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Although Denmark and Sweden are deemed digital technology leaders, their information sectors have not yet
been comprehensively measured. This study bridges this gap. Data for 1990-2012 are reclassified to fit the
information sector conceptual framework from prior studies. The analyses examine sector economic value
added, share of workers, share of the wage bill, and productivity ratios. These countries’ information sectors are
compared with those of the United States and South Korea. Novel results include the counterintuitive indication
that Denmark's sector differs from Sweden's, with the latter's being closer to South Korea's. The information

sector dominates both economies, although Sweden's seems more productive than Denmark's.

1. Introduction

The public introduction of the Internet at the beginning of the 1990s
triggered a radical development, uptake, and use of various digital
technologies, which contributed to the transformation of every corner
of society, along with information-based country economies.
Accordingly, there is a need to understand the composition and dy-
namics of a country's economy in terms of the size, structure, and dy-
namics of its information sector so that new knowledge can be ad-
vanced and adequate policies may be designed for successful economic
governance. The present study is a macroeconomic investigation of the
national information sectors in Denmark and Sweden, focusing on the
Internet period, from the 1990s to 2012.

This study's focus on the information sectors of Denmark and
Sweden is particularly important because both countries are frequently
regarded as developed economies and early adopters of information
and communication technologies (ITU, 2011, 2014, 2015; DESI, 2017),
which suggests that they also have highly developed information sec-
tors. However, to the best of our knowledge, this has yet to be analyzed,
as there are no comprehensive studies of these two nations’ information
sectors, possibly due to the challenges of the required manual data
reclassification. Consequently, this study aims to fill this gap in the
literature. The two economies are also partially benchmarked to those
of the United States and South Korea.

* Corresponding author at: Uppsala University, Sweden.

The national information sector is defined here as resources and activ-
ities that generate information-content products (Engelbrecht, 1986a). As
such, the information sector distinguishes itself from the material sector,
where resources and activities generate material products in the economy
(Kassi and Lehdonvirta, 2018; Vasilescu et al., 2020). Existing studies on
several developed economies, such as Australia (Engelbrecht, 1985), the
United States (Apte and Nath, 1999, 2007; Apte et al., 2008, 2012;
OECD, 1981; Porat, 1977), and Japan (Komatsuzaki and Tanimisu, 1983;
OECD, 1981) show that information activities, workers, products, and the
corresponding generated value are an increasingly integral part of the
economy. At the same time, studies show that information-intensive op-
erations have several distinctive economic characteristics compared to those
of material operations. These distinctions include reduced transaction costs
(Benslimane et al., 2005), decreased or eliminated marginal costs, lower
entry barriers, activation of strong network externalities (Varian, 2014), use
of alternative pricing and revenue modes, emergence of novel business
models (Amit and Zott, 2001), disintegration of industrial value chains
(Macher et al., 2002), smaller firm sizes, and new industry structures
(Brynjolfsson and Saunders, 2010). Martin (1996: 69) summarizes the im-
pact as follows: “Overshadowing traditional factors of production such as
land, labor and capital, this information factor increasingly holds the key to
growth, output and employment.” These and other findings highlight the
challenges of productivity and employment (Appel, 2016; Brynjolfsson and
Saunders, 2010; Brynjolfsson and McAfee, 2014; Frey and Osborne, 2017).
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The information sectors of Denmark and Sweden are analyzed here
on three data points: economic value added, share of workers, and
share of the wage bill. The economic value added, as a share of a na-
tion's gross domestic product (GDP), is first captured in terms of the
primary information sector (PRIS) and the secondary information sector
(SIS) for the period 1993 to 2012. The product content-form matrix,
which distinguishes between information-goods, information-services,
material-goods, and material-services (Apte et al., 2012), is then used to
identify the economic value added (1993-2012), share of workers
(1960-2012), and share of wages (1996-2012 for Denmark and
1993-2012 for Sweden) for the information sectors of the two econo-
mies. The focus of the analysis is on the period after the Internet be-
came available to the public and commercial enterprises, that is, in the
early 1990s (Leiner et al., 1997). The main reason for this choice of
period is that the adoption and use of the Internet facilitated the further
development of various information and communication technologies,
such as mobile devices, and subsequently, the development of in-
formation intensive activities, products, and new business forms, thus
affecting the entire economy and its information sector (Castells, 1996).

The identified information sectors of Denmark and Sweden are
compared to the information sector of the United States on all three
data points. For economic value added, a comparison is also made with
the information sector of South Korea, as the latter's economy more
closely resembles that of the two Nordic nations than that of the United
States (the lack of data for the two other data points of analysis hin-
dered further comparison). Finally, a cross-analysis of the ratios of the
three data points reveals additional insights such as the productivity of
the information sectors.

The overall key insight from this study is that both Denmark and
Sweden have information-dominated economies. Approximately 60%
of their economies’ value added comes from their information sectors,
and these are slowly growing. While the two neighboring countries may
seem superficially similar, the present analysis also uncovers several
differences regarding the structure and evolution of their information
sectors, particularly in relation to their productivity. In several aspects,
the Swedish information sector more closely resembles the information
sector of South Korea than that of Denmark, while Denmark's in-
formation sector is closer to that of the United States than to that of
Sweden or South Korea. Thus, this study adds to the empirical literature
that measures the information sectors of developed economies by of-
fering, for the first time, measurements of the information sectors in the
Danish and Swedish economies, respectively. The results may also
constitute a unique input to governmental policy designs in relation to
everything from material and digital infrastructures and R&D to edu-
cation, the antitrust regulations of technology firms, and the assessment
of economic impacts of a pandemic such as COVID-19.

The remainder of the paper is organized as follows. The next section
summarizes the literature on information economies and defines the
conceptual framework employed for measurement and analysis.
Thereafter, the multi-level empirical method and the data sources are
detailed, followed by a presentation of the main findings in the fol-
lowing order: value added, employment, wages, and cross-analysis. The
results are then discussed, and the final section presents the key con-
clusions.

2. Background

This section reviews the main studies on information economies and
articulates the background of the present investigation.

2.1. The U.S. information economy

Machlup (1962, 1981) examined the United States and provided the
first comprehensive empirical studies of information economies. One of
the key contributions was the separation in an economy of the in-
formational component, such as a film production, from the material
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component, such as the manufacturing of a chair. Machlup's analysis
shows that the information economy accounted for 29% of U.S. gross
national product (GNP) in 1958 (Machlup, 1962).

Porat (1977) conducted extensive analysis of the U.S. information
economy on behalf of the U.S. Department of Commerce. Aligned with
Machlup's intention, Porat aimed to understand the structure and dy-
namics of the U.S. information economy. However, Porat modified
Machlup's conceptualization of an information economy to better fit the
structure of the official national income accounting framework
(Porat, 1977) because Machlup's approach required a new national
accounting framework (Rubin et al., 1986). A central distinction be-
tween the two approaches to the measurement of an information
economy is that Porat introduced a distinction between the PRIS and
the SIS. The former accounted for outputs produced for an organiza-
tion's external market (e.g., software), while the latter referred to out-
puts produced for and consumed within organizations (e.g., the soft-
ware design provided to the software programming unit). A central
insight from these empirical studies was that the U.S. economy was
undergoing a transformation from material to information production
in a similar manner to its previous transformation from agricultural to
material production (Porat, 1977). Rubin et al. (1986) followed Ma-
chlup's methodology and found that the information economy as a
share of U.S. GNP increased from 29% in 1958 to 34% in 1980.

Apte and Nath (2007) and Apte et al. (2008, 2012) provide the most
recent and comprehensive measurements of the U.S. information
economy. Their key contribution is the application of Porat's approach
to the conception and measurement of an information economy,
thereby enabling a comparison with previous assessments and pro-
viding time series data through 2007 (Apte et al., 2012). Their studies
constitute the most comprehensive analysis of an information economy
to date. Another merit of these studies is the additional con-
ceptualization of an information sector in terms of two product di-
mensions (Apte et al., 2008). One is the conventional distinction of a
product in terms of its form, with the dichotomy between goods and
services. The second dimension distinguishes products in terms of con-
tent and the dichotomy between informational and material (i.e., non-
informational). The combination of these two dimensions produces a
two-by-two conception with four product types: material goods, mate-
rial services, informational goods, and informational services. Using
this two-by-two matrix, Apte and Nath (1999) showed that the in-
formation services component was the largest segment of the U.S.
economy, accounting for approximately 56% of U.S. GNP in 1997.

Wolff (2006) provided another relatively recent attempt to measure
the U.S. information workforce based on decennial U.S. census data for
1950-1990. The analysis reports a growth of information workers from
37% of the workforce in 1950 to 59% in 2000. However, Wolff's con-
ceptualization differs from Machlup's and Porat's in that it works with
the assumption of four categories of workers: knowledge producers,
data processors, service workers, and goods-processors. The aggrega-
tion of the first two represents information workers. This different
classification introduces ambiguity regarding service workers, which
could include both material service workers (e.g., car washers) and
information service workers (e.g., translators). Wolff's study is therefore
not fully compatible with the studies of Apte et al. (2008, 2012). Other
attempts to quantify the U.S. information economy (e.g.,
Bergman, 2005; Cisco, 2000) provide questionable results, as they lack
both comprehensiveness and conceptual stability (e.g., well-defined
constructs) and use different conceptions of the information sector.
Overall, this feature makes them difficult to compare with other studies
listed here. There are also studies that measure only a specific aspect of
the information economy such as the changing occupational structure
caused by the emergence of the information sector (e.g., Kuo and
Chen, 1987; Kuo and Low, 2001). For these reasons, our analysis is
based on the Apte and Nath (2007) framework.
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Table 1
Information sector (PRIS plus SIS) as a percentage of GNP, available measure-
ments of information economies.

