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Summary 

This deliverable studies the contribution to productivity of five types of intangibles 

(R&D, computer software, branding, design and organizational capital) and global 

value chain (GVC) participation. 

The analysis is conducted at industry level. GVC participation is analysed using 

network centrality measures calculated from the World Input-Output Database 

(WIOD), while intangible valuation is obtained from the Intan-Invest database. Our 

unbalanced panel consists of 17 countries and 16 sectors observed for the period 

2000–2014.  The analysis is based on a two-stage procedure. First, a proxy for total 

factor productivity (TFP) is obtained by estimating a production function with 

labour and capital as inputs. Endogeneity is accounted for by specific production 

function estimation methods. Secondly, estimated TFP is used to evaluate how 

several types of intangibles and GVC measures affect productivity. A mediation 

analysis is performed to estimate jointly the impact of the two factors and evaluate 

the role of GVCs in the transmission mechanism between intangibles and 

productivity. 

Both GVCs and intangibles were found to be significant drivers of productivity. 

Moreover, our results revealed that intangibles have an impact via two channels: one 

direct and other indirect (via GVC mediation). The main contribution of this study 

is that our results show not only the contribution of intangibles and GVC integration 

to productivity, but also the combined effect of the two. Intangibles are found to have 

a secondary effect, mediated by GVC, which can be as large as the direct effect in 

terms of magnitude.
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GLOBAL VALUE CHAINS: 

The productivity contribution of intangible assets and 
participation in global value chains 

 

 

1 Introduction  

Recent decades have seen drastic change in the organization of production chains; in 

particular, production is becoming more fragmented across countries. The term, global 

value chains (GVCs) refers to all of the activities that contribute to the end product – from 

its initial conception to final distribution. These huge networks enable the exchange of 

materials, intermediate inputs and services, and connect industries and firms located in 

different countries. Porter (1990) notes that countries tend to specialize in the production 

of specific products. This phenomenon is also seen in GVCs – countries that specialize in 

particular sections of the chain import less specialized intermediate inputs from other 

countries. 

In this context, intangible capital is playing an increasing role, and it has been shown 

to affect both participation in GVCs and productivity. Recent studies of intangibles have 

pointed out that significant added value is created in the first and last stages of the 

production chain, before and after manufacturing. The early stages concern product 

design (R&D and design) and the later stages the sale of the product (branding, retail and 

other post-sale services). In recent years, the added value of these stages has increased 

considerably, accentuating the shape of the so-called smiling curve that depicts 

contributions to added value in the various stages of the production chain. 

Although few studies have examined intangible capital in the context of GVCs, recent 

work has shown that participation in GVCs improves productivity (Baldwin et al., 2014) 

and that investing in intangibles favours participation in GVCs (Jona-Lasinio et al., 2016). 

What is missing is an evaluation of the combined effects of the two factors. This paper 

aims to fill in this gap, by analysing the effect of investment in intangibles and GVC 
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participation on productivity, and the linkage between these two factors. In other words, 

it explores two different channels through which intangibles affect productivity: one 

direct and one indirect (via GVCs). 

A key topic in GVC analyses concerns the way participation is defined. In this paper,  

GVCs are seen as huge networks in which firms (or industries) are nodes that exchange 

goods, materials and information with each other. Sectoral data on the import and export 

of intermediate goods, and the level of participation of each unit of analysis is proxied 

using measures of network centrality developed in the literature. 

The analysis is divided into two steps. In the first, a Cobb-Douglas production function 

is estimated with tangible capital and labour as inputs, while residuals are computed as 

the measure of total factor productivity (TFP). This approach addresses a number of 

problems associated with productivity analysis, the most important of which concerns the 

endogeneity of capital in the estimation of production functions. We therefore estimate a 

production function with the Olley and Pakes (1992) method, using capital investment as 

a proxy to account for productivity shocks. 

In the second step, the contribution of GVCs and intangibles, and their relationship to 

TFP are analysed using the estimated TFP proxy. GVC participation is evaluated by 

various network centrality measures. The hypothesis that GVCs mediate the effects of 

intangibles is tested, consistent with the literature that argues that intangibles support 

both productivity and GVC integration. In sum, this paper tests whether intangibles affect 

productivity both directly and indirectly (via GVCs). The analysis is conducted on annual, 

industry-level data. The panel consists of 17 countries and 16 sectors observed for 15 years, 

from 2000 to 2014. 

