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ABSTRACT

For decades, information and communication technologies (ICTs) have been incorporated
into innovations and promoting great transformations in the world economy. This work
analyzes the intersectoral relations between industrial activities, ICT and services in the main
economies of the world to understand the role that ICT plays in the economy, the relationship
between companies and the changes that occurred in 2000, 2007 and 2014. We use the
analysis of two indicators: (i) value added, to evaluate the dimension of said activities and (ii)
total density, to evaluate the links between them. The results show that, in more advanced
economies, the indicators between ICTs and other activities are denser and are directly related
to the development of more sophisticated services, located in the stages of the value chains

that generate a larger share of the value added.

KEYWORDS: Information and communication technologies; Industry; Services; Intersectoral
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1. Introduction

Information and communication technologies (ICTs) provide
significant transformations in the economy. They were fundamental
for the emergence of global value chains (GVCs) in the 20" century
and continue to influence these chains through new technological
developments such as the Internet of Things, cloud computing,
big data, among others (NORDAS; KIM, 2013; WORLD TRADE
ORGANIZATION, 2019). According to the Organisation for Economic
Co-Operation and Development (2017), the ICTs industry is the
backbone of today’s society and what we call the digital economy.
Without them, it is nearly impossible entering most value chains
(WORLD TRADE ORGANIZATION, 2019).

This work aims to contribute to the literature on the interdependence
between the manufacturing and services sectors (ANDREONT;
GREGORY, 2013; ANDREONI; CHANG; LABRUNIE, 2021),
specifically how ICTs play a relevant role in the productive structure
of countries. The discussion about complementarity often starts on
deindustrialization and the consequent increase of the services sector’s
share in the economic growth of countries.

According to Nassif and Morceiro (2022), natural deindustrialization
is a phenomenon that follows an inverted U-shaped curve; that is, as
a country’s per capita income increases, the industrial share of GDP
in the total GDP increases up to a certain level. Beyond this level, the
industry share begins to decline, while the services sector spearheads
economic growth instead. This is considered standard deindustrialization,
being generally limited to developed countries. Developing countries
might be affected by premature deindustrialization: before developing
the industrial sector, the services sector begins to increase its share
of their GDP growth, leaving not only a poorly developed industrial
structure but also low manufacturing capacity in these economies.

According to Andreoni and Gregory (2013), the theoretical explanation
for the increase in the participation of services during economic growth
is related to factors on the demand side. That is, as income increases,
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families spend more on services and less on manufactured goods;
this applies to both developed and developing countries. Developed
countries, such as Australia, Canada, and the United States, are used as
examples of how productivity and job creation can be sustained through
the services sector (ANDREONI; GREGORY, 2013). In developing
countries, the Indian experience is used to show a new pattern of
structural change supported by services-led growth. However, these
explanations [“service-oriented view”, cf. Andreoni and Gregory (2013)]
pay little attention to the fact that developing countries, due to premature
deindustrialization, lose capabilities that would allow them to address
demand-related changes.

Andreoni and Gregory (2013) analyzed the symbiotic interdependencies
between manufacturing and services. According to them, the ability
of a country to develop its service sector depends on the structural
and technological composition of the manufacturing sector. That is,
services differ from each other in terms of complexity and technological
intensity. Therefore, having a sophisticated industrial base is relevant.
Similarly, Andreoni, Chang and Labrunie (2021) emphasize that new
technologies related to ICTs are capable of generating productivity
increases and value aggregation gains, but manufacturing remains
the primary learning ground for industrialization.

In light of this discussion, the aim of this work is to analyze and
quantify the interlinkages between industrial and service activities to
demonstrate their mutual dependence. The objective is to compare the
evolution of the links between the service sector and manufacturing across
selected countries and periods. The intention is not to discuss whether
more sophisticated services linked to ICTs lead to higher productivity
or whether they depend on a more developed manufacturing sector.
This is a theme that is already addressed in the literature. Our aim is
to emphasize the mutual dependence between higher technological
content services and industry.

To achieve this, we analyze the intersectoral relationships between
the two activities in the world’s major economies for the years 2000,
2007 and 2014, seeking to identify the main links between them.
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We adopt Szapiro (2012)’s hypothesis regarding the relevance of the
ICTs sector for national economic development: the more advanced
a country’s economic structure, the stronger its links with the ICTs
sector will be. In addition, ICTs drive the development of more
sophisticated services, which in turn imply stages in the value chains
that create a greater share of value added in the production of a good
(CASTELLACCI, 2008; BALDWIN, 2013); that is, they create better
jobs with better salaries.

This work is divided into five sections, in addition to this
introduction. Section 1 lays down the ICT complex, presenting the
different activities, differences in terms of value added and skills
demanded. Section 2 details the methodological procedures and
metrics employed. Section 3 evaluates the value added of the selected
countries and activities. Section 4 evaluates the network density
indicator. Finally, the conclusion presents the final considerations on
the results obtained.