Country Year %GNP Source
Australia 1985 31.0 Engelbrecht, 1985
UK 1963 29.8 OECD, 1981
1972 32.9 OECD, 1981
Japan 1965 36.2 OECD, 1981
1979 35.0 OECD, 1981
1960 29.0 Komatsuzaki and Tanimisu, 1983
1979 36.0 Komatsuzaki and Tanimisu, 1983
1980 43.9 Engelbrecht, 1986b
Republic of Korea 1975 14.2 Engelbrecht, 1986a
1980 20.0 Engelbrecht, 1986a
1990 51.9 Choi et al., 2009
1995 56.5 Choi et al., 2009
2000 59.0 Choi et al., 2009
Indonesia 1975 8.9 Karunaratne, 1985
Thailand 1975 9.9 Karunaratne, 1985
Philippines 1975 12.8 Karunaratne, 1985
Malaysia 1975 16.0 Karunaratne, 1985
Taiwan 1991 36.5 Lee and Chu, 2009
1996 49.0 Lee and Chu, 2009
2001 45.2 Lee and Chu, 2009
Chile 1996 52.0 Aviles et al., 2009
2003 52.4 Aviles et al., 2009
USA 1958 42.7 OECD, 1981
1967 48.5 OECD, 1981
1967 46.3 Porat, 1977
1992 55.9 Apte et al., 2012
1997 63.0 Apte et al., 2012
2002 61.9 Apte et al., 2012
2007 60.2 Apte et al., 2012

2.2. Information economies

The OECD (1981) employed Porat's approach to measure the 1978
and 1979 share of the information sector in eight-member countries in
addition to the United States: Australia, Canada, Finland, France, Ger-
many, Japan, the UK, and Sweden. In addition to only offering a
snapshot of the respective information sectors since no time series data
were included, another key limitation of the study was that only five
countries were measured in terms of their information sectors’ eco-
nomic value added, and only two had data for both the PRIS and the
SIS. Unfortunately, most studies on the information sectors of countries
other than the United States have similar limitations. Table 1 provides a
summary of published studies on the information sectors of 11 nations
(sum of their PRIS and SIS) as a percentage of GNP.

Eight of these studies measured the information economies prior to
the 1991 public opening of the Internet. However, there is a need to
measure information sectors after 1991 to account for the structural
changes due to the adoption and use of new digital technologies, par-
ticularly the Internet. In 1991, only two of the measured economies had
information sectors larger than half of their total economies: Korea and
the United States. The latter had the largest information sector. The
remaining nine economies were dominated by their material sectors.
These studies assume a Porat-based framework for the conceptualiza-
tion of an information economy, which is also the case in the present
study.

2.3. Conceptual framework of information economies

Here, we summarize the framework for the conceptualization of an
information economy, as adopted from Apte et al. (2012) and based on
Porat's research (1977). A chief reason is that Porat's conceptualization
of an information economy has shown practical feasibility in several
studies of various countries’ information economies. Moreover, Porat's
conceptualization is the only one that enables the comparison of any
information economy to that of the United States after 1991 because
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there are no other comprehensive studies of information economies
from that period.

For our purpose, information is understood as a bundle of symbols
and/or signals, such as words, messages, and images, purposely pro-
duced and used by activities or tasks performed by humans and/or
machines (Zuboff, 1988) such as invoicing or project planning. In-
formation tasks process information as per the Newel-Simon basic in-
formation processing functions: to generate, transfer, store, and trans-
form information (Newel and Simon, 1976). An example is when a
received invoice is compared to an issued order. Information tasks can
either constitute a job conducted by a human actor, such as a secretary,
or by a machine, such as an enterprise resource planning system. A job's
core tasks can process material, information, or both (Zuboff, 1988).
Jobs that process information include teachers, physicians, therapists,
priests, singers, engineers, scientists, secretaries, managers, art direc-
tors, marketers, and communicators. Jobs that process material include
construction workers, car mechanics, hairdressers, and car washers.
However, all jobs include coordination activities that process in-
formation, which are then needed to manage the core activities of a job.
Accordingly, a car washer processes information when receiving an
assignment and when coordinating car washing activities.

Information goods are understood here as goods comprising in-
formation, such as a piece of music or films, books, and journals, which
should not be confused with the medium for their storage, such as CDs,
DVDs, or hard drives. Information services are services that handle in-
formation at its core and include physicians’ medical diagnoses, movie
theatres that screen films, and an architect's design services.
Correspondingly, material goods are goods constituted by materials
such as furniture, cars, and buildings, whereas material services handle
material at their core, such as painting a fence, washing a car, or
transporting cargo.

The information economy refers to the economic value created and
resources used when performing information tasks in the economy. As
parts of these resources are exchanged in established markets or within
organizations, the information economy refers here to the information
sector of an economy, typically of a nation state, and is constituted by
the above defined PRIS and SIS. Operationally, the information sector
encompasses “all workers, machinery, goods, and services that are
employed in processing, manipulating, and transmitting information”
(Porat, 1977: 2). The material sector (or material economy) refers,
therefore, to the remainder of the economy, after the PRIS and the SIS
have been excluded.

This analysis of information economies in Denmark and Sweden and
their comparison to the U.S. information economy includes three data
points. The first is the economic value added of the information sector
as a share of GNP. The second is the volume of information workers, or
employees, as a share of the total workforce. The third is the in-
formation workers’ share of the wage bill. Some studies of information
economies include various aspects of information industry analysis,
trade with information products (Apte et al., 2012), multiplie meth-
odologies to assess the growth potential of information sectors
(Engelbrecht, 1986a, 1986b), the use of computable general equili-
brium models to assess the relative attractiveness of information sectors
(Engelbrecht, 1988), and the identification of potential drivers for the
structural evolution of the information sector such as the replacement
of labor with machines and changes in demand preferences and in
productivity (Wolff, 2006). These types of analysis are important be-
cause they may reveal novel economic insights. However, they can be
conducted only after a country's information sector has been measured,
which is the focus of the present study.

There are several critical assessments of the information economy
and its measurements (Apte and Nath, 2007; Engelbrecht, 1997;
Karunaratne, 1986; Lamberton, 1994; Machlup, 1981). First, one cri-
ticism is that the different attempts to conceptualize and measure in-
formation economies are distinguished by different conceptualizations
of an information economy, which thus makes these measurements
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Table 2
Key values and

data sources.

Technological Forecasting & Social Change 162 (2021) 120347

Key value

Description

Data source

Economic value
creation

Information
workforce

Information wages

Productivity rat

PRIS (primary information sector) includes all industries that produce goods and
services that intrinsically convey information or are directly used in producing,
processing, or distributing information; for its measurement, we need data on
‘value added’

SIS (secondary information sector) includes all information services produced for
internal consumption by government and non-information firms: for its
measurement, we need data on three components of value added:

SIS components = Total wages of information workers belonging to SIS +

Net operating surplus due to information activities + Depreciation of information
capital (ICT equipment + computer programs and databases + other intellectual
property products)

Information worker is a human agent who is primarily involved in creating,
processing, and communicating information.

Information-intensity based classification of occupations accounts for the
fraction of time spent with information work activities (i.e., in creating,
processing, and communicating information)

Compensation for information workers is calculated as follows:

Total compensation of employees for all workers employed by the industry x total
wages for information workers employed by the industry / total wages for all
workers employed by the industry

ios Ratio of economic value added produced by 1% of information workers.
Ratio of wages earned by 1% of information workers.
Ratio of value added produced per 1% of wages in the information sector in the
three countries for the second and third periods of comparison

Denmark

National accounts, quarterly and annual estimates.

GDP, labor input and capital stock, annual estimates.
Value added, detailed components (ESA2010) by industrial
classification DB0O7 and transaction item

(www.dst.dk)

Sweden

National Accounts, quarterly and annual estimates.

GDP, labor input and capital stock, annual estimates.
Value added, detailed components (ESA2010) by industrial
classification SNI 2007 and transaction item

(www.scb.se).

Denmark

Danish Standard Classification of Occupations (DISCO)
Danish Industry Classification (DB07)

(www.dst.dk)

Sweden

The Swedish Occupational Register with statistics.
Description of every industry and occupation can be found in the
Swedish Standard Industrial Classification and Swedish Standard
Classification of Occupations (www.scb.se).

Denmark

Danish Standard Classification of Occupations (DISCO), Labor Force
Survey

Wages, salaries, and labor costs

(www.dst.dk)

Sweden

The Swedish Occupational Register with statistics.

Wages, salaries, and labor costs

(www.scb.se).

