter, 1990).
23
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value chain is not based on one particular source. A review of literature describing the
area is used as an overall source for the illustration.
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Figure 5-1: Grocery distribution value chain

The first activity performed in grocery distribution is the analysis of market trends and
consumer demands by the grocery manufacturer. This analysis is an input in the
development of new products, which also includes improvement of current products
and development of associated packaging solutions. New and current products are
marketed to wholesalers/retailers and consumers and sold to wholesalers/retailers.
Raw materials, packaging etc. are purchased from subcontractors in the procurement
activity; products are produced and packaged and then distributed to wholesalers. The
carrier distributing the goods might be owned by the manufacturer or wholesaler, or
operate as a separate company.
Category management involves decisions on the contents of the assortment. The
selected items are marketed to retailers, purchased from manufacturers, received and
stored in inventories. Orders are received from retailers, and products are delivered
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according to the conditions set by retailers in the replenishment activity24. Purchased
items are received and checked by stores, marketed to customers, exposed on shelves
in a suitable way, marked with prices and kept until selected by a customer, who pays
for the item in the cash register and finally consumes it.
The focal areas described in Chapter 7 are all connected to supply chain activities in
grocery distribution. The supply chain is defined as the sequence of linked activities that are
performed by various organizations in order to move goods from the sources of raw material to final
consumers. The supply chain is thus seen as one part of the grocery distribution value
chain that according to the definition is focused on the moving of goods. Supply chain
activities are highlighted in the following illustration.
MANUFACTURER

INPUT:
PRODUCT

MARKET
ANALYSIS

DEMAND

CARRIER

PRODUCT
DEVELOPMENT

SALES
AND
MARKETING

PRODUCTION

PROCUREMENT

PACKAGING

ORDER
ORDER
RECEPTION
RECEPTION

WHOLESALER

DISTRIBUTION

CATEGORY
MANAGEMENT

CARRIER

RETAILER

DISTRIBUTION

GOODS
RECEPTION

RETAILER
RETAILER

MARKETING

PROCUREMENT

GOODS
RECEPTION

INVENTORY
INVENTORY

ORDER
ORDER
RECEPTION
RECEPTION

REPLENISHREPLENISHMENT
MENT

MARKETING

PRODUCT
EXPOSURE
/PRODUCT
CARE

PRICE
MARKING

CUSTOMER
CUSTOMER
CHOICE

PAYMENT
PAYMENT

OUTPUT:
OUTPUT:
PRODUCT
PRODUCT
SUPPLIED
SUPPLIED TO
TO
CONSUMER
CONSUMER

Figure 5-2: Grocery distribution value chain, highlighting supply chain activities

24

Replenishment equals ordering items to a store.
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5.2

THE ORGANIZATIONS IN THE GROCERY DISTRIBUTION
BUSINESS SYSTEM

Swedish grocery wholesaling and retailing are dominated by three organizations: ICA,
Coop and Axfood. These three, which are further presented in Table 5-1, accounted
for approximately 72 % of Swedish grocery sales in 2004.
Market
share
36.5 %

Number
of stores
1662

Coop
Axfood

17.1 %
18.2 %

905
921

Bergendahls
Netto
Lidl
Others
Other channels*
Total

2.9 %
0.6 %
0.8 %
7.0 %
16.8 %
100 %

140
58
76
2300
-

Organization
ICA

Store concepts
Maxi ICA, ICA Kvantum, Ica
Supermarket, ICA Express, ICA Nära
Coop Forum, Coop Konsum, Coop Extra
Hemköp, Spar/Eurospar, Vivo, Willys
Rätt Pris, Tempo, Jour Livs, Handlar’n
AG’s, City Gross, EKO, Matöppet
Netto
Lidl
Pressbyrån, 7-Eleven etc.

Table 5-1: The grocery market in 2004 (Supermarket, 4-5, 2005).
* Including other channels such as kiosks (excluding Retain Handel), mail order,
market trade, pharmacies, and door-to-door selling.

The largest organization in Swedish retail and wholesale grocery trade is ICA.
Established by Hakon Swenson in 1917, the ICA concept is one of cooperation
among independent retailers in profitable purchasing. All stores in the ICA
organization are thus owned and managed by independent entrepreneurs. The central
organization, ICA AB, is jointly owned by ICA Förbundet Invest AB (40 %) and
Royal Ahold N.V. of the Netherlands (60 %) (ICA, 2005). Through Royal Ahold, ICA
belongs to a global retailing network (www.ica.se, 2005-02-02).
The consumer cooperative Coop Sweden is one part of the Nordic organization Coop
Norden. The stores in the organization are partly integrated with Coop Sweden and
partly run through contract-based cooperation, where the manager is responsible for
operations and human resources and the central organization makes decisions on
concept strategies, marketing and campaigns (Supermarket, 4-5, 2004). Swedish
Kooperativa Förbundet (KF) own 42 % of Coop Norden. KF is an alliance consisting
of roughly 60 consumer associations. These consumer associations account for
approximately 50 % of sales for the Swedish Coop organization (www.coop.se, 200502-02).
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Hemköp and Willy’s are wholly owned by Axfood and fully integrated with it, whereas
the other stores, mentioned in Table 5-1, work together with Axfood in a corporation.
Vivo in the Stockholm area, however, decided in 2004 to cease collaborating with
Dagab, the Axfood wholesaler, and have turned to Bergendahls for deliveries. The
stores are also changing their name to Vi (Dagens Nyheter, 2005-01-26).
Grocery manufacturing was the fourth largest Swedish manufacturing industry in 2002
based on value of production (Swedish Food Federation, 2003). The industry has been
characterized by increasing competition from international operators after Sweden
joined the European Union in 1995. Nevertheless, Swedish grocery producers have
been successful on the international market, and exports doubled between 1995 and
2000, whereas imports increased by only 35 % (www.li.se, 2005-04-27). The largest
grocery manufacturers on the Swedish market in 2004 (according to sales) were Arla
Foods, Swedish Meats, Cerealia and Findus Sverige (Swedish Food Federation, 2005).
The organization interviewed in this study is Kraft Foods. An international company,
that in the Nordic region focuses on building strong brands within the product
categories of coffee, chocolate, snacks and food. The Nordic organization employs
some 2 700 persons.
Other important organizations in the grocery distribution business system are the
Swedish Federation of Trade and Grocery Manufacturers of Sweden25. Both are
industry associations. A total of 14 000 organizations are members of the Swedish
Federation of Trade, which is concerned with economic policy and employer issues
on behalf of Swedish companies involved in commerce (www.svenskhandel.se, 200506-07). Grocery Manufacturers of Sweden is a non-profit organization, which includes
brand manufacturers in the Swedish food-retail and food-service markets. The
mission of the organization is to promote the interests of its 180 members on issues
that are of general concern to the industry (www.dlf.se, 2005-06-07).
Another central organization in the grocery distribution business system is GS1
Sweden26. GS1 Sweden organizes efforts to develop shared standards and services for
goods and information flows, including bar codes, data synchronization and RFID.

25

In Swedish known as Svensk Handel and Dagligvaruleverantörernas Förbund

26

Former known as EAN Sweden.
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GS1 Sweden is part of a global GS1 network, which includes local organizations in
more than 100 countries. (www.ean.se, 2005-06-07)
5.3

MARKET TRENDS

The present situation of the Swedish grocery market is referred to as ”tough times” in
both ICA’s and Coop’s comments on the 2004 results. In recent years the market has
been characterized by increased competition and growing pressure on low prices. This
development is partly due to the establishment of Lidl, the European discount chain,
on the Swedish market and potential entry by others. Present organizations aim to cut
costs by reducing headcount, finding ways to increase supply-chain efficiency and
leading a centralization process that exploits potential synergies within each group.
These cost reductions are in turn intended to enable companies to lower prices in
order to stay competitive.
With the centralization process, including joint logistics, relations between
organizations have changed. Manufacturers need to adapt their organizations to this
development; for instance, the role of their sales representatives in stores has been
questioned.
Even though Coop has marketed and sold their own brand Blåvitt since 1979
(www.coop.se, 2005-02-02), a stronger focus on private brands has been noticed over
the last few years. Private labels are seen as a potential way to lower prices and to
strengthen loyalty to the retailing chain. Several parallel brands are being developed
with profiles representing different values such as nutritious food, ecological products
and discount products. The presence of private brands, however, generates
competition between wholesalers/retailers and manufacturers, which further puts
relations between organizations to the test.
Consolidation in grocery retailing has been going on for a long time, and stores have
become fewer and larger. In 1955 there were roughly 30 000 stores in Sweden; in 1989
the number was approximately 8 000 (Ek & Jonsson, 1989), and today there are about
6 000 stores (based on statistics from Supermarket 3-4, 2005).
The grocery manufacturing sector has also been characterized by continuous
consolidation, with organizations becoming larger and fewer. Manufacturers have
been affected by the increasing competition and are merging in order to stay
competitive (ICA, 2005). Concentration within certain product groups, such as bread,
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meat and dairy products, is very high; these areas are dominated by large organizations
like Cerealia, Swedish Meats and Arla. Grocery manufacturing is also characterized by
internationalization. Former Swedish brands such as Marabou, Slotts and Zoégas have
been taken over by Kraft Foods, Unilever and Nestlé – all international organizations.
5.4

PRODUCTIVITY IN GROCERY DISTRIBUTION

Measuring productivity involves a number of issues related to valuation of input and
output, compensation of labor according to skill and changes in quality (Schreyer &
Pilat, 2001). These problems are specific to each industry and process. In order to
determine the value provided by IT in grocery distribution, a discussion on
productivity measurement in this specific context is required. This section also
includes a presentation of productivity development in the grocery distribution
business system according to available statistics.
MEASURING PRODUCTIVITY IN GROCERY DISTRIBUTION
There is no difference between the measures of productivity used in grocery
manufacturing and those used in producing other types of goods. This subject is
treated in the section on productivity measurement in general. Productivity in
wholesaling is mainly connected to operational efficiency in distribution. Productivity
in wholesale operations can thus be measured in terms of the number of packages
handled per hour (Sundmark, 2002). This is an example of a productivity measure
applied to a specific process within an organization.
Eliasson & Julander, who presented a study on productivity in Swedish grocery
retailing in 1991, conclude that productivity is important as a measure in the industry
and as a critical indicator of competition, but that applying this measure is challenging.
There has been considerable academic interest in retailing productivity; special issues
of the Journal of Retailing were dedicated to the subject in 1984 and 1996.
As on a national level, productivity in retailing can be defined as partial input
productivity, where the ratio of all outputs is related to a single input, or as total factor
productivity, where a ratio of all outputs is related to a ratio of all inputs. Reardon et al
(1996) found that recent studies considered two inputs, capital and labor. Capital is
expressed as space, the monetary value of assets or the rental price of property,
whereas labor is measured by the number of employees, the price paid in salaries or
the number of hours worked. In a similar way, Hultén (1990) defines productivity as
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the relationship between either sales (output) and the number of employees (input) or
sales (output) and size in square meters of surface area (input).
According to Eliasson & Julander (1991), the value of the product (output) delivered
is dependent on accessibility as perceived by customers, i.e. a combination of size,
opening hours, service, assortment and geographical location. Reardon et al (1996)
similarly define retail output as added value in terms of location, possession and time
utility; this output is determined by measuring monetary value added and thus by
using sales as an indicator of output.
CHALLENGES IN MEASURING PRODUCTIVITY
Donthu & Yoo (1998) claim that there is no single generally accepted definition or
measurement technology for retail productivity despite its importance as an indicator.
They verify the difficulties in measuring the level of service in retailing and thus the
challenges in measuring productivity. In a situation where output is expressed a
number of factors experienced by the customer, traditional productivity measures
used in manufacturing (where the capacity to produce a certain amount of output is
measured) are not applicable (Eliasson & Julander, 1991). Sales and value-added are
often used as measures of output, but these entail quality problems, as changes in
demand affect the results. Two stores with the same combination of attributes could
show different labor productivity (sales/worked hour) as a result of changes in
demand and competition within the specific area (Eliasson & Julander, 1991).
According to Kamakura et al (1996), another issue in measuring productivity in
retailing concerns involvement of the customer in the production process. Customers
influence the productivity of a store, but their contribution often goes unmeasured.
The authors therefore conclude that any comparison between retail outlets needs to
incorporate the influence of specific market conditions and consumer types.
FACTORS INFLUENCING PRODUCTIVITY IN RETAILING
Eliasson & Julander (1991) define productivity in retailing as a function of accessibility
as experienced by customers, which is seen as a combination of size, opening hours,
service, assortment and geographical location. The overall value of these factors is
reflected in estimated output. Thus the principal factors that influence productivity in
the retailing industry, according to the authors, are technology, level of customer
service, assortment, price level, management, scale, location, demography and
competition. With productivity defined as sales/worked hour and sales/square meter
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of sales space, an analysis in 1991 concluded that productivity was influenced mainly
by structural changes like fewer stores, greater use of part-time employees and
increasing store size. They also concluded that competition had no effect on
productivity.
Regarding the influence of technology, Eliasson & Julander (1991) finds that it could
influence the ratio between labor and capital. When labor is replaced by capital,
output/man-hour is increased, permitting higher inventory turnover and more
efficient data management.
As for implications of IT for productivity, IT is often included in the capital variable
by default, but not separately considered as a specific variable. Some attempts has
been made to separate IT as a specific capital factor by estimating the percentage of
usage, but this method does not allow the researcher to estimate the actual
contribution of IT to productivity. These attempts showed, however, that there was a
positive correlation between investments in IT and gains in retail productivity. When
reviewing literature from 1985-1993, Reardon et al (1996) find arguments that IT
could be expected to increase the efficiency of labor and retail space and to create
competitive advantages. But a lack of suitable measuring instruments has made it
difficult to prove such advantages. Other authors in the review argue that IT has not
led to any improvements in productivity as it has been misused by organizations and
has failed to bring about improvements in quality of service. It is further argued that
structures and processes to facilitate use of IT were not present in the organizations
concerned. Reardon at al (1996) concludes from their study that IT is one of several
production factors in retailing and that organizations could achieve the same effect on
productivity by investing in additional selling space.
Ratchford (2003) discusses the situation where US labor productivity27 in retailing has
declined since 1985 despite investments in scanner technology and the replacement of
labor by capital. According to Ratchford, scanners have reportedly revolutionized
work at the front end of a store, substantially lowering costs of checkouts and price
marking, leading to overall cost reductions of 2-3 %. No such effects have been
observed, however, in labor productivity statistics. Ratchford’s explanation for this
puzzle is that the measurement of labor productivity does not account for changes in
output in a suitable way. Changes in the services provided by retail stores, i.e. the

27

When measured by the Bureau of Labor Statistics.
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accessibility discussed by Eliasson & Julander (1991), are not reflected in the
productivity measure. Ratchford applies a total factor productivity measurement
technique that included breadth of assortment and an index of different services (deli,
bakery, open Sunday, service fish etc.) in estimating output and three factors (capital,
labor and intermediate services) in measuring input. He found that productivity grew
by roughly 1 % per year during 1959-1989 and slightly less during 1990-1995. The
study also indicates that retail wages have been stable since the 1970s, implying that
the quality of labor is declining, according to Ratchford.
Based on data from the National Accounts, the McKinsey Global Institute (MGI) in
2001 states that the relationship between IT investments and productivity growth is
unclear. Their study, which focused on specific industries, concludes that retail trade
accounted for 25 % of the acceleration in overall economic growth between the
periods 1987-1995 and 1995-1999 and that wholesale trade contributed 28 %. The
wholesale sector is regarded as a heavy user of IT with high IT capital per worker,
whereas retail trade is not a particularly IT-intensive sector. In the study, MGI used
real value added as a measure of output (which does not reflect changes in level of
service) and labor hours as the measure of input. It is believed that Wal-Mart
accounted for much of the growth in productivity through their organizational
development and intense competition, partly by efficient use of IT. It is also believed
that the acceleration in growth was generated by consumers who spent an increasing
part of their income on higher-value goods.
The results presented are highly dependent on the productivity measures and
definitions applied. The principal criticism of measures based on sales is that output is
not the same as sales, but rather a measure of organizational competency to respond
to demand using certain resources. Productivity thus needs to be measured in a way
that is not affected by demand. This study is not intended to solve the problems with
the productivity measure in retailing. Based on arguments in previous research,
however, it can be concluded that the productivity measure is not the optimal one for
studying the effects of IT in this organizational context.
RELATIONSHIP BETWEEN PRODUCTIVITY AND OTHER PERFORMANCE
INDICATORS
In a 1992 customer survey at four grocery stores, different aspects of perceived
quality, customer satisfaction and customer retention are measured (Julander & Mägi,
1994). The purpose of the study was to identify connections between customer

66

satisfaction and other measures of retailing performance such as labor productivity
and profitability. A negative relationship was found between labor productivity and
perceived quality of service. Perceived quality of service, in turn, positively influenced
customer satisfaction and retention, but had no effect on store profitability.
In a detailed analysis of the various indicators that can be used to measure retail
performance, Walters & Laffy (1996) focus on the relationship between productivity
and profitability. Using a model that includes decisions and measures on a strategic
and an operative level, the authors suggest that trade-offs are necessary and that it is
important to find a suitable balance between productivity and profitability.
FINDINGS ON PRODUCTIVITY IN SWEDISH GROCERY DISTRIBUTION
In 1995 the McKinsey Global Institute concludes that productivity in Swedish retail
and wholesale trade was only 84 % of US productivity in the same sector (Edquist &
Henreksson, 2002). The authors argued that this situation was due to a market
situation characterized by a limited number of organizations and high barriers to entry
that prevent international organizations from establishing operations. In 1996 a report
on the competitive situation in Swedish grocery retail and wholesale trade concludes
that increased competition would result in enhanced efficiency and lower prices (SOU
1996:144). The report also emphasizes the central role of IT in improving efficiency.
Statistics Sweden measures labor productivity as value added28 in constant prices in
relation to the number of hours worked. The availability of statistics is limited to the
years 1993-2002. This is due to the adoption of a new standard (SNA-93-ENS95) in
1999; the presentation of statistics according to the new system starts in 1993.
Another drawback to the statistics used is that they reflect the development of retail
and wholesale trade in general, not just in groceries. Labor productivity in grocery
manufacturing and in wholesale and retail trade in general has developed since 1993 as
shown in the diagram below.

28

Value added is measured in basic prices, i.e. before taxes and subsidies on products.
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Figure 5-3: Labor productivity (1993-2002) for grocery manufacturing and wholesale /
retail trade in general compared to the entire private sector of the Swedish economy
(underlying data available at: www.scb.se/
statistik/NR/NR0102/2003A01/TabellerårsSM2004.xls)

When labor productivity is viewed in light of the general trend in the Swedish private
sector, the tendency in grocery distribution appears to be in line with the general
trend. Grocery manufacturing, however, has consistently shown higher labor
productivity than the private sector as a whole, whereas trade in general has shown
lower productivity growth throughout the period.
The trend in labor productivity from year to year appears to have fluctuated more for
grocery manufacturing than for wholesale and retail trade and the private sector in
general. During the last five years growth has been higher in wholesaling and retailing,
compared to the general trend. However, it has been lower than the general trend in
grocery manufacturing during the last six years (except for 2001). The number of
hours worked has fluctuated between 1993 and 2002, with a downward trend in the
last four years. Regarding value added, an upward trend is shown for the complete
period. Additional statistics on labor productivity growth, changes in number of hours
worked and value added are presented in attachment 3.
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DEVELOPMENT OF CONSUMER PRICES
The development of grocery prices is compared to the Consumer Price Index (CPI) in
Figure 5-4. The CPI shows the general development of prices on the Swedish market.
The chart reveals that grocery prices were rising faster than the CPI during the years
1980-1991, but have shown a downward trend since then. The price level of groceries
was the same in 2002 as in 1991, and in March 2005 grocery prices were 0.6 % lower
than in March 2004 (HUI & SCB, 2005). This development indicates that positive
effects generated in the business system have partly been transferred to customers.
The portion of that improvement attributable to IT, however, is difficult to estimate at
this point.
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Figure 5-4: Consumer Price Index and development of grocery prices, 1980-2004
(Statistics Sweden, Consumer Price Index, Data available at:
www.scb.se/templates/Product____33783.asp)
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5.5

SWEDISH GROCERY DISTRIBUTION – A SUMMARY

Swedish grocery distribution is a business system dominated by a limited number of
organizations. These organizations have been briefly presented in this chapter. The
market is further characterized by an emphasis on low prices, the presence of private
brands and continuous consolidation.
Owing to difficulties in the valuation of output, it is challenging to measure
productivity in grocery distribution. Consequently, there has been considerable
research on this subject. Productivity in grocery distribution has been lower in Sweden
than in the United States (Edquist & Henreksson, 2002). Between 1998 and 2002,
however, productivity in retail and wholesale trade was outpacing the general tendency
in the Swedish private sector. Grocery prices have shown a downward trend since
1991.
This chapter has provided a background description of the empirical context to
facilitate understanding of the more detailed empirical information presented in
Chapters 6 and 7.
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6

IT DEVELOPMENT IN SWEDISH GROCERY
DISTRIBUTION – A SYNOPSIS

The grocery distribution sector has undergone significant change as a result of investments in IT.
Sophisticated point of sales technologies, electronic data interchange (EDI) and computer-based
systems for inventories, administration, communication and marketing have been introduced.
This development, in combination with the establishment of standard information carriers in the
form of bar codes, has altered underlying processes and had numerous other widespread effects.
Chapter 6 aims at providing an insight into this change process by presenting major
technological, organizational and legal milestones in the development from the 1970s until
today.