2. The role of services in GVCs: the importance of
ICTs

It is widespread in the literature that the second half of the twentieth
century was accompanied by strong changes in the global productive
structure, thanks to the diffusion of ICTs and globalization. It caused
deep impacts on the social and economic landscape. This process
intensified in the 1970s and 1980s. More and more the relationship
between industry and services became prominent to economic
development. The services sector had become the most relevant one in
most economies in terms of value added and employment, according
to Confedera¢do Nacional da Industria (2023).

A series of radical innovations were gradually introduced into the
economy, initially with the semiconductor industry and, later, with the
software and telecommunications sectors, which spread rapidly since
the 1990s. As a result, new services based entirely on information and
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communication have emerged, as well as improvements in existing
ones (CASTELLACCI, 2008).

Influenced by these events, Castellacci (2008) highlights that
the service sector has experienced rapid growth, being currently
responsible for the largest value added, employment and trade shares
in most countries. Provided by more advanced service activities as a
result of ICTs emergence and diffusion, these new sectorial dynamics
show that there has been a growing interdependence and a greater
exchange between industry and services.

Low (2013) points out this integration between services and
industry as a trait of value chains in the sense that services and industry
are interdependent in the process from product design to support for
the final consumer. In this context, services have often been seen as
the “glue” that unites value chains, ensuring that they work smoothly.
In addition, services are part of many production processes that make
them a marketable input (LOW, 2013).

In this way, the globalization and the evolution of ICTs in the
1970s and the 1980s redefined and gave a new meaning to the service
sector, which has become fundamental and complementary to the
industry. Since services have become a highly dynamic and sophisticated
sector, they have been influenced not only by changes in preferences
in final demand but also by changes in the firm’s internal organization,
structural changes in international trade patterns and technological
advances (FORNARI; GOMES; HIRATUKA, 2017; CASTELLACCI,
2008; KON, 2007; GREENHALGH; GREGORY, 2001).

Although, on one hand, services account for approximately two-
thirds of GDP and less than a quarter of total trade in goods in many
developed countries, on the other, they contribute more than 50% to the
value added formation in many of these countries (ORGANISATION
FOR ECONOMIC CO-OPERATION AND DEVELOPMENT, 2013).
This shows how services contribute significantly to manufactured
goods production processes (ORGANISATION FOR ECONOMIC
CO-OPERATION AND DEVELOPMENT, 2013).
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The Organisation for Economic Co-Operation and Development
(2017) report points out that the main technological advances and
innovations have always been accompanied by extensive transformations
in the labor market in the sense that the diffusion of digital technologies
increases the demand for jobs with “nonroutine tasks” (usually related
to complex tasks performed by qualified labor) at the expense of
employment with “routine tasks” (less complex tasks, easy to standardize,
normally performed by less qualified labor).

In the midst of these changes, services began to have an even
more heterogeneous and diverse character. Some authors proposed
taxonomies to classify the various types of existing services. Among
the various aspects that these typologies incorporate, our study has
a special interest in the capacity of services to absorb and create
innovation, their relationship with other sectors of the economy, in
particular, how they integrate with industry and their relevance to
GVCs. In short, its relevance in the economic system.

The taxonomy proposed by Castellacci (2008) divides services
into three groups: the first is knowledge-intensive services (or with
high technological content), which gives support to the knowledge
base of most innovations from all other sectors. They are the suppliers
of specialized knowledge and technical solutions such as software,
R&D, engineering and consultancy. The second group is supporting
infrastructure services, which represent physical infrastructure
activities such as logistics and network infrastructure services such as
finance and telecommunications. The third group includes personal
services, which are services with low technological content that
acquire technology and knowledge from other sectors. According to
Castellacci, knowledge-intensive services and network infrastructure
services are more dynamic than the others because they are closer to
the ICTs paradigm.

There are other taxonomies. Confederagdo Nacional da Industria
(2023), for example, divides the service sector into two categories:
cost-related services and value added services. The first includes
functions that affect production costs such as logistics and transport,
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storage, repairs and maintenance, credit and financial services, travel,
accommodation, food, and distribution, among others. In the second
category, there are the functions that contribute to add value, differentiate
and customize products (design, engineering, consulting, software,
specialized technical services, sophisticated IT services, marketing,
among others) and, therefore, raise their market price, increase labor
productivity and return on capital.

The Confederagdo Nacional da Industria (2023) classification
also brings a hierarchical organization of global production: developed
countries are associated with value added services, where knowledge
and innovation are intimately linked. Developing countries, however,
are associated with cost-related services, having sectors with less
technological sophistication and less innovation.