Calculated from the data sources provided above

incompatible. Although this is a valid criticism, there are now enough
studies based on Porat's conceptualization of an information economy,
which is also the basis of the present study's framework. The second is
the issue of available data. Because national statistical agencies typi-
cally collect and categorize data based on an orthodox industrial eco-
nomic conception, the available data are not suited to directly popu-
lating the categories assumed by an information economy. This may
also be why Porat's conception of an information economy dominates
that of Machlup: The former has a closer fit with the available data than
the latter. This feature also motivates the present study's adoption of
Porat's approach. Finally, there is the criticism that information
economy studies are atheoretical; that is, they lack a firm foundational
theory. This is a serious criticism, but there are at least two sides to this
issue. First, as the underlying assumption is that the growth of in-
formation societies gained momentum in the second half of the 20th
century (e.g., Castells, 1996; Webster, 2014) and few studies address
the peculiarities of an information economy, it follows that limited
theoretical contributions have been made by studies of information
economies. More studies are needed to accumulate empirical findings,
identify regularities, and thereby give rise to theoretical concepts. The
second reflection is that although information economies have emerged
recently compared to the industrial age, no information economy exists
in a vacuum, isolated from the remaining parts of the economy. Hence,
the empirical characterizations of information economies ought to be
related to, and integrated into, existing concepts of economic theory,
where the latter may require modifications and thereby further devel-
opment to account for the actual economic and social realities. An ex-
ample is the suggestion of linking information economies to transaction
cost economics (Engelbrecht, 1997) and thereby responding to the
observation that “fundamental principles of economic analysis are not
easily applied” to the production of information and knowledge
(Lamberton, 1988: 327). As the present study's results show,

investigating an information economy may unearth economic struc-
tures and dynamics that are important to developing an understanding
that could not be otherwise identified.

3. Methodology

The information sectors of Denmark and Sweden are analyzed in
four steps. The first step identifies the economic value added of each
country's information sector in terms of its share of GNP. The second
step identifies the volume of information employees as a share of the
country's total workforce. The third step identifies the information
workers’ share of the country's wage bill. Finally, the fourth step ana-
lyzes the ratios derived from the relations among the data in the three
preceding steps (Table 2).

Statistics Sweden (2017) and Statistics Denmark (2017), the official
governmental agencies for national statistics in their respective countries,
provided all the data, including input—output accounts for value added data
at the six-digit industrial classification level, fixed assets in the national
economic accounts for data on depreciation of private non-residential fixed
assets, and occupational employment statistics. Corresponding data were
retrieved for the United States from Apte et al. (2012) and for Korea from
Choi et al. (2009). For comparative reasons, the present assessment closely
follows the method used by Apte et al. (2012),” which in turn follows Porat's
approach (1977).

4. Results

The results are shown for Denmark and Sweden, respectively, fol-
lowed by a comparison of all aforementioned steps of analysis. The two

2 Please refer to Apte et al. (2012) for methodological details.
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Table 3

Value added as a percentage of GNP in Denmark and Sweden for the PRIS, the
SIS, and the material sector.

Source: Calculations based on data from Statistics Denmark (2017) and
Statistics Sweden (2017).

Sector Country Year
1993 2001 2005 2008 2012
PRIS Denmark  41.5 38.2 36.6 34.9 36.8
Sweden 37.7 42.0 42.9 43.8 44.6
SIS Denmark  14.6 19.6 19.3 21.6 21.8

Sweden 10.1 17.8 17.0 15.4 15.8
Denmark  56.1 55.1 55.9 56.5 58.6
Sweden 47.8 59.8 59.9 59.2 60.4
Denmark  43.9 44.9 44.1 43.5 41.4
Sweden 52.2 40.2 40.1 40.8 39.6
GNP 100.0 100.0 100.0 100.0 100.0

Total information sector

Total material sector

countries’ information sectors are also compared with the U.S. in-
formation sector, and in the case of economic value added, with South
Korea's information sector, for additional insights.

4.1. Value added: PRIS versus SIS

Table 3 presents the value added in percentages of the PRIS, the SIS,
the information sector as a whole, and the material sector of the Danish
and Swedish GNP for 1993, 2001, 2005, 2008, and 2012. The results
show that while the PRIS in Denmark decreased nearly 5 percentage
points, from 41.5% in 1993 to 36.8% in 2012, the SIS increased over 7
percentage points, from 14.6% to 21.8%, so that the overall information
sector increased by 2.5 percentage points. A key conclusion is that, with
a 58.6% information sector, Denmark must be regarded as an in-
formation dominated economy today.

The results show that the PRIS in Sweden increased by nearly 7
percentage points, from 37.7% to 44.6%, and that the SIS increased by
nearly 6 percentage points, from 10.1% in 1993 to 15.8% in 2012,
giving a total information sector of 60.4%, which is nearly 2 percentage
points larger than the Danish one. A key conclusion is that Sweden also
has an information dominated economy.

Both the Danish and Swedish information sectors grew over the
studied years. As the Danish information sector was more than 8 per-
centage points larger than the Swedish information sector in 1993, it
grew at a slower average annual rate (0.13 percentage points) than the
Swedish information sector (0.66 percentage points). Accordingly, the
Swedish information sector grew five times faster, surpassing the
Danish information sector by 2012. A key difference between the two
countries’ information sectors is that the Danish PRIS was greater in
1993 than the Swedish PRIS (41.5% versus 37.7%), while the Danish
PRIS decreased by 4.7 percentage points and the Swedish PRIS in-
creased by 6.9 percentage points by 2012. A second difference is that
the Danish SIS was also substantially greater than the Swedish SIS in
2012, at 21.8% versus 15.8%, growing more over the studied decade
(7.2 percentage points in Denmark versus 5.7 in Sweden).

In summary, both the Danish and Swedish economies were domi-
nated by their information sectors, which grew slowly, with the
Swedish information sector being larger by 2012 and growing faster
over the decade. The PRIS was more predominant in the Swedish in-
formation sector than in the Danish one, and while the Swedish PRIS
grew over the decade, the Danish PRIS decreased.

Table A1 (Appendix A) presents the value added in percentages of
the PRIS, the SIS, the information sector as a whole, and the material
sector of the U.S. GNP for 1967, 1992, 1997, 2002, and 2007. The re-
sults show that while the U.S. PRIS increased considerably, by 13.9
percentage points between 1967 and 2007, its growth between 1992
and 2007 was 6 percentage points, which is close to the growth in the
Swedish PRIS over the same period. On the other hand, the U.S. SIS
decreased by 1.7 percentage points between 1992 and 2007, which is

Technological Forecasting & Social Change 162 (2021) 120347

similar to the decrease in the Danish SIS, as opposed to the increase in
the Swedish SIS. A key conclusion is that the U.S. economy has been
dominated by its information sector, as it represented approximately
60% of its GNP in 2007. The 2002 U.S. information sector was larger
than the 2012 Danish and Swedish information sectors, respectively.
However, in contrast to the Danish and Swedish information sectors,
the U.S. information sector started to decrease, shrinking by 1.7 per-
centage points between 2002 and 2007. However, the U.S. information
sector did grow at a faster average annual rate of 0.93 percentage points
between 1992 and 2007 than the Danish and the Swedish information
sectors. Although the PRIS dominated the U.S. information sector, as it
did in Sweden, the U.S. SIS decreased, as it did in Denmark.

Table A2 (Appendix A) presents the value added in percentages of
the PRIS, the SIS, the information sector as a whole, and the material
sector of the Korean GNP for the years 1990, 1995, and 2000. The re-
sults show that the Korean PRIS grew 5.7 percentage points to 46.1%.
Its SIS increased 1.3 percentage points to 12.9%, producing growth in
the total information sector of 7 percentage points to 59.0% between
1990 and 2000. This represents an average annual growth rate of 0.7
percentage points in the total Korean information sector, similar to the
annual growth of the Swedish and U.S. information sectors. Compared
to the Danish and Swedish information sectors, the Korean information
sector reached 59% in 2000, while the Danish and Swedish information
sectors were 55.1% and 59.8%, respectively, in 2001. The PRIS was the
dominant part of the information sector in Korea, , its overall in-
formation sector resembling the Swedish information sector rather than
the Danish one.

Together, these statistics produce the following insights. First, the
Danish and Swedish economies are both dominated by their informa-
tion sectors, which are larger than half of the total economic value
added as a share of GNP. This situation is similar to the two benchmark
economies assessed here: the United States and Korea. Second, both the
Danish and the Swedish information sectors manifested continued
growth, while the U.S. information sector seems to have peaked in 1997
and started to shrink in the following years. Third, the PRIS dominates
the information sector in Sweden, the United States, and Korea to a
greater extent than in Denmark. Fourth, unlike any of the other three
information sectors, the Danish PRIS decreased. Finally, Sweden re-
sembles Korea more than Denmark in terms of the information sector.

4.2. Value added: Information products versus material products

Table 4 presents the Danish and Swedish value added in percentages
for the two-by-two decomposition (services-goods versus material-in-
formational) for 1993, 2001, 2005, 2008, and 2012. The results show
that the information sector dominated the Danish value added in 1993,

Table 4

Value added in percentages of GNP in Denmark and Sweden, two-by-two de-
composition.

Source: Calculations based on data from Statistics Denmark (2017) and
Statistics Sweden (2017).