6.1

MILESTONES IN IT DEVELOPMENT

In reviewing literature and conducting interviews regarding the current situation and
the developments made within grocery distribution, a number of milestones are
identified. The study has shown that the technical developments made are dependent
on infrastructural and organizational as well as regulatory factors, where a
combination of different factors has permitted a certain development and produced
certain effects. The development of IT is placed on a time axis (See Figure 6-1), where
the time period and part of the value chain concerned are indicated. The development
is also presented in the accompanying text. The following notes on the synopsis
should be made:
·

Milestones included in figure 6-1 below are indicated in paragraphs the following
text. E.g. the first milestone in the illustration, 1) Shared supplier system Dakom,
is indicated by a [1] in the following text.
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·

The milestones and events mentioned in the text are included because they
illustrate the specific development within grocery distribution.

·

Although some of the entries do not directly concern IT applications, they are
relevant as they influence the conditions for a certain development in IT and/or
are important implications of IT investments made.

·

The description is focused on the development in Sweden, but some international
comparisons and examples are included because they illustrate an important
aspect of the development.

·

The names of the included organizations have changed over the years. In order to
avoid misunderstandings, this presentation will use the present names of
organizations even when discussing events that occurred when an organization
operated under a different name.

The aim of the synopsis is to provide a comprehensive view of the development of IT
and the digitization of information flows in Swedish grocery distribution. This overall
picture will serve as a background for the detailed process descriptions presented in
Chapter 7. The synopsis starts in the 1970s. In order to understand the developments
during the time span covered it is however important to include some notes on key
steps prior to the 1970s. This development has set the stage for IT implementation as
it has evolved during the last 35 years.
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Figure 6-1: Milestones in IT-development within grocery distribution

6.2

STATUS WHEN THE STORY BEGINS – IMPORTANT STEPS
PRIOR TO THE 1970S

In the 1940s and 1950s the first revolution in grocery distribution -- self-service -- was
implemented. One factor aiding in this development was new customer-adapted
packaging solutions (Svensson, 1998). Self-service led to a radical transformation of
store architecture, roles of employees, marketing and branding of products etc., which
entailed considerable rationalization (Wirsäll, 1986). Structural changes in society, such
as rising disposable incomes and consumption from year to year, increased car
ownership and bigger and better housing solutions, permitted further development of
Swedish grocery distribution (Hammarkvist & Wirsäll ed., 1980; Svensson, 1998).
One important regulatory change in the 1950s affected initiatives to improve business
models in wholesale and retailing. Before 1953 the manufacturers were in control as
they had the power to set prices, eliminating competition between retailers and
creating an artificial market. In 1953 new legislation prohibited manufacturers from

73

setting retail prices. This change led to real price competition and, above all, to
continuous efforts to improve and to outperform competitors (Falk, 1983; Svensson,
1998). As a consequence, the balance of power between manufacturers and retailers
shifted radically in favor of the retailers. A similar development in the UK, where the
Resale Price Maintenance Act was abolished in 1964, led to competition that was
based purely on price, with customer service way down on the list of priorities (Harris
& Ogbonna, 2001).
Another feature of the 1950s and 1960s was a trend toward fewer and larger stores
and larger inventories at fewer locations, with intensified co-operation between
retailers and wholesalers. This development was could take place thanks to advances
that made it possible to manage large amounts of data (Hammarkvist, 1980). The first
applications of IT -- punched cards for inventory control and supply management -were introduced and implemented in the 1950s (Hammarkvist, 1980). The extended
co-operation between retailers and wholesalers implied that retailing data was
integrated into the data systems of wholesalers. Retailers in the ICA and Coop chains
were provided with sales statistics as support in developing their product assortment
and planning their shelf space (Hammarkvist, 1980; Frisk, 2005-01-18).
6.3

1970S: DIGITIZATION IS INITIATED

During the 1970s, several functions were affected by digitization. At the initiative of
wholesalers that foresaw opportunities for rationalization, information used in
inventories and supply chain management was digitized at an early stage
(Hammarkvist, 1980). The development of bar codes that specified each item and
made data collection easier and less costly also commenced during the 1970s.
In 1975 the three largest grocery wholesalers (ICA, Axfood and Coop) and the major
manufacturers implemented a technical solution that linked them to the same system,
called Dakom29 [1], which was used for placing purchase orders. Dakom consisted of
one central computer, which served as a mailbox sorting messages from wholesalers
to manufacturers; manufacturers could collect orders from the system at any time
(Johansson & Larsson, 1996; Johnsson, 1987).

29

Standing for Dagligvarubranschens kommunikationssystem
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Considerable changes were implemented in inventory management during the 1970s
[2]. Inventories had formerly been situated at several locations in the central parts of
cities. These facilities were replaced by single storage inventories outside of cities and
equipped with forklift trucks and overhead cranes. The reduction in the number of
inventory warehouses also permitted economies of scale (Hammarkvist & Wirsäll,
1980).
Retailers were involved in the computerization process via intensified co-operation
with wholesalers. However, the digitization of information used solely in retailing
activities was not initiated until the late 1970s and early 1980s, when computerized
cash registers were introduced. This development is described in the presentation of
the 1980s. In 1975, ICA implemented an internal network that linked retailers to a
shared system, Presam [3]. This system enabled retailers to handle credit cards and
manage orders through an order terminal (Bratt & Åstrandh ed., 1992).
A decisive infrastructural factor -- the use of bar codes that specified each item -emerged initially in the 1970s [4]. Bar codes were seen as a prerequisite for modern
distribution since they made data collection easier and less costly (Passad & Lindberg,
1983). In the initial stage, however, the producers of cash register systems (e.g. IBM
and NCR) used their own bar code systems, and the expected rationalization effects
failed to appear. The system-specific bar codes had to be applied on items in each
store, a time-consuming and costly activity (Svenska EAN Vär(l)den, 6, 2004). The
industry thus needed a standard.
An American bar code standard, UPC30, was first developed in 1973 and implemented
in 1976. In Europe, individual countries initially developed their own bar code
systems31 (Supermarket, 2, 1984), and some retailing chains32 decided to do so as well
(Supermarket, 1, 1977). A European standard, however, was established in 1974, and
the EAN33 organization was founded in 1976. The European version was a copy of
the American, but with one important difference: an additional digit was included in

30

Standing for Uniform Price Code

31

Ban-L in Germany and Gencode in France

For instance, the Danish chain Irma, which developed the IPC system, short for Irma
Product Code (Supermarket, 1, 1977).
32

33

Standing for European Article Numbering
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order to permit specification by country, thereby increasing the capacity of the EAN
system tenfold (Svenska EAN Vär(l)den, 6, 2004).
In 1977 manufacturing and trade organizations in Swedish grocery distribution signed
an agreement to implement EAN (Ek & Jonsson, 1989). The first step toward
implementation was taken in 1979.
The decision to develop a shared bar code system was not as obvious in the 1970s as
later perceived. It was argued that organizations should develop individual codes in
order to stay competitive and should wait until the price of the technology had fallen
(Engström, 1979). It is important to note that shared bar codes, printed on items, are
above all used in cash registers to record payments. Bar codes used in other parts of
the value chain, such as replenishment, are specific to each organization (Frisk, 200501-18). The technology that was needed to read EAN codes, i.e. computerized cash
register systems and related scanner technology, was initially implemented as pilot
versions in the mid-1970s (Supermarket, 11, 1980) but was not adopted more
generally until the 1980s.
Computerization proved to have implications for manufacturers of groceries. The
formerly active role of their sales representatives in the stores was marginalized when
the retailer was able to obtain information without their direct assistance
(Hammarkvist, 1980). The consequences of the digitization and centralization process
for the role of these sales representatives is further discussed later on.
6.4

1980S: A MINOR SECOND WAVE OF DIGITIZATION

During the 1980s large investments were made in complementary businesses like
clothing, where ICA for example acquired Lindex and Gullins (Adolfsson & Ekman,
1996). By implication, investments in IT were somewhat neglected during this period.
At the end of the 1980s, however, tighter antitrust regulations and internationalization
of markets changed the cost structures within the industry and made it necessary to
rationalize the business. In this situation, IT solutions were considered vital for
achieving cost reduction and strategically important as a tool in establishing critical
business networks (Bratt & Åstrandh ed., 1992).
More widespread computerization of cash registers was seen in the 1980s [5]. This
technology made it possible to read EAN codes in the checkout line, to give
customers information on prices at specific customer terminals and to facilitate
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payment with charge and credit cards. This new technology simplified the payment
process and reduced the waiting time. In 1991, however, card payment technology
was still unusual in stores, as retailers and banks could not agree on a standard
solution. A cash register could include a scanning device, a keyboard, a receipt printer,
an electronic weighing machine etc. Another part of the system was store computers
that communicated information to the cash register and to external units. Store
computers also contained information on item prices, sales and profitability;
information underlying replenishment decisions. (Ek & Jonsson, 1989)
Computerized cash registers gave retailers information on customers, margins and
demand for specific items that they could use to improve their business (Wirsäll,
1986). In addition, the technology permitted rationalization through shelf labels that
replaced price marking of each item. Eliminating the price labeling of each item
lowered costs by an estimated 0.2-0.6 % of turnover. Other advantages of
computerized cash registers included a faster payment process and enhanced security
through avoidance of mistakes in entering prices in the cash register. (Ek & Jonsson,
1989)
Investment in computerized cash registers and the adoption of EAN bar codes were
initially slow in coming. At first manufacturers did not see the potential gains from
printing the bar code on products, as retailers did not invest in the technology
required for reading the codes. The retailers, in turn, were not motivated to invest in
the technology, as the bar codes were not printed on products. In 1980 merely 15 %
of the items were marked with an EAN code. In 1982 DLF estimated that all products
would be marked with the bar code before the end of the year (Supermarket, 3, 1982),
but it took seven years before 90 % of items were marked. In 1982, 18 stores had
invested in the technology for reading EAN bar codes; in 1987, approximately 8 %
(660) of the stores had made this investment. These stores were often larger ones with
a high turnover. Among the biggest stores, those with a turnover of 75 million SEK
or more, 75 % had invested in the technology. (Ek & Jonsson, 1989)
The technology applied in replenishment -- handheld devices [6] -- was introduced in
all the major retailing chains and used in collecting item information at the shelves,
placing orders and making inventory audits. Orders were submitted via the telephone
network to the wholesaler’s computer. Delivery notes, invoices, price labels and other
documents were printed and the order executed (Hammarkvist, 1980; Hammarkvist &
Wirsäll ed., 1980).
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In the mid-1980s, Coop introduced a customer card [7] according to a concept called
SELMA34. The aim of the concept was to integrate information on sales with
information on customers. When customers are identified in the transaction process,
their buying patterns can be analyzed and marketing activities can be adjusted. The
first SELMA system was implemented in the Coop store in Älvsbyn in 1986. When
this innovation was evaluated one year after the initial implementation, it was
concluded that the number of members in the co-operative had increased by 10 %,
that 90 % had used their customer cards within a few weeks and that customers with
cards accounted for 70 % of sales. It was also concluded that customers perceived the
information provided on their purchases as more important than the actual bonus.
(Ek & Jonsson, 1989)
Other stores within the Coop organization began to use the customer loyalty card
toward the end of the 1980s, and the possibilities of generating and communicating
customer-specific information through the use of this device were widely discussed at
that time (Supermarket, 2, 1990).
In 1989-1990 ICA introduced a customer loyalty card that would give customers a
bonus for their purchases and ICA valuable information on customer behavior. This
card made personalized marketing campaigns possible. The card could also be
connected to an ICA account and used as a means of payment, improving the
payment process in the stores and decreasing their dependence on external banks
(Wennberg, 1996). The computer systems that administered the customer loyalty cards
were initially considered too expensive at the stores that had not already invested in
the required store computers (Supermarket, 2, 1990).
The implementation of technology for collection of information on transactions and
buying patterns initiated a discussion on the distribution of this information. The
EAN agreement of 1977 had promised manufacturers access to the information at
prime cost as long as the integrity of stores was respected (Ek & Jonsson, 1989).
However, the parties involved in this development adopted a wait-and-see approach,
leaving the field open for market information companies like AC Nielsen and GfK.
These organizations were skilled in analyzing large amounts of data and providing
independent analyses, mainly to manufacturers.

34

Standing for SELektiv MArketing
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6.5

1990S: CONCENTRATION ON THE CORE BUSINESS FUELS
FURTHER INVESTMENT IN IT

In the early 1990s, companies tended to concentrate on their core businesses, and
peripheral organizations were disposed of. This development fuelled further
investment in IT (Adolfsson & Ekman, 1996).
In the mid-1990s Dakom was replaced by EDI systems [8] that used shared standards
for messages regarding prices, orders, deliveries, invoices, items etc.
By 1993, 800-900 ICA stores had installed computerized cash registers. These
investments made it possible to access information on sales and margins per item. In
1990 ICA decided to invest in a shared solution for store computer systems, Budica,
which was compatible with the different types of computerized cash registers used.
This new system communicated with the wholesaler system, PHS35, thereby allowing
access to item information in a central database [9]. When an item was ordered, the
related information on the item was automatically transferred to the retail system, thus
eliminating the time-consuming process of handling manual information in price
books. The system could also be used for rapid analysis of campaigns that the retailer
had carried out, where budgeted sales revenues could be compared to actual sales
revenue per item. Orders submitted via handheld devices could be verified and
quantities could be updated with the Budica system. These systems led to
improvements in the supply chain as smaller, more frequent deliveries could be
managed and inventories decreased (Karlsson, 1995).
ICA thus followed an investment strategy that focused on shared integrated solutions.
Coop, however, decided to implement different, parallel solutions for different stores,
which communicated through the shared network, X.25. The solutions adopted could
rapidly adjust prices in connection with campaigns and generate sales statistics on
single items. The advantages of the systems were claimed to be increased profitability
through enhanced planning and rationalization of replenishment and inventory
activities. (Supermarket, 5, 1993)
In the early 1990s, electronic shelf labels were introduced in stores [10]. This system is
intended to automate manual procedures for changing prices and ensures that the
price label on the shelf corresponds to the price information in the cash register. ESL

35

Standing for Partihandelssystemet
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permits flexible pricing strategies where prices can be changed according to the time
of day or in connection with campaigns. As the system can be integrated with other
functions such as inventory control and item information, additional information can
be presented on the label (www.pricer.com, 2004-05-12). Another advantage of the
system is that it makes it easier to keep prices up to date since paper labels are
eliminated (Supermarket, 1, 1991). However, ESL systems have proved to be a heavy
investment for retailers and have not been installed to the extent initially expected
(Falk, 2004-04-27).
In 1992 the Shop from Home project was initiated in Malmö. Senior citizens in 700
households were equipped with a technical device that enabled them to shop for
groceries from their homes. But the project was a major miscalculation. The
consumers involved saw a substantial risk in purchasing critical products like fish and
meat without inspecting them first. One year after the launch, only three households
were using the devices (Frostling-Henningsson, 2003).
In the latter years of the 1990s, Internet solutions [11] became an important part of
grocery distribution. The first Swedish organization to sell groceries over the Internet
was NK Hallen in 1996, and by 1999 over 50 Swedish companies had followed suit
(Frostling-Henningsson, 2003). The potential for Internet grocery shopping was
estimated to be considerable. In 1997 several retailers predicted that 20-40 % of their
distribution would be transferred to the Internet by 2005 (Hedlund, 2001), but in 2001
only 1 % of total retail sales of Swedish groceries were made over the Internet.
6.6

2000S: SUBSEQUENT DEVELOPMENTS

Developments after year 2000 have featured increased internationalization and entry
of new low-price competitors on the market. Further investments have been made in
systems for automatic replenishment based on the data generated in computerized
cash registers, and discussions have been initiated on the possible influence of the new
Radio Frequency Identification (RFID) technology.
A majority of the organizations that offered Internet grocery shopping had shut down
their Internet business by 2003. Internetto, Matomera, Spar.nu and Outnet closed in
the spring of 2001, as did Express food (Coop), Hemköp, Willys and Billhälls in the
autumn of that year. NK-Hallen, the first Internet store, which had opened in 1996,
closed in July 2002. The 29 local ICA stores that offered Internet shopping in 1999
had all terminated their Internet-related business by 2003. A central initiative of ICA,
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ICA Direct, was launched in 2001 and intended to serve customers outside of
Stockholm and Uppsala, but it was closed in 2003. In 2003, Internet shopping was
offered by 14 small local ICA stores (Frostling-Henningsson, 2003). An Internet
solution is also offered by NetXtra (connected to PrisXtra). NetXtra was still
operating in the Stockholm area as of August 2005 (www.netxtra.se, 2005-08-26).
Internet grocery shopping applications have proven to be successful in other countries
as for instance UK. The UK retailer Tesco developed an Internet grocery solution that
used the stores as a focal point in the delivery organization, instead of implementing a
separate organization. In this way a national delivery network was developed that
covers 80% of UK households. Internet sales accounted for approximately 8 billion
SEK in 2003 and is according to the organization itself a profitable part of their
business. (Retail News, 2, 2004)
In 2003 previous systems were replaced by a shared solution for managing
information on new items through digitized Trade Item Declarations (TID) [12]. This
solution is based on an open specification that can be implemented in all
organizations’ software and is connected to a validation service performed by the
Swedish GS1 organization. (Svenska EAN Vär(l)den, 6, 2004). Communication of
information on new items is presented in more detail in Chapter 7.
In 2004, Swedish grocery distributors had partly implemented or were planning to
implement a system where replenishment is automatically executed based on the point
of sales information generated by the computerized cash registers [13]. In Chapter 7,
automatic replenishment is further described in one of the focal areas.
In 1999 self-scanning technology [14] was introduced in a Coop store in the
Stockholm area. This solution, where customers that hold a customer loyalty card can
scan items using a handheld device and quickly pass through the cash register, has
been further implemented in larger stores in 2000 and thereafter. In 2002 the main
benefits experienced by customers were specified as a faster payment process, better
control over prices and simplified handling of items. Benefits identified for the store
were stronger loyalty from customers who used self-scanning, which in turn increased
sales and rationalized the payment process. With fewer employees needed in the
payment process, either total staff could be reduced or the personnel in question
could perform other activities. (Supermarket, 9-10, 2002)
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A new revolution expected in distribution is Radio Frequency Identification (RFID)
of goods [15]. Each item is provided with a specific radio chip, making it possible to
develop automatic receiving of goods and automatic payment and to improve
inventory control. The initial investment, however, is considerable, and the timing of
the initial breakthrough is uncertain. One significant indication, nevertheless, is that
Wal-Mart has invested in the technology and is forcing their 100 largest manufacturers
to adopt it and to equip items with radio chips as from 2005 (Retail News, December
2003).
As from January 1st, 2005 new EU General Food Laws with new safety requirements
[16] have been in effect. Under these new laws, each company that manufacturers,
distributes, imports or exports items to and from Europe must be able to trace these
items along the supply chain, to withdraw them from distribution channels and to
recall them from customers whenever the need should arise. Best practices are being
developed in order to ensure item traceability processes that are supported by shared
standards for identification of items and locations, labeling of pallets and information
exchange (ECR Europe, 2004).
6.7

COMMENTS ON THE SYNOPSIS

The presentation of the principal aspects of IT development in Swedish grocery
distribution illustrates the importance of the combination of developments in
different areas. A particular breakthrough in IT may require a specific infrastructural
development, and the benefits of IT are dependent on organizational improvements
that utilize the new possibilities and realize the effects.
When presented in 1993, the development of IT in Swedish grocery distribution was
divided into three major steps (Niläng & Lorentzon, 1993):
1) Administrative development – whereby routines like administration of
bookkeeping and salaries are computerized.
2) Information-related development – implying that bar codes are printed on
items and that computerized cash registers with scanners have been put in use.
3) Communication-related development – referring to implementation of
technology that enables automatic communication of information between
organizations.
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It was concluded that the third step, communication-related development, was fairly
unexploited at the time. Researchers, however, foresaw rapid development in this area,
with EDI used to communicate orders and invoices. One conclusion from the
synopsis is that developments are continuously occurring in all three areas; thus, the
administrative and information-related steps are not replaced by advances relating to
communication. Digitization of trade item declarations is one example of automated
routines. The implementation of RFID, which further enhances the possibilities of
capturing data, can be seen as an information-related development.
In view of the interdependence between technology, organization and infrastructure,
the synopsis also shows that development takes time. For instance, the first selfservice store was started in Memphis, Tennessee in the USA in 1916, but it took 31
years before Coop opened the first Swedish self-service store (Wirsäll, 1986). And
automated replenishment was foreseen by e.g. Zuboff in 1988 but not implemented in
Sweden until 2000. Another example is the lengthy procedure of investing in store
technology and printing EAN bar codes on products. The competence to realize the
potential of technology is therefore an important area to study. The next chapter will
describe three specific areas in more detail, examining the development of processes
and identifying the effects.
This chapter has presented a comprehensive view of the development of Swedish
grocery distribution, with an emphasis on its IT applications. The next chapter will
include a more detailed description of limited part of this development. Divided into
three focal areas the digitization of information flows in connection to supply chain
activities is presented. As indicated in this chapter, important parts of the
development, as handheld devices, scanners, bar codes, automatic replenishment,
computerized cash registers etc., are related to the ordering of goods. This is therefore
seen as a relevant area to develop further.
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7

SUPPLY CHAIN INFORMATION FLOWS IN
GROCERY DISTRIBUTION

Based on the synopsis of IT development in grocery distribution in Chapter 6, three focal areas
are identified. These focal areas include a more detailed description of the digitization of specific
information flows aiming at identifying generated effects. Included focal areas are connected to
supply chain activities within grocery distribution and each have a story to tell. The chapter
starts off in an introduction of the focal areas. These are thereafter presented and effects from
digitized information flows are identified.