Among the various types of services that exist, as seen above, certain
categories contribute positively to the competitiveness of the industry and
to better performance in GVCs. More advanced or more sophisticated
services are those with greater incorporation of knowledge. This category
of services is, therefore, the one where most of the value added generated
in the value chain is found (CASTELLACCI, 2008; BALDWIN, 2013;
CONFEDERACAO NACIONAL DA INDUSTRIA, 2023).

The growing integration between services and industry is a feature
that was favored by the process of globalization and the advancement
of ICT. According to Castellacci (2008), this integration occurs as
the evolution of the industry drives the development of advanced
services, which, in turn, contribute to the growth of the industry. This
relationship favors the competitiveness of the firm both locally and
internationally and thus positively affects industrial performance in
global value chains. This phenomenon has altered the ways in which
companies enter and remain in GVCs since more advanced services
are essential, as they contribute to increasing industrial productivity
(CONFEDERACAO NACIONAL DA INDUSTRIA, 2023).

In this context, the Organisation for Economic Co-Operation
and Development (2017) highlights the relevance of ICT-services
for international trade in an increasingly digital world, together with

Rev. Bras. Inov., Campinas (SP), 22, e023005, p. 1-31, 2023 7



Amanda Tamires Alves, Rogério Gomes, Celso Pereira Neris Junior

financial services and distribution and logistics services, as they help to
increase productivity, trade and competitiveness across the economy,
both in manufacturing and in the services sector itself.

Diegues and Roselino (2019) argue that ICTs have a focal role
in the development of nations and companies in the Industry 4.0 era.
The third industrial revolution brought the evolution of the services
sector in which technology-intensive activities emerged, since many
of these services are related to ICT. Among them, information and
telecommunication services are highlighted by the authors, as they argue
that these services are the essential infrastructure for the development
of economies in this new paradigm.

The main factor in these changes was the increasing digitalization
of the economy. it led to a technological convergence starting in the
1990s. It changed the limits of ICTs, enabling the integration of different
markets and sectors. This process occurs when structural changes
combine previously distinct markets. With regard to ICTs, it fostered
convergence between the semiconductor industries, electronic equipment
manufacturing, telecommunications services, software development
and content production (ARAUJO; SOUZA, 2014; OLIVEIRA, 2016).

In this sense, for Fransman (2010), ICTs have become an “ecosystem”
formed by equipment configured in networks that provide platforms
on which internet providers use to provide content and applications.
According to the author, it is a dynamic industry that supplies the
essential mechanism for economic and social development, both
nationally and globally. Szapiro (2012) also argues in the same direction,
pointing out that ICTs are responsible for providing the information
and communication infrastructure without which economies cannot
develop. Therefore, the greater the degree of development of this
industry (or ecosystem) in a given country, the greater its potential
economic and social development.

The dynamic and evolutionary process of ICT is intrinsically
related to the industrial and service activities of the sector itself and has
spread throughout the world, influencing structural changes toward
an industry increasingly specialized in the development of services,
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especially services of high technological content (SZAPIRO, 2012).
Thus, Aratjo and Souza (2014, p. 9) draw attention to the fact that
the effects of ICT on the economy and society are due not only to the
significant volume of investments in R&D but also to the transversal
effects on the productivity of other economic activities.

In this way, more than tools that facilitate processes and reduce
transaction costs, ICTs lead to the integration of technologies and
organizations, structures and firms’ internal processes and support for
learning, which consequently leads to knowledge creation (reinforcing
the important role of information). In this way, ICTs also become the
activity that induces and assists in innovative production processes,
and forms of internal or external business organization in the most
diverse areas of economic activity (TIGRE; PINHEIRO, 2019).

From this review, the positive cross-cutting economic effects of
ICTs are clear. Next, we will show the methodological procedures to
evaluate the intersectoral relations ICT has in the economic structures
that were analyzed.

3. Methodological procedures

We used two indicators to analyze intersectoral relations between
industrial, service and ICT activities: value added and network density.
The data used are from the input-output tables from the World
Input-Output Database (2023). The database covers 43 countries and
56 sectors classified according to the International Standard Industrial
Classification (ISIC rev. 4). We used the tables for the years 2000,
2007 and 2014 (which are the most recent series and with compatible
statistics). To avoid excessive information, three years were selected
among those available: the oldest, the one before the 2008 crisis and
the most recent one. Monetary values were deflated by the OECD
Producer Price Index, for 2010.

In line with the scope of our work, the intersectoral relations
analysis is applied to the most relevant economies in ICTs, selected
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according to the value added from the input-product tables of World
Input-Output Database (2023) — greater share of ICT value added in
relation to the worldwide value added. According to these criteria,
Germany, China, South Korea, United States, France, Great Britain,
India, Japan and Taiwan were selected. Together, these countries
were responsible for approximately 68% of ICT value added in 2014.
In addition to the countries mentioned, this study includes Brazil
in the sample under evaluation. According to the adopted criterion,
Brazil appears in 12th place.