2 Global Value Chains and intangible capital: a literature 

review 

2.1 Intangible capital as a driver of productivity 

This paper relates to two strands of literature, one on intangible capital and the other on 

GVCs. While there is growing interest in the investigation of each of the topics, there are 

few works that cover both subjects. 
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With respect to intangibles, the literature recognises that they play an important role 

in growth (Corrado et al., 2005; Gu and Lev, 2011; Ståhle et al., 2015). From a company 

perspective, intangibles are considered to be the most valuable asset that companies have 

(Bounfour, 2003). The growth in TFP observed in recent decades has not been explained 

by growth in the use of traditional inputs – a puzzle that intangibles help to solve. 

However, their classification and measurement remains  challenging, given their 

ambiguous nature. At firm level, there is no consensus regarding whether they should be 

included in balance sheets as expenditure or capital investment. Historically, the first 

approach has been followed. Intangibles were considered as expenditure related to 

production inputs; this meant that they were not included in national accounts as capital 

formation, potentially leading to a mismeasurement of output growth. New approaches 

that treat intangibles as investments have recently been introduced (e.g. Corrado et al., 

2005) and some types (such as R&D expenditure), have recently started to be included in 

national accounts.  

Notwithstanding these limitations and difficulties in their identification and 

measurement, their role as a driver of productivity has been studied extensively. For 

example, Corrado et al. (2005) find that intangibles made a major contribution to TFP in 

the 1990s. Marrocu et al. (2012) studied a panel of European firms for the period 2002–

2006, and observed a considerable increase in investment in intangible compared to 

tangible capital. At the same time, they found that the three categories of intangibles they 

defined (human, technological and public capital) made a significant contribution to 

productivity. Similar results at firm level are found by Oliner et al. (2007) and O’Mahony 

and Vecchi (2009), who also find a spillover effect at industry level for R&D-intensive 

sectors. Arrighetti et al. (2014) investigated the factors that lead Italian firms to invest in 

intangibles, and their results show that specific characteristics, such as firm size, human 

capital and historical intangible asset base are most important. Hall et al. (2005) focused 

on patents, and found a positive correlation between patent citations and market value. 

Sandner and Block (2011) examined trademarks and found a positive impact of different 

trademark indicators on firm value. Sectorial level analyses are provided by Corrado et al. 

(2016). The study found, for a panel of 10 European countries, a positive contribution of 

five types of intangibles (R&D, branding, design, training and organizational capital) to 
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productivity growth. Similarly, Greenhalgh (2006) found that R&D and European 

patenting (but not UK patenting) tended to increase market value in the United Kingdom.  

The literature that combines intangible capital with GVCs is less extensive. A GVC 

approach to measuring intangibles is provided by Chen et al. (2017) – the study considers 

the difference between final product value and the cost of tangible factors at each stage of 

production. Dedrick (2017) provides an analysis of the smartphone sector, and compares 

four major brands to evaluate which captures the highest share of profits from intangibles 

in GVCs. Jona-Lasinio et al. (2016) uses country-level data, and found that intangibles 

were among the factors that led to participation in GVCs. They also distinguished between 

intangibles that favour forward participation (in which a country provides inputs to other 

countries further along the chain) and backward participation (where a country receives 

inputs from other countries in the chain). 

2.2 Measuring Global Value Chain participation 

Some of the GVC literature has focused on empirical analyses and case studies (Dedrick, 

2010; Sturgeon and Kawamaki, 2010; OECD, 2013; WIPO, 2017; UNCTAD, 2013; World 

Bank Group et al., 2017). In particular, Roos (2017) emphasises the role of GVCs as a 

driver for economic activity.  