7.1

PRESENTING THE FOCAL AREAS

DEFINITION OF SUPPLY CHAIN
The focal areas presented in this chapter are all related to supply chain activities in
grocery distribution. Supply chain is defined in this study as the sequence of linked activities
that are performed by various organizations in order to move goods from the sources of raw materials
to final consumers. The supply chain can thus be seen as the central part of grocery
distribution, and focusing on these activities enables us to analyze critical effects of
digitizing the information that is processed. The presentation of the activities will not
emphasize the movement and handling of physical goods, but the information
required to perform supply chain activities.
THE FOCAL AREAS
Within the focal areas, major technological and organizational changes in the
performance of certain operations are presented. In focal areas 1 and 2, the changes
are also illustrated in process flows, with the digitization of underlying information
flows highlighted. The following focal areas are included in the chapter:
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Focal area 1:

Capture and processing of order information. Divided into two parts, this
focal area concerns the information flow when ordering items. The
first part describes the development of the information flow in
connection with the replenishment activity performed by retailers. In
what way is replenishment performed, and how is the necessary
information communicated to wholesalers? The second part relates
to the communication of orders between wholesalers and
manufacturers. Together the two parts provide an overview of the
information flow connected to ordering items from retailers through
wholesalers to manufacturers.

Focal area 2:

New item introductions. An important part of the grocery distribution
value chain is the introduction of new or changed items. In order to
ensure efficient logistical flows and a correct display of item
information in stores, an introduction requires information on the
characteristics of new or changed items.

Focal area 3:

Analysis of point of sales information. Possibilities of accessing, storing
and analyzing information generated when items are sold to final
consumers have been considerably affected by IT. This development
is presented in the third focal area. The focal area does not present
processes at different points in time, but emphasizes the changed
conditions after the computerization of cash registers and the
introduction of related software.

7.2

FOCAL AREA 1: CAPTURE AND PROCESSING OF ORDER
INFORMATION

INTRODUCTION
Continuous adjustment of supply to demand, which ensures a match between the
items in store inventories and the items that customers purchase, is dependent on the
possibilities to process information (Julander, 1987). This focal area concerns the
capture and further processing of order information. The focal area is divided into
two parts. The first is concentrated on collection of replenishment information by
retailers and the communication of this information to wholesalers; the second
concerns the communication of order information between wholesalers and
manufacturers. Together the two parts provide a comprehensive view of the complete
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chain from retailer via wholesaler to manufacturer. The flow of order information is
illustrated in Figure 7-1:

PART 2

PART 1

M

M

R

R

W

M

R

M

R

R

RETAILER

W

WHOLESALER

M

MANUFACTURER
INFORMATION FLOW

Figure 7-1: Information flow on orders in the two parts of the first focal area

PART 1: COMMUNICATION OF REPLENISHMENT INFORMATION
BETWEEN RETAILERS AND WHOLESALERS
In the 1960s retailers typically entered their orders manually on physical order forms
and sent them by surface mail to wholesalers. Today retailers have implemented a
system that automatically generates orders based on sales data from computerized
cash registers.
The process is presented in four different versions from different periods, with the
technical and organizational changes highlighted. When not otherwise stated, the
description of this focal area is based on interviews that are further described in
Attachment 2. Some differences in the processes are dependent on the organization
and the type of items that are handled (e.g. fruit and vegetables compared to frozen
foods). The presentation of the processes, however, does not emphasize these
differences, but is intended to provide a comprehensive view of developments. With
experience from only one organization and one item category, it might not be possible
to identify the exact experienced process. The first part of focal area 1 concerns
primarily the following parts of the grocery distribution value chain presented in
Chapter 5.
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Figure 7-2: Grocery distribution value chain, highlighting the parts concerned in the
first part of focal area 1

The process is illustrated in four different versions in four different periods:
1)
Manual operations, including punched card systems, which were used until the
1970s.
2)
Handheld devices, bar codes and scanner technology, which were introduced in
the latter 1970s and further developed during the 1980s and 1990s.
3)
Intranets and Internet as facilitators in the supply chain process.
4)
Automatic replenishment systems, partly implemented in the 2000s.
1) MANUAL OPERATIONS
The retailing replenishment activity until the 1970s was based on information on the
items that were available to order, prices, number of consumer packages in a store
package, item numbers etc. This information was contained in physical documents36.
The documents consisted of a number of binders, where pages were replaced when

36

Named order books or price books.
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changes were made. These binders were considered very troublesome and timeconsuming to handle.
Before placing an order, store personnel walked around the store and identified which
items to order and in what quantities. A standardized order form was then filled out
by the retailer, who entered by hand the data on quantities to be ordered. When
completed, the entire order form was sent to the wholesaler by surface mail. During
the latter part of this period, orders were submitted to the wholesaler by telephone
instead of mail, decreasing the lead-time of the process.
For some items, the sales personnel of wholesalers obtained replenishment
information by calling the stores at agreed times. Via telephone the seller entered the
quantities ordered on an order form and sent physical copies of the form to inventory
personnel, via them to the carrier and finally, when the goods were delivered, to
retailers. The oral communication of order information worked well, and mistakes
were not very common.
When replenishment information was delivered to the wholesaler, it was punched into
a system that was used to print invoices and lists of the items to be picked from
inventory. The system was also used to keep sales-related statistics. Some 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. The
number of errors, however, was gradually reduced as personnel gained more
knowledge about individual stores.
When picking an order from inventory, lists accessed from the punched card system
were used as instructions. They were also provided with stickers and marked the
selected goods with order numbers and delivery numbers that indicated the day of the
week and time of day when the packages were supposed to be delivered. Errors in
picking goods were not noticed until the delivery reached the store and the order was
verified, but this problem was not considered serious. The invoice was printed and
delivered together with the goods.
In this period 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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The replenishment of items from wholesalers did not include all ordering of items by
a store. Manufacturer-specific campaigns or exhibition pallets were ordered directly
from the manufacturers’ sales representatives that were present in the stores. These
sales representatives visited stores continuously in order to discuss, give advice on and
promote their items (Supermarket, 3, 2001). They also collected orders. These were
entered on a physical form, one copy of which was given to the retailer, another was
communicated to the manufacturer’s internal organization and a third was sent by
surface mail to the wholesaler.
In 1973 Coop initiated the development of a solution, called RDV37, where stores
were provided with shelf labels containing replenishment information on
approximately 40% of the items. The labels provided information on replenishment
times and suitable quantities. This information was generated by the Coop computing
center and was updated each month. Coop did not evaluate the financial benefits in
detail. When these benefits were estimated in 1975, it was stated that the shelf labels
had simplified the replenishment activity38, that the out-of-stock risk had been
reduced and that the inventory turnover rate had increased. Before an item was
included in the RDV-system, sales of it were analyzed for a six-month period. One
major drawback of the information generated, however, was that it was based on
deliveries to the store and not on actual sales39. Specific campaigns and seasonal items
were not included in RDV. (Supermarket, 1, 1975)
2) HANDHELD DEVICES, BAR CODES, SCANNER TECHNOLOGY
The first time that electronic replenishment was mentioned in the industry magazine
Supermarket was in 1971 (Supermarket, 12, 1979). While American and Norwegian
stores were quick to adopt the new technology, its implementation in Sweden was
delayed. During the latter 1970s, handheld devices were introduced in stores and used
in the replenishment process. One of the first organizations to implement new

37

Standing for Regional Distribution och Varuhantering

38

The time required to perform the activity was reduced by 50%.

39

It is assumed that the store has a regular inventory.
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replenishment technology was Åhléns40. The aim of the investment was to increase
labor productivity and productivity per square meter (Supermarket, 12, 1975).
Based on shelf labels that provided information on items and on the shortages
identified by retailer personnel walking around the store, replenishment information
(item numbers and quantities) was entered via handheld devices. The shelf labels
offered more information than before, as they not only included the item number and
the item category, but also indicated the level at which to reorder, average sales per
week, the number of consumer packages in a store package, the number of packages
that would fit into the shelf space provided etc. 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. A new shelf label was automatically delivered
when sales changed by more than 40 % or the price changed.
The system provided retailers with much more information that they could use to
enhance the replenishment activity, but required maintenance in order to be reliable.
During the same period, Coop chose to put the information that had been kept in
their price books on microfiche, which made it much easier to manage as the retailer
no longer had to handle binders physically.
When completed, the order was submitted to the wholesaler via a modem. The first
handheld device that was introduced, however, had a very limited memory, and
retailers were sometimes compelled to send their orders in parts. The inability of the
retailer to see the order after it was submitted limited the possibilities of control and
led to duplications and other errors. From the early 1980s on, however, retailers could
obtain printed lists of submitted orders; a list was 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

40

At the time Åhléns sold groceries.
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more easily and quickly; an order now took approximately two hours to complete41.
The quality of information was also enhanced, as the wholesaler did not have to
interpret information that was manually entered on a form. Mistakes were still made,
though, when replenishment information was entered into the handheld device. For
example, a retailer could forget to enter the quantity that he wanted to order and
instead entered the next item number. The quantity ordered tended to be very high as
item numbers usually consisted of six digits. Incorrect information was identified
when the wholesaler validated the order or when a shortage was noticed in the
wholesaler’s inventory.
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
and no longer had to enter item numbers by hand. This handheld device also made it
possible to compare the prices shown on shelf labels to the prices entered in the
computerized cash register, revealing any discrepancies. With this improved
functionality, it now took about 1½ hours to complete an order. The scanner
technology also made it easier to attend to other activities while simultaneously
entering replenishment information. While entering an order with one hand, the
retailer could arrange items with the other.
A new handheld device with a built-in scanner was introduced in 2000. Now the
retailer only had to use one hand when entering the order, facilitating the activity and
making it even easier to perform simultaneous operations. This device also warned the
retailer when an unreasonable quantity was entered, thereby improving the quality of
information. When the retailer needed to replace damaged shelf labels (when the
information changed, new labels were issued automatically), he could order them
through the device. The further improvement in the functionality of the devices had
now reduced the time required to perform the replenishment activity to a mere half
hour.
The retailer could also enter a specific reference number for each employee. In this
way, items ordered by a particular employee would be delivered on a separate pallet.

This finding is supported by a Norwegian study published in 1979 that reports a 50%
reduction in man-hours required to perform the replenishment activity (Pape, 1979 through Ek
& Jonsson, 1989).
41
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This was done to facilitate receiving and display of the items in the store. If you were
responsible for an item category such as cheese, you would prefer to receive the
delivery and the invoice for cheese separately, giving you better control and enabling
you to manage this item category more efficiently. In some areas, this functionality has
increased the empowerment of personnel, giving them a stronger incentive for good
performance.
In some cases orders are submitted directly by the retailer to the manufacturer. This is
done when order quantities exceed a certain amount, i.e. with items with a very high
turnover, such as beverages from major manufacturers to the largest stores.
As from the mid-1980s, manufacturers’ sales representatives used handheld devices to
collect orders on campaign-related items. A copy of the order was printed from the
handheld device and handed over to the retailer. The order was then communicated
via modem to the manufacturer’s internal organization, and a printed copy was sent to
the wholesaler by surface mail. In the mid-1990s, EDI communication between
manufacturers and wholesalers was established (further described in part 2 of this
focal area), and orders were communicated via EDI instead of surface mail.
The role of manufacturers’ sales representatives that visited stores in order to promote
their items has been questioned in light of the digitization of information flows. In
2001 it was estimated that one third of the sellers would become redundant as a
consequence of the new communication patterns. However, the competence
possessed by the sales representatives was perceived as important to the stores,
although their focus on replenishment and item information had to be shifted to sales
and profitability (Supermarket, 3, 2001).
3) INTRANETS AND INTERNET AS FACILITATORS
Fruit and vegetables are considered as difficult items to replenish because of
continuously fluctuating supply and prices. Toward the end of the 1990s, ICA decided
to develop an intranet solution, Slingan, where retailers could submit orders and
access information on events that influenced supply (e.g. forecasts of coffee crops in
South America and alarming reports on infected plantations), status of current supply
and current prices. The capacity of the Internet to provide updated and complete
information was considered outstanding, and the application was highly appreciated
by retailers (Supermarket, 3, 2001). In 2002 it was reported that 40 % of the ICA
stores used this intranet solution when ordering fruits and vegetables (Supermarket, 1-
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2, 2002). Today, almost all the stores within the ICA organization use Slingan in
replenishing fruit and vegetables.
Since 2001, Coop has developed intranets for each store that are used as a tool in the
communication of replenishment information between retailers and wholesalers.
Longer-term planning of order quantities in connection with campaigns and events is
communicated via sales plans that are presented on the intranet and updated by the
retailer on a weekly basis. The retailer also receives information on changes in item
supply, sales statistics, planned shared campaigns, media usage, current orders etc. via
the intranet. In addition, the system issues a list of errors highlighting items that lack
price specifications and orders that cannot be delivered. As from 2004, items sold
specifically for Christmas can be ordered directly on the intranet.
4) AUTOMATIC REPLENISHMENT SYSTEMS
The next step in replenishment technology is a system where sales information
generated in the computerized cash registers is used as a basis for replenishment. This
system, which is defined as Computer Assisted Ordering (CAO) or Automatic
Replenishment, has been partly implemented by retailers. The system eliminates
manual identification and entry of replenishment requirements and replaces this
operation by automatic replenishment. The quality of information is also enhanced,
resulting -- it is estimated -- in better control over distribution flow, in decreased
inventory levels at stores and in improved service levels (reductions in items out-ofstock). Automatic replenishment primarily concerns items with a regular turnover that
is easy to estimate. ICA started to implement such a system in 2001, and Coop is
planning to introduce one in 2005.
One problem foreseen by Coop is possible discrepancies between the information
generated in cash registers and the actual availability of items on the shelves; such
discrepancies are caused by different forms of wastage. It is also important that
incoming goods are registered continuously so that underlying information is correct.
These issues need to be addressed when the system is implemented.
In 2005 ICA has installed an automatic replenishment system in about 1800 stores in
Sweden and Norway. Automatic replenishment can be used for all categories of items
except fruit and vegetables and items delivered directly from manufacturers (e.g.
beverages and dairy products to large stores). The final decision on which items to
include, however, is made by the store. Pelle Nilsson (2005-02-04) comments that a
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more suitable name for the system is computer-assisted replenishment as some
manual adjustments must still be made for campaigns and specific items that are not
sold to customers (e.g. troughs used for storing bread). There are still many
possibilities for developing the system further. Information on local weather
conditions and seasonal fluctuations, for example, could be included as parameters in
planning for future demand.
As the capture of replenishment information has been automated, the lead-time from
replenishment to delivery has been reduced. Simplification of the replenishment
activity has enabled retailers to perform other activities like attending to customers
and keeping the store tidy. Better quality in the information provided has enhanced
control over items. It has also helped stores to maintain a better and more regular
flow and thereby to reduce inventories.
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SUMMARY
The changes in the replenishment activity and the further processing of the
information are outlined in the process descriptions below.
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Figure 7-3: A comprehensive view of the replenishment activity and further processing
of order information at different times
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PART 2: COMMUNICATION OF ORDER INFORMATION BETWEEN
MANUFACTURERS AND WHOLESALERS
The second part of this focal area covers the communication of order information
between wholesalers and manufacturers, where digitization of information has made
collecting and handling orders more efficient. In the 1960s manufacturers received
physical order forms and then manually aggregated the required quantities per item as
a basis for filling orders and planning production. Today orders are submitted via EDI
and automatically aggregated. Where not otherwise stated, this second part is based on
interviews, which are further described in Attachment 2. As with the first part of the
focal area, it is important to note that the description provides a comprehensive view
of developments, which vary between organizations and items. Thus, the systems
mentioned have not have been used by all manufacturers or all wholesalers and not
for all items. The presentation covers the typical development. The second part of this
first focal area concerns primarily the parts of the grocery distribution value chain
highlighted below:
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Figure 7-4: Grocery distribution value chain, highlighting the parts concerned in the
second part of focal area 1
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The process covers three different periods:
1)
2)
3)

Manual operations until the mid-1970s
Digitization of information with Dakom42, roughly in the period 1975-1995
Using EDI in communications between manufacturer and wholesaler, as from
the mid-1990s.

1) MANUAL OPERATIONS
When ordering goods from manufacturers, wholesaler purchasers used physical cards
containing information on each item, including item number, organization number,
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 as support
in this activity. In the mid-1980s, the manufacturer interviewed installed AS /400, a
mainframe computer where the information received in orders was entered and
processed. Printed selection instructions from this system were sent to inventory.
2) DIGITIZATION OF ORDER INFORMATION WITH DAKOM
In the mid-1970s Dakom was developed as a shared solution in a process driven by
the ERFA group, consisting of major wholesalers and DLF43, which 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 6000 order lines were
submitted per day (Johnsson, 1987; Svenska EAN Vär(l)den, June, 2004). It was

42

Standing for Dagligvarubranschens Kommunikationssystem

43

Standing for Dagligvaruleverantörernas Förbund
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planned to extend Dakom’s functionality and include to communication of order
confirmations and invoices as well. These plans were however not realized.
There was considerable international interest in Dakom when the system was
implemented in 1975. Multinational companies that used the system in Sweden
wanted to implement it in other countries where the organization was present.
Christer Johansson, DLF, commented that it was not the system that was unique, but
the willingness to cooperate within the industry (Supermarket, 12, 1975).
The cost of submitting an order via Dakom (0.8 SEK) was lower than the cost of
submitting it via telephone (estimated at 6 SEK) or by surface mail (at the time 2.10
SEK), but after 10 years of usage not only the rationalization effect was evident. The
following additional advantages were identified in an assessment made 10 years after
initial implementation (Johnsson, 1987):
1)
2)

3)

The quality of the process was improved as the number of mistakes caused by
manual transmission and reception of orders was reduced;
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;
Dakom made it possible to improve management of other areas such as
inventory and planning of purchases, transports and liquidity.

Nilsson (2005-02-04) confirms the enhanced quality of communicated information
due to avoidance of potential handwritten or oral errors, and emphasizes the time
saved by the purchasing departments of wholesalers. Johnsson (1987) identified a
number of disadvantages resulting from the implementation of Dakom: 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 smaller companies to take part in this development.
3) COMMUNICATION VIA EDI
In the mid-1990s, Dakom was replaced by communication via EDI. The new system
contained the same information as Dakom, but this information was more
standardized through EDIFACT, a universal standard for EDI messages. EDI
communication has also been extended to include other messages than orders, e.g.
invoices.
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The manufacturer interviewed uses EDI for communication of orders and invoices
today, and 65 % of Swedish customers use EDI when placing orders, less than in
some other countries like Norway. The reason why EDI is not used more frequently
in Sweden is that many of the manufacturer’s customers are minor independent
organizations that up to this point have not computerized their processes. Where EDI
has not been implemented, orders are placed by telephone or fax. The manufacturer’s
organization must then be able to receive and process these orders. Customers that
place orders by telephone or fax are generally less regular than EDI customers, who
place their orders at the same time of day. Since customers who place their orders by
phone or fax do not have a regular ordering time, the manufacturer must have greater
overall capacity to receive orders.
In the mid-1990s the manufacturer acquired the functionality to perform ATP
(Available to Promise) checks, which enabled the manufacturer at an earlier stage to
confirm whether the ordered items were available. Previously, shortages in inventories
were not noticed until it was too late to avoid negative effects on customer service.
When this improvement had been implemented, the manufacturer could react to
shortages at much earlier stage and change production planning accordingly.
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SUMMARY
The process of communicating information between wholesalers and manufacturers is
outlined in the information flows shown in Figure 7-5.
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Figure 7-5: A comprehensive view of order communication between manufacturers and
wholesalers at different times.

COMMENTS ON FOCAL AREA 1
This focal area concerns the implications of enhanced possibilities of storing,
accessing and communicating information. Relations between retailers, wholesalers
and manufacturers are no longer highly manual and time-consuming; now digitized
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information is communicated with automated IT applications. The information
generated by a retailer in the replenishment activity was initially separate from the
information used when wholesalers placed purchase orders. Gradually, it became
possible to use the information generated in the replenishment activity and in the
computerized cash registers in a broadening range of other applications.
The principal overall effects of this development from the perspective of the
manufacturer interviewed are that activities are performed more efficiently and that
some activities have been automated or eliminated. Better quality of the information
communicated (fewer mistakes) is also noted, as is better decision-making based on
greater availability of correct information. A negative aspect of the digitized
information is that the organization has become dependent on the technology. When
the systems are down, orders must be executed manually – a problem because the
resources available for this inefficient manual process are not sufficient.
Regarding manufacturer inventories, the level has been reduced, but not very much
since the wholesalers have made major reductions in their inventories. The inventory
level is also affected by the number of items in the assortment. The inventory
turnover rate, however, has increased thanks to enhanced planning capabilities; as a
result, capital previously tied up in inventories has been released. The lead-time from
manufacturer to customer has also been shortened through the improved processes
made possible by IT.
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The effects of digitization of information flows that are identified in focal area 1 are
summarized in the table below:
Part 1
Change
Communication of
replenishment information
by telephone instead of
surface mail.

Shelf labels presenting
information from sales
database introduced in
stores.

Handheld devices
introduced in stores.

Printers connected to
handheld devices
introduced in the stores.

Bar codes introduced in
stores and used on shelf
labels. Scanner pens
connected to handheld
devices.

Further improvements in
handheld technology,
including built-in scanners
and warnings when
entering quantities.

Effect
Decreased lead-time from retail order to
delivery.
Increased security in the process.
Reduced number of errors.
More information about demand available to
the retailer when performing the replenishment
activity.
Increased inventory turnover in stores.
Simplification of replenishment activity.
Improved service level, i.e. fewer items out-ofstock.
Price marking of each item eliminated.
Quality of information enhanced as fewer
mistakes are made in the interface between
retailer and wholesaler.
Time to perform the replenishment activity
reduced from 4-5 hours to 2 hours.
Enabled better control of replenishment
information as submitted orders could be
printed.
Decreased number of mistakes in the
communicated information such as duplication
of submitted orders.
Easier to capture item information as item
numbers no longer have to be entered manually
into the handheld device.
Time to perform the replenishment activity
reduced from 2 to 1.5 hours.
Easier to perform other activities
simultaneously.
Time to perform the replenishment activity
reduced from 1.5 to 0.5 hours.
Enhanced quality of submitted replenishment
information.
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Org.
W, R
W, R
W, R

R
R
R
R
R
W, R

R

R
W, R

R
R
R

R
W, R

Part 1
Change
Possibility of entering a
reference number for each
employee.