Among the sectors (56) defined by WIOD, we considered six
aggregates: (1) ICT considered in three segments, i) ICT-industry’, ii)
ICT-telecommunications and iii) ICT-services; (2) industry without
ICT-industrys; (3) services (i) of low technological intensity and (ii) of
medium/high technological intensity. Thus, the aggregation of services
according to technological content follows an attempt to combine
the classifications proposed by Castellacci (2008) and Confederagao
Nacional da Industria (2023).

We carry out our research in two stages. In the first one, a descriptive
analysis of the value added is made (taken as a proxy for the productive
structures). In the second one, the total and partial density indicator
is calculated using the network analysis method. This indicator makes
it possible to analyze and compare domestic structures and different
economies based on intersectoral relations. Such a method allows us
to identify the differences in the productive structures, either by the
indication of diversification/specialization in certain activities (value
added) or through the densities of these activities, highlighting,
therefore, the most relevant links between the sectors (FORNARI;
GOMES; HIRATUKA, 2017). For the application of this method, it
was decided to limit the number of intersectoral relations, considering
only intermediate flows starting at US$100 million, eliminating less

! For the purpose of consistency, the term “ICT-industry” was used instead of “ICT-
manufacturing” here. It should be noted that the terms “manufacturing” and “industry”
are being used interchangeably in this context.
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relevant flows and facilitating the result analysis. This filter represents
less than 1% of intermediate flows in the US and China, for example.

Density is measured by the ratio m/(n.(n — 1)), where n is the
number of nodes (sectors) and m is the number of links between nodes
in the network (GOYAL, 2007). The value of the density of a network
varies in the range [0, 1], and the closer the density is to 1, the greater
the number of connections between sectors of the economy. Total
density, relative to the links in a network, can also be understood as the
contribution (sum of the number of links) of each node in a network,
that is, the sum of the “partial” densities, each taken in proportion of
possible links in the network.

Due to our interest in the relations between industrial, services
and ICT activities, the partial density is calculated for each pair of
aggregates (k, j), with k # j = i (industry without ICT-industry), Is
(low technology services), hs (medium/high technology services),
ICTi (ICT-industry), ICTt (ICT-telecommunications) and ICTs (ICT-
services)—through the sum of the densities of all sectors included in
it. Under these conditions, total density can be described as follows:

M (ICTi,i) M (ICTi,Is) M (ICTi, hs)
n(n—l) n(n—l) n(n—l)

M (ICTt,i) +M(1CTt,Zs) +M(1CTt, hs) +M(ICTs, i) . 0
n(n—l) n(n—l) n(n—l) n(n—l)

M (ICTs,Is) M (ICTs,hs)

n(n—l) i n(n—l)

Total density =

where:

n: number of aggregates/sectors;
M (k. j)

n(n—l)

: Partial density for aggregate (. /), as defined above.

3.1 ICTs and national structures
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Table 1 shows the relative and absolute share in millions of US
dollars in value added (VA) of the main ICT producer countries and
Brazil, according to the six aggregates we adopted.

3.1.1 Industry and ICT-manufacturing

According to Table 1, in industry (I), which aggregates all branches
of manufacturing present in World Input-Output Database (2023),
except ICTs (ICT-I), some changes are evident in the analyzed period.
The main one to be highlighted is the evolution and consolidation
of China as the main industry in the world. In the 2000s, China was
already the fourth country among those with the largest share (7%)
of industrial value added. In 2007, the Chinese share almost doubled
(12.7%), making the country the second main country in this activity.
In 2014, the Chinese industrial performance continued, surpassing
the US, to become the leading country with 25.2% of the value added
share of the industry.

On the other hand, traditional industrial economies remained
in leadership positions. Aside from China’s entry into the industrial
scene, the US, Japan, and Germany remained highly important in
manufacturing. Altogether, the four countries accounted for more
than 50% of industrial value added since 2000 (57%, 50% and 55% in
2000, 2007 and 2014, respectively).

In addition to China, South Korea and India expanded their
share in industrial value added. In 2014, they both surpassed France
and Great Britain, becoming the fifth and sixth industrial economy.
However, the gap that separates them from the four main countries
(China, USA, Japan and Germany) is considerable. In the case of Brazil,
as well as Taiwan, those countries have retained similar portions of
the industrial value added in recent years, getting closer to developed
countries that “lost” relevance (France and Great Britain) on the world
stage.

This analysis points to the well-known advance of Asian countries,
especially China, toward the strengthening of industrial activities and
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after developed economies transferred these activities to this region.
However, these changes are restricted almost exclusively to China and
do not extend to other countries.