Products Country Year

1993 2001 2005 2008 2012

Denmark 25.9 27.2 25.9 25.9 24.4
Sweden 36.0 19.9 19.6 20.7 19.0
Denmark 18.0 17.7 18.2 17.6 17.0
Sweden 16.2 20.3 20.5 20.1 20.6

Material goods

Material services

Material products Denmark 43.9 44.9 44.1 43.5 41.4
Sweden 52.2 40.2 40.1 40.8 39.6

Information goods Denmark 2.0 2.1 1.7 1.5 1.3
Sweden 5.5 11.4 10.8 9.6 9.0

Denmark 54.1 53.0 54.2 55.0 57.3
Sweden 42.3 48.4 49.1 49.6 51.4
Denmark 56.1 55.1 55.9 56.5 58.6
Sweden 47.8 59.8 59.9 59.2 60.4

Information services

Information products
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with 56.1% more than the material sector. The information services
component accounted for more than half of the total economy (54.1%).
Information goods, on the other hand, represented the smallest com-
ponent of the economy, with only 2.0%. In the following two decades,
information services grew on average 0.16 percentage points annually,
growing by 3.2 percentage points in total to 57.3% in 2012. Meanwhile,
information goods decreased by 0.7-1.3% that year. The changes in the
material economy were minor: a 1.5 percentage point decrease in
material goods and a 1.0 percentage point decrease in material services
over the two decades.

The results show that the material sector dominated the Swedish
GNP in 1993, with 52.2%, but information services were the largest
component of the economy, with 42.3%, and information goods the
smallest, with 5.5%. Over the next two decades, the material economy
decreased to 39.6% by 2012, as the information sector grew to 60.4%.
Interestingly, the information goods component peaked at 11.4% in
2001, followed by a slow decrease to 9.0% by 2012. Information ser-
vices, on the other hand, grew by an average of 0.48 percentage points
annually, growing by a total of 9.1 percentage points to 51.4% in 2012.

The changes in the material economy were substantial in the first
decade, as material goods decreased from 36% in 1993 to 19.9% in
2001. Meanwhile, material services grew by 4.1 percentage points from
16.2% to 20.3% over the same period. Changes in the second decade for
the material economy were minor: less than 1 percentage point for both
goods and services.

Comparison of the Danish two-by-two decomposition with the
Swedish one shows that the Swedish information goods component was
larger than the Danish one in 1993 (2.0% versus 5.5%). Moreover,
Danish information goods decreased to 1.3% in 2012, and Swedish
goods grew sharply to 11.4% in 2001, only to decrease to 9.0% in 2012.
Hence, the Swedish information goods sector was several times larger
than the Danish sector that year. Information services in Denmark were
larger than in Sweden in 1993 (54.1% versus 42.3%), and this was the
case in 2012 (57.1% versus 51.4%) as well. However, the Swedish in-
formation services grew by 9.1 percentage points, while the Danish
services grew by only 3.2 percentage points over the two decades.
Therefore, one conclusion is that even though both the Danish and the
Swedish economies were dominated by information products, the
Danish information sector was totally dominated by its information
services (57.3% information services versus 1.3% information goods) in
2012, while the Swedish information sector showed slightly greater
balance between information services (51.4%) and information goods
(9.0%) that year. For the two studied decades, information services
grew, on average, twice as much in Sweden as in Denmark (0.48 versus
0.24).

Table B1 (Appendix B) presents the U.S. value added in percentages
for the two-by-two decomposition for 1992, 1997, 2002, and 2007. The
results show that the information sector increased from 56.0% in 1992
to 60.2% in 2007. Information goods decreased from 6.5% to 5.3%,
representing an average annual decrease of 0.08 percentage points, and
information services increased from 49.5% to 54.9%, representing an
annual growth of 0.36 percentage points. The insight here is that the
dominance of the information sector in the U.S. economy was mainly
due to its information services component.

Comparing the U.S. information sector to the Danish and Swedish
information sectors separately (United States for 1992-2007, Denmark
and Sweden for 1993-2008) shows several similarities and differences.
First, all three economies were dominated by their information sectors
in the time period, with the United States and Sweden being of a similar
size (60.2% and 59.2%) and Denmark being slightly smaller (56.5%).
For the studied period, the U.S. information sector peaked at 63% in
1997, followed by a slight decrease to 60.2% in 2007. On the other
hand, both the Danish and the Swedish information sectors grew, with
minor increases and decreases. It is too early to confirm that the U.S.
information sector is witnessing a consistent change in the trend from
increasing to decreasing, but these data may be an indication of this
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change. A consequent question is whether there will soon be similar
changes in Denmark and Sweden. Second, the U.S. and Danish in-
formation services for 2007 and 2008, respectively, were similar in size
(54.9% and 55.0%) but different from the Swedish information services
(49.6% in 2008). Third, information goods in 2007 were largest in
Sweden at 9.6%, followed by the United States (5.3% in 2008) and
Denmark (1.5% in 2007). Overall, these figures show that the structure
of the Swedish information sector resembles that of the United States
and differs from that of Denmark.

Table B2 (Appendix B) presents the Republic of Korea's value added
in percentages for the two-by-two decomposition for 1990, 1995, and
2000. The results show that the information sector increased from
52.0% in 1990 to 59.0% in 2000. Information goods increased from
11.0% to 12.5%, representing an average annual growth of 0.15 per-
centage points, and information services increased from 41.0% to
46.5%, representing an annual growth of 0.55 percentage points. The
insight here is that the overall economy of Korea was dominated during
this time by its information sector, which was in turn dominated by its
information services component. Both information goods and services
grew, but the annual increase of information services was several times
higher than that of information goods.

Comparing the information sector of Korea with the information
sectors of Denmark, Sweden, and the United States is challenging. The
available data on Korea start in 1990, which were compared to the
1992 data for the United States and the 1993 data for Denmark and
Sweden. The next data points for Korea are for 1995 and 2000, whereas
data are available for the United States for 1997, 2002, and 2007 and
for Denmark and Sweden for 2001, 2005, 2008, and 2012. To assume a
somewhat similar time span to compare the available data, 1995 data
on Korea are compared to 1997 data on the United States and 1993 data
on Denmark and Sweden. Data on Korea for 2000 are compared to the
U.S. figures for 2002 and data on Denmark and Sweden for 2001.

Korea's 1995 information goods component (12.9%) was larger than
in the three other economies: the United States (6.5%), Sweden (5.5%),
and Denmark (2.0%). Korea's 1995 information services component
was 43.7%, resembling Sweden's information services in 1993 (42.3%)
but far less than the 49.5% component in the United States in 1992, and
even further from the 54.1% in Denmark in 1993. Korea's information
goods component in the year 2000 was 12.5%, which again resembled
Sweden's information goods for 2001 (11.4%) and was twice that of the
United States in 2002 (5.9%), again surpassing Denmark's (2.1%).
Korea's information services component for the year 2000 was 46.5%,
which again resembled Sweden's information services in 2001 of 48.4%
and was far behind both 56% for the United States in 2002 and 53.0%
for Denmark in 2001.

In total, all four economies were dominated by their information
sectors in the studied period. However, in terms of the distribution
between information goods and information services, Korea had the
largest relative information goods component and the smallest relative
information services component. Sweden also followed this pattern,
while the U.S. information sector deviated from this pattern, and
Denmark differentiated itself with a very small information goods
component. Overall, Sweden's information sector was closest to Korea's
over the studied period.

4.3. Employment: share of information workers

Porat (1977) developed a conceptual framework for information
worker classification, which is adopted here for comparative reasons.
The framework divides occupations into three major classes: (i) markets
for information, which includes workers whose output or primary ac-
tivity is an information product; (ii) information for markets, which
includes information gatherers and disseminators; and (iii) information
infrastructure, which includes workers whose occupations involve op-
erating information machines and technologies to support the previous
two activities. The main sources of data for measuring the size of
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information employment in Denmark and Sweden are register-based
labor force statistics (Statistics Denmark, 2017) and the Swedish oc-
cupational register (Statistics Sweden, 2017).

To assess a job's information intensity, we use the indicator pro-
vided by Apte et al. (2012) for information intensity, defined as a job's
fraction of time spent in dealing with information-intensive tasks. An
occupation is classified according to five levels of information intensity
(100%, 75%, 50%, 25%, and 0%). We use the following equation for
the estimation of information and material employment in industry i:

n n
IE;= ) wE; and NE =), (1-vwE;,
j=1 j=1 (@)

where:

e [E; and NE; are information and non-information employment, re-
spectively, in industry i;

e v; is the weight that represents information-intensity applied to the
jth occupation and v; € [0; 0.25; 0.50; 0.75; 1];

e and Ej; is the number of workers employed in occupation j in in-
dustry i.

Table 5 presents the two-by-two decomposition of total employment
in the Danish economy for 1960, 1970, 1980, 1990, 1996, 1999, 2004,
2008, 2010, and 2012. The figures show that over this period, the share
of the information workforce grew by 12.8 percentage points from
36.7% in 1960 to 49.5% in 2012, representing an average annual
growth of 0.25 percentage points. Specifically, the data show that this
growth was phased. The first phase was between 1960 and 1990, with
growth from 36.7% to 44.8%. The second phase, from 1990 to 2004,
did not produce any growth, while the third phase, from 2004 to 2012,
witnessed an increase in information workers from 44.9% to 49.5%.
The data also show that while the information goods workers decreased
at an average annual rate of 0.18 percentage points, from 15.1% in
1960 to 5.9% in 2012, information service workers increased at an
annual rate of 0.42 percentage points, from 21.6% to 43.6% over the
same period.

A key conclusion is that information and material workers re-
presented an equal part of the total workforce in Denmark. Information
service workers were the single largest body of workers, accounting for
43.6% in 2012 and showing the largest annual growth.