Increased access to
information through
digitized information flows.
Introduction of Internet
and intranet applications in
communication between
wholesalers and retailers.
Implementation of
computer-assisted ordering
/ automatic replenishment
systems.

Part 2
Change
Installation of mainframe
computer in the
manufacturer organization.
Implementation of Dakom.

Implementation of EDI.

Implementation of
functionality to perform
ATP checks

Effect
Receiving of goods facilitated.
Better control of a particular item category.
Increased empowerment and enhanced
employee motivation.
Role of manufacturers’ sales representatives in
stores questioned.

Org.
R
R
R

More information on item supply and shared
marketing activities submitted to retailers.

R

Reduced lead-time from replenishment to
delivery.
Eliminated replenishment activity for some
items.
Enhanced information quality.
Reduced inventory levels in stores.
Higher service level, i.e. fewer items that are
out-of-stock.

W, R

Description of effect
Simplified activities (e.g. aggregation of
incoming orders).

Org.
M

Reduced costs of submitting orders
Enhanced quality of information through fewer
mistakes in the information submitted.
Faster transmission of orders.
More flexible process, with easier adjustments
of prices and assortments.
Orders can be placed around the clock.
Improved control of inventories and planning
of purchases, distribution and liquidity.
Increased dependence on the system.
Duplication of routines.
Broadened functionality, with extended
communication possibilities.
Higher service level through greater control
over delivery capacity.

W
M, W
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M, R

W, R
R
R
R

M, W
M, W
W
W
M, W
M, W
M, W

M

Part 2
Change
Comprehensive effects of
digitized information flows
for manufacturers.

Description of effect
More efficient performance of activities.
Automation of some activities.
Enhanced quality of communicated
information.
Ability to make better decisions.
Increased dependence on technology.
Minor changes in inventory levels, but increased
turnover.
Shortened lead-time from manufacturer to
customer.

Org.
M
M
M
M
M
M
M

Table 7-1: Effects of digitizing order information (M=Manufacturer, W=Wholesaler,
R=Retailer, C=Customer)

As indicated by the table, the digitization of replenishment information has had a large
number of effects. Some comments on this development should be made. An article
in 2002 emphasized the importance of retaining a personal contact and a relationship
between retailers and other organizations in the business system. Wholesalers and
manufacturers needed information on what was happening in the stores, and retailers
considered personal contact with wholesalers and manufacturers as important in
making their work interesting and motivating (Supermarket, 1-2, 2002). Digitization of
the information flow between manufacturers, wholesalers and retailers might thus
have drawbacks, and ways must probably be found to compensate for the personal
relationships that are lost.
The effects of the improvements in regard to replenishment that are summarized in
Table 7-1 are further analyzed in Chapter 8.
7.3

FOCAL AREA 2: NEW ITEM INTRODUCTIONS

INTRODUCTION
The process of introducing new items is considered critical for the further
development of a product as it receives more attention from customers when it is new
(Supermarket, 9, 1990). For optimal introduction it is important that wholesalers and
retailers have necessary information on the new items. When manufacturers introduce
new items or change the volume or content of current items (e.g. combinations of
items sold in a specific campaign), information on these items should therefore be
communicated to wholesalers and retailers. Wholesalers need information on
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volumes, weights, inventory, environmental and safety requirements, for example, in
order to plan and manage logistical flows efficiently. Retailers need information for
shelf labels and receipts in order to display items correctly. The information carrier
that contains this information is defined as a trade item declaration (TID). Roughly
16.000 trade item declarations are sent per year from manufacturers to the wholesaler
Coop (Svenska EAN Vär(l)den, 6, 2004).
In an American study presented in 1991, the cost of introducing one new item in one
store was estimated at approximately 600 SEK. This sum includes everything from
product development, marketing and administration to communication between
manufacturers, wholesalers and retailers. The cost per item and store was considered
high, and the importance of an efficient process was emphasized (Supermarket, 3,
1991). The content and quality of information and the process of submitting it have
radically changed through digitization. This focal area illustrates the processes at
different points in time, starting with manual transmission of information and ending
with the shared solution of automatic validation by GS1 Sweden. The processes
included illustrate the information flow for the introduction of new items but not for
changes made to current items.
The description of this focal area is based upon interviews, which are further
described in Attachment 2, and material supplied by the Swedish GS1 organization.
Focal area 2 concerns mainly the following highlighted parts of the grocery
distribution value chain presented in Chapter 5.
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Figure 7-6: Grocery distribution value chain, highlighting the parts concerned in focal
area 2

The process at three points in time is described and illustrated. These three points are:
1)
2)
3)

Before 1995, when the information was communicated by surface mail or fax;
1995-2003, when electronic forms were communicated by e-mail;
As from 2004, when a shared validation tool is used to assure quality of
information.

1) COMMUNICATION BY SURFACE MAIL OR FAX
Before 1995 physical forms were submitted from the manufacturer by surface mail or
fax, a process requiring manual reception and re-entry of information by the
wholesaler. The introduction of a new item into the assortment was often initiated
after discussion between a key account manager from the manufacturer and a
purchaser from the wholesaler or retailer. When announcing a new item, the key
account manager sometimes asked an inexperienced employee to enter and
communicate information. Since this employee often lacked the knowledge to
interpret the meaning of required information, there were frequent errors in
communication with wholesalers. It was also problematic to enter information on the
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form as the number of positions was limited and often did not fit the information to
be entered. When filled out, a printed form was sent to the wholesaler together with
the proposal for the new item.
The large number of errors required wholesalers to spend considerable time on
validating the information received. The wholesaler personnel often lacked the
necessary knowledge concerning new items and could not judge the relevance of the
information submitted. Uncorrected errors in this information could affect other
processes that received and used the information, such as logistics. Over- or
underestimation of weights or dimensions could result, for example, in improper truck
loading, which might be unsafe or illegal. Errors could also affect safety in handling
inventories. For instance, a pallet exceeding the standard height of 1,25 meters could
hit walls, ceilings or girders in storage facilities, possibly injuring the truck-driver.
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The process at this point in time can be visualized and presented as follows:
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Figure 7-7: Process for submitting information on new items before 1995

2) COMMUNICATION OF ELECTRONIC FORMS BY E-MAIL
In 1995 the Jet Form Filler application was introduced, somewhat improving the
quality of information. A specified form was used that limited the possibilities of
entering information and thereby decreased the number of errors significantly.
However, approximately 70 % of submitted forms still included errors, indicating an
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even higher frequency of errors before this improvement. Submitted forms were in
some cases printed and archived by the manufacturer, but they still could not be saved
in an electronic version of the document. This made it impossible to reuse
information in a new trade item declaration (TID); it was thus necessary to start from
scratch. Furthermore, once work had begun on filling in a form, it had to be
completed without interruption. Otherwise the data on it would be lost, as they were
not saved. The forms were still submitted to the wholesalers via fax or surface mail.
The implementation of electronic forms also made it possible to communicate
electronically, and beginning in 1998 communication could be done by e-mail. This
made the exchange of information between manufacturers and wholesalers more
efficient but failed to improve the quality of the information. With the e-mail solution,
information could be handled faster and at lower cost. Manufacturers no longer had
to enter information from scratch, but could gather information from other systems
and reuse similar trade forms with similar items.
Wholesalers, however, received information as a PDF.file and had to re-enter it
manually. And since the e-mail solution did not improve the quality of information,
wholesalers still had to perform the time-consuming activity of verifying and
correcting information. Thus, related processes like logistics still received errors that
negatively influenced their performance. An estimated 70 % of trade-item forms
contained errors. Communication of the errors identified was simplified, however, by
the use of e-mail. The information flow at this time is illustrated in Figure 7-8.
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Figure 7-8: Process for submitting information on new items 1995-2003
(changes shown in bold face)
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3) QUALITY ASSURANCE THROUGH A SHARED VALIDATION TOOL
In January 2004 a solution was implemented to improve the quality of information
and increase the efficiency of the information flow between manufacturers,
wholesalers and retailers. Standardization of information permitted automatic
verification and validation of information. A shared validation tool is provided
through a service performed by the Swedish GS1 organization. This tool used by all
parties is illustrated in Figure 7-9.
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Figure 7-9: Process for submitting information on new items as from January 2004
(changes shown in bold face)
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In this solution all information in a TID is available for further use by the
manufacturer. Import of information from other manufacturer systems is also
improved, simplifying the establishment of a new TID. Some additional information,
however, must still be extracted from other systems and entered into the TID system.
The solution ensures that all information submitted to the wholesaler, except for pure
text information (definitions for shelf labels and receipts), is correct. When the
validation tool identifies an error, it sends an automatic message indicating the error to
the manufacturer. A confirmation is sent to the manufacturer when the information is
correct, and the trade item declaration is automatically sent to the wholesaler. Instead
of the time-consuming activity of verifying and correcting the information, the
content is quickly checked, and the information is forwarded to other wholesaling and
retailing processes.
COMMENTS ON FOCAL AREA 2
This focal area concerns the development where the organizations involved in grocery
distribution work together for the purpose of improving the flow of information.
Before the development and implementation of the shared validation tool, quality
problems with submitted information led to the extra work of verifying and correcting
the information. The high frequency of errors also hurt the efficiency of other
processes like logistics. Implementation of a shared validation tool has eliminated
errors in submitted information and enhanced efficiency in the process of submitting
information on new items as well as in other processes.
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The effects of digitization of information on new items are summarized in the table
below:
Change
Introduction of Jet Form
Filler in the manufacturing
organization.
Digitization of new-item
information in the
manufacturing
organization.
E-mail used in
communicating
information.

Shared validation tool
implemented.

Effect
Reduced number of errors in submitted
information.

Improved filing of previous TID's simplifies
entry of information as similar TID’s can be
copied.

Simplified communication of TID’s
Simplified communication of corrections in
information.
Considerable reduction of the number of errors
in submitted information.
Simplified correction of errors as an automatic
message pointing out the errors is sent to the
manufacturer from the validation tool.
Simplified data capture for wholesalers as there
is no need to re-enter information.
Automatic verification of information reduces
the wholesaler control activity.
Improved quality of information submitted to
adjacent processes.

Org.
M, W

M

M, W
M, W

M, W, R
M
W
W
W, R

Table 7-2: Effects of digitizing information on new items (M=Manufacturer,
W=Wholesaler, R=Retailer, C=Customer)

The effects of digitization of the information flow are further analyzed in Chapter 8.
7.4

FOCAL AREA 3: ANALYSIS OF POINT OF SALES INFORMATION

INTRODUCTION
The possibilities of accessing, storing, communicating and analyzing information have
been considerably enhanced by the use of information technology. This focal area
primarily concerns sales-related information, describing the major steps in the
development of IT in this area and the possibilities that improved point of sales (POS)
information has generated in the development of store design and supply chain
activities and in the ability to meet consumer demands.
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This focal area does not present processes at different points in time, but concentrates
on the changed conditions with the implementation of computerized cash registers,
scanners and related software. Implementation of this technology and the digitization
of POS information took place over a number of years, depending on the willingness
and ability of individual stores to invest in it. The functionality of the technology
applied has gradually been improved and the organizations adapted to implement
planned improvements. There is thus no clearly defined time before and after the
change, but an emerging development over a longer period.
Focal area 3 is about access to sales information, an important input in supply chain
activities. Although some applications of sales information are not directly connected
with supply chain activities, they are still discussed as an aid to understanding the
effects of IT investments. Where not otherwise stated, this focal area is based upon
the interviews described in Attachment 2. Important material in this focal area has
been the insights gained from a study of the industry magazine Supermarket from the
years 1975-2004. The review of Supermarket has been conducted as one part of this
study. The activities shown in Figure 7-10 are affected by the development in this
focal area.
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Figure 7-10: Grocery distribution value chain, highlighting the parts concerned in focal
area 3
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BEFORE: ANALYSIS BASED ON DATA GENERATED IN PUNCHED CARD
SYSTEMS
When discussing the possibilities of accessing and analyzing information in the early
1980s, Frisk (2005-01-18) presents an analysis of a certain group of items, which he
performed in 1981. In order to analyze sales statistics and margins for the years 1979
and 1980, he had to perform a time-consuming item-by-item calculation using a pen,
paper and a calculator and based on the information captured in the punched card
system. Information on sales per item, time period and prices was gathered from a
system that contained statistics on items sold to stores, not on sales to final
consumers. The quality of the analysis was thereby affected. The completed analysis
was delivered to a sales committee that used the conclusions in deciding how to
develop the assortment. A minor snapshot of the analysis performed is included as an
aid to understanding the work involved in sales analysis at this time.

Figure 7-11: Analysis of sales and margins per item in the early 1980s (Frisk, 2005-01-18)

THE IMPLEMENTATION PROCESS
Beginning in the early 1980s computerized cash registers and associated technology
were implemented in stores, and items were labeled with standardized bar codes.
Information from cash registers could thereby be applied as an aid in analyzing
margins and demand patterns. In the early 1990s, store manager Jonas Ahlin
expressed the following enthusiastic view of the information generated by computers
in stores:
”It’s a fantastic feeling to be constantly able to analyze performance and performance
drivers for each department. We don’t have to lie awake at night anymore worrying
about how the business actually is doing.” (Supermarket, 10, 1990, s.14)
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This positive statement, however, should be seen in its proper context. This section
presents the view on the effects of the technology initially after implementation. The
implementation process is thereafter described, and the effects identified based on
three examples. Also discussed are improved ways for manufacturers to analyze point
of sales information.

Initial View on Potential Effects
Based on the improved access to information, it was possible to enhance precision in
the replenishment activity (Wirsäll, 1986). Other benefits of the technology, foreseen
in the early 1980s, were better control over prices through ensuring that the prices
used in the cash register were correct, elimination of the price marking activity and a
better work environment for cashiers (Supermarket, 11, 1980; Supermarket, 11-12,
1982). In addition, Hammarkvist (1980) identified a number of soft effects resulting
from computerized cash registers that were related to the use of information.
Identified benefits included improved capacity to schedule personnel, more
information on buying patterns — helpful in decisions on opening hours and
inventory levels – and the possibility of evaluating specific marketing campaigns and
of accessing information on sales and profitability levels per item category. The
manufacturers in the grocery distribution business system were also expected to gain
from the implementation of computerized cash registers as they could use the
information gathered to evaluate campaigns and other marketing activities and to
analyze buying patterns.
In 1980 Hammarkvist concluded that the soft effects are difficult to achieve.
Subsequent developments showed that the potential benefits and possibilities of the
new technology had been correctly foreseen, but that it would take time before they
were realized.

A Drawn-Out Process of Implementation
As presented in Chapter 6, the investments in and implementation of computerized
cash registers and associated store technology was a drawn-out process. Retailers
waited for manufacturers to print EAN codes on items, and manufacturers waited for
retailers to invest in scanners and store computers. Other components needed in
order to realize the positive effects of the investments were specific software, specific
reports, service organizations and employee training. The investment was also seen as
expensive and the benefits perceived as difficult to achieve (Supermarket, 7, 1978;
Supermarket, 12, 1979). Another issue discussed was whether the investments in
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technology should be made separately in each store or through a shared central
initiative. The risks of investments in computerized cash registers were considered to
be operational disturbance, lack of appropriate reports and an increased responsibility
for item registries in the stores (Supermarket, 10, 1979).
In 1984 it was estimated that merely 7 % of Swedish stores had invested in the
technology, but a belief was expressed that next year the breakthrough would come.
In order to simplify the investment decision, ICA developed two different investment
packages to meet the requirements of storeowners. The simpler alternative could be
used to access sales information, whereas a more advanced version permitted analysis
of margins and wastages. (Supermarket, 7-8, 1984)
Many of the stores invested in computers and associated software at the same time as
they invested in the computerized cash register. This technology made it possible to
create reports on sales and margins per item and statistics for seasonal changes,
campaigns and specific departments at the store. The software used for analyzing sales
was not initially adapted to specific retailing requirements. In 1980 it was reported that
a store44 had invested in the technology but decided to await the development of
better software before going further with the initiative (Supermarket, 11, 1980).
Present software was not adapted to specific retailing requirements, and the amount
of manual work, according to the store manager, was still considerable, implying that
the analysis was too time-consuming. In the same article another store manager45
argued that while there were many advantages with the technology, it was too
expensive to become widely accepted.
The fact that the associated software was not adapted to specific retailing
requirements implied that users received unprocessed information. Long printed lists
of statistics, for instance, provided information that was sometimes irrelevant. In 1984
it was argued, however, that report functionality was constantly improving
(Supermarket, 7-8, 1984). In 1996 it was reported that user-friendly software, which
made it easier to analyze information and create individual reports, had been
developed and implemented (Supermarket, 3, 1996).

44

ICA Stop in the Stockholm area.

45

Bo Malm at Årstahallen in Uppsala.
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In 1992 computerized cash registers were considered to be the most important store
investment; this step had been taken by 36 % of the smaller stores and 75 % of the
larger. The availability of suitable software was still being debated, and it was
concluded that the user-friendliness needed to be improved. (Supermarket, 4, 1992)
THREE EXAMPLES FROM STORES
The new technology offered store managers completely new possibilities in running a
store. Examples from three stores, presented in Supermarket, describe these changing
conditions.

Example 1: Kolsva Handel, ICA, outside Köping (Supermarket, 11, 1984)
Kolsva Handel, an ICA store, implemented computerized cash registers in 1983. In
conjunction with this change, the store decided to eliminate in steps the practice of
price marking each item. After one year it was concluded that the elimination of price
marking did not generate a reduction in man-hours. The time formerly devoted to
price marking was now spent on managing shelf labels and computer registers. On the
other hand, the change led to better control over information. This information had
the potential to improve the assortment and enhance the planning of resources and
activities. However, the manager and his employees did not have time to use the
information that was generated. Much time had been spent on designing the new
routines related to the implementation of the new technology. The profitability of the
store improved during the year. The reason, according to the manager, was that price
changes could now be implemented more quickly. A survey showed that employees
had no desire to return to the old system. Employees stated that they had more time
to speak to customers and found their work more motivating. As for customers, they
thought that the new receipts provided valuable information on the items purchased.

Example 2: ICA Kvantum and Metro outside Stockholm (Supermarket, 5, 1994)
This example concerns two stores that in 1994 invested in computerized cash registers
and five interconnected computers. The manager of the stores reported that the new
technology generated rapid information on the average purchase per consumer, the
number of customers in the store at different times, and the number of items per
purchase, among other things. In his opinion, this information on the flow of goods
and the flow of customers provided an important competitive advantage and the
stores had improved efficiency by approximately 20 % through the investment in IT.
Based on the information generated, a space management project was implemented.
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This project entailed reviewing and adjusting the assortment in order to identify and
emphasize the items that generated the best profits and were appreciated the most by
consumers.
The information also made it possible to improve the scheduling of store personnel so
that more hours could be spent at the cash registers, but without decreasing the
service level in the rest of the store. In addition, digitized information was used to
simulate price levels for the purpose of finding a balance between profitability and
competitiveness. The manager of the store claimed that computers were essential for a
modern store and that stores that did not invest would find it hard to cope with the
new competitive situation.
The experience of the store shows that investments in IT are different from other
investments in technology. It is important that the personnel using the IT systems
have a positive attitude and a natural interest. One risk mentioned was that too much
effort might be put into analysis of available information, leading to overadministration of the store. Another risk was that too much attention would be paid
to the technology itself rather than the information generated.