At the same time, Table 1 shows that the ICT-industry, which
refers to the manufacture of computer, electronic and optical products,
moves strongly toward the Asian region over the analyzed period.
The participation of China, South Korea, and Taiwan is growing but
in smaller proportions than those of the other manufacturing sectors.
In addition, China, Japan, South Korea and Taiwan accounted for
approximately 50% of the VA of all ICT-manufacturing in 2014.

It should be noted that in the 2000s, this industry was concentrated
in only two countries, the United States and Japan, which together
accounted for almost 60% of the total value added. In 2014, ICT-
manufacturing remained very concentrated; however, China took
over Japan’s place, therefore both countries had approximately 1/4 of
the sector’s value added.

In relation to the other countries, Germany is the European country
with the largest share of value added from that region, while France
and Great Britain, as well as Brazil and India, make up the countries
with the smallest portions of value added in ICT-manufacturing
throughout the period. Except for India, all of these countries have a
lower share of global ICT-I value added than other industrial sectors.

Some points are worth mentioning. The United States is the
main leader when looking at the ICT segments as a whole, without
exception. In addition, the United States has lost much of its share
in the value added of Industry (I) and the ICT-industry (ICT-I),
approximately -35% between 2000 and 2014, although it still preserves
a substantial part of these manufacturers. China, however, increased
its participation in both industrial segments, living up to its title of
“factory of the world”. For industry in general, the Chinese economy
has almost % of ICT-manufacturing and has positioned itself closer
to the US leadership.

Germany, on the other hand, despite the sharp growth of the
Asian region, has maintained its participation in value added after
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a small reduction, remaining as one of the main economies of the
world in both industrial segments. This seems to be an indication of
its adaptive productive structure in an ongoing changing world.

Japan, although losing its leading place in value added in all the
analyzed aggregates, has its largest participation in ICT-manufacturing,
in 2014 (8.4%). This fact denotes its ICTs’ strategic potential, since it
has large companies, such as Canon and Ricoh in the area of hardware,
equipment and components (ICT-industry), NTT Docomo and KDDI
in the area of telecommunications and Softbank Corporation that
initially started as a software distribution company and is currently
a multinational holding company in the technology industry, among
many others. Most of these companies have a greater focus on the
Japanese and Asian markets, all of which are among the global leaders
in ICT and among those that invest the most in R&D?>.

3.1.2 Medium- and high-technology services

Low-tech services (LS) generally include some nontradable services
and those that can be considered supporting production activities, such
as repair and maintenance of machinery and equipment, wholesale
and retail, terrestrial transport services and postal services. Altogether,
even though low technology services require less qualified work, they
add important monetary value due to their diversity. For example,
in 2014, they exceeded 70% of the high-tech services and 20% of the
entire industry sector combined.

It is important to note that China and the US concentrate 1/3 of
the global value added in these services, but, with the exception of
China, the developed economies (USA, Japan, Germany, France and
Great Britain) maintained a higher share of value added every year
observed. This suggests that these services are more consolidated in
these countries - see Table 1 (LS). In this case, they may demand or
reinforce other activities.

2 For more information see European Commission (2018).
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Table 1 also presents the medium/high technology (HS) services,
which include services such as research and development (R&D),
advertising and market research, engineering and architecture activities,
financial services, legal and accounting, consultancy, and management
activities, among others. These services are closely related to the
industry, requiring their goods to complete their respective services.
They can mirror the technological power of countries. As mentioned
in section 1, these services are linked to the stages of the value chains
that receive different value added shares because they are activities
with greater technological content, that is, they incorporate and/or
require distinctive skills when compared to the other stages of the
value chains.

It is in these activities that the differences between developed
countries such as the US, Japan, Germany, Great Britain and France
becomes clear, although these shares have decreased over time and
reveal some weaknesses of others (Korea, Taiwan and India), even
though the relative percentages have slightly increased in the period.
Even China, which has considerably increased its share of value added
— from approximately 2% in the 2000s to approximately 11% in 2014 -
has not yet managed to match the United States (31% in 2014) as it
did in the activities discussed above, see Table 1 (HS).

Among developing economies, India (from 0.7% to 1.7%), Brazil
(from 1.5% to 2.6%) and South Korea (from 1.4% to 1.7%) showed
significant growth in their participation in the global value added.
However, these shares remain low compared to other countries. Thus,
also considering that the global value added in services of medium/
high technological intensity has almost quadrupled in the period, the
data suggest that specialization of advanced economies persists in these
services and a better positioning of these countries in their activities
in the GVCs. Only China, once again, does not fit the pattern neatly.

A distinguishing feature of developed economies is that, in
general (except for Japan), they have greater shares in the value added
of medium/high technology services than in the low-technology
ones, unlike other nations (except for South Korea). This seems to
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be a confirmation of the structural differences resulting from the
transformations that have been occurring, subdividing the third phase
of the development stage (item 1): the prevalence of the industry is
followed by the ascendancy of services of low technological intensity
and, later, of high technology services.