More studies have attempted to evaluate GVC participation through social network 

analyses. As Jackson (2014) points out, the network perspective gives an insight into 

economic behaviours that are difficult to catch through other means, and makes it 

possible to explain the links created by the interaction of people or institutions. GVC flows 

are often presented in the form of Input-Output (I-O) tables. These tables make it possible 

to analyse macro-level interactions, such as international trade between countries, each 

of which is represented as a node in the network. At a more granular level, each node 

represents a national economic sector, which helps to distinguish between flows of 

services and products. Network scores are used to evaluate the position of countries 

and/or industries within these flows. Moreover, these analyses make it possible to 

investigate the input-output relationship between countries and shed light on 

interdependencies among them. In this context, GVCs are weighted networks, where the 

weight of the link is measured by monetary transactions between national industries. 
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Different research teams have provided various ways to process I-O table data. Most 

are free and can be downloaded. For example, Koopman et al. (2014) proposed an 

accounting framework that integrates official trade statistics and national accounts 1 . 

Yamano (2016) described the development of OECD inter-country I-O tables 2 

highlighting that new indicators are needed for evidence-based policymaking. Lenzen et 

al. (2012, 2013) developed an environmentally-extended, multi-region input-output table 

(MRIO) model that take into account carbon, water, ecological footprinting, and a life-

cycle assessment3. Their tables include (among other data) labour inputs, air pollution, 

energy use, water requirements, land occupation, various emissions and primary inputs 

to agriculture. There are two versions of the database; the open version consists of 26 

harmonized sectors, while the closed version is more granular. Another I-O table that 

takes into account environmental indicators is EXIOPOL 4 , also known as the Multi-

Regional Environmentally Extended Supply-Use Table (Tukker et al. 2013). Finally, 

Timmer et al. (2015) developed the World Input-Output Database5 (WIOD) within the 

framework of the International System of National Accounts. The 2016 edition of the 

WIOD comprises 43 countries and 56 sectors, and a model for the rest of the world – the 

latter includes all other trades outside these countries and sectors. The present study 

draws upon WIOD data (see section 3). Table 1 provides an overview of the various I-O 

tables developed by different research projects. 

  

                                                             
1 https://www.aeaweb.org/articles?id=10.1257/aer.104.2.459  
2 https://www.oecd.org/sti/ind/inter-country-input-output-tables.htm  
3 https://worldmrio.com/  
4 https://exiobase.eu/  
5 http://www.wiod.org/home  

https://www.aeaweb.org/articles?id=10.1257/aer.104.2.459
https://www.oecd.org/sti/ind/inter-country-input-output-tables.htm
https://worldmrio.com/
https://exiobase.eu/
http://www.wiod.org/home
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Table 1: I-O databases developed by different research teams. 

Author Database 
Name 

Geographical 
coverage 
(country) 

Sectoral 
coverage 

Period Specificity 

Yamano 
(2016) 

OECD ICIO 67 36 2005–
2013 

Data from OECD 
member and non-
member states 

Timmer et 
al. (2015) 

WIOD 43 and 1 RoW 56 2000–
2014 

Data from national 
accounts 

Koopman 
et al. 
(2014) 

Based on 
GTAP and UN 
COMTRADE 

26 41 2004 A framework that 
aims to breaks up a 
country’s gross 
exports 

Lenzen et 
al. (2012, 
2013) 

Eora MRIO 187 15909 
(products 
and sectors) 

1990–
2009 

Environmental 
indicators 

Tukker et 
al. (2013) 

EXIOPOL v.3 43 and 5 RoW 200 
products 
and 164 
industries 

1995–
2011 

Environmental 
indicators, 40 
emissions 

The network analysis of I-O tables provides new insights into exchanges between 

industries and countries (Amador et al., 2018; Korniyenko et al., 2017; Criscuolo and 

Timmis, 2017; Carvalho, 2014; Kagawa et al., 2013), the structure of these transactions 

(McNerney et al., 2013) and their evolution (Suh et al., 2013; Xing et al., 2016; Cerina et 

al., 2015; Grazzini and Alessandro, 2015). Measurement is another topic that has been 

studied (Blochl et al., 2011; Cerina et al., 2015) 

Carvalho (2014) argues that the network perspective supports the development of 

testable hypotheses, and that the use of I-O data provides an environment for empirical 

explorations. For example, Criscuolo and Timmis (2017) examine the world economy and 

identify central hubs, and peripheral countries and sectors using network centrality 

metrics. The latter authors find that there is a shift in manufacturing value chains from 

traditional production centres, and that different service sectors are gaining importance 

in various countries. Furthermore, the change in network structure is helping some firms 

to catch up. McNerney et al. (2013) show that, globally, manufacturing, food, chemicals, 

services, and extraction industries are the most important. Kagawa et al. (2013) found 
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clusters of environmentally-important industries in the Japanese automobile supply 

chain and, in particular, four industries that are most important for CO2 emissions’ 

reductions. Suh et al. (2013) observe that service and manufacturing industries are 

separate in Korea, and explore the changing structure of the Korean mobile phone 

industry. Xing et al. (2016) study economic development through the interaction of 

different industries. The authors show that industries with higher flow betweenness or 

random walk centrality foster intensive spreading effects in their industrial chain. 