Example 3: Coop Supermarkets in the Stockholm Area (Supermarket, 5, 1994)
Coop supermarkets in the Stockholm area (Gröna Konsum) decided to invest in a
mainframe computer and a network which connected 170 stores and communicated
information on deliveries, inventories, sales and profitability. The information was
available to a central management team and to the individual retailer. In addition,
consumers with a consumer loyalty card received information on their total purchases
and bonuses.
One Coop supermarket reported that the information accessed from the mainframe
computer was used to analyze the store’s specific cash flow and flow of goods.
Detailed productivity and profitability indicators were generated and analyzed using
standard software and a PC in the store. This information was then applied in order to
enhance the productivity and performance in the store.
MANUFACTURERS’ ACCESS TO SALES INFORMATION
The demand-planning capacity of the manufacturer interviewed was enhanced in the
beginning of the 1990s as personal computers and related software were implemented
in the offices. Based on sales information per item from the AS/400 computer, the
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manufacturer could analyze changes between periods and regions. The geographical
origin of sales could be analyzed for items that were sold through the sales
representatives who visited stores or through a terminal at a particular location. As the
terminals have become more centralized and therefore covered increasingly large
geographical areas, it became more difficult for manufacturers to analyze geographical
changes. The manufacturer used general spreadsheet applications like Lotus 1-2-3 as
well as more specialized software like Manugistics for advanced analyses. Software
that provided a graphical illustration of sales per region was used for a limited period,
but was abandoned when it was not found to provide any extra value to the users.
Software became increasingly integrated and sophisticated, and enabled the
manufacturer to compare actual and budgeted results. But despite the enhanced
functionality and possibilities of accessing and analyzing information, advanced skills
in judging the reliability of generated information were still required.
As from 1994, specialized market analysis companies like GfK and AC Nielsen
performed measurements of sales based on the information generated in the
computerized cash registers at 200 randomly selected stores (Supermarket, 1-2, 1995).
Approximately 70 % of the items for sale were covered in the statistics. Results were
purchased primarily by manufacturers and distributed weekly on floppy discs.
Distributed information was used to analyze sales and factors that influenced sales
such as campaigns, changes in price and consumer profiles (based on market data
from different data bases).
The market analysis companies also supplied specific software to their customers
(Supermarket, 3, 1996). This software was used to compare sales of the company’s
items to competitors’ results and to data for different geographic regions and store
categories. Compared to time-consuming analysis of printed reports, it was found
much easier to analyze information that was supplied in a digitized format. The user
could readily analyze the digitized information in different combinations and from
different angles and view the results with various graphical options. One manufacturer
regarded this digitized information and the analysis software as an essential tool for
any company that wanted to stay competitive.
APPLICATION OF POS INFORMATION
As presented in the examples above, POS information generated in the cash registers
was applied in a number of different areas that are summarized and discussed below.
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Space Management
Back in the 1970s, Coop implemented an initiative called SDBK46, which aimed at
reducing the number of unnecessary47 items in store assortments. Based on turnover
information, recommendations on which items to keep in the assortment and which
to remove were provided to stores. It was noticed that items with a very high turnover
in some stores were not even sold in other stores. This initiative was perceived as
positive not only for the stores, but also for purchasers in the wholesaler organization,
who received better information for their purchases. (Supermarket, 1, 1975)
Space management entails analysis of sales statistics with the aim of identifying the
most efficient way to use store space (Supermarket, 11-12, 1992). The position of an
item in a store and the use of shelf space were analyzed per item; items with a high
turnover were placed so that consumers could easily see them. The initiative resulted
in better shelf design, which made it easier for consumers to find the items needed.
Sales and inventory turnover were thereby increased, and store profitability improved.
According to an article on the implementation of space management in a store in
1991, sales increased by 43.5 %, the inventory turnover rate by 45.5 % and the
contribution margin by 33.6 % thanks to the initiative (Supermarket, 3, 91). The
initiative was based on sales statistics from computerized cash registers and was
implemented together with manufacturer representatives.
In another article, it was noted that profitability in the item category of soft paper had
risen by approximately 168.000 SEK per year. This result was generated by increased
gross margins and decreased inventories following a space management initiative. The
store manager, however, found that not all suggestions from the space management
software were realistic; it was still important to use judgment and experience when
deciding which measures to take. In addition to the positive effects on sales and
profitability, the space management initiative improved employee motivation.
(Supermarket, 4, 1990)
A few years later, space management initiatives were still considered to have a positive
influence on assortment and sales. The potential reduction of the assortment was
estimated to be 10-20 % and a potential increase of the same percentage was foreseen

46

Standing for SortimentsDifferentiering / ButiksKategorisering

47

Items with a very low turnover
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in sales. Other positive effects of the initiative included a reduction of inventories and
a higher service level (fewer items out-of-stock). In addition, consumers could more
easily find the items that they were looking for. Stores that applied space management
in a practical and efficient way were considered to gain important competitive
advantages. In some cases, however, space management applications were regarded as
time consuming and troublesome. It was reported, for example, that few stores were
actually using the analysis technique. Also noted was the importance of working
together with manufacturers when planning shelf space and of not getting bogged
down in the details of the new information provided. (Supermarket, 1-2, 1995)

Direct Product Profitability (DPP)
The enhanced access to sales information per item permitted more detailed analysis of
contribution margins. The cost of replenishing and receiving items was studied in
combination with sales statistics in order to arrive at a more accurate estimate of
contribution margins. Based on the analysis, changes were made to simplify activities
relating to popular items with high margins and high turnover. DPP projects reported
50 % increases in margins in some categories of items, and these items were less
frequently sold out (Supermarket, 3, 1991).
DPP projects were often implemented in connection with space management projects
as the two were related. In some cases, however, DPP was considered too complex,
and some stores decided to settle for the less complex space management initiative
(Supermarket, 3, 1991). It was noticed that stores that were supplied with more
information on sales, margins and costs developed greater knowledge on critical
factors for successful retailing. This knowledge generated increased interest in
developing long-term plans and objectives for the organization (Supermarket, 3,
1996).

Improved Performance in Supply Chain Activities
As mentioned above, the space management initiative made it possible to improve the
service level in stores. And with more precise replenishment information, the number
of items that were out-of-stock could be reduced.
It was also concluded that inventory turnover could be increased through the use of
the POS information provided (Supermarket, 10, 1991). The highlighting of items
with a higher turnover in a specific store, and better information on sales patterns and
campaigns, were examples of the enhanced quality of replenishment information. In
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combination with better replenishment technology and improved logistical
organizations, inventories could be reduced and inventory turnover increased, thereby
increasing the profitability of individual stores.
Another area where improvements could result from the implementation of store
computers was the reduction of wastage. Information on which items were most
affected by theft could be generated and countermeasures initiated.

Meeting Consumer Demand
Analysis of local markets, where information from different sources is combined in
order to identify the preferences of local consumers, can decrease the costs of
marketing by improving accuracy in the activities conducted. The information
supplied is related to potential customers and thus to their personal interests; for
example, it became possible to determine the number of pet owners, golf players and
boat owners in a particular area (Supermarket, 12, 1993). The collection of sales
information per customer, however, requires the use of customer loyalty cards.
As mentioned in the synopsis of IT developments in grocery distribution in Chapter
6, customer loyalty cards were implemented in the late 1980s and early 1990s. The
information generated through the use of these loyalty cards and the registration of
purchases opens up opportunities to analyze consumer behavior and buying patters
on a much more detailed level. The application of this information, however, is still
being debated and the moral of conducted analyses has been questioned. According to
a survey in 2005, organizations in Swedish grocery distribution consider the use of
consumer information based on loyalty cards to be in its infancy and express an
intention to use the information in a better way in the future. ICA is currently the
organization that makes most extensive use of the information generated. (Dagens
Nyheter, 2005-01-23)
At ICA the analysis was initially conducted at a high level, covering only purchase
amounts, not the purchase of specific items. Lately, more detailed customer
information has been gathered and analyzed. Specific customer groups are identified
according to their buying patterns (families with children, health-conscious consumers
etc.). Customers shopping more in one store than in another may receive specific
offers for their preferred store or for items in which they have a specific interest.
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Customers loyal to a particular store48 can also be rewarded in an effort to strengthen
the customer relationship. Customer-specific marketing facilitates a closer relationship
with each customer and improves the efficiency of campaigns. (Nilsson, 2005-02-04;
Supermarket, 2, 2004)
Such uses of customer information have come to the attention of the Swedish Data
Inspection Board,49 who argue that customers should be informed on the information
relating to them that is processed. ICA intend to communicate this information to
their customers and give them the opportunity to choose their level of participation.
(Supermarket, 2, 2004)
When asked in 2004, Coop responded that they had no intention to categorize their
customers according to purchases of specific items (Supermarket, 2, 2004).
Geographical areas, though, were analyzed and loyal customers were identified. Coop
concluded that marketing campaigns had the potential to become more efficient, but
argued that the change needed to be implemented with caution. In 2005, however, it
has been reported that Coop intends to track customer purchases on a more detailed
level as from June 1st 2005 (Dagens Nyheter, 2005-05-24). All purchases made using
the loyalty card, MedMerakortet, will be registered and analyzed. The information will
then be used to target marketing campaigns and thereby increase their efficiency.
According to the article, Coop believe that this initiative is desired by their customers.
In a letter to customers holding loyalty cards, Coop have explained that these changes
are taking place and that customers not wanting their purchases to be analyzed are
welcome to contact Coop.
COMMENTS ON FOCAL AREA 3
The focal area concerns the effects of investments in computerized cash registers and
associated technology. It seems evident that improved access to POS information and
new possibilities of analyzing, storing and communicating this information have had a
positive impact on performance in many areas.

Defined as customers that spend more than 1000 SEK per month on groceries for at one
store. Such customers are estimated to account for 40 % of cardholders.
48

49

In Swedish translated to Datainspektionen
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The effects of digitizing information in this focal area are summarized in Table 7-3.
Change
Implementation of
computerized cash
registers, store computers
and software.

Digitized POS information
applied by manufacturers.

Introduction of customer
loyalty cards.

Effect
Possibility of accessing, analyzing, storing and
communicating information on single
transactions.
Increased efficiency and profitability due to
better store design, analysis of margins per item
and adjustment of the assortment.
Improved service level in stores, i.e. fewer items
out-of-stock.
Increased sales.
Improved quality of replenishment information.
Decreased inventory levels in stores.
Price marking of each item eliminated.
Enhanced planning of resources and activities.
More time to serve customers.
Employees more motivated by their work.
New receipts include more information on
specific items.
More information adds knowledge on drivers
behind successful retailing.
Improved possibilities of analyzing information
per item or geographical area.
Improved demand-planning capabilities, thereby
improving production planning.
Provides transaction information per customer.
Enhanced possibilities of analyzing consumer
behavior and buying patterns.
Increased efficiency in marketing activities.

Org.
W, R
R
R
R
W, R
R
R
R
R, C
R
C
R

M
M

W, R
W, R
W, R

Table 7-3: Effects of digitization of point of sales information (M=Manufacturer,
W=Wholesaler, R=Retailer, C=Customer)

There thus seem to be numerous benefits of digitized POS information. A report
from 1990, however, mentioned that there were considerable differences in the
investments made by retailing organizations (Supermarket, 11-12, 1990). New,
reconstructed and large stores were often equipped with modern advanced
information technology. Many smaller and older stores, however, still lacked the
support that is provided by information technology.
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In an article from 1991, an owner of one of the largest and most innovative stores in
the Stockholm area50 stated that no technical equipment in the world could replace the
knowledge and experience of employees when it came to designing the best
assortment. The assortment needs, for instance, to be adapted to local demand and
buying patterns. IT was seen as an important complement and as a way to alert
retailing managers to conditions requiring action. When discussing the possibilities of
accessing information based on the new technology, the store manager emphasized
that there was a difference between access to information and having the time to read
and analyze it and to determine the correct action to take. The importance of
questioning the relevance of information was thus re-emphasized. (Supermarket, 3,
1991)
The quality of information was also discussed in the early 1990s. The timeliness and
accuracy of the information generated by external market analysis companies was
questioned, and it was concluded that the information needed to be up-to-date and
correct. The cost of obtaining information on individual stores was also discussed, and
it was concluded that the analysis could be made at a central level in the organization
(Supermarket, 12, 1993).
Another effect mentioned was that the role of store managers had changed. Before
computers were used in the stores, storeowners were entrepreneurs who focused on
sales and spent their time in the stores talking to customers. Today administrative
activities take considerable time, and the storeowners act more as general business
managers. At the end of the 1980s, ICA had approximately 3500 stores, compared to
about 1600 today, but the size of the stores has increased, calling for a different
administrative organization. Nilsson (2005-02-04) believes that the structure of the
organizations influences this development. When the stores are entirely owned by a
central organization, administrative routines can be centralized. In the ICA
organization, where the stores are fully owned by the store managers, this is more
difficult. The effects of the investments made will be further analyzed in Chapter 8.

50

Rolf Holmberg at ICA Flygfyren, Norrtälje
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8

EFFECTS OF DIGITIZED INFORMATION FLOWS –
AN ANALYSIS
The analytical framework derived from the theoretical background included in chapter 4, will
now be applied as a foundation for the analysis of effects generated by digitized information
flows in grocery distribution. The analysis is primarily based on the effects identified in the focal
areas in chapter 7. The analysis is performed in two steps. The first step aims at sorting the
effects into categories, whereas the second step focuses on an evaluation of the potential of these
effects for generating value. The analytical framework includes contextual factors, which
surround the other parts of the framework. These are mentioned throughout the analysis. A
final part of the chapter also summarizes the impact of contextual factors.

8.1

ANALYTICAL FRAMEWORK

Digitization of information flows can generate value in different ways: by rationalizing
or totally eliminating activities, by creating new ways to access and analyze
information, by re-engineering processes and by increasing the value experienced by
customers. The focal areas presented in Chapter 7 all include these different types of
effects. To support the analysis, a framework for different categories of effects is
presented. This framework, shown in Figure 8-1, is based on the theoretical
background in Chapter 4.

129

CONTEXTUAL FACTORS
AUTOMATIONAL EFFECTS

INFORMATIONAL EFFECTS
DIGITIZED
INFORMATION
FLOWS

TRANSFORMATIONAL EFFECTS

VALUE

CONSUMER SURPLUS

OTHER EFFECTS

1

IDENTIFICATION

2

CATEGORIZATION

3

EVALUATION

Figure 8-1: Analytical framework

Effects resulting from digitized information flows are identified in Chapter 7, where
the empirical data is presented. As indicated in the analytical framework, these effects
are a starting point for the analysis. The analysis is then performed in two steps. In the
first step, effects of the digitization of information flows are grouped into different
categories. In the second step, the effects are evaluated according to their potential for
adding value, and suitable indicators are identified. The contextual factors specific for
the empirical setting studied are partly included in the evaluation of effects, but also
discussed as a separate part of the analysis. The two parts of the analysis are further
described below.
CATEGORIZATION OF EFFECTS
The first step of the analysis consists in classifying the effects found according to the
categories identified in the theoretical background. Effects of digitized information
flows are categorized into automational effects, informational effects, transformational
effects and the effects on value that are perceived by the customer. These categories
of effects are defined as follows:
·

Automational effects refer to the efficiency perspective, in which value is derived
primarily from productivity improvement, labor savings and cost reductions
(Zuboff, 1988, revised by Mooney et al, 1996) .
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·

Informational effects are related to IT as a means of collecting, storing, processing
and communicating information. In this perspective, value can be generated
through enhanced decision-making, employee empowerment, quality
improvements and greater organizational effectiveness (Zuboff, 1988, revised by
Mooney et al, 1996).

·

Transformational effects are derived from using IT to facilitate and support business
innovation and development through re-engineered processes. Such effects are
manifested, for example, in reduced cycle times, improved responsiveness,
redesigned organizational structures and improved competitive capabilities
(Mooney et al, 1996).

·

Consumer surplus refers to the difference between the price that a consumer is
willing to pay for a product and the market price (Hitt & Brynjolfsson, 1996).

In the case that an effect cannot be related to one of the categories, the category other
effects will be applied. This category thus includes the effects that does not fit into the
other categories.
EVALUATION OF EFFECTS
The second step of the analysis focuses on evaluation of the effects, where effects are
analyzed according to their ability to generate value. The analysis includes
mathematical examples where possible and results in a number of indicators. These
indicators, which can be applied in evaluating the effects of digitized information
flows, are summarized at the end of the analysis. It is important to note that the
evaluation does not aim at evaluating the aggregated value of effects, but includes
examples of value in specific situations.
8.2

ANALYSIS OF FOCAL AREA 1 – CAPTURE AND PROCESSING OF
ORDER INFORMATION

The first focal area presents a situation where information captured and processed in
connection with replenishment has been digitized. Describing the process when it was
performed without the support from IT applications and the process today, identified
a number of effects. These are discussed in the empirical presentation in Chapter 7 are
a starting point for the analysis. In the first step the effects are summarized and
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classified according to the categories presented in the analytical framework. Groups of
effects are thereafter assessed for their ability to generate value.
CATEGORIZATION OF EFFECTS
The following table summarizes the empirically identified effects and groups them
into the categories described in the analytical framework. The effects are also grouped
into broader areas, defined as themes.
AUTOMATIONAL EFFECTS

Summarized Effect
Price marking of each item eliminated.
Replenishment activity eliminated for some item.

Theme
Eliminated activities

Time to perform the replenishment activity
reduced.
Receiving of goods facilitated.
Enhanced capacity to aggregate incoming orders.

Rationalized activities

Easier to perform other activities simultaneously as
replenishment.
Easier to perform parallel activities simultaneously,
such as entering replenishment information.
Decreased inventory levels in stores.
Increased inventory turnover.
Reduced costs of submitting orders.
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Financial effects

INFORMATIONAL EFFECTS

Summarized Effect
Reduced number of errors.
Increased security in the process.
Improved verification of replenishment
information.
Improved control of inventories and planning of
purchases, distribution and liquidity.
More information about demand available to the
retailer when performing the replenishment activity.
Better control of a particular item category.
More information on item supply and shared
marketing activities for retailers.
Improved demand-planning capabilities and thereby
improved production planning.
Increased empowerment.
Better control over delivery capacity.

TRANSFORMATIONAL EFFECTS

Theme
Enhanced quality of information

Enhanced quality in decision making

Summarized Effect
Reduced lead-time from retail order to delivery.
Faster transmission of orders.
Reduced lead-time from manufacturer to
wholesaler.
Improved store service level, i.e. fewer items outof-stock.
Improved manufacturing service level, i.e. number
of orders delivered on time.

Theme
Reduced lead-times

Enhanced employee motivation.
Role of manufacturers’ sales representatives in
stores questioned.

Redesigned organizational structures

More flexible process, easier to adjust prices and
assortments.
Possibility of placing orders around the clock.

Increased flexibility in order
processing
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Improved service levels

CONSUMER SURPLUS

Summarized Effect
Improved lead-times result in longer shelf life for
items through higher quality.
Cost reductions permit lower prices.

Theme
More value for money

Improved store service level with fewer items outof-stock.
Improved service from store personnel due to
simplification/ elimination of the replenishment
activity.

Quality improvements in service

OTHER EFFECTS

Summarized Effect
Increased dependence on technology

Theme
Negative effects

Duplication of routines

Table 8-1: Categorized effects identified in focal area 1

As shown in the table, all categories of effects are identified in the first focal area. It is
difficult to estimate the importance of one category compared to another. In the
digitization of replenishment information, the effects in all categories seem to be
strong, and it is not possible to single out one over the others.
EVALUATION OF AUTOMATIONAL EFFECTS
The evaluation of effects is intended to identify performance indicators that can be
used to estimate the value generated. Some mathematical examples are provided and
discussed; the evaluation does not, however, include every identified effect.
Automational effects in connection to eliminated or rationalized activites shown in
Table 8-1 can be measured in terms of man-hours, whereas the third automational
theme, financial effects, is preferably measured in monetary terms.

Eliminated or Rationalized Activities
One example of rationalization is the changes in the replenishment activity performed
by the retailer. Before replenishment information was digitized, it was manually
entered on physical order forms based on information gathered by walking around the
store and visually identifying the shortages. This way to perform the replenishment
activity required considerably more time than automatic replenishment technology or
handheld devices and scanners. The presentation of focal area 1 shows the estimated
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time needed to perform the activity for an average order at different points in time.
The following table summarizes these estimated times:
Description of replenishment activity
Fill in order form based on visually identified
shortages and price books
Replenish using handheld devices and modems
Replenish using handheld devices, modems, scanner
pens and bar codes
Replenish using built-in scanners
Automatic replenishment

Time
consumed
4-5 hours

2 hours
1.5 hours

0.5 hours
-

Table 8-2: Time consumed in performing the replenishment activity at different points
in time

The time spent on replenishment for one order depends of course on the size of the
order and the item categories covered. However, the exact time is of less interest in
this case than the changes in conditions. The table shows that the time consumed in
entering and communicating information for an average order has been reduced from
approximately 4-5 hours to 30 minutes when built-in scanners are used and totally
eliminated when replenishment is automatic.
Technological development also makes it possible to perform parallel activities when
capturing replenishment information. Once the handheld device with the built-in
scanner had been introduced, the user could simultaneously arrange items on the shelf
and answer questions from customers. Time previously spent on an administrative
activity could now be devoted to activities that positively influenced sales.
So does this reduction in man-hours spent on replenishment have positive effects on
productivity? There are two aspects to this question. First, when the mathematical
example is related to productivity in terms of man-hours (sales/worked hour), the
time saved in the replenishment activity ought to influence productivity in a positive
way. However, as mentioned by Eliasson & Julander (1991), the productivity measure
is influenced by the demand for groceries since sales are used as the measure of
output. Changes in demand might influence productivity in a negative way even when
the hours worked are reduced.
The second aspect is whether the reduced number of man-hours required for the
replenishment activity automatically implies that the number of employees is also
reduced. A store needs to have enough employees to handle daily variations in
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customer flows. Since replenishment is often performed when fewer customers are in
the store, a reduction of the time spent on this activity cannot be reflected in overall
capacity. On the other hand, the reduction in time spent on replenishment leaves
more time for activities of greater value to customers, such as keeping the store tidy,
answering questions and reducing the waiting time in the check-out line. Delivering
more value to customers could potentially generate increased sales, but this possible
correlation cannot be confirmed within the scope of this study.
Activities that are eliminated or simplified through digitization of replenishment
information are not limited to the replenishment activity itself. For example, the
activity of labeling each item with a price was eliminated when shelf labels indicating
the price of an item were introduced in the stores. Digitization made it easier and less
time-consuming to maintain current price and general item information. Digitized
replenishment information also simplified communication between different
organizations in the business system. Manufacturers no longer had to perform the
daily routine of manually aggregating incoming orders, and the time-consuming
activity of re-entering information for communication via telephone or fax was
avoided. These cross-organizational and cross-process effects are of decisive
importance in the communication of replenishment information.

Financial Effects
Thanks to new technology in the replenishment activity, inventories kept in stores
have been reduced. Decreased inventories tie up less capital, thus reducing cost. This
effect is of central interest in focal area 3 and is therefore described and discussed in
that part of the analysis.
EVALUATION OF INFORMATIONAL EFFECTS
The informational effects presented in Table 8-1 are summarized and classified by two
main themes: effects related to enhanced quality of information and effects related to
increased access to information that in turn improves the quality of decisions.

Enhanced Quality of Information
The digitization of the replenishment information interchanged between retailers and
wholesalers has gradually reduced the number of errors communicated.
Replenishment information communicated through physical order forms was entered
manually by the retailer and was therefore difficult to interpret and caused errors.
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Communication via telephone entailed fewer mistakes. Digitized information captured
with the use of handheld devices, bar codes and scanners also led to some errors
initially. At first a retailer could not access order information when it was submitted to
the wholesaler, sometimes resulting in duplication of submitted information.
However, once a printer was connected to the handheld device, the information was
easier to verify, and the number of errors was thereby reduced.
Another example of enhanced quality of information is the effects of implementing
Dakom in the 1970s. Through Dakom, the procurement information submitted from
wholesalers to manufacturers was digitized and the quality of information enhanced.
Compared to the telephone communication that was used before, there were fewer
errors in the information flow.
The impact of informational effects is more difficult to evaluate (in comparison to
automational effects). Errors in submitted information could cause the wrong items
and/or quantities to be delivered to a store, with various negative repercussions.
Errors could also require the extra work involved when an error was identified by one
organization and then corrected via a telephone call to another organization. The
additional time and effort required of both organizations could otherwise have been
used in an activity that would have added value. Measuring the presence of errors in
the information flow or measuring the time spent on correcting errors could be ways
to evaluate the effects of IT. A mathematical example showing the effects of fewer
errors in submitted information is included in the analysis of focal area 2.