3.1.3 Telecommunications and ICT-services

Telecommunications represent the pivotal network infrastructure
for most ICT-services. These services are mostly offered on a regional
basis; that is, the largest companies in the industry are concentrated
on different continents, operating mainly in the regions in which
they operate. Examples include AT&T in America, Deutsch Telekom,
Vodafone in Europe, Orange in part of Europe and Africa and NTT
Docomo and China Telecom in Asia.

In this sense, the data in Table 1 (ICT-Telecommunications) suggest
that countries/regions that have a more consolidated network infrastructure
have greater portions of the value added in telecommunications. Thus,
countries such as the US, Japan, the European countries (together)
and, recently, China stand out in this area, reinforcing this argument.
China quadrupled its participation in the sector between 2000 and
2014, and significant growth in its local network infrastructure seems
to have supported the performance of the ICT-industry (more than
quadrupled), ICT-services (multiplied by seven) and high-technology
services (approximately five times higher).

Additionally, observing Table 1 (ICT-Services) - computer
programming services, consultancy and information services, which
are considered knowledge-based services and, therefore, of high
technological content — we note a difference between developed
countries and the others in their participation in the sector’s value
added. Between 2000 and 2007, the developed countries had the largest
share of value added, a difference that was reduced in 2014 with the
growth of the participation of India and, also, of China, surpassing
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French participation. Even so, the US, Germany, Japan and Great
Britain remain the main countries in this services category.

It is noteworthy that it is in ICT-services that developed economies
have their largest share among the other categories that make up ICTs.
They are also higher than the percentages of high technology services
(HS) (except the US - 28% and 31%, respectively) and low technology
(LS). Thus, it is possible to note that developed countries have sought
to specialize in these activities to the detriment of industrial ones
(ICT-industry), manifesting, on the one hand, the tendency of ICT
to become increasingly service intensive and, on the other hand, the
relevance of these activities as suppliers of basic technologies and
enablers of the current innovation processes of the other activities of
the global economy.

3.1.4 ICT analysis

Looking at ICT as a whole in Table 1 (ICT I + T + S), it can be
seen that the US, Japan, Germany, Great Britain (smaller proportion
than the rest of the group due, mostly, to the significant losses in
ICT-I) and China (performance dampened by the small increase in
ICT-S) operate more intensely in the sector, while France India, South
Korea, Taiwan and Brazil have less participation. Chinese advances
are shown to be one of the main changes in ICT over time. This result
is mainly due to the growing Chinese dominance of the value added
of the ICT-industry (on a par with the US) and its consolidation
as a producer and exporter of ICT goods in the world (SZAPIRO,
2012; ORGANISATION FOR ECONOMIC CO-OPERATION AND
DEVELOPMENT, 2017), which were achieved to the detriment of the
decrease in shares from advanced countries.

Although China has more than tripled its share of value added
in the industry, the country’s holdings in the ICT segments have
more than quintupled. The “worst” performance of participation in
value added was in ICT-services (5.2% of the total in 2014), raised by
means of a sevenfold increase over the percentage of 2000 — below
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the US, Germany, Japan, Great Britain and India. This result seems to
explain, on one hand, the impressive Chinese effort and, on the other
hand, that the country has not yet achieved some of competencies in
knowledge-intensive activities, even when the US is removed from the
sample. However, it must be recognized that China has directed its
strategy of specialization toward a more diversified and technologically
advanced production structure.

Although the United States has shown a drop in its share of value
added in the sector (from approximately 1/3 to %), it remains a leader in
ICT, maintaining in this economy both an industrial base (similar to the
Chinese in value added), telecommunications (more than 50% higher
than Chinese) and, mainly, services (five times higher). In this sense,
the recognition that the US maintained primacy both in the industrial
area and in the ICT-services (as well as in the services of medium/
high technological content, as shown above) can be a revealing result
of its strategy compatible with the ones (here called “new”) stages of
economic development based on service competencies differentiated
by the demanded competencies. In summary, the US has not only
made progress in ICT-services and high value added technologies but
has also not “given up” on ICT-manufacturing.

On the other hand, the relative evolution of the value added of
developing countries deserves two highlights. Brazil, in general one
of the smallest relative shares in the analyzed aggregates, achieved the
main performances (value added) in low (SB - most important with
2.8% of the world total in 2014), medium/high (SA; 2.6%) technological
content and ICT-services (ICT-S; 2.6%), higher than the total for
industry (I; 2.1%). The participation of the ICT-industry was reduced
in the period (ICT-I; from 2.1% in 2000 to 0.7% in 2014), reflecting
the strong deindustrialization of knowledge-intensive industries, with
domestic demand being supplied by imports (MORCEIRO, 2018).
In these terms, it seems to be a paradoxical case. However, if India is
taken as a counterpoint, this feature seems to unravel. Considering
its gigantic population and structural problems of great magnitude,
in most of the activities analyzed, India achieved better results than
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Brazil (except in medium-high technology services - in the period
there was an increase in its participation of more than twice, against
70% of the Brazil). India was in a worse situation than Brazil in 2000,
but it has since surpassed Brazil in 2014. In short, Brazil apparently
missed opportunities.