Table 6 presents the two-by-two decomposition of total employment
in the Swedish economy for 1960, 1970, 1980, 1990, 2001, 2005, 2008,
and 2012. Over the studied period, the share of the information
workforce grew by 13.9 percentage points, from 37.0% in 1960 to
50.9% in 2012, representing an average annual growth of 0.27 per-
centage points. The data also show that while information goods
workers decreased by 5.7 percentage points from 14.2% in 1960 to
8.5% in 2012, at an average annual rate of 0.11 percentage points,
information service workers increased at an annual rate of 0.51, from
22.8% to 49.16%, over the same period. Information service employ-
ment grew substantially, while information goods employment de-
creased. In short, the Swedish workforce was information service

Table 5
Distribution of employment in the Danish economy, two-by-two decomposition.
Source: Calculations based on data from Statistics Denmark (2017).
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Table 6

Distribution of employment in the Swedish economy, two-by-two decomposi-
tion.

Source: Calculations based on data from Statistics Sweden (2017).

Worker type Year
1960 1970 1980 1990 2001 2005 2008 2012
Information 37.0 401 433 445 465 478 50.5 509
workers, in
total
in goods 142 111 97 8.2 8.6 8.6 9.0 8.5
in services 228 29.0 336 363 379 39.2 415 424
Material workers, 63.0 599 567 555 535 522 495 49.1
in total
in goods 453 374 295 252 195 177 154 143
in services 17.7 225 271 303 340 345 341 348
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

dominated during this period.

A comparison of the workforce composition between Denmark and
Sweden shows that in 1960, the size of the workforce in the information
sector was similar in the two countries, at around 37%. Moreover, the
balance between information goods and service workers was also fairly
even, with Denmark and Sweden dominating each other by 1 percen-
tage point in terms of information goods and services, respectively.
Both the Danish and Swedish information workforce grew considerably
until 1990, to nearly 45%. However, the goods-service composition
changed, as information goods workers decreased more in Sweden
(8.2%) than in Denmark (11.3%), while information service workers
increased more in Sweden (36.3%) than in Denmark (33.5%).
Moreover, the total information workforce grew in both countries, ac-
counting in 2012 for 49.5% in Denmark and 50.9% in Sweden.
However, the share of information workers in goods decreased sub-
stantially to 5.9% in Denmark and remained the same in Sweden
(8.5%).

Together, this shows that both the Danish and the Swedish in-
formation workforce increased from approximately one-third of the
total workforce in 1960 to approximately half of the total workforce by
2012, with a growing trend in both markets. However, while the bal-
ance between workers in information goods and information services
was similar in the two countries in 1960, it had changed by 2012, as
Denmark had more information service workers, while Sweden had
more information goods workers.

Table C1 (Appendix C) presents the two-by-two decomposition of
total employment in the U.S. economy from 1999 to 2007. These data
represent less than a decade and are compared with the Danish figures
for 1999, 2004, and 2008, and the Swedish ones for 2001, 2005, and
2008.

First, the share of U.S. information workers was 44.9% in 1999,
increasing to 47.7% by 2007, thus exhibiting a similar growth trend to
Danish and Swedish information workers. While the share of informa-
tion workers in Denmark in 2008 was similar to the share in the United
States, the share of Swedish information workers was larger, at more
than half the total workforce. Second, the share of information goods

Worker type Year

1960 1970 1980 1990 1996 1999 2004 2008 2010 2012
Information workers, in total 36.7 40.3 43.5 44.8 42.9 44.9 44.9 47.0 48.3 49.5
in goods 15.1 14.5 14.2 11.3 6.6 6.2 5.3 5.1 6.1 5.9
in services 21.6 25.8 29.3 33.5 36.3 38.7 39.6 41.9 42.2 43.6
Material workers, in total 63.3 59.7 56.5 55.2 57.1 55.1 55.1 53.0 51.7 50.5
in goods 42.4 36.4 23.9 20.6 22.9 21.8 19.8 17.9 14.1 12.4
in services 20.9 23.3 32.6 34.6 34.2 33.3 35.3 35.1 37.6 38.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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workers in the United States decreased from 4.0% in 1999 to 2.8% in
2007. While the numbers of both Swedish and Danish information
goods workers decreased, they still represented a substantially larger
share of the workforce (5.1% in Denmark and 9.0% in Sweden) in 2008.
Third, the share of U.S. information service workers was 40.9% in 1999,
growing substantially to 44.9% by 2007. Both the Danish and Swedish
information service workers also grew considerably over the same
period: Denmark reached 38.7% in 1999 and 41.9% in 2008, while
Sweden reached 37.9% in 2001 and 41.5% in 2008.

The conclusion is that in terms of the share of the total workforce,
half of Sweden's total workers pursue information work, comprising the
largest information workforce of the three countries, followed by
Denmark and the United States, which lag by 3 percentage points each.
Moreover, Sweden has by far the largest information goods workforce,
more than three times that of the United States, with Denmark's be-
tween the two. Finally, information services in Sweden and Denmark
are similar but about 3 percentage points behind the United States,
which has the largest information service workforce.

4.4. Wages: information workers’ share of the wage bill

To measure the total wage bill, we use employment statistics data
and corresponding data on average salaries and wages
(Statistics Denmark, 2017; Statistics Sweden, 2017). First, we classify
the occupations into several categories according to the level of in-
formation intensity described above. Second, we apply the corre-
sponding weights to total employment and total annual wage bills in
each industry. We then calculate information and non-information
wage bills for all occupational categories within industries and sum
them for each industry by applying Eq. (1).

Table 7 presents the two-by-two decomposition of a wage bill for
workers in Denmark for 1996, 1999, 2004, 2008, 2010, and 2012.
These figures show that the information goods workers’ share of the
wage bill decreased annually by 0.06 percentage points (0.9 percentage
points in total), from 2.2% in 1996 to 1.3% in 2012. At the same time,
information service workers increased the total share of the wage bill
from 42.9% in 1996 to 50.2% in 2012, with an average annual growth
of 0.46 percentage points. Meanwhile, information workers’ share of
the total wage bill in goods and services grew by 6.4 percentage points
over this period, which corresponds to an average annual increase of
0.4 percentage points, from 45.1% to 51.5%.

Table 8 presents the two-by-two decomposition of the wage bill for
workers in Sweden for 1993, 2001, 2005, 2008, and 2012. These figures
show that information goods workers’ share of the wage bill increased
by 1.8 percentage points for the 20-year period, from 6.1% in 1993 to
7.9% in 2012, at an average annual growth of 0.09 percentage points.
Meanwhile, information service workers’ share grew by 3.9 percentage
points, from 39.0% to 42.9% for the same period, corresponding to an
average annual increase of 0.21 percentage points. At the same time,
information workers’ share of the wage bill grew by 0.3 percentage
points annually (5.7% in total), from 45.1% to 50.8% over this period.

Table 7

Distribution of the wage bill in the Danish economy, two-by-two decomposition
(%).

Source: Calculations based on data provided by Statistics Denmark.

Worker type Year
1996 1999 2004 2008 2010 2012

Information workers, in total ~ 45.1 46.1 49.3 49.2 52.0 51.5

in goods 2.2 2.1 1.7 1.6 1.4 1.3
in services 42.9 44.0 47.6 47.6 50.6 50.2
Material workers, in total 54.9 53.9 50.7 50.8 48.0 48.5
in goods 25.0 24.2 22.2 221 19.3 19.5
in services 29.9 29.7 28.5 28.7 28.7 29.0
Total 100.0 100.0 100.0 100.0 100.0 100.0

Technological Forecasting & Social Change 162 (2021) 120347

Table 8

Distribution of the wage bill in the Swedish economy, two-by-two decomposi-
tion (%).

Source: Calculations based on data provided by Statistics Sweden.

Worker type Year

1993 2001 2005 2008 2012
Information workers, in total 45.1 50.9 52.4 51.1 50.8
in goods 6.1 8.8 9.4 8.4 7.9
in services 39.0 42.1 43.0 42.7 42.9
Material workers, in total 54.9 49.1 47.6 48.9 49.2
in goods 28.9 19.2 19.6 16.4 15.4
in services 26.0 29.9 28.0 325 33.8
Total 100.0 100.0 100.0 100.0 100.0

Interestingly, 2005 represents a peak for this period for both informa-
tion service workers at 43.0% and information goods workers at 9.4%.
While information service workers’ share maintained the same level in
2012, information goods workers’ share decreased. The data show that
the share of the bill for information workers in total peaked around
2005 at 52.4% and then decreased to 50.8% in 2012. There may be
several reasons for this change, the dominant thesis being that the
automation of work tasks eliminated many jobs (Brynjolfsson and
McAfee, 2014). However, more research is needed to understand this
specific change.

A comparison of the Danish and Swedish wage bills shows that in
2012, the information service workers’ share of the wage bill in
Denmark was 7.3 percentage points larger than the corresponding share
in Sweden (50.2% versus 42.9%) and that the annual growth rate for
information services workers’ share of wages in Denmark was more
than double the growth rate in Sweden (0.46 versus 0.21 percentage
points). On the other hand, the information goods workers’ share of
wages in Sweden was six times greater than in Denmark in 2012 (7.9%
versus 1.3%), the trend in Denmark decreasing while it increased in
Sweden (—0.06 versus 0.09). The conclusion is that while the in-
formation service workers’ wage shares are similar in the two countries,
there is a major difference in information goods workers’ wages.
However, for both information goods and services workers’ share of
wages, there was less than 1 percentage point difference between the
two countries in 2012 (Denmark: 51.5% versus Sweden: 50.8%).