Enhanced Quality in Decision-Making
When implemented in stores, shelf labels supplied more information on specific items
to retailers. Average sales per week, an indication of when to replenish (based on the
number of items left), the number of consumer packages in a store package and the
number of consumer packages that would fit into the shelf space available – all were
provided by a sales statistics system. With this information from automatically
generated shelf labels, the retailer could improve the quality of decisions on when to
replenish and in what quantities.
Improved replenishment decisions could be a factor in automational effects in terms
of reduced costs. Improvements could entail, for instance, a reduction in store
inventories through avoidance of ordering too much too soon. Since store inventories
should be measurable at different points in time, it should be possible to estimate the
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impact of the improved replenishment information. A mathematical example of the
effects of reduced inventories is included in the evaluation of focal area 3.
EVALUATION OF TRANSFORMATIONAL EFFECTS
The transformational effects identified are generated by re-engineered processes and
are centered on four main areas: reduced lead-times, improved service levels,
redesigned organizational structures and increased flexibility in order processing.

Reduced Lead-times
With the transformational effects identified in focal area 1, lead-times for
communication of replenishment information have been shortened throughout the
value chain. Information on physical forms sent by surface mail entailed a longer leadtime from sender to receiver compared to communication of digitized information via
EDI or e-mail. This development, in conjunction with the improved logistical
processes, has resulted in minor reductions in the lead-time from retailer
replenishment to wholesaler delivery, but in more substantial reduction in the leadtime from wholesaler order to manufacturer delivery. This lead-time, however, is
dependent on the geographical position of the retailer and the type of item ordered.
Earlier communication of replenishment information has also enabled manufacturers
to improve their production planning.

Improved Service Levels
The service level can also be positively influenced as timely replenishment leads to
fewer items out of stock. In a global study, it has been estimated that retailers are
likely to lose almost one half of the intended purchases when an item desired by a
consumer is out of stock, excluding occasions when the customer chooses a cheaper
substitute (Grocery Manufacturers of America, 2003). With access to information on
the level of out-of-stocks (often measured in percentages) and the capability of
comparing this information between different periods, it should be possible to
estimate the financial impact of the improvement in the replenishment process.
The service level of manufacturers has been improved through enhanced possibilities
of communicating and analyzing information. One example is the available-topromise check, implying that the manufacturer can verify at an early stage whether an
order quantity can be delivered according to set terms or not. Before this verification
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was possible to perform, the manufacturer often noticed the shortage in stock too late
to alert the customer in good time.

Redesigned Organizational Structures
The possibility of directing incoming deliveries according to their item category gave
added empowerment to the employees, who had the responsibility for receiving the
items and exposing them on shelves. Revenues and costs for a specific item category
could also be managed at a lower organizational level. In turn, empowerment
enhanced the motivation of retailing employees. The impact of increased motivation
on value is difficult to measure. It may appear in several ways: motivated employees
might be more attentive to customers, positively influencing sales; employee turnover
might be reduced; employees who stay longer have more experience and might deliver
more value.
Another organizational change identified is in the role of sales representatives of
manufacturers. Sales representatives visit stores in order to promote specific items,
gather replenishment orders and assist retailers in handling items. With centralization
of replenishment decisions and digitization of the communication process, the role of
these sales representatives has been questioned. A reduction in the number of sales
representatives could be reflected in lower costs for manufacturers. From the
manufacturer’s point of view, however, it is important to maintain personal contact
with retailers, as they provide valuable information on consumer buying patterns.

Increased Flexibility in Order Processing
With the implementation of Dakom in the 1970s and handheld devices in the 1980s
and 1990s, order-related information was digitized. Orders could thereby be placed
around the clock and collected at whatever time was convenient. By contrast, when
orders are placed by telephone, both parties must be connected at the same time. The
interviewed manufacturer, Kraft Foods, receive approximately 35 % of their Swedish
orders by telephone or fax (mostly telephone) and 65 % via EDI.
Although customers can place orders via EDI around the clock since no personal
connection is required, orders are often placed at the same time every day as the order
activity has become a standardized part of daily work. The telephone orders are placed
by smaller customers that have still not computerized their business. Placing an order
via telephone requires that the manufacturer have staff available to answer calls and
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enter orders. Since telephone orders are not placed at a specific time of day, the
manufacturer needs some overcapacity in order reception.
Digitized order processing thus requires the manufacturer to have fewer employees,
with direct implications for value. These effects can be measured, for instance, by
ascertaining the number of employees occupied with order reception.
EVALUATION OF CONSUMER SURPLUS EFFECTS
Digitization of information flows has provided potential for enhancing the quality of
specific items and improving service to customers.

More Value for Money
The lead-time from order to delivery has been reduced over the years, implying that
the shelf life of items has been improved. This factor benefits consumers as it also
prolongs the time that an item can be kept in the household before it must be
consumed or disposed of. This improvement is due not only to developments in IT,
but also to advancements in packaging solutions.
Prices of groceries have decreased over the last few years, as noted in Chapter 5. One
factor making this development possible has been rationalization in the supply chain
information flow. This factor reduces output when productivity is measured, thereby
influencing that measure in a negative way. Consumers, however, gain from this
development.

Quality Improvements in Service
The reduction in the time required to replenish has given store personnel more time
to answer questions and attend to the store. This indicates that service to consumers
in stores could be improved.
EVALUATION OF OTHER EFFECTS

Negative Effects
Some negative effects are identified in the first focal area. When implementing the
shared system Dakom in the 1970s, involved organizations experienced that they
become increasingly dependent on the system. An increased dependence of
technology is also experienced by the interviewed manufacturer who concludes that
the organization has the knowledge, but not the human resources to receive orders
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without the support from IT. If the system should be down, the manufacturer would
thus not be able to receive and process all orders. This potential problem would in
this case not generate any financial impact for the manufacturer as the system supplier
has the liability for its functionality.
Another negative effect that was identified when implementing Dakom was that
routines were duplicated. The system was used in parallel with former communication
modes (fax or telephone) and did not replace them completely. It is however difficult
to evaluate the impact of this negative effect. It would probably have a restraining
effect on the otherwise reduced number of man-hours needed to place orders. The
indicator used would therefore be the time spent on the activity.
IDENTIFIED INDICATORS IN FOCAL AREA 1
In the determination of the potential impact of the effects on value, a number of
indicators have been identified. These are summarized in Table 8-3.
AUTOMATIONAL EFFECTS

Theme
Eliminated activities

Indicator
Number of full-time employees
Time spent on activity

Rationalized activities

Number of full-time employees
Time spent on activity

Financial effects

See focal area 3

INFORMATIONAL EFFECTS

Theme
Enhanced quality of information

Indicator
Number of errors in submitted information
Time spent on correcting errors

Enhanced quality in decision making

Indirect through automational indicators such as
store inventory turnover rate

TRANSFORMATIONAL EFFECTS

Theme
Reduced lead-times
Improved service levels

Indicator
Lead-time from order to delivery
Store: percentage of items that are out-of-stock
Manufacturer: percentage of on-time deliveries

Redesigned organizational structures

Employee turnover rate
Number of manufacturer sales representatives

Increased flexibility in order
processing

Time spent on order processing
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CONSUMER SURPLUS

Theme
More value for money

Indicator
Average prices of groceries
Average shelf life of items

Improved quality of service

Customer ratings

OTHER EFFECTS

Theme
Negative effects

Indicator
Time spent on activity
System down-time

Table 8-3: Identified indicators in focal area 1

COMMENTS ON ANALYSIS OF FOCAL AREA 1
In focal area 1, which concerns the capture and processing of supply chain
information, a number of effects have been identified. When classified into different
categories, these effects proved to generate value in different ways. When the
evaluation of IT effects is focused on just one of these categories, like productivity
effects, the complete picture of the value created by IT is not shown.
It is difficult to estimate the full value generated by the digitization of information
flows in the business system of grocery distribution. This analysis is limited to some
areas where substantial and extensive positive effects are noted. The realization of
these effects is dependent on the contextual factors of the business system.
The willingness of single organizations to invest in technology is one factor that
influences the realization of potential effects. As noticed in the analysis, some smaller
organizations have not invested in the technology necessary to digitize their business
processes. This implies that their suppliers are required to have the staff needed to
receive orders via telephone or fax. Such inertia in organizational development
hampers the realization of potential effects throughout the chain.
Another restraining factor is the desire to maintain a personal contact and relationship
between retailers and other organizations in the business system. Even when having
the necessary technology to communicate information in digital format, retailers
perceived the personal contact with wholesalers and manufacturers as motivating.
These two factors indicate that the theories of general purpose technologies are
relevant in that technical advancements do not immediately affect productivity (David,
1990). It takes time before all organizations have invested the necessary technology,
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before business processes have been transformed to meet new conditions and less
value-adding work methods have been replaced. The effects identified in focal area 1,
however, indicate that digitized information flows have a considerable and extensive
potential to generate value.
8.3

ANALYSIS OF FOCAL AREA 2 – NEW ITEM INTRODUCTIONS

The second focal area included a description of the process for exchanging
information on new items. The communication and reception of information has
been simplified by its digitization, but a shared validation tool has also been
implemented, thereby reducing the number of errors in submitted information.
CATEGORIZATION OF EFFECTS
Table 8-4 presents a categorization of the effects identified in the second focal area.
AUTOMATIONAL EFFECTS

Summarized Effect
Improved filing of previous TID’s with simplified
entry of information as similar TID’s can be copied.
Simplified communication of TID’s and corrections
in the information.
Simplified correction of errors as an automatic
message pointing out the errors is sent to the
manufacturer from the validation tool.
Simplified data capture for wholesaler as there is no
need to re-enter information.
Automatic verification of information reduces the
wholesaler control activity.

INFORMATIONAL EFFECTS

Summarized Effect
Considerable reduction of the number of errors in
submitted information.
Improved quality of information submitted to
adjacent processes.

Theme
Rationalized activities

Theme
Enhanced quality of information

Table 8-4: Categorized effects identified in focal area 2

In the second focal area, introduction of new items, automational and informational
effects have been noted. However, no realized transformational effects have been
identified. Transformational effects have however been realized in the US, where lead-
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times for the introduction of new items on the market have been shortened. This
effect is briefly discussed in the evaluation. No effects are placed in the other effects
category.
No direct effects were seen on consumer surplus. This observation can be explained
by the part of the value chain that the focal area covers. Information on new or
changed items refers mainly to communication between manufacturers and
wholesalers.
EVALUATION OF AUTOMATIONAL EFFECTS
The automational effects identified in focal area 2 are all related to a reduction in the
time required to perform an activity.

Rationalized Activities
The automational effects following digitization of information on new items in the
manufacturer organization were evident in the generation of new TID’s. When a new
TID was generated, it was no longer necessary to enter all information from scratch.
Previous forms could be used, changes could be made based on the information that
they contained and the activity was thereby simplified.
However, the automational effects deriving from the digitization of the information
did not arise in the wholesaler organization at first. The information was submitted
electronically via e-mail, but in PDF.files, requiring the wholesaler to re-enter the
information. Thus, although e-mail made the submission of information faster and
simpler compared to fax or surface mail and facilitated communication on corrections
that had to be made, the time-consuming wholesaler activity of verifying and
correcting information still had to be performed.
The implementation of the shared validation tool and thereby communication via
EDI generated automational effects for wholesalers and as well as manufacturers.
Communicating via EDI implied that the wholesaler no longer had to re-enter
information. These automational effects could be measured through an estimate of
the time required to perform the activity.
EVALUATION OF INFORMATIONAL EFFECTS
The informational effects identified in focal area 2 emphasize the importance of the
quality of information. A large amount of errors in submitted information called for
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non-value-adding activities in correcting information and caused problems in adjacent
processes.

Enhanced Quality of Information
The impact of the effects can be estimated in a mathematical example, which is
provided in Table 8-5. This example shows the effects on the validation activity
performed by the wholesaler. Before the implementation of the shared validation
service, approximately 70 % of submitted trade item declarations contained errors,
and it was estimated that the time consumed in correcting one declaration averaged 30
minutes. When implemented, the validation tool ensured that all errors except pure
syntax errors were eliminated. The automational effects of this improvement for a
wholesaler like Coop entail elimination of activities that would save approximately 3
full time equivalents (FTE) per year. This is describred in the mathematical example
below.
Number of TID’s submitted per year
Number of incorrect TID’s (70 %)
Number of hours to correct TID’s (30 min/TID)
Number of FTE's (1 FTE =1700 h)

16 000
11 200
5 600
3.29

Table 8-5: Mathematical example showing the effects of implementing a shared
validation tool

It is estimated that the manufacturer spends approximately 30 minutes on interpreting
the error, 60 minutes on correcting errors and 10 minutes on entering the correct
information and submitting it to the wholesaler. The manufacturer thus spends 100
minutes per TID on correcting information.
The main purpose of implementing the validation tool, however, was not to reduce
the number of employees, but to reduce the time spent on non-value-adding activities.
Employees that handled the time-consuming and non-value-adding correction of
errors could perform other activities that added value for the organization.
Coop is charged approximately 10 000 SEK per year for the service performed by
GS1 Sweden. Even when one includes training efforts and time spent on planning and
implementing the tool in collaboration with GS1 Sweden, DLF and other wholesalers,
the results of implementation have been positive for each organization. The benefits
of the investment ensure that it is paid back in a short period of time.
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Optimizing the adjacent logistical process requires that the information submitted on
dimensions and weight of goods be of good quality. When errors are submitted,
trucks are loaded too heavily or too lightly, and personal injuries could result from
incorrect measurement of goods. Measurement of packaging dimensions is also
important for planning and designing shelf space in stores.
However, it is difficult to measure the consequences of inferior quality in submitted
information. As the investment in the shared validation tool was approved based on
the expected effects in the processing of information on new items, no efforts were
made to evaluate the effects on other processes. One way to measure the effect on the
logistical process would be to review the development over time in the freight cost in
relation to turnover. This cost might also be affected, however, by other constraints
and other developments.
IDENTIFIED INDICATORS IN FOCAL AREA 2
Based on the effects identified in focal area 2, the following indicators can be
identified.
AUTOMATIONAL EFFECTS

Theme
Rationalized activities

INFORMATIONAL EFFECTS

Theme
Enhanced quality of information

Indicator
Number of full-time employees
Time spent on activity

Indicator
Number of errors in submitted information
Time spent on correcting errors

Table 8-6: Identified indicators in focal area 2

COMMENTS ON THE ANALYSIS OF FOCAL AREA 2
The digitization of new-item introduction and the implementation of a shared
validation tool indicate the importance of improving the quality of information. The
focal area shows a strong connection between quality of information, which is seen as
an informational effect, and reduction in man-hours, which is regarded as an
automational effect. The reduction in errors implies that time-consuming activities of
controlling and correcting information can be limited or eliminated. The informational
effects can thus be considered the driver behind the realization of some of the
automational effects.
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However, some of the automational effects related to the communication of
information were directly generated by digitization of information flows. When
information is received by EDI instead of fax, surface mail or a PDF.file, the activity
of re-entering information is eliminated. This automational effect, which is a direct
result of digitization, improves the quality of information since there is no longer a
risk of entering errors.
There is a potential for transformational effects in the second focal area. The
developments made in the technology that supports communication of information
on new items has simplified the process and improved the quality of information.
These effects should in turn permit faster introduction of new items, an effect defined
as improving speed to market. When correct item information was thus assured on the
American market, the result was a two-week reduction in speed to market for new
items (Grocery Manufacturers of America, 2003). Organizations in the Swedish
grocery distribution business system, however, have agreed on a standardized process
and a common lead-time for the introduction of a new item. For this reason, the
potential reduction in speed to market has not yet been realized.
The review of this focal area illustrates that there is a strong connection between
different types of effects. Informational effects in some cases lead to automational
effects and vice versa.
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8.4

ANALYSIS OF FOCAL AREA 3 – ANALYSIS OF POINT-OF-SALES
INFORMATION

The third focal area concerns the changes in conditions for analyzing point of sales
information due to the implementation of computerized cash registers, store
computers, specific software and customer loyalty cards.
CATEGORIZATION OF EFFECTS
The following table categorizes the effects identified in the third focal area.
AUTOMATIONAL EFFECTS

Summarized effect
Price marking of each item eliminated.
Easier to perform analysis of item-specific
information.
Increased sales and profitability in stores due to
better store design, analysis of margins per item and
adjustment of the assortment.
Decreased inventory levels in stores.
Increased efficiency in marketing activities.

INFORMATIONAL EFFECTS

Summarized effect
Possibility of accessing, analyzing, storing and
communicating information on single transactions
for retailers.
Improved quality of replenishment information.
Possibility of capturing transaction information per
customer.
Enhanced planning of resources and activities.
Improved possibilities of analyzing information per
item or geographical area for manufacturers.
More information adds knowledge on drivers
behind successful retailing.
Enhanced possibilities of analyzing consumer
behavior and buying patterns.
Improved demand-planning capabilities, thereby
improving production planning.

148

Theme
Eliminated activities
Rationalized activities

Financial effects

Theme
Enhanced quality in decision making

TRANSFORMATIONAL EFFECTS

Summarized effect
Improved service level in stores, i.e. fewer items
out-of-stock.
Changing roles of store managers.
Employees more motivated by their work.

CONSUMER SURPLUS

Summarized effect
Improved service level in stores, i.e. fewer items
out-of-stock.
More time to serve customers

Theme
Improved service levels

Redesigned organizational structures

Theme
Improved quality of service

Lower prices
More value for money
New receipts include more information on specific
More information on purchases
items.
Table 8-7: Categorized effects identified in focal area 3

The implementation of technology to digitize POS information has had effects in all
categories, except for the other effects category. From the table the informational
effects seem stronger than the others. This is further discussed below in the evaluation
of effects.
EVALUATION OF AUTOMATIONAL EFFECTS
The implementation of computerized cash registers and associated technology
permitting the capture of POS information has had major automational effects. These
are evaluated divided into two groups: the themes that can be measured in man-hours
and the themes that can be measured in monetary terms.

Eliminated or Rationalized Activities
The effects of eliminated and rationalized activities can be evaluated in terms of manhours. One activity that has been changed is the analysis of sales. The review included
a description of the analysis of a specific item category performed with pen, paper and
calculator. Accessing and presenting information using these tools must have taken
much more time compared to an analysis using computers and specific software. It is
however difficult to determine whether the total time spent on analyzing information
has increased or decreased. One aspect of this situation is the centralization process
described in the presentation of grocery distribution organizations in Chapter 5. To a
growing extent, analysis is performed at a central level in order to permit identification
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and exploitation of synergies. This might also imply that the total time spent on
analyzing information could be reduced.

Financial Effects
With better access to information on margins and turnover per item, retailers can
adjust their assortment and increase their inventory turnover rate. In 1991 it was
reported that an average retailer with a yearly turnover of 25 million SEK noted an
inventory turnover rate of 15 times per year. Stores that could access more detailed
information and used it to adjust their assortment, redesign their stores and improve
their replenishment routines managed to increase their inventory turnover rate to 1820 times per year (Supermarket, 10, 1991). This effect can be illustrated in the
following mathematical example, which shows the impact of an inventory reduction
of approximately 14 %:
Before
20 000 000
16 times
1 250 000
25 %
937 500

Turnover
Inventory turnover rate
Average gross inventory
Margin
Average net inventory
Capital released

After
20 000 000
18,5 times
1 081 000
25 %
810 750
126 750

Table 8-8: Mathematical example showing the effect of a cut in inventory
(Supermarket, 10, 1991)

Gross inventory refers to the value of the inventory when sold to the final customer,
whereas net inventory is valued at the price paid by the retailer. The capital released by
the reduction in inventory can be used to invest or pay off loans.
The implementation of customer loyalty cards provided information on sales per
customer. Using this information to analyze buying patterns and preferences was
avoided initially as it was considered morally doubtful. Lately, however, ICA has
identified specific customer categories based on such information and are using it to
increase the efficiency of their marketing campaigns. Such improvements might be
measured in terms of changes in sales regarding specific products or specific customer
categories.
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EVALUATION OF INFORMATIONAL EFFECTS
There is a strong connection between the automational and informational effects
discussed in the third focal area. The informational effects identified are related to the
ability to make better decisions.

Enhanced Quality in Decision-Making
When the technology had been implemented to capture more information and more
detailed information on the sales of the store, store managers could make better
decisions. The improved access to information on specific items, including margins
and turnover per item, permitted an analysis of the assortment that was not possible
before. Based on the specific demand of particular customers and the margins on
specific items, retailing managers could improve the quality of their decisions, leading
in turn to the automational effects described above.
There is thus an interrelation between the informational and automational effects in
this focal area. As no suitable indicators have been identified that would capture the
intangible aspects of enhanced decision-making it needs to be measured indirectly
through effects on sales and profitability.
EVALUATION OF TRANSFORMATIONAL EFFECTS
The transformational effects resulting from enhanced access to POS information are
focused on the service level in the stores. In addition, some effects entailed changes in
organizational structure, but these effects are more difficult to evaluate.