The interconnectedness and dependency of industries and countries brings several 

risks that are analysed within the network resilience literature (Contreras and Fagiolo, 

2014; Ando, 2014; Acemoglu et al., 2015; Korniyenko et al., 2017). Korniyenko et al. 

(2017) use GVCs to evaluate the supply fragility of traded goods globally. The authors 

assess the potential consequences of a supply shock resulting from importing goods from 

specific countries. This assessment can be used to forecast the outcome of conflicts, 

natural disasters and political instability. Various parameters, such as the size of the 

country and the type of the shock play an important role in the economic outcome of a 

supply outage (Contreras and Fagiolo, 2014). The latter authors show that shocks 

affecting final demand have an impact on both the economy and production.  

However, the various models that have been developed to measure diffusion in the 

network show that these economic shocks do not change input and output relations 

between different economic sectors and technology. Ando (2014) focuses on the United 

States, and studies how a shock in the country could affect aggregated output. At the same 

time, it has been shown quantitatively that the direct effects of shocks are limited, 

compared to network-based propagation and that the geographic network has an 

important effect on the propagation of a shock to other industries, due to collocation 

(Acemoglu et al., 2015). 

Various network scores are used to evaluate the position of an economic sector within 

GVCs. Table 2 provides a summary of the literature. Eigenvector centrality indicates the 

importance of a node by measuring the importance of neighboring nodes (Bonacich, 1972; 

Katz, 1953). The distinctive aspect of eigenvector centrality is that it is measured with 

relation to the centrality value of other nodes, while most other centrality measures focus 

on the node itself. 
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Table 2: Network analyses based on I-O tables found in the literature. 

 Network 
parameters 

Countries analysed Database 

Amador et al. (2018) Strength, hub and 
authority 

Germany, US, China, 
Japan 

WIOD 

Criscuolo and Timmis 
(2017) 

Eigenvector Japan OECD ICIO 

Carvallo (2014) Eigenvector US US BEA 

Xing et al. (2016) Flow betweenness China WIOD and China I-O 
table 

Cerina et al. (2015) Strength degree, 
PageRank, community 
coreness 

-- WIOD 

McNerney et al. 
(2013) 

Weibull distribution US OECD I-O table 

Suh et al. (2013) Degree, closeness, 
betweenness 

Korea Korean I-O table 

Contreras and Fagiolo 
(2014) 

Random walk 
betweenness 

European countries Eurostat I-O tables 

Blochl et al. (2011) Random walk, 
modified betweenness 

-- OECD STAN 

For instance, a manufacturing industry connected to other important industries is more 

likely to have a bigger influence or play a more important role in the network, thus its 

eigenvector score is high.  Heo and Lee (2019) argue that, compared to 14 other centrality 

indices, eigenvector centrality can clearly highlight inter-industry convergence.  This 

observation is underlined by its use as an indicator of the importance or influence of an 

industry in earlier studies (Rapach et al., 2015; Heo and Lee, 2019; Qian et al., 2017).  

A more intuitive indication of importance is production received from, and given to, other 

industries. Strength is a network index that is designed to capture this simple property. 

It is divided into three indices depending on the target: strength-all, strength-in and 

strength-out. Strength-all is the summation of what an industry receives and provides, 

while strength-out and strength-in are the summation of outputs and inputs, 

respectively. However, in industry networks these measures are often biased due to loops 

formed when an industry consumes its own production. While eigenvector centrality and 
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strength focus on the weight of adjacent edges, betweenness centrality highlights the role 

of the node as a bridge that links different clusters of nodes. Nodes that have high 

betweenness scores are also called brokers (Brandes, 2001; Freeman, 1978). Blochl et al. 