Japan is an interesting case. The country has a similar performance
to that of the US, with generalized losses in the shares of global value
added in different aggregates, but with greater intensity (reduction of
approximately 60%) in every period considered. However, the country
retained part of its share in the aggregates observed. Even so, this
country remains among the global leaders when compared to other
countries in all analyzed aggregates.

The Japanese case can be, with a few additional considerations,
applied to other advanced countries. The losses in the share of the
global value added, total or for each particular aggregate, are explained
mainly by the Chinese emergence. In other words, the world has
changed due to the “China effect”.

3.2 Analysis of intersectoral relations

The density indicator shows the activities that have the highest
number of links with other aggregates. As already mentioned, if the
density of an aggregate — which varies in the interval [0, 1] - is closer
to the upper limit, the greater the number of relations with the others.
Thus, this indicator makes it possible to do both identify and highlight
(rank) the most relevant aggregates, as well as to compare the different
national structures (if the aggregate is structurally more or less rooted
in the country).

3.2.1 Analysis by country

Table 2 shows that the countries with above average density (bold)
in ICT activities are Germany, China, United States, France (except
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in 2014), Great Britain and Japan over the entire period observed.
This implies that the ICTs in these countries are more connected and
integrated with the national productive structure than others. This
tirst result confirms a previous observation: China has achieved a spot
among these relevant ICT actors.

The characteristic evolution of Chinese density (70%) is highlighted
when compared to other countries — null (USA, Japan and France)
or less (Germany, 20%; Great Britain, 30%). China (0.102 in 2014)
increased the relationship between ICTs and other activities, reaching
a level similar to Japan (0.102) and only lower than the US (0.129).
This Chinese achievement is best explained by the strong connection
(approximately 50%) between ICT-manufacturing and industry in
general (ICT, I) and, to a lesser extent (approximately 30%), with
low-technology services (ICT, LS). Thus, the densities of these two
aggregates represent approximately 80% of the country’s total density.
This sets China apart from the US.

Although Japan’s density has experienced a slight decrease
(translated as decrease in links between activities), it has a production
structure comparatively integrated with ICTs and similar to that
of China, that is, strong connections between ICTs and industrial
activities (ICT-I) and with low technological intensity services (ICT-
LS). However, it differs from China in the more intense relations
between ICTs and services with medium-high technological content
(ICT-HS).

In summary, if China has advanced to the point of reaching an
ICT structure similar to that of Japan (unchanged since 2000), it has not
yet proportionally developed relations with higher value added (HS)
services. On the other hand, despite competition from China in ICT,
especially in industry, Japan seems to have preserved the relationships
of its structure - in particular, ICT-I but also ICT-HS.

Despite not having a total density as expressive as the three
previous countries, Germany (0.088 in 2014) and Great Britain (0.086 in
2014) had considerable growth in the links of ICT that mirror slightly
different forms of (re)structuring. Germany preserved ICT’s relations
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with industry (ICT-I) and with low and, in particular, medium-high
technology services (above the sample average). Britain does not differ
in aggregate terms that sustain the changes but in the intensity of how
they have been affected. The country increased the densities of ICTs
with the industry (ICT-I), despite the low connection between ICT-I
with the industry in general (I), less than that of the Germans. It also
preserved at high levels (greater than the Germans) the links between
ICTs and services. France appears to be an enhanced version of the
latter case.

The United States is the country with the highest density of
ICTs in the three periods analyzed. Possibly because of its high level,
the density shows modest growth over the period. It is possible to
distinguish between the ICT structures from the US, China and Korea,
especially due to differences in density with industrial links. However,
this distinction becomes a more difficult task when comparing the
US with Germany, for example. In other words, if the ICT structures
of the most advanced countries in the sample are more similar, how
can we explain the US?

We know that the structure of an economy is denser, or less
frayed, if there is a greater number of links between the activities or
aggregates analyzed. However, suppose an economy is very much
based on a single activity and that this activity has high partial
density and the others have low density. Thus, the total density is
influenced by this activity, but there is a weak contribution from the
other aggregates, that is, there is an “imbalance” between the activities
(partial densities). In other words, the structure of this economy is
not yet “complete”. It is in this context that the partial densities of the
US should be analyzed.

The US differs from the other economies analyzed because they
present a significant part of partial densities at similar levels, that
is, there is a greater balance between the contribution of different
aggregates, and, concomitantly, there is a greater number of aggregates
contributing to total density. For example, the relationships (ICT-I, I),
(ICT-T, I), (ICT-S, I) contribute to the total density with a percentage
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close to 15% each. Note that these examples show links between
different segments of ICT with industry, covering just under half of
ICT links. The other half of the links (density) is associated, equally
homogeneously, with the two service aggregates.