Improved Service Levels
The service level of retailers was improved as a consequence of increased access to
information on specific items. Store service level is defined as the percentage of items
that are out-of-stock. An adjustment of the assortment, with an emphasis on the items
that were profitable and appreciated by customers, reduced the number of items and
simplified the replenishment process. Based on information on sales per item,
replenishment was planned in a better way and the number of out-of-stocks was
reduced. Ways to measure the effects of fewer out-of-stocks are discussed in the
analysis of focal area 1.
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Redesigned Organizational Structures
Digitization of POS information and the availability of more information on the
performance of the store have changed the role of store managers. From being an
entrepreneur driven to find new ways to serve customers and increase sales, the
manager has become more of an administrator. Today a store manager must meet
different standards of education and administrative knowledge than before. It is
difficult to evaluate the implications of this effect. A higher educational level can be
seen as an investment made to enable a company to realize informational and
automational effects. As shown in research by Mellander et al (2005), the correlation
between productivity and IT investments is dependent on the educational level of
employees.
EVALUATION OF CONSUMER SURPLUS
In focal area 3, the effects related to increased consumer value are based on improved
store service as manifested by fewer products out-of-stock and on lower prices. These
effects are discussed in the analysis of focal area 1.
Another consumer surplus effect concerns the improved information that consumers
get on purchases. Receipts from computerized cash registers specify the purchases in a
better way compared to what was possible before. The value of this information is
however individual and difficult to estimate collectively. No indicator is therefore
included.
IDENTIFIED INDICATORS IN FOCAL AREA 3
The impact of identified effects on generated value can be measured by the following
indicators:
AUTOMATIONAL EFFECTS

Theme
Eliminated activities

Rationalized activities

Financial effects

Indicator
Number of full-time employees
Time spent on activity
Number of full-time employees
Time spent on activity
Inventory turnover rate
Sales / item
Sales / customer category
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INFORMATIONAL EFFECTS

Theme
Enhanced quality in decision making
TRANSFORMATIONAL EFFECTS

Theme
Improved service levels

Redesigned organizational structures
CONSUMER SURPLUS

Theme
Improved quality of service
More value for money

Indicator
Indirectly through automational indicators such as
store sales and profitability

Indicator
Store: Percentage of items that are out-of-stock
Manufacturer: Percentage of on-time deliveries
Educational level

Indicator
See focal area 1
See focal area 1

Table 8-9: Identified indicators in focal area 3

COMMENTS ON THE ANALYSIS OF FOCAL AREA 3
The review of the enhanced possibilities of accessing and analyzing POS information
suggested that enhanced decision-making capacity has improved service levels and
generated financial benefits. There thus seems to be a strong connection between
different categories of effects. When these different categories are related to each
other, the informational effects emerge as the driver behind the realization of the
other effects. Access to digitized POS information has led to better decisions and in
turn to improvements in service levels and financial results.
The implementation of the technology and the information carriers required to
capture POS information was a process that took a long time. The first cases of
implementation date back to the late 1970s and early 1980s, but only after more than
10 years had the technology become common in Swedish stores. One reason why this
development took so much time was that the effects of an investment in one
organization were dependent on investments made in others. For instance,
manufacturers did not see any reason to print EAN bar codes on their product as long
as stores did not invest in the technology that could read the codes, and vice versa.
Another reason might be that the effects generated were indirect. Store managers
might not have been fully aware of the potential effect of enhanced access to POS
information. However, once the new technology was implemented, the potential
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financial benefits deriving from access of POS information and improved decision
making were considerable.
Another aspect is that several, parallel investments were necessary in order to realize
the effects. As described in Supermarket, it for instance took time before software
adapted to the specific requirements of retailing was introduced on the market.
Without this specific software, it was difficult to use the generated information to
provide added value.
8.5

CATEGORIZATION AND EVALUATION OF EFFECTS – A
SUMMARY

The categorization of effects performed as one part of this analysis chapter shows that
the effects of digitized information flows were numerous. No realized
transformational or consumer surplus effects were found in focal area 2, whereas the
first and third focal areas included effects in all categories. The category other effects
was only used in the first focal area, where it includes identified negative effects. This
is an indication that the categories used were fairly sufficient.
Categorizing effects was in some cases a difficult task as the effects are interrelated
and can include aspects of more than one category (issues related to the application of
the analytical framework are further discussed in Chapter 9). It is therefore difficult to
estimate the relative importance of the categories. It can be concluded, however, that
estimating or evaluating the effects of IT on the basis of one aspect alone would not
provide a complete picture of the situation.
In focal area 1, all five categories were applied. Digitization of supply chain
information cleared the way for automational effects, for instance a reduction in the
time required to place an order, but also improved the quality of information and
decisions and raised the level of service at different points in the value chain.
Consumers, too, have gained from this development through improved service levels
and lower prices. The other effects category was used in this focal area, where it
included some identified negative effects.
In focal area 2 effects identified in the automational and the informational categories
were strongly interrelated. Implementation of IT had reduced the number of errors in
information on new items. Improved information quality reduced in turn the time
spent on validating and correcting information. No realized transformational effects

154

have been identified at this stage, and as the information flows primarily concern
communication between manufacturers and wholesalers, no effects have been
observed for consumers.
Focal area 3, analysis of POS information, included effects in all categories (except for
the other effects category). Activities have been simplified and made more efficient,
and the service level has been improved; these advances have been made possible in
turn by improved access to information on sales per item. The informational effects
can therefore be regarded as the driver behind the development in this focal area.
Consumer-related effects in focal area 3, aside from those mentioned in focal area 1,
consist in more information on receipts for purchases.
The evaluation of effects generated a number of potential indicators that can be used
in order to measure the effects of IT. Table 8-10 provides a summary of the different
indicators identified in the study.
AUTOMATIONAL EFFECTS

Theme
Eliminated activities

Indicator
Number of full-time employees
Time spent on activity

Rationalized activities

Number of full-time employees
Time spent on activity

Financial effects

Inventory turnover rate
Productivity (sales/m2, sales/man-hour)
Sales / item
Sales / customer category

INFORMATIONAL EFFECTS

Theme
Enhanced quality of information

Indicator
Number of errors in submitted information
Time spent on correcting errors

Enhanced quality in decision making

Indirect through automational indicators such as
store sales and profitability
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TRANSFORMATIONAL EFFECTS

Theme
Reduced lead-times
Improved service levels

Indicator
Lead-time from order to delivery
Store: percentage of items out-of-stock
Manufacturer: percentage of on-time deliveries

Redesigned organizational structures

Employee turnover rate
Educational level
Number of manufacturer sales representatives

Increased flexibility in order
processing

Time spent on order processing

CONSUMER SURPLUS

Theme
More value for money

Indicator
Average prices of groceries
Average shelf life of items

Improved quality of service

Customer-perception ratings

OTHER EFFECTS

Theme
Negative effects

Indicator
Time to perform activities
System down-time

Table 8-10: Summary of indicators

The table shows a number of indicators that can be used to measure the effects of IT.
Focusing on just one aspect, as for instance productivity, would probably not provide
an adequate picture. It should be noted that the indicators are specific for each
organization and area of application and should be identified accordingly. A further
discussion on the role of the productivity measure is included in Chapter 9.
8.6

THE ROLE OF CONTEXTUAL FACTORS

One aspect of the analytical framework is the role of contextual factors that influence
the capacity to realize effects of IT. These factors have been mentioned and
considered throughout the analysis in this chapter. This section will provide a brief
overall discussion of the importance of the contextual factors that are specific to
Swedish grocery distribution.
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AN EMERGENT PROCESS
The development of IT in Swedish grocery distribution has shown that the
digitization of information flows has been an emergent process with organizational,
infrastructural and technological elements. In order to achieve the positive effects of
investments in IT, organizations thus need to consider more than the technological
aspects of these investments. Because of the interdependence of several components,
the time between identification of potential effects and their realization has in some
cases been long. As indicated in the presentation of information flows in Chapter 7,
however, the positive effects of digital information flows are extensive.
The realization of effects of IT in grocery distribution was and is dependent on the
willingness of individual organizations and managers to invest. This is especially
evident in retailing. The education, experience and beliefs of individuals in these
organizations in this way affect the process.
SYNCHRONIZATION OF INFORMATION FLOWS
Digitization of information within the grocery distribution business system has
required shared initiatives in order to deliver the expected results. One example of a
shared initiative is Dakom, which was implemented in cooperation between DLF and
the major wholesaling organizations. Another example is the design and
implementation of the shared bar code, EAN.
The need to develop standard information systems was less obvious at first than later
on. It was initially believed, for instance, that specific bar codes would give an
organization a unique advantage; a separate system was therefore developed for each
type of cash register. This required that bar codes be placed on items in each store,
thus causing extra work. This example shows that the implementation of standards
has been important in the process of achieving positive effects on productivity. Shared
initiatives has the potential to make communication between organizations more
efficient. Within a business system like grocery distribution where communication
between different organizations in the value chain is very intense, an efficient
exchange of information ought to be critical for productivity growth.
The need to standardize information flows within the industry has been emphasized
above all by manufacturer organizations. Manufacturers would probably suffer the
most from separate information standards and technologies, as they need to
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communicate with different wholesalers and retailers and therefore need to apply
parallel standards.
The effects of synchronized information flows are dependent on the number of
participating organizations. This was evident in the drawn-out process of
implementing bar codes and computerized cash registers with scanners on the
Swedish market. The mechanisms behind this development are comparable to the
theory of network externalities; the more users of a product, the higher its value. The
relevant mechanism in this case is related to the use of information and can be defined
as information externalities. The more users of a shared system that delivers standardized
information, the greater the value of that information.
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9

CONCLUSIONS AND FUTURE RESEARCH

The aim of this chapter is to present the conclusions made in the study and identify a way
forward. Conclusions regarding effects of digitized information flows are included and
implications of the findings on the productivity measure are discussed. Implications for
practitioners and researchers are thereafter stated respectively before the conclusions of the study
are summarized. The quality of the results and suggestions for further research are finally
presented.

9.1

INTRODUCTION TO THE CHAPTER

The title of this study is Beyond IT and Productivity. Starting in a presentation of
previous research on the productivity paradox, it was concluded that we needed to go
beyond the concept of productivity to learn more about the value of IT. A research
approach was therefore presented where the actual application of IT was to be studied
within a specific organizational setting, Swedish grocery distribution.
A comprehensive view on IT development within this business system, including 16
milestones, was presented. The milestones concerned different areas such as inventory
management, replenishment, price labeling, Internet grocery shopping, technology for
information on customer buying patterns etc. The study presented a development that
has taken place in a number of steps; implemented by manufacturers, wholesalers and
retailers.
A more detailed presentation of the development within three focal areas connected
to supply chain activities was thereafter included. Information flows at different points
in time, supported by different IT applications were described. This approach made
an identification of a large number of effects possible. The effects were analyzed
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according to a predefined analytical framework. Identified effects were categorized
into five groups and evaluated according to their potential to generate value.
It is now time to draw conclusions from the identification, categorization and
evaluation of effects. What can be said about the effects and what are the implications
from these conclusions on the productivity measure? The conclusions of the study
have also generated a number of interesting implications for practitioners
implementing IT and researchers studying IT. These are presented respectively. The
conclusions are thereafter summarized.
When the conclusions of the study are presented, the quality of these generated results
needs to be discussed. The validity, i.e. the ability to measure the aspects that were
intended to be measured and the generalizability of the results, is evaluated. The
reliability, which implies the potential to redo the study with the same results, is then
reflected upon. Based on the study and its conclusions a number of recommended
next steps are identified. A presentation of these is included as a final part of this
chapter.
9.2

CONCLUSIONS

EFFECTS OF DIGITIZED INFORMATION FLOWS
The digitization process in Swedish grocery distribution has involved numerous
milestones implemented in manufacturing, wholesaling and retailing organizations.
The development has been emergent and is characterized by an interdependence
between infrastructural, organizational and technological development. Some parts of
the development, as for instance computerized cash registers, scanner technology and
bar codes, took longer time than expected to implement. However, once implemented
extensive positive effects are identified.
A large number of effects have been identified throughout the description of the
changing information flows. Rationalized or eliminated activities, enhanced quality of
information, enhanced quality of decision making, reduced lead-times and improved
service-levels are some of the effects that are identified in different parts of the
grocery distribution value chain. The analysis in chapter 8 concluded that these effects
are extensive and multifaceted. The effects are divided into automational,
informational and transformational categories and effects are also seen on the value
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that the customer experiences, the consumer surplus. Some negative effects were
identified. These are placed in the other effects category.
Dividing the effects into categories was in some aspects difficult as the effects are
related to each other and can consist of characteristics from more than one category.
The relative importance of different categories is therefore difficult to evaluate. The
identification of effects within all categories indicates that the effects are multifaceted
in nature and difficult to capture when a single indicator is used. Specific indicators,
which are closely related to the effects, can however be identified.

What Happened with Competitive Advantage?
One effect that is discussed in previous research is the potential implications that IT
has on competitive advantages. The effects of IT in Swedish grocery distribution did
however not appear substantial in regard to competitive advantage. Potential effects
for individual stores that implemented models like Space Management and Direct
Product Profitability are mentioned, but there are no reports that strong effects on
competitive advantages have been realized. Nor did the interviews point to any
significant effects on competitive advantage. Management of IT resources in order to
keep IT costs lower then competitors was seen as one way to create competitive
advantage based on IT. This is in line with theories presented by e.g. Mata et al.
(1995), who conclude that managerial IT skills are the most important source of
competitive advantage when it comes to IT.
However, the development of IT in Swedish grocery distribution can be seen as a
competitive necessity. For instance, coping with “tough times” in the business system
could be difficult for a manufacturer that cannot receive orders via EDI, or for a store
that cannot analyze profitability per item. A lack of technology could also exclude an
organization from business relationships. For example, wholesalers may require that
their customers receive orders via EDI, and manufacturers may force their customers
to abandon telephone and fax solutions and place orders via EDI.
This has been the case in the USA, where Wal-Mart has imposed definite
requirements for their suppliers to invest in certain technology (Deloitte Research,
2003). Wal-Mart is an example of an organization that has succeeded in creating
competitive advantage based on its use of IT. So-called vendor management systems
have played a critical role in improving organizational effectiveness that enables
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lowered prices and an improved competitive position (McKinsey Global Institute,
2001).

Negative Effects
The first focal area, that described digitization of order information, included some
effects that can be regarded as negative. An increased dependence on technology is
mentioned and it is stated that routines in some cases have been duplicated. The
increased dependence is negative in the cases when the technology does not work and
processes are interrupted. A high operating security of systems is therefore critical in
order to reach the positive effects from IT. The duplication of routines implies that
former ways to process information are used in parallel with new. As discussed in the
evaluation of these effects, the implication of a duplication of routines is that the
reduction in the time required to perform an activity is not realized completely.
The conclusion is that some negative effects of digitized information flows have been
identified. These are limited in comparison to the extensive identified positive effects
and can be seen as barriers. Barriers that needs to be managed when aiming for the
positive effects of digitized information flows.

The Role of IT
The effects that are identified in this research are results of implementing IT and
digitizing information flows. It is however difficult to establish a complete causality
between the investments in IT and all identified effects. As noted in the analysis
above, complementary investments in organizational development, training,
infrastructure etc. are necessary in order to generate the desired effects. This
conclusion is in line with Brynjolfsson & Hitt (2000), who argue that the principal
elements in the contribution of IT are organizational, such as new business processes,
new skills and new organizational structures.
IT can be seen as one of the building blocks in improved organizational performance.
It should be added, though, that this building block is essential if the positive effects
are to be achieved. If the investments in IT had not been made, the effects presented
in this study, would not have been realized.
In this study, an attempt has been made to shift the focus of attention from the
technology itself to the changes in processes and the digitization of information over
time. The different applications that have been implemented over the years are
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presented and described in order to show their specific characteristics and avoid a
black-box view of IT.

Comments on the Analytical Framework
The analytical framework applied in this study consisted of three parts: identification,
categorization and evaluation of effects. These three parts are in the analytical
framework surrounded by contextual factors that are mentioned continuously
throughout the text.
The first part, identification of effects, was performed in the empirical chapter,
Chapter 7, which presented information flows at different points in time. Effects were
identified either from process changes described in interviews and documents or
directly from statements in interviews and documents. Importantly, the effects
identified were realized effects, not potential effects of IT. Numerous effects were
identified and summarized at the end of each focal area in Chapter 7. These effects
were then used as a basis for the analysis in Chapter 8.
In the second part of the analytical framework, identified effects of digitized
information flows were classified into five categories: automational, informational,
transformational, consumer surplus and other effects. The first four were identified in
previous research and the latter was added in order to capture effects that did not fit
into the predefined categories. The categorization provided a basis for analyzing
different aspects of IT value. A large number of effects were sorted according to a
framework and discussed in a more feasible way. Effects identified in the three focal
areas could also be related to each other. The other effects category was used in the
analysis of the first focal area, which indicates that the other four categories were fairly
sufficient for the empirical setting included in the study, but could be extended.
As mentioned above, it was sometimes difficult to draw the line between the different
categories, and some effects included aspects of more than one category. One
example is the reduction in lead-times, which is categorized as a transformational
effect according to the definition set by Mooney et al (1996). However, reduced leadtimes could also indicate that less time is spent on the activities involved and that
automational effects are generated. The categorization of effects therefore leaves
room for improvement, including a more distinct definition of categories. Studies on
the interrelationships between categories and different aspects of IT value are also
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needed to provide further knowledge on the effects of IT. These aspects are discussed
in 9.4 Future Research.
In the third part of the analytical framework, effects were evaluated according to their
potential for generating value. Quantitative data gained in interviews and from
documents was used to discuss ways to evaluate the effects; indicators were identified
and mathematical examples were included where possible. This part of the analytical
framework could be further exploited in regard to the use of identified indicators. In a
study more limited in scope, some effects and associated indicators could be examined
in more detail, possibly yielding more quantitative results on the effects of IT.
Contextual factors, which are specific for the development within Swedish grocery
distribution, were included as one part of the theoretical background and one part of
the analytical framework. The contextual factors surround the other parts in the
framework and are mentioned throughout the text. Chapter 8 also included one
section that discussed these factors explicitly. The factors are an important part of the
framework as they indicate that generated effects cannot be analyzed in isolation, as
they are dependent on surrounding elements. Contextual factors is however a very
broad term that could include anything from the role of specific individual to
macroeconomic development. In a further improvement of the analytical framework a
more distinct specification of included contextual factors could be made.
IMPLICATIONS ON THE PRODUCTIVITY MEASURE
As described in chapter 2, the productivity paradox formed a baseline for an extensive
stream of research on the effects of IT. In the ITOP research approach, described in
chapter 3, the role of the productivity measure as a single indicator of IT value was
questioned. This section discusses the role of the productivity measure in the
identified effects and seeks to draw conclusions.
The productivity measure consists of two parts, input and output, i.e. the resources
invested and the result that is generated. Improvements are thus generated either by
reducing input or increasing output. These two parts are discussed respectively.

Reducing Input
Improvements as measured by productivity are manifested partly through the
automational effects presented in the different focal areas. Automational effects refer
to the rationalizing effects of IT that is generated when reducing input while
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maintaining the same level of output. These effects are present in all of the focal areas
and in all parts of the grocery distribution business system, where IT has replaced
manual activities or simplified the performance of activities in various ways.
This aspect of productivity thus relates to the performance of specific activities. It is
however difficult to relate to the effects on productivity at an organizational level.
Many activities are eliminated or rationalized, but new activities might be performed
instead. One example relates to the situation in a store. Replenishment activities are
rationalized or automated and fewer man-hours are required. It can however still be
difficult to reduce the number of employees as a certain number of people are needed
in order to manage the store at peek times when the most customers visit the store.
Replenishment is often performed during a time of the day when fewer customers
visit the store.
The indication that not all automational effects have an effect on organizational
productivity does not imply that they are irrelevant. The generated additional time can
be used to perform other activities that in turn might affect the output-side of the
productivity measure through improved sales or margins. In a store these activities
could be to keep the store tidy or assist customers with questions.

Increasing Output
The productivity measure is also influenced positively by an increased output based on
a maintained input. An increase in output may be due to a higher value of items sold
or to a higher volume of sales to meet increased demand. The value perceived by a
consumer can be a consequence of automational effects, but also of informational as
well as transformational effects; thus, the effects on the productivity measure are not
limited to the automational category. One example is the increased access to
information on sales and margins of individual items in stores, which enabled
initiatives where successful items were emphasized. This in turn had the potential to
increase sales and thereby output.
However, as discussed by Eliasson & Julander (1991), the demand for groceries is also
influenced by other factors such as the competition within a specific area. It is
therefore difficult to isolate the improvement in the value of output that is caused by
digitized information flows. The identified effects can however be seen as important
pieces of the puzzle.
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An increased output is probably affected by competition from other stores, whereby
positive effects can be competed away. This indicates that these positive effects are
passed on to consumers. Prices of groceries have been stable since 1992; an indication
that some of the positive effects that could have increased output have been passed
on to the consumers, generating a consumer surplus. As these effects are not indicated
in neither input nor output they are not captured in the productivity function.