(2011) used betweenness centrality to show the key sectors of national industries using 

global I-O tables. 

3 Data 

Our analysis draws upon a panel covering the period 2000–2014 consisting of annual 

industry-level data for 17 countries6 and 16 sectors, following the Industrial Classification 

of All Economic Activities (ISIC Rev. 4) classification of industries. 7  Data on GVCs, 

intangibles, value added and production factors were also included. Data sources included 

the World Input-Output Database (WIOD) for GVC data, Intan-Invest for data on 

intangibles and value added, and EU Klems3 for production factors (Table 3). 

In particular, the WIOD dataset developed by Timmer et al. (2015) includes bilateral trade 

flows between sectors in different countries. Each sector produces outputs that are either 

used as inputs by other sectors or are end products. At the same time, each sector receives 

outputs from other sectors and uses them as inputs. 

Table 3: Data sources 

 Database Variables 

Global Value Chain 
World Input-Output 

Database (WIOD) 
Intermediate inputs, trade flows 

Intangibles Intan-Invest  
Investment (at 2010 prices) in R&D, computers 

and software, branding, design and organizational 
capital 

Production factors 
 

EU Klems 
Labour (hours worked by sector) and capital stock 

(real fixed capital stock at 2010 prices) 

All of these exchanges can be seen as part of a huge network in which industries are 

nodes and flows of goods or services (measured in monetary terms) are edges. The 

                                                             
6  Austria, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Italy, Luxembourg, Portugal, 

Slovakia, Slovenia, Spain, Sweden, the United Kingdom and the United States. 
7 In order to make the WIOD database compatible with the other databases employed in the study, several industry 

subcategories were aggregated (R and S into R-S, D and E as D-E and M and N as M-N).  
3 The 2017 EU Klems release is used, see Jäger (2016) for details. 
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centrality of each sector indicates its participation in GVCs.8  Investment data is used to 

proxy intangibles, following the classification presented in the Intan-Invest database 

(Corrado et al., 2016). Specifically, the focus is on R&D, computer software, branding, 

design, and organizational capital. 

GVC participation is measured by network centrality measures. These measures 

indicate the different roles of nodes within network and help to identify influential nodes 

(Bloch et al., 2016). These important nodes are, in this study, industrial sectors within 

countries, and can be found and measured by widely-accepted social network algorithms 

(Bloch et al., 2016). Different centrality measures reflect the different roles that nodes can 

have in a network. 

This paper focuses on three measures. The first, and most intuitive, is the centrality 

score, which is calculated as the sum of all transactions involving a node. It is also possible 

to distinguish between transactions flowing in and flowing out of a sector. In other words, 

it distinguishes between the amount of inputs a sector receives from others (backward 

GVC participation) and the amount of inputs it supplies to others (forward GVC 

participation). The second measure is the eigenvalue centrality score, which is calculated 

by counting the number of ties that a node has with others. This measure is used for 

robustness, as its interpretation is similar to node strength centrality. Finally, 

betweenness centrality is calculated. This measures each node’s importance in linking 

other nodes (Brandes, 2001; Freeman, 1978).  

4 Methodology 

This study investigates the relationship between productivity, GVCs and intangible 

capital. The analysis is performed in two stages. In the first stage, a TFP ex-intangible 

measure is computed by estimating a Cobb-Douglas production function with only labour 

and tangible capital as inputs. The formula is as follows: 

                                                             
8 In order to simplify the network for analysis, all transactions between industries below $10 million USD were omitted. 
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 𝑌𝑐,𝑖,𝑡 = 𝐴𝑐,𝑖,𝑡𝐾𝑐,𝑖,𝑡
𝛽1 𝐿𝑐,𝑖,𝑡

𝛽2  (1) 

where Y is value added, A is TFP, K is capital stock and L is labour measured as total hours 

worked by employees, while the subscripts c, i and t denote country, industrial sector and 

time.4  To reflect endogeneity in inputs, the above production function is estimated with 

the methodology proposed by Olley and Pakes (1992), which uses capital investment to 

control for productivity shocks.9 Equation (1) can be written as the logarithm: 

  (2) 

In this specification, inputs are known to be correlated with the error term. Estimates 

with standard methods yield biased and inconsistent coefficients. 