Table D1 (Appendix D) presents the two-by-two decomposition of
the wage bill for U.S. workers for the period 1999 to 2007. These fig-
ures show that information goods workers’ share of the wage bill de-
creased by 1.9 percentage points over the analyzed period, from 6.2%
in 1999 to 4.3% in 2007, at an annual decrease of 0.24 percentage
points. Meanwhile, information service workers’ share grew by 4.8
percentage points from 47.7% to 52.5% over the same period, at an
annual increase of 0.60 percentage points. At the same time, informa-
tion workers’ share of the wage bill grew by 0.36 percentage points
annually (2.9% in total), from 53.9% to 56.8% for the period.

A comparison between the Danish, Swedish, and U.S. shares of wage
bills for information workers shows the following. For the corre-
sponding periods, the U.S. information service workers’ share of the
wage bill was the largest in 2007, at 52.5%, registering an average
annual growth of 0.35 percentage points between 1999 and 2007.
About 5 percentage points behind was the Danish information service
workers’ share of the wage bill, at 47.6% in 2008, with an average
annual growth of 0.40 percentage points between 1999 and 2008.
Around 10 percentage points behind was the Swedish information
service workers’ share of the wage bill, at 42.7% in 2008, with an an-
nual growth rate of 0.09 percentage points between 2001 and 2008.
The conclusion is that the U.S. workers had the largest share of the
wage bill, Swedish workers had the lowest share, and the Danish
workers were in the middle. Notably, there was a large gap of 10 per-
centage points between U.S. and Swedish workers.

Again, the Swedish information goods workers’ share of the wage
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bill was the largest for 2007 and 2008, at 8.4%. From 2001 to 2008, the
period closest to the U.S. data, there was a minor decrease of 0.4 per-
centage points, yet for the entire period (1993-2012), there was notable
growth. The U.S. information goods workers’ share of the wage bill was
nearly half of that of Sweden, with 4.3% in 2007, clearly decreasing
between 1999 and 2008. The Danish information goods workers’ share
was even smaller than that of the United States, with only 1.6% in
2008, also representing a large annual decrease over the study period.
The conclusion is that the Swedish workers had the largest share of the
wage bill, Danish workers had the lowest share, and U.S. workers were
in the middle. There was a large gap between the Swedish workers and
the Danish workers. Comparing information workers in goods and
services shows that the Swedish information service workers’ share of
the wage bill was the lowest, while the Swedish information goods
workers’ share was the largest.

4.5. Cross analysis: value added, share of workforce, share of wage bill

This section examines the relationships between the three areas
analyzed above. The first ratio is the share of economic value added for
information products per share of the information workforce. The
second is the share of the information workforce per share of the wage
bill for the information sectors. The third is the share of value added for
information products per share of the wage bill for the information
sector. As the data for value added, employment, and wages do not
pertain to exactly the same years in the three countries, the following
year correspondence is assumed. For value added in Denmark and
Sweden, 1993, 2001, 2008, and in the United States, 1992, 2002, and
2007. For employment in Denmark, 1990, 1999, 2008, in Sweden:
1990, 2001, 2008, and in the United States, 1999, 2007. For wages in
Denmark, 1999, 2008, in Sweden, 2001, 2008, and in the United States,
1999, 2001, 2007.°

Table 9 presents the ratio of economic value added for information
products per shares of information workers’ employment. These ratios
show that Swedish information goods workers produced much more
value added than Danish workers. On the other hand, Danish in-
formation service workers initially produced considerably more eco-
nomic value than their Swedish peers, but the trend then changed, and
Swedish information service workers produced nearly as much value
added as their Danish peers. U.S. information goods workers produced
considerably more value added than information workers in Sweden.
For information services only, workers in the three countries produced
nearly the same value added, with Denmark producing the most. For
both goods and services, the initial imbalance disappears, and the value
added per information worker nearly evens out. This observation is
conditioned by the fact that the total information workforce was
dominated by information service workers, particularly in Denmark
and the United States.

Table 10 presents the share of wages required per information
worker. These ratios show that U.S. information goods workers re-
quired a much higher wage bill than their peers in Sweden, who in turn
required much more than their peers in Denmark. However, for in-
formation service workers, there was no remarkable difference between
the three countries. The most notable difference, however, was the
wage level demanded by Danish goods workers, which was nearly three
times less than Swedish information good workers and five times less

3This correspondence produces the following yearly matches or three data
points for comparison between the three countries. Three data points for value
added per employment: DK1: 1993/1990; DK2: 2001,/1999; DK3: 2008/2008.
SE1: 1993/1990; SE2: 2001/2001; SE3: 2008/2008; US1: N/A; US2: 2002/
1999; US3: 2007/2007. Two data points for wage share per employment DK2:
1999/1999; DK3: 2008/2008; SE2: 2001,/2001; SE3: 2008/2008; US2: 2001/
2001 US3: 2007/2007. Two data points for value added per wage share DK2:
2001/1999; DK3: 2008/2008; SE2: 2001/2001; SE3: 2008/2008; US2: 2002/
2002; US3: 2007/2007.
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Table 9
Ratio of economic value added produced by 1% of information workers in the
three countries for the first, second, and third periods of comparison.

Period Product Countries Average
DK SE u.s.

First Goods 0.18 0.67 N/A 0.42
Services 1.61 1.17 N/A 1.39
Total 1.25 1.07 N/A 1.16

Second Goods 0.34 1.33 1.48 1.05
Services 1.37 1.28 1.37 1.34
Total 1.23 1.29 1.38 1.30

Third Goods 0.29 1.07 1.89 1.08
Services 1.31 1.20 1.22 1.24
Total 1.20 1.17 1.26 1.21

Table 10

Ratios of wages earned by 1% of information workers in the three countries for
the second and third periods of comparison.

Period Product Countries Average
DK SE U.S.

Second Goods 0.34 1.02 1.53 0.96
Services 1.14 1.11 1.15 1.13
Total 1.03 1.09 1.17 1.10

Third Goods 0.31 0.93 1.54 0.93
Services 1.14 1.03 1.17 1.11
Total 1.05 1.01 1.19 1.08

than U.S. workers.

Table 11 presents the share of wages required to produce economic
value added. The ratios show that, in general, there were no major
differences between the three countries in terms of the share of wages
required to produce economic value added from information products.
This is particularly true for information services, while there were some
minor differences for information goods. Interestingly, for the third
period, the United States had the lowest share of wages per value added
for information services and the highest share of wages per value added
for information goods. Similarly, a comparison between Denmark and
Sweden shows that Swedish value added required a higher share of
wages for information goods, while the Danish value added required a
higher share of wages for information services.

In summary, this cross-analysis shows that the required share of
information workers per share of value added was similar for the three
countries with regard to information services, but for information
goods, there were major differences. The United States required many
more information workers than Sweden, which in turn required many
more information workers than Denmark. A similar trend was visible in
the ratios between the shares of information employees per shares of
wages for information workers. While the ratios for information ser-
vices were similar in the three countries, Denmark required three times
more than Sweden for services, while Sweden required nearly twice
that of the United States. Finally, with regard to shares of value added
for information products per shares of information worker wages, the
three countries were fairly similar in information goods and services,

Table 11
Ratio of value added produced per 1% of wages in the information sector in the
three countries for the second and third periods of comparison.

Period Product Countries Average
DK SE u.s.

Second Goods 1.00 1.30 1.26 1.19
Services 1.20 1.15 1.08 1.14
Total 1.20 1.17 1.10 1.16

Third Goods 0.94 1.14 1.23 1.10
Services 1.16 1.16 1.05 1.12
Total 1.15 1.16 1.06 1.12
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although there were minor differences for goods. Overall, the in-
formation goods production was least efficient in Denmark and most
efficient in the United States, while Sweden was in the middle.
However, regarding information services, the three countries were si-
milar, because information services dominated the information sectors
of the three countries, particularly in Denmark and the United States.

5. Discussion

This paper provides the first analysis of the information sectors of
Denmark and Sweden in the public Internet era and thereby contributes
to studies on information economies. A key insight is that both
Denmark and Sweden have information economies, as the information
sector in each economy accounts for well over half of the country's
economic value added. The size of each information sector is similar to
one another and to that of the United States. However, while the value
added of the U.S. information sector has started to decrease, the in-
formation sectors in Denmark and Sweden are slowly increasing.
Contrary to the intuition that the two Nordic countries and their
economies are similar, this study uncovers a set of structural differences
between the two information sectors and shows that the economic
value added of the Swedish information sector more closely resembles
that of South Korea than that of Denmark or the United States.

5.1. Causes for the differences between the Danish and the Swedish
information sectors

One key difference is that the PRIS in Sweden is considerably larger
than in Denmark, and it is growing, while the Danish PRIS is de-
creasing. On the other hand, the SIS is much larger in Denmark, yet
growing in both economies. Thus, the Danish economy in general, and
its information sector in particular, is more dependent on the SIS than
the Swedish economy and its information sector, while the opposite is
true for the PRIS. This would have been expected if the government
spending as a share of GNP were larger in Denmark than in Sweden;
however, the opposite is true (Kananen, 2012).