The Productivity Measure
Productivity can be measured at different levels: at a national level, where the indicator
is important to consider in economic decisions, and at an industry and organizational
level, where the measure has different implications and different drawbacks depending
on the specific context. The focal areas consider information flows that have been
digitized in different stages and productivity is therefore seen at a process level.
Indications that productivity is improved at this process level are provided in the
description of developments and in mathematical examples.
Automational as well as informational and transformational effects have shown that
input when measured in man-hours has been reduced and that the value of output can
increase through improved service levels, an emphasis on profitable items etc.
However, it is difficult to identify the effects that also have a positive influence on
organizational productivity. For example, a reduction in man-hours in one activity
might be offset by performance of other activities that add more value to the
organization. An increased value of output might not be reflected in higher prices, as
the benefits may be passed on to customers that get more value for the price paid. In
this way quality improvements in services are not shown in the productivity measure
and all of the positive effects of investments in IT are not captured in the indicator.
It has also become evident that productivity cannot be defined in one general way for
all types of organizations. Even when considering only grocery distribution, i.e.
manufacturing, wholesaling and retailing, it is clear that productivity cannot be
measured in the same way in all the involved organizations. Production, distribution
and service processes are different in nature and different challenges are therefore met
when defining input and output. The outcomes are also affected by other mechanisms
in different ways. In previous research on the productivity measure within retailing it
was for instance concluded that demand within a specific geographical area affects the
results (Eliasson & Julander, 1991) and that the customer affects the results as being
one part of the delivery process of the service (Kamakura et al, 1996).
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Implications of intangible effects as for instance employee motivation and improved
decision making are not directly shown in the productivity measure. These intangibles
might reduce input or increase output, but will still not be visible in the productivity
measure. A further drawback with the productivity measure is thus that it does not
reflect the mechanisms that underlie the results and thereby cannot be used in order
to identify where there is room for improvement. To evaluate benefits of investments
in IT and manage IT continuously, it is therefore important to measure the results
with other indicators than just productivity. The indicators presented in the analysis in
chapter 8, illustrates the numerous effects of using IT.
IMPLICATIONS FOR PRACTITIONERS
The study has generated a number of interesting conclusions for practitioners
implementing IT. The study shows that one indicator, for instance productivity, is not
sufficient in order to capture all effects of IT. Organizations thus need to identify a
number of indicators that are relevant for the effects that they seek to realize with
their investments in IT.
In an article from 2003, Carr argued that “IT doesn’t matter” as it could be seen as a
common good that did not have the potential to deliver any competitive advantages.
This statement gives rise to questions on whether IT should be developed within a
single-firm or as a shared investment between several organizations. This study shows
that shared investments in IT can deliver positive results for the involved
organizations. One example is the implementation of the shared procurement system
Dakom in 1975 that resulted in a number of positive effects for the involved
organizations. Another example is the development of a shared validation tool for
trade item declarations. Even if the competitive position of the organization is not
improved based on the technology, positive effects are generated. Competitive
advantages can however be generated based on the information that the technology
carries. A shared infrastructure in terms of barcodes was for instance required in order
to capture information on sales and margins per item in stores. This information in
turn, has the potential to support initiatives that can enhance the competitive position
of a store.
A further question on cooperation versus single-firm development is related to the
efficient communication between organizations that IT has enabled. An efficient
communication requires that information flows are synchronized, meaning that
messages are standardized. Examples in the study is the development of the shared
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bar code systems, EAN, and the use of the standard EDIFACT in messages send by
EDI. When discussing the synchronization of information flows, the term information
externalities was used. The more organizations that communicates using the same
standards, the higher the value of this system.
A further conclusion of importance for practitioners is that investments in IT are
strongly related to other investments. In order to reach desired effects, organizations
need to ensure that sufficient infrastructure is implemented in terms of technology
and information standards. The importance of complementary investments in training
and process development cannot be stressed enough.
IMPLICATIONS FOR RESEARCH
The research approach applied in the study has generated a complementing view on
the value of IT and a large number of effects have been identified. This indicates that
the research approach generates interesting results and that it can be used in further
studies.

On the Research Approach
Regarding the productivity paradox, the study shows that the effects of digitized
information flows are multifaceted. They can therefore not be evaluated based on the
single indicator productivity. A study that is limited to effects on productivity, would
therefore underestimate the positive effects from IT.
The effects can also be underestimated when a narrow definition of IT is applied in a
study. The research approach applies a broader view on IT in comparison to previous
research on the productivity paradox. The definition of IT, where electronic and
digital technology for collecting, storing, processing, recalling and communicating data, text, images
and speech was included, made an identification of important milestones in the
development of Swedish grocery distribution possible. Important technology that
could risk to be excluded in a more narrow definition is thus included. Two examples
are computerized cash registers and important software used for analysis.
IT is thus a very broad concept and in order to understand the effects, the technology
needs to be studied on the level where it is applied. When describing and analyzing the
digitization of information flows, tangible and intangible effects are made visible.
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On the Analytical Framework
The analytical framework applied in chapter 8, gave rise to interesting results. The
categories of IT effects included in the framework were applied on identified effects
and the relation between the categories could be discussed. In this way a large number
of effects could be analyzed in a feasible way and patterns in a large amount of
information could be made visible.
The framework can be further developed in a number of ways. This is discussed
above and it is concluded that the definitions of the categories used in the framework
needs to be clarified further and the relation between the categories investigated in
more detail. The contextual factors that are included in the framework could be
specified in more detail in order to sharpen the analysis.
A SUMMARY OF THE CONCLUSIONS
The conclusions are summarized as follows:
·

Digitization of information flows in Swedish grocery distribution has been an
emergent process, involving several organizations. The development shows
interdependence between infrastructural, organizational and technological
factors.

·

The digitization of information flows has generated extensive, positive effects.
These have been categorized as automational, informational, transformational,
and consumer surplus effects. A limited number of negative effects have been
identified. These are placed in an other effects category.

·

Identified effects are multifaceted and interrelated. They cannot be analyzed on
the basis of a single indicator. Specific indicators closely related to the effects
can be identified.

·

The research approach and the analytical framework applied in the
identification, categorization and evaluation of effects made it possible to
obtain interesting results. In further research more distinct categories of effects
should be identified. The interrelation of effects needs to be further analyzed.

·

Productivity does not capture all positive effects generated by digitized
information flows. The indicator covers more then aspects included in the
automational category, as positive influences on the value of output, partly
shown in the informational and transformational effects, also are indicated.
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When competed away, quality improvements in services are not reflected in the
value of output and are therefore not shown in the productivity measure.
Implications of intangible effects, as for instance employee motivation and
improved decision making are not directly visualized in the productivity
measure.
·

9.3

The productivity improvements in the performance of specific activities cannot
be directly correlated to improvements in organizational productivity.
Eliminated activities or activities that are performed based on fewer man-hours
might be replaced with other activities. The value resulting from these activities
might however be higher to the organization.
QUALITY OF THE RESULTS

The results of the study have now been presented. The quality of these results is
mainly manifested through the validity and reliability of the study. These aspects are
commented in this section.
VALIDITY
One aspect of validity considers the match between the purpose of the study and the
presented results. This is labeled as construct validity by Yin (2003), who defines this
aspect of validity as establishing correct operational measures for the concepts being
studied. The purpose of this study as articulated in chapter 1 is to identify, categorize and
evaluate effects generated by digitization of supply chain information flows in Swedish grocery
distribution. On the basis of these findings, the role of the productivity measure was to be
discussed.
The ability to meet this purpose in the study is manifested through the research design
described in chapter 3. This chapter includes key definitions applied in the study and
describes the methodological choices made on how to identify, categorize and
evaluate effects. These definitions and these choices were also met when conducting
the study and the validity is therefore considered as satisfactory. The validity of
gathered information on identified effects is assured by a number of measures that are
described in the section on the research process in chapter 3. The categorization of
effects is made according to definitions that are set in the theoretical chapter on the
effects of IT, chapter 4. The evaluation of effects is also described in chapter 4. This is
however an area that needs to be developed further, as only a partial evaluation is
conducted. Mathematical examples are included where information was available and
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no exhaustive analysis is made. The theoretical background on evaluation of IT effects
can also be extended.
As mentioned above the purpose also stated that the role of the productivity measure
was to be discussed based on the findings from the identification, categorization and
evaluation of effects. This discussion is included in the concluding chapter. The
implications of identified effects on the input and output side of the productivity
measure are discussed respectively. In the research approach, no definition of
productivity was included. This definition was excluded in order to enable a study on
definitions used in the empirical setting. It was noticed that the productivity measure
was defined differently within different parts of the business system. In this study the
discussion on the productivity measure is mostly based on the development within
grocery retailing organizations. Further studies on the role of the productivity measure
within grocery wholesaling and manufacturing are thus needed.
Another aspect of the validity concept is the possibility to generalize the results, which
Yin (2003) defines as external validity. The presented conclusions are based on a study
of a single business system, grocery distribution, in Sweden. The results are therefore
more relevant to business systems that are similar to Swedish grocery distribution
when it comes to structure of the market and the value chain. Examples are other
business systems that are characterized by a continuous exchange of standardized
information.
The ITOP research program includes two further empirical studies regarding the
Swedish graphic (Cöster, 2005) and logging (Kollberg, 2005) industries, respectively.
The results of the three parallel studies have been discussed and compared throughout
the research process, thus confirming the conclusions reached. This is a measure that
enhances the generalizability of the results.
RELIABILITY
A high reliability of a study implies that it should be able to perform by other
researchers and that they by doing this should reach the same results (Yin, 2003). A
number of measures have been taken when conducting the study in order to assure
high reliability. The description of the research process in chapter 3 is intended to
enable the performance of a similar study. Sources of the information gathered are
continuously provided and an example of an interview guide is included as an
attachment.
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One aspect that influences the reliability of the study is the role of the researcher that
conducts it. In this study it has been the intention to contain an objective, but active
view of analyzed information. By this it is understood that all relevant empirical
information is included, but that it is processed by the researcher in order to present a
coherent story.
The description of focal areas in chapter 7 is based on information from several
sources. They reflect a typical development and do not attempt to illustrate the
development within one specific organization. The presentation of gathered
information is made by the researcher, but attempts to reflect the different sources of
information. In order to present a coherent story, the interviewees have not been
stated throughout the text. The interviews that underlie the description of a focal area
are presented in attachment 2. Documents that have been used as a source for the
descriptions are stated continuously in the text.
Identified effects are summarized at the end of each focal area, but the ability to reach
these effects is also discussed. The analysis includes all identified effects, but in order
to reduce the complexity, effects are summarized by the researcher. This activity
should however not affect the results. Included mathematical examples are chosen as
they provide information on the value that can be generated through the effects. It is
however stressed that these are examples and do not constitute a development that
has been seen in each and every organization.
9.4

FUTURE RESEARCH

Based on the study and its conclusion a number of suitable next steps are identified.
This section includes a presentation of this intended future research.
Two additional studies on the development within the graphic industry (Cöster, 2005)
and logging industry (Kollberg, 2005) have been conducted within the ITOP research
program. This has made an interesting comparison of results and industry
characteristics possible. One subject for further research would thus be to relate the
findings within this study to the results within the other two. Additional studies of
other business systems or other geographical settings would also be interesting to
conduct in order to make further comparisons possible. In this way the specific
characteristics of the Swedish business system for grocery distribution are made visible
and could be discussed in a more tangible way.
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Future research needs are identified in the discussion on the applicability of the
analytical framework. The categories used for describing and classifying effects needs
to be improved. More distinct definitions that further capture the characteristics of the
effects would be desirable, and the interrelationships between the effects needs to be
further explored. Another part of the analytical framework that needs to be developed
further is the evaluation of effects. In what ways could the identified indicators be
applied in order to generate a broader view on the effects? And in which ways are the
indicators related to each other?
Regarding the role of the productivity measure, further research needs are identified
when it comes to the application of the measure within grocery manufacturing and
wholesale. In the previous research related to in this study the use of the measure and
identified challenges is mainly described in a retailing setting. Examples in the text are
therefore mainly from store development. Further studies on grocery manufacturing
and wholesale could cover the complete business system in a better way.
Throughout the analysis, reference has been made to the realization aspect of the
effects of IT and digital information flows. An identification of potential effects can
be feasible, in comparison to the actual implementation and realization of effects in
organizations. Technological, organizational and infrastructural changes must be
combined to set the stage for realization. Individual efforts, supported by training
initiatives and incentives, are thereafter required to arrive at desired results. This
critical process is a relevant subject for further research in different organizational
settings.
The role of information is also seen as an important subject for future research.
Which characteristics drive the value of information and how can these characteristics
be measured? In this study the intention was to shift focus from the technology to the
information that it carried and the developments made in the flow of information. In
a potential next step, a further emphasis could be put on information as a driver of
value to organizations.
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ATTACHMENT 1: LIST OF DEFINITIONS AND ABBREVIATIONS

Definition
Available to promise

Barcode

Category Management

Computer Assisted
Ordering (CAO)

Dakom

Direct Product
Profitability (DPP)

EDIFACT

Electronic Data
Interchange (EDI)

Electronic Shelf Label
System (ESL)

European Article
Numbering (EAN)

Grocery Manufacturers of
Sweden

Description
The uncommitted portion of a
company's inventory or planned
production.
A machine-readable marking on a
product or box.
The management of brands in a
group, portfolio or category
emphasizing profitability, cost or
supplier performance
improvements.
Transaction information from the
computerized cash registers is used
as a source for automatic
replenishment.
Shared purchase system developed
by DLF and major wholesaling
organizations. Implemented in
1975.
Method of determining the
profitability of the individual item
by calculating the adjusted per unit
gross margin and assigning direct
product costs to the item for
expenses like distribution and
selling.
Standard used for EDI business
transactions. Based on UN
guidelines.
The exchange of information
through the use of an electronic
messaging system.
Equipment and software for
wireless communication of prices
to electronic labels and cash
registers.
A standard for encoding a set of
lines and spaces that can be
scanned and interpreted into
numbers to identify a product.
A non-profit trade organization for
brand manufacturers in the
Swedish food retail and food-
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Swedish translation
-

Streckkod

Kategoristyrning

Datorstödd defektering

Dakom
(Dagligvaruhandelns
Kommunikationssystem)

-

-

-

Elektroniska
hyllkantsetiketter

-

Dagligvaruleverantörernas
Förbund (DLF)

Definition

Handheld device /
terminal
Out-of-stock
Point of sale (POS)

Price Book

Radio Frequency
Identification (RFID)

Replenishment
Scanner technology

Slingan

Space Management

Supply Chain

Swedish Federation of
Trade

Swedish Food Federation

Description
service markets.
Pocket-sized computing devices.

Data typically accumulated by retail
scanners includes information on
how much of what product was
sold when and at which outlet.
Physical document including
information on items, including
prices and manufacturers.
Devices attached to an object that
transmits data to an RFID receiver.
These devices can be very small
and inserted into a label on a
package. RFID has advantages
over barcodes, such as the capacity
to hold more data, and the
possibility of changing the stored
data as processing occurs.
Restoring stock to desired levels
Equipment capable of reading
barcodes.
Application used in the ICA
organization for replenishment of
the item category of fruit and
vegetables.
An analysis of sales statistics aimed
at identifying the most efficient
way to store space.
The sequence of linked activities
that are performed by various
organizations in order to move
goods from the sources of raw
materials to final consumers.
An organization concerned with
economic policy and employer
issues on behalf of Swedish
companies involved in commerce.
A member-driven organization, it
is active both domestically and
internationally in campaigning for
a world without trade barriers
Trade organization to further the
reputation, variety, growth and
profitability of Swedish grocery
manufacturers.
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Swedish translation

Bärbar terminal

Slut-på-hyllan
-

Prisbok

-

Defektering

Slingan

-

-

Svensk Handel

Livsmedelsföretagen (Li)

Definition
The Swedish Research
Institute of Trade (HUI)

Description
Swedish translation
Conducts research on general
Handelns
economic policy issues, particularly Utredningsinstitut (HUI)
questions of importance to the
retail and wholesale trade
industries.
Trade item declaration
A manufacturer sends a Trade
Varucertifikat
(TID)
Item Declaration to a buyer.
Dagligvaruhandel (VCD)
Provides the buyer with all
information needed to handle this
item such as its GTIN, dimensions
and weight, storage temperature,
shelf life and package marks. The
TID also contains other
information such as country of
origin and tax rates
Uniform Price Code
A 10 to 12 digit machine-readable
(UPC)
numeric product code that
originated in the food industry.
Table A-1: List of definitions and abbreviations
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ATTACHMENT 2: INTERVIEWS CONDUCTED
Name

Date

Position

Comment

Thomas Falk

2004-04-27
2004-07-08

Professor,
Linköping University

Supervisor with
extensive research
experience with
grocery distribution.

Ove Sundmark,

2004-04-27

PhD Candidate at
Mälardalen University

Magnus Berthling

2004-07-06

Mathias Dittrich

2004-08-12

Consultant at MB
Consulting
Marketing Director,
Grocery Manufacturers
of Sweden

Former inventory
manager at ICA,
Västerås.
Specialized in grocery
distribution.
Telephone interview
focused on identifying
further information.

Andreas Hedlund

2004-08-27

Phase II
Clifton Bergmark

2004-09-24

Phase I

Researcher, The Swedish
Research Institute of
Trade

Responsible for
Interview focused on
replenishment system,
focal area 2.
Coop
Clifton Bergmark
2004-11-10
Responsible for
Interview focused on
replenishment system,
focal area 1.
Coop
Carl-Uno Frisk
2005-01-18
Responsible for logistics Interview on focal
within a region, Coop
area 1 and 3.
Interview on focal
Pelle Nilsson
2005-02-04
Responsible for
area 1 and 3
replenishment system,
ICA
Magnus Forsling
2005-02-18
Manager,
Interview on focal
Customer Service &
area 1, 2 and 3
Development, Nordic,
Kraft Foods
Table A-2: Interviews conducted in phase II of data collection
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ATTACHMENT 3: INTERVIEW GUIDE
Example – Swedish Version

Intervjuunderlag:

Orderhantering idag och igår samt effekter av förändringen
(datum: yyyy-mm-dd)

Mål:

Få en bild över IT-utvecklingen och dess effekter när det gäller
orderhantering inom dagligvarukedjan.

Bakgrundsinformation:
Namn, företag, avdelning och nuvarande position
Orderhantering nu och då:
1

a
b
c

Hur arbetade ni med orderhantering innan IT tillämpades i processen?
Hur skedde kommunikationen med kund och hur utbyttes information?
Hur ofta beställdes varor och hur lång var uppskattningsvis ledtiden från
order till leverans?

2

a
b
c
d
e

När sågs de första IT-inslagen i orderhanteringen?
Vilken funktionalitet hade implementerade IT-verktyg?
Hur påverkade detta processen?
Hur skedde kommunikationen med kund och hur utbyttes information?
Hur ofta beställdes varor och hur lång var uppskattningsvis ledtiden från order till
leverans?
Vilka har varit de viktigaste utvecklingsstegen sedan dess?

a
b
c

Hur ser processen ut idag och vilka är IT-inslagen?
Hur sker kommunikation och utbyte av information idag?
Hur beställs varor och hur ser ledtiderna ut idag?

3

4

Effekter:
5

Vilka har effekterna varit av den tekniska utvecklingen?

6

7

Har några specifika effekter uppskattats när det gäller ekonomiskt resultat eller
produktivitet?
Har några konkurrensfördelar uppstått med det nya systemet? Hur?

8

Har ni mätt effekterna av förändringarna och i så fall hur?

9

Hur har konsumenten påverkats av utvecklingen?

10

Är de effekter som ni har konstaterat, de som ni förväntade er innan
förändringen genomfördes?
Används informationen som framkommer i den beskriva processen i några andra
processer och i så fall hur?
Vad tror du om den framtida utvecklingen?

11

12
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Example – English Version

Interview guide: Supply chain activities today and yesterday and the effects of
changes (date: yyyy-mm-dd)
Objective:

Obtain an understanding of the development of IT and its effects
on grocery distribution supply chain activities.

Background information:
Name, organization, department and current position
Supply chain activities today and yesterday:
1

a

b

c

2

a
b
c
d

e

3

4

a
b
c

Effects:

In what way did you perform supply chain activities before IT was used in the
process?
How did you communicate with customers and how did you exchange
information?
How often did you order goods, and how long was the lead-time from order to
delivery?
When were the first IT applications implemented in the process?
What functionality did implemented IT applications have?
In what ways did this affect the process?
How did you communicate with customers, and how did you exchange
information?
How often did you order goods, and how long was the lead-time from order to
delivery?
What have been the most important developments since then?

In what way is the process performed today, and how is IT used?
How do you communicate and exchange information today?
How do you order goods, and how long are the lead-times today?

5

What have been the effects of the technological development?

6

Have you documented any financial effects and/or effects on productivity?

7

8

Have you found any competitive advantage based on the development in IT? If
so, in what way?
Have you measured the effects of the changes and if so, how?

9

How is the consumer affected by the changes?

10

Are the effects that you have found the same as the ones that you expected
before implementation?
Is the information obtained in the process described used in any other process
and if so, in what ways?

11

12

How do you believe developments will unfold in the future?
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ATTACHMENT 4: ADDITIONAL STATISTICS ON PRODUCTIVITY
DEVELOPMENT IN GROCERY DISTRIBUTION
Graphs are based on statistics retrieved from a statistical database of Statistics Sweden
(http://www.scb.se/statistik/NR/NR0102/2003A01/TabellerårsSM2004.xls).
Format adjustments have been made in the underlying statistics for the presentation
of changes in labor productivity.

Figure A-1: Growth in labor productivity in grocery manufacturing and trade in general
compared to the Swedish private sector as a whole, 1993-2002
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Figure A-2: Number of hours worked (in 10 000s) in grocery manufacturing and retail
and wholesale trade, 1993-2002

Figure A-3: Development of value added in grocery manufacturing and retail and
wholesale trade, 1993-2002
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Abstract

During the last decades organizations have made large investments in Information Technology (IT). The effects of these
investments have been studied in business and academic communities over the years. A large amount of research has been
conducted on the relation between the investments in IT and productivity growth. Productivity is a central measure of national
and organizational success and is often considered in economic decision-making. Researchers have however found it difficult to
present a clear-cut answer to the effect of IT investments on productivity growth; an inability defined as the productivity paradox.
Within the Impact of IT on Productivity (ITOP) research program the relevance of the productivity measure as an indicator of the
value of IT is questionned. IT has over the years replaced physical interfaces with digital and in this way enabled new ways to
process information. A retrospective research approach is therefore applied where the effects of digitized information flows are
studied within specific organizational settings.
In this thesis the effects of digitized information flows within Swedish grocery distribution are studied. A comprehensive
presentation of the development is first conducted and three focal areas are thereafter presented. These describe supply chain
information flows including order information, information on new items and analysis of point-of-sales information. The
presentation of the focal areas identifies a number of effects from the digitization of information flows. The effects are analyzed
according to a predefined analytical framework. The effects are divided into five categories and are thereafter evaluated when it
comes to potential for generating value.
The study shows that the digitization of information flows has generated numerous, multifaceted effects. Automational,
informational, transformational, consumer surplus and other effects are observed. They are difficult to evaluate using a single
indicator. Specific indicators that are closely related to the effects can however be defined. The study also concludes that the
productivity measure does not capture all positive effects generated by digitized information flows.
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