Following Olley and Pakes (1992), the error term in equation (2) can be divided into two 

components, ω and η: 

  (3) 

of which only ω is correlated with inputs and therefore causes simultaneity. When a 

shock ω occurs, it affects firms’ decision rules. In other words, even though a shock to ω 

is not observed by the econometrician, it is observed by the firm, affecting their 

investment choices. Therefore, firms’ investment decisions are a function of both capital 

and ω. 

 Ic,i,t = ft(ωc,i,t,Kc,i,t) (4) 

Under the assumption that ω follows a first order Markov process, and inverting (4), 

it is possible to develop the following expression for productivity shock: 

 ωc,i,t = ft−1(Ic,i,t,Kc,i,t) = θt(Ic,i,t,Kc,i,t) (5) 

                                                             
9 Levinsohn and Petrin (2003) argue that, in some cases, intermediate inputs are a better proxy than investment for 

productivity shocks. This paper uses investment, for two reasons. First, intermediate inputs are highly correlated with the 
intangible measures used in the second step; and second, using sectoral data rules out the possibility of zero investment 
values that are often present in firm-level data, and therefore the possibility of violating the hypothesis of strict 
monotonicity of the proxy. 
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provided that it is possible to find a control variable Ic,i,t that can proxy investment 

meaning that productivity η is the only unknown variable in the model. Therefore, using 

(5) and (3), equation (2) can be rewritten as: 

 logYc,i,t = β0 + β1 logKc,i,t + β2 logLc,i,t + θt(Ic,i,t,Kc,i,t) + ηc,i,t (6) 

Olley and Pakes (1992) and Levinsohn and Petrin (2003) estimate the model in two 

steps. The first is to regress Y on L and on a non-parametric approximation of θ in order 

to retrieve a consistent estimate of the labour coefficient. This procedure also makes it 

possible to estimate the term β0 + β1 logKc,i,t + θt(Ic,i,t,Kc,i,t) that is used in the second step 

to estimate the capital coefficient by bootstrapping. If the above term is denoted as γc,i,t, 

for any value of βk, θt can be computed as the difference: 

 θt = γc,i,t − β1 logKc,i,t (7) 

In order to see which βk is the ‘true’ beta, we assume that θt(Ic,i,t,Kc,i,t) follows a Markov 

process: 

 θt = g(θt−1) + ζt (8) 

where E(ζt|It−1) = 0 

Estimating the latter non-parametrically, and regressing θt estimated in the previous 

step on its lagged values,  estimated values of ζt will converge asymptotically to the true ζt 

only if the tested βk is the true beta. 

Estimated TFP measures computed in the previous step are used in the second stage of 

the analysis in order to evaluate the effects of investment in intangibles and participation 

in GVCs. In particular, the following model is estimated: 

 TFPc,i,t = α + β GVCc,i,t + γ intc,i,t + µc,i,t (9) 

where GVCc,i,t is a measure of network centrality intended to capture the level of 

integration of sector i in GVCs, while intc,i,t is a vector of intangible capital components 

including R&D, software and databases, design, branding and organizational capital. 

Since variables in the intangible vector have a high degree of multicollinearity, each 

component is evaluated in separate regressions; specifically, each component is evaluated 

with a term that represents all other intangibles except the one considered. This approach 
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is used in order to avoid the problem of omitting relevant variables in each specification. 

The following network centrality measures are used: node strength centrality, eigenvalue 

centrality and betweenness centrality; each is considered in a separate specification. 

At this point, we link our analysis to the extant literature on intangibles, productivity 

and GVCs by evaluating the mediating effect of GVCs in the transmission mechanism 

between intangibles and productivity. The literature highlights that intangibles have a 

considerable direct effect on productivity and encourage participation in GVCs. We 

therefore test whether they also have an indirect effect on productivity through the GVC 

itself. The path diagram shown in Figure 1 shows the hypothesized relations among 

variables. 