Another plausible explanation is that the internal productivity of
economic organizations is higher in Sweden than in Denmark. While a
detailed industry-level analysis is needed to confirm or refute this hy-
pothesis, there are some indications that this may be the case. One
indication comes from the U.S. economy, where there is an association
between overall productivity gains and the decrease in the SIS begin-
ning in 1997 (Apte et al., 2008; Wolff, 2006). Another more general
indication comes from the findings that productivity gains are asso-
ciated with investments in information and communication technolo-
gies (Lee et al, 2005; Jorgenson, 2007; Papaioannou and
Dimelis, 2007; Wolff, 2006). Specifically, Engelbrecht (1986b) dis-
cusses SIS productivity increase at length in a study of the Japanese
information sector. A key message there is that the size of the SIS is a
matter of organizational and job design with regard to the conduct of
information production, which must differ from the old principles of
organization and job design of material production. Indeed, this argu-
ment has been supported and further developed by more recent studies
(Brynjolfsson and Saunders, 2010). However, another answer to the
question of the size of the SIS may be the share of outsourcing for in-
ternal information services (Wolff, 2006): Do Swedish organizations
outsource more than Danish organizations? Further investigation is
required to uncover the underlying drivers of the size and evolution of
the SIS.

Another key difference between the Danish and Swedish informa-
tion sectors is present in their respective production of information
goods and information services. Regarding the value added, the pro-
duction of information goods is noticeably greater in Sweden than in
Denmark, while information service production is slightly larger in
Denmark. Again, this difference shows that the Swedish information
sector more closely resembles that of South Korea than that of Denmark
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or the United States. Overall, the Danish and Swedish economies are
information service dominated as these sectors account for more than
half of each country's total value added. Unsurprisingly, the informa-
tion goods-services asymmetry between Denmark and Sweden is also
manifested in terms of the share of information workers, with Sweden
having more information goods workers and Denmark more informa-
tion service workers. However, information service workers dominate
the entire workforce in both economies. Again, the information goods-
services asymmetry is also revealed in terms of the wage bill share.
Danish information service workers receive a larger share of the total
wage bill than Swedish information service workers, with the opposite
true for information goods workers. However, for all information
workers, the share of wages is similar in the two economies. Again, the
Danish information sector more closely resembles the U.S. information
sector than the Swedish one. When comparing the three countries’ in-
formation sectors in terms of the ratio of value added per share of
workers, only for information goods (i.e., how much value added is
generated by the share of workers for information goods) there are
major differences. The U.S. ratio is superior. Hence, the United States is
most productive, followed by Sweden's slightly lower ratio, while the
Danish ratio is several times lower. While this productivity difference
for information goods is not visible at the overall level for all in-
formation products, it may still be regarded as support for the above-
mentioned thesis that the internal productivity of economic organiza-
tions in the Danish information sector is lower than that of Swedish
organizations.

Jointly, the asymmetries between the primary versus the secondary
information sectors and between information goods versus information
services offer a foundation for the formulation of a hypothesis that the
greater share of information services in the Danish information sector is
related to, or even causes, its greater SIS. One reason could be that the
design and execution of information services require a larger internal
setup for an economic organization than information goods production.
Another related reason could be that such an internal organizational
setup has yet to increase productivity. Further studies are required to
observe these mechanisms at work.

5.2. Job automation

A recent and somewhat heated debate addresses the empirical
phenomenon  sometimes labeled the “great decoupling”
(Brynjolfsson and McAfee, 2014). It concerns the observation that while
the level of economic productivity is increasing in the U.S. economy,
the level of new jobs is not increasing as expected. This, together with
other empirical observations about the development and adoption of
various digital technologies, gives rise to the message of the so-called
“second machine age,” which includes the postulate that digital tech-
nologies are becoming so smart that they will replace and automate
numerous tasks and jobs currently conducted by humans
(Brynjolfsson and McAfee, 2014; Frey and Osborne, 2017). On the other
hand, some argue that this will not be the case because new tasks and
jobs will emerge instead (Autor, 2015; Davenport and Kirby, 2015;
Kaine and Josserand, 2019), similarly to when the first machine age
caused mechanization. Whether all tasks and jobs will be replaced by
technology and whether new types of tasks and jobs will emerge are
important questions that cannot be answered here. However, this study
shows that approximately half of the jobs in Denmark and Swede-
n—and in the United States and South Korea—are information-pro-
cessing jobs and are therefore potentially subject to replacement by
automation-enabled digital technologies. Accordingly, the other half of
the jobs are concerned with material processing and are hence poten-
tially subject to mechanization. One conclusion is that, currently, all
jobs in Denmark and Sweden cannot be replaced by digital technologies
with their ability to mimic human cognition, as half of all jobs are not
concerned with information processing. Moreover, the fact that such a
large share of the workforce is still occupied with material processing
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tasks shows that while the first machine age did eliminate many jobs,
not all jobs were rendered redundant; in fact, it also created new types
of jobs (World Economic Forum, 2016). It is thus reasonable to assume
that a similar pattern may emerge for the ongoing second machine
age—the digitalization of societies and their economies—meaning that
many current jobs will be eliminated by machines, while new job types
will be created.

Over the studied period, the labor market in Denmark, Sweden, and
the United States experienced an intense polarization of employment:
from the material to the information sector. The aggregate share of jobs
in low- and middle-skill production and in clerical occupations declined
from the 1960s onward, while the share of jobs in high-skill profes-
sional and managerial occupations, as well as low-skill service occu-
pations, increased. This coincided with a polarization of wages. A key
driver of job polarization seems to be the rapid penetration of in-
formation and communication technologies that replace routine work-
tasks and jobs, typically constituting middle-skill occupations. On the
other hand, an introduction of advanced technologies requires workers
with special skills, who are scarce in the labor market, which generates
wage polarization.

5.3. Policy implications

This study's findings that the information sector dominates the in-
formation economies of Denmark and Sweden should be of interest to
the designers of policies, particularly government policymakers.
Depending on political directions and priorities, be they economic
growth, job creation, or wage increases, the present study provides
inputs to decisions in the formulation of policies.

The structure and evolution of an information sector can affect
several areas of public policies. One such area is education and training,
which can provide a workforce with the relevant knowledge and skills
to succeed in the information age, particularly in the production of
information services. Another policy area is taxation, where corporate
taxation may be designed to incentivize corporations to invest in the
development of human capital, which is the core resource of informa-
tion production. The reduction of work taxation, in contrast to other
assets and resources, may be central to stimulate the information
economy, which typically does not depend on resources other than the
workforce. Novel forms of employment due to the use of information
and communication technologies enable a wide range of self-employ-
ment options, where customized taxation may stimulate such self-em-
ployment. A related area of policy is the taxation of startups, which,
when designed appropriately, can incentivize the creation of and
transition into new types of information jobs. Yet another policy area is
the regulation of intellectual property, which needs to balance in-
centives for innovation with public access and benefits. The recent
dramatic growth of companies like Amazon and e-Bay shows that e-
commerce may require careful regulation so as to protect customer
rights, stimulate the growth of international trade, and at the same time
protect the main street and local businesses. A final dramatic illustra-
tion of the benefit of knowledge of the structure and dynamics of an
economy's information sector is its ability to offer crucial guidance for
the assessment of economic impacts of major crises, such as the recent
COVID-19 pandemic. This in turn may offer guidelines for a policy
aimed at handling such a crisis. In the case of COVID-19, a common
governmental reaction was to reduce people's mobility, which pre-
vented people from reaching their workplaces and thus hindered their
ability to conduct work activities there. While industrial manu-
facturing, such as car production, had to close its operations, much
information producing work could be relocated to employees’ homes
and could be conducted there. An economy where the share of the in-
formation sector is 60% or more will therefore be affected less than an
economy with an information sector of 40% only.

Due to space limitations, we only present one case of a recent
misconception in information sector policy design as an illustration of
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the importance of the findings reported here. In January 2012, the
Swedish government announced a decrease in the domestic value added
tax, from 25% to 12%, for restaurant services only, which is a material
service according to the classification adopted here. That initiative was
justified by the aim to stimulate the growth of service production and
consumption and their contribution to Sweden's economic growth
(Swedish Government, 2011). The analysis presented here shows that in
2012, material service production accounted for 34.8% of total em-
ployment and produced only 20.6% of value added. On the other hand,
information services accounted for 42.4% of total employment and
produced 51.4% of total value added. Therefore, in terms of economic
growth, information service employment contributed twice as much as
material service employment. If the policy actually aimed to “con-
tribute to economic growth,” it should have targeted information ser-
vice jobs (e.g., software programmers) rather than material service jobs.

5.4. Understanding the digital economy

This study shows that the information sector dominates the Danish
and Swedish economies, while other studies, cited above, show similar
situations in several other advanced economies. Thus, a substantial part
of such economies operates with the help of digital technologies in
terms of fully automated processes (e.g., matching a call for a taxi with
the available cab) and processes operated by human agents who receive
support from digital technologies (e.g., paying for the cab by accepting
the given fee through a phone application). Recent research indicates
an emerging field, sometimes called the economics of information
technologies (Varian et al., 2004), with an overall message that the use
of digital technologies for business conduct modifies, in some respects,
the conventional economic wisdom established by the empirical studies
of the industrial age. This study's results, along with similar studies of
other countries’ economic sectors, therefore emphasize the crucial need
to both critically challenge current business and economic wisdom's
suitability to guide the governance of economic organizations and
conduct further research to offer alternative understandings and
guidelines for such management practices.