3.2.2 Hierarchical and structural changes

Several countries showed a change in the proportion in which
each aggregate contributes to the total density. In particular, the links
between ICTs and industry (ICT-I) appear to be diminishing to the
benefit of links with service activities, both in the direction of low-tech
services and for medium/high-tech services. This transition, although
not widespread, is largely influenced by the increased links between
ICT-services and other economic activities.

This result suggests that developed countries, especially European
ones (Great Britain, France and Germany), have specialized in service
activities, in particular, medium/high technology services. South Korea
also seems to be moving in this direction, but without giving up the
industry, especially the ICT-industry (ICT-I), unlike the Europeans.

Table 3 summarizes the results of total density and ranks countries
through links between ICTs and other activities. This classification
is compatible with the one obtained through the value added shown
in the previous section (Table 1). In addition, the highlights are (i)
the repositioning of China, (ii) the hegemony of the US and (iii) the
increase in total density in most countries.

The advanced countries stand out for their higher value added
(see previous item) and for the denser relations between aggregates and
ICTs. The discrepancy in the density of the US with other countries,
highlighting the country’s leadership in the ICT sector, is another
element of the scenario that has remained unchanged. Despite the
efforts of the observed developing countries, India (one of the largest
exporters of ICT-services worldwide), Brazil and Taiwan remain
among the countries with the lowest ICT densities in their national
production structures.

24 Rev. Bras. Inov., Campinas (SP), 22, e023005, p. 1-31, 2023



The role of information and communication technologies between industry and service activities

TABLE 3
Total densities in ICTs - 2000, 2007 and 2014
Country Tota.l Country Tota.l Country Tota..l
Ranking Density Density Density

2000 2007 2014
1 USA 0.127 USA 0.128 USA 0.129
2 Japan 0.104 Japan 0.102 Japan 0.102
3 Germany 0.073 Germany 0.099 Germany 0.102
4 Great-Britain 0.066 Great-Britain 0.087 Great-Britain 0.088
5 France 0.062 France 0.081 France 0.086
6 China 0.060 China 0.077 China 0.066
7 South Korea 0.038 South Korea 0.070 South Korea 0.063
8 Brazil 0.028 Brazil 0.051 Brazil 0.051
9 Taiwan 0.018 Taiwan 0.032 Taiwan 0.049
10 India 0.017 India 0.023 India 0.023

Source: Authors’ elaboration based on World Input-Output Database (2023).

4. Conclusion

This study analyzed the relationships between industrial and
service activities and ICTs. The assessment of intersectoral relations
in ICT in the main national economies in this industry allowed us to
understand how ICTs interact with the national structures of different
countries, comparing them and identifying which activities each
country seeks to or has specialized in.

The methods of analysis, value added and network density,
sought to understand the role played by ICTs from the year 2000 to
2014. The contributions of each method made it possible to show how
ICTs are structured in each country of the sample and the respective
specializations, the changes that happened in the period and how ICTs
interact with the different national productive structures.

Both indicators used show that the main change in ICTs were
the emergence of China as one of the most relevant countries in this
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sector, together with the United States, Japan and Germany. If this
result seems to indicate that the changes in the period (2000 to
2014) were limited to China’s entry into a select group, other results
from this study confirm both the Asian region as the center of ICT-
manufacturing, as well as the specialization of developed countries in
services of medium/high technological intensity in ICTs. Still, the US
held 1/3 of the added value of these services, in 2014.

Another change that occurred in the period was the increase
in the relationship between telecommunications and ICT-services
with industrial and service activities, since in most countries, the
relations between ICT-manufacturing and the production structure
were already stronger. The increase in relations in the area of
telecommunications and ICT-services has intensified without a drop
in relations in ICT-manufacturing in most cases. This result portrays
structural change that has occurred in the entire economic system
and not just in individual countries.

Manufacturing is fundamental to the functioning of the ICT
ecosystem, as it is from there that the necessary infrastructure for
the development of sophisticated services originates, which are
disseminated throughout the economy. ICT-manufacturing supplies
the ecosystem itself with the technologies necessary to provide
telecommunications and information services. This justifies the fact
that this industry is extremely strong in spending on research and
development.

It can also be said that the provision of advanced services,
supported by an efficient and large physical infrastructure, together
with telecommunication services, is the main way in which ICTs are
absorbed by other activities of the economic system today. It is through
this relationship that productivity increases occur in the sector itself
and in the rest of the economy. In other words, innovations resulting
from advances in ICTs are disseminated in the economy through the
diversity of services that make up the sector, reinforcing those with
high technological content.
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