 

Figure 1: Potential links between GVCs, intangibles and productivity 

We perform a mediation analysis that estimates the direct effects of both intangibles 

and GVCs on TFP, and uses the relationship between GVCs and intangibles to evaluate 

the indirect effect of intangibles on productivity (via GVCs). This method exploits the 

relationship between GVCs and intangibles in the analysis and evaluates the joint 

contribution of both to productivity. The model is tested using the multilevel data method 

proposed by Krull and MacKinnon (2001), in order to estimate all coefficients 

simultaneously (rather than estimating every path in the diagram in separate equations) 

and to account for panel effects. 

We estimate the following three equations and combine coefficients to find direct, 

indirect and total effects. First, we evaluate the impact of intangibles on TFP without 

mediation: 
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TFPc,i,t = α0 + α1intc,i,t + ec,i,t 

Second, we estimate the effect of intangibles on GVC: 

(10) 

  (11) 

Third, we estimate the impact of both intangibles and GVC on TFP:  

TFPc,i,t = γ0 + γ1 GVCc,i,t + γ2 intc,i,t + ξc,i,t (12) 

  

Finally, we combine the coefficients of the above equations and evaluate their 

significance with bootstrapping simulations. 

5 Results 

5.1 The production function 

Here we present the results of the first stage of the analysis, namely the estimation of the 

production function, in Table 4. As noted in the previous section, we obtain our estimates 

using the Olley and Pakes (1992) method, with capital investment as a proxy for 

productivity shocks. 

Table 4: The production function 

The results at this stage are consistent with the literature at industry level. Next, we use 

the residuals from the above regression as a proxy for TFP, which we use in the 

remaining part of the analysis. 
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5.2 Intangibles and GVCs 

In the second stage, we evaluate the impact of GVCs and intangibles on TFP. We proxy 

GVC participation with three network centrality measures: node strength centrality, 

eigenvalue centrality and betweenness centrality. Five types of intangibles are included 

in the model: R&D, software and databases, design, branding and organizational capital. 

Given the high degree of collinearity between the different intangible components, we 

evaluate each intangible type in separate regressions taking care to avoid omitted 

variable bias. The model is expressed as follows: 

𝑇𝐹𝑃𝑡 = 𝛽0 + 𝛽1𝐺𝑉𝐶𝑡
𝑗
+ 𝛽2𝑖𝑛𝑡𝑡

𝑚 + 𝛽3(𝑖𝑛𝑡𝑡
𝑡𝑜𝑡 − 𝑖𝑛𝑡𝑡

𝑚) + 𝜇𝑡                                              (13) 

where the index j denotes the three network scores mentioned above, while m is the five 

types of intangibles.10 All variables are considered in logarithms. 

The outputs from fixed effects estimations are presented in Tables 4, 5, 6 and 7. The 

results suggest that all of the types of intangibles considered are strong and significant 

drivers of productivity in every specification. GVC participation is positive linked with  

both strength and eigenvalue centrality, but not betweenness. This suggests that having 

many connections matters for productivity, while being a bridge for other industries does 

not. Tables 6 and 7 distinguish between two components of node strength centrality11, and 

capture the distinction between forward and backward integration.12 Forward integration 

measures the goods that flow out from a sector, while backward integration indicates the 

goods flow into that sector. Forward integration happens when industry i provides inputs 

to sector j (exports along the GVC), while backward integration occurs when industry i 

receives inputs from sector j (imports along the GVC).13 Our results suggest that both 

forward and backward integration matter for productivity.  

                                                             
10 Country and industry subscripts are removed to simplify the notation. 
11 The network literature often refers to these measures as in-strength and out-strength centrality. 
12 The distinction between the two components is recurrent in the GVCs literature. See, for example, Jona-Lasinio et al. 

(2016) and Koopman et al. (2010). 
13 For the purpose of this study, we use the terms importer and exporter in a more broad way beyond their 

conventional understanding, as, in our analysis, transactions include also exchanges between sectors within the same 

country. 
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Table 5: Node strength centrality 
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Table 6: Node strength centrality. Forward integration. 
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Table 7: Node strength centrality. Backward integration 

 

To improve robustness, Table 8 uses a second measure of centrality, namely 

eigenvalue centrality. The interpretation of this measure confirms a positive effect on TFP. 