An early popular exposé of this message was provided by Shapiro
and Varian's Information Rules (1999). A number of independent con-
tributions signaled this message, as briefly mentioned here. A funda-
mental insight is that “information” regarded as a commodity has
several inherent characteristics that are radically different from tan-
gible materials. One such property is that information requires direct
experience to know it, and therefore, its value derives from the ex-
perience of information content—this is sometimes labeled Arrow's
information paradox: the value of the information good to a consumer
is known after the consumer has borne the cost of acquiring it
(Arrow, 1962). Unlike tangible goods, information is thus an unrivaled
phenomenon because an agent can possess information without the
need to deprive others of it (Benkler, 2006).

Moving our focus from information in general to digitalized in-
formation, the theory of “digital objects” (Kallinikos et al., 2010) ar-
ticulates several key characteristics that are fundamentally different
from the material object, where these distinguishing attributes include
the virtually unbounded editability, interactivity, openness, and distribu-
tiveness of digital objects (Kallinikos et al., 2010). On the level of ag-
gregated digital objects, the notion of “digital platforms” may be con-
trasted to conventional physical infrastructures such as roads
(Hanseth and Lyytinen, 2010). Material objects and material platforms
are temporally and spatially stable, whereas digital objects and digital
platforms are temporally and spatially unbounded, open, and in con-
stant flux, modifying themselves and other digital and physical objects
while being subject to modification as well. An overall message is that
digitalized information operates so radically differently from their
analogs in the material world that a completely new set of theoretical
notions is needed to adequately comprehend the digital fabric and thus
govern it.
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Moving from the operational realm to the economic one, the digital
fabric tends to have, in several respects, different economic character-
istics. One is the strong network effect; another is the elimination of
marginal cost; yet another is the tendency to assume several com-
plementary, often indirect, revenue sources (Shapiro and Varian, 1999).
Still another insight is that economic value creation and appropriation
in the context of digitalized businesses cannot be understood in terms of
a single conventional economic theory, which has caused scholars to
synthesize several theoretical concepts to account for some of the dis-
tinguishing features of digital businesses (e.g., Amit and Zott, 2001).

The basic characteristics that govern the structure and behavior of
digitalized information suggest that these principles differ radically in
some respects from the principles used in the material world. Combined
with the fact that more than half of the economy is engaged in in-
formation production, this suggests that we currently employ old
principles generated from empirical observations of the physical world
in the industrial age to conceive and manage the digitalized world,
which the analysis presented here suggests accounts for the largest (and
still growing) share of developed economies. There is a need to replace
some of these old principles with the governance of resources and ac-
tivities operating within the information sector.

5.5. Measurement challenges

This study employs a particular conception of an economy that
deviates from conventional economic frameworks. The works of
Machlup (1962, 1981) and Porat (1977) provide the key underlying
deviating distinction between the physical and informational content of
an output produced by an economic organization, whether for internal
or external use. The distinction in the content of the output, together
with the conventional distinction of the form of the output—goods
versus services—(e.g., Apte et al., 2008, 2012), offers a foundation for
an alternative conceptualization and therefore the measurement of the
economy as a whole. Our results confirm the overall usefulness of this
alternative conceptualization as novel and enable the identification of
knowledge about the underlying economic structures. This novel
knowledge is valuable for both policy design and further knowledge
development.

The official economic data collection in Denmark and Sweden is still
designed in relation to the industrial age, ignoring the uniqueness of
information sectors, such as the information content of a job or product.
This limitation demands extra effort for any measurement of the in-
formation sector, as available data must be reclassified. However, the
challenges associated with such an effort are a key reason for the re-
lative scarcity of published studies on information sectors. A related yet
more profound challenge is the lack of measurement for numerous

Appendix A
Table Al. Table A2.
Table Al

Value added as percentages of GNP for the U.S. PRIS, SIS, and material sector.
Source: Apte et al. (2012).
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digital services offered freely via the Internet to consumers (e.g.,
Internet search engines, social media platforms, encyclopedias, and
dictionaries). The value of these offered and consumed services is
challenging to quantify and measure, yet the scope and volume of such
services are rapidly growing (Aeppel, 2016; Benkler, 2006). More re-
search is therefore needed to develop measurement procedures to ac-
count for the digital goods offered to consumers for free.

5.6. Limitations

This study has several limitations. First, the available time series
data have limitations with regard to missing data for a number of years.
Second, international trade is not analyzed here with regard to product
imports and exports. Third, several types of analyses would advance the
current understanding of information sectors in Denmark and Sweden.
These include industry-level analysis, international trade analysis
(Apte et al., 2012), study of the relationship between productivity and
substitution effects (Wolff, 2006), and analysis of the respective at-
tractiveness of the primary and secondary information sectors
(Apte et al., 2012). Finally, there is a crucial need to further advance
the theoretical development of information sectors, a development that
both accounts for the growing volume of empirical studies and relates
those findings to current theoretical wisdom.

6. Conclusions

This paper presents the first ever measurement of the information
sectors in Denmark and Sweden after the launch of the public Internet.
Information sectors dominate both economies in terms of value added,
employment, and wage bills. Contrary to intuition, the two information
sectors differ, with the SISProcedure for Covering Pareto Frontand in-
formation services dominating Denmark's economy, unlike Sweden's. In
fact, the Swedish information sector more closely resembles South
Korea's than Denmark's, while the latter is in several ways more similar
to that of the United States.

The results uncover new economic structures and dynamics that
seem to condition the productivity of the information Procedure for
Covering Pareto Frontector and therefore the overall economy. This
study suggests that the productivity of internal operations for economic
organizations in Sweden surpasses that of organizations in Denmark.
The results also show that there seems to be room for ongoing job au-
tomation. However, not all jobs can be automated, as there are still
many non-information processing activities in the two economies.
Although the results have several limitations, they also present multiple
implications for both the design of public policies and further research.

Sector Year

1967 1992 1997 2002 2007
PRIS 25.1 33.0 35.2 38.7 39.0
SIS 21.1 22.9 27.8 23.2 21.2
Total information sector 46.3 55.9 63.0 61.9 60.2
Total material sector 53.7 44.1 37.0 38.1 39.8
GNP 100.0 100.0 100.0 100.0 100.0
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Table A2
Value added as percentages of GNP for Korea's PRIS, SIS, and material sector.

Source: Choi et al. (2009).

Sector Year
1990 1995 2000
PRIS 40.4 45.0 46.1
SIS 11.6 11.5 129
Total information sector 52.0 56.5 59.0
Total material sector 48.0 43.5 41.0
GNP 100.0 100.0 100.0
Appendix B
Table B1. Table B2.
Table Bl
Value added in percentages of GNP in United States, two-by-two decomposition.
Source: Apte et al. (2012).
Products Year
1992 1997 2002 2007
Material goods 125 10.5 9.4 10.2
Material services 31.5 26.5 28.7 29.6
Material products 44.0 37.0 38.1 39.8
Information goods 6.5 6.9 5.9 5.3
Information services 49.5 56.1 56.0 54.9
Information products 56.0 63.0 61.9 60.2
Table B2
Value added in percentages of GNP in Republic of Korea, two-by-two decomposition.
Source: Choi et al. (2009).
Products Year
1990 1995 2000
Material goods 29.4 26.3 21.3
Material services 18.6 17.1 19.7
Material products 48.0 43.4 41.0
Information goods 11.0 12.9 12.5
Information services 41.0 43.7 46.5
Information products 52.0 56.6 59.0
Appendix C
Table C1.
Table C1
Distribution of employment in the U.S. economy, two-by-two decomposition.
Source: Apte et al. (2012).
Worker type Year
1999 2000 2001 2002 2003 2004 2005 2006 2007
Information workers, in total 44.9 47.4 47.6 44.8 47.8 47.7 47.6 47.6 47.7
in goods 4.0 3.8 3.6 3.1 3.1 3.1 3.0 2.9 2.8
in services 40.9 43.6 44.0 44.7 44.7 44.6 44.6 44.7 44.9
Material workers, in total 55.1 52.6 52.4 52.2 52.2 52.3 52.4 52.4 52.3
in goods 10.0 9.8 9.2 8.5 8.4 8.0 7.9 7.8 7.6
in services 45.1 42.8 43.2 43.7 43.8 44.3 44.5 44.6 44.7
Total: 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Appendix D
Table D1.

Table D1

Distribution of the wage bill in the U.S. economy, two-by-two decomposition (%).

Source: Apte et al. (2012).
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Worker type Year

1999 2000 2001 2002 2003 2004 2005 2006 2007
Information workers, in total 53.9 56.0 55.9 56.5 56.7 56.6 56.5 55.5 56.8
in goods 6.2 5.8 5.5 4.7 4.8 4.7 4.5 4.4 4.3
in services 47.7 50.2 50.4 51.8 51.9 51.9 52.0 52.1 52.5
Material workers, in total 46.1 44.0 44.1 43.5 43.3 43.4 43.5 43.5 43.2
in goods 8.6 8.7 8.2 7.4 7.2 6.9 6.8 6.6 6.4
in services 37.5 35.3 35.9 36.1 36.1 36.5 36.7 36.9 36.8
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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