Table 9 uses a third measure, betweenness, to capture the extent to which a node is 

important in linking other nodes in the network. Here, betweenness is not significant, 

meaning that acting as a bridge for other industries does not have any direct effect on 

productivity. 
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Table 8: Eigenvalue centrality 
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Table 9: Betweenness centrality 

 

5.3 The mediating effect of GVCs 

In this subsection, and following Baron and Kenny (1986), we evaluate the role of GVC as 

a mediator between intangibles and productivity. The literature suggests that intangibles 

both support GVC participation and enhance productivity (Jona-Lasinio et al., 2016). 

Using the multilevel data technique proposed by Krull and MacKinnon (2001), we 
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estimate a system of simultaneous equations and evaluate the joint effect of intangibles 

on TFP, both directly and indirectly via GVC. 

Table 10 presents the results of estimates for all five types of intangibles considered. 

Indirect, direct and total effects are reported in the first three rows, and the proportion of 

the mediated effect in the fourth row. The direct effect is equal to the intangible coefficient 

in equation (12). The indirect effect is computed as the product of the intangible effect on 

GVC – the coefficient in equation (11), and the GVC effect on TFP – the first coefficient in 

equation (12). The total effect is the sum of direct and indirect effects, while the total effect 

mediated is the ratio between the indirect and total effect.14 

Table 10: Mediation analysis results 

 

In four of the five cases, the results provide evidence of the presence of a mediating 

effect of GVC integration. Organizational capital is the exception. Brand and design have 

an effect that accounts for around 60 percent of the total; R&D accounts for 45 percent; 

while software and computers have a smaller but still significant indirect effect (about 16 

percent of the total). 

The indirect effect of intangibles (via GVC) is bigger than their direct effect in two 

cases; it is almost as big as the direct effect in the case of R&D; and it is small or not 

                                                             
14 Standard errors are obtained via bootstrap simulations with a number of replications set to 500. 



GLOBALINTO      
Capturing the value of intangible assets in micro data  
to promote the EU’s Growth and Competitiveness  
 

25 
 

significant in the remaining two cases. Therefore, GVC integration has an important role 

to play as a mediator in the majority of the categories of intangibles considered. 

6 Conclusions 

This sectoral analysis empirically investigated the impact of intangibles and GVC 

participation on productivity for the period 2000–2014. The results revealed positive and 

significant effects of five types of intangibles, confirming their importance for 

productivity. Furthermore, the results demonstrated the mediating role of GVCs in the 

relationship between intangibles and productivity, highlighting that intangibles 

contribute to productivity both directly and indirectly (via GVC participation). 

The paper makes several contributions to the literature on intangible capital and GVCs. 

First, our study builds upon and extends prior research that investigates relationships 

between intangibles, GVCs, and productivity. Although earlier work provides evidence 

that intangibles and GVCs are drivers of productivity, to the best of our knowledge, the 

joint effect of these two factors has not been examined. This paper addresses this gap, and 

we provide an integrative examination of intangibles, GVCs and productivity. We found a 

positive impact of both intangibles and GVC participation on productivity, measured with 

network scores. Furthermore, our analysis identified two channels through which 

intangibles affect productivity: one direct and one indirect, via GVC mediation. This result 

provides new insights, as prior studies have pointed out that intangibles support GVC 

participation but the magnitude of the effect on productivity is smaller than direct effects. 

Second, we examine a broad range of intangible assets, including R&D, software and 

databases, design, branding, and organizational capital. Furthermore, we adopt multiple 

approaches to network measurements: node strength centrality (including forward and 

backward integration), eigenvalue centrality, and betweenness centrality, which all help 

to investigate relationships in more detail, provide finer-grained comparisons and 

improve robustness. 

Finally, from a methodological perspective, we draw upon a comprehensive, combined 

dataset of intangibles and GVC participation measures at the industry level for the fifteen-

year period. The analytical approach is based on a two-stage procedure. In the first stage, 



GLOBALINTO      
Capturing the value of intangible assets in micro data  
to promote the EU’s Growth and Competitiveness  
 

26 
 

a TFP proxy was computed by estimating a production function with labour and capital 

as inputs. In the second stage, the contribution of intangibles and GVC integration to 

estimated TFP was assessed. At this stage, the two factors were tested both as separate 

regressors and as combined predictors. The aim was to evaluate their joint effect via a 

mediation analysis, which revealed that GVC was a mediator between intangibles and 

productivity. 
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