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1. Introduction

Since the middle of the 20th century, digital technologies have been spreading into
almost every aspect of economic activity, transforming production patterns (for
example via automation, industry 4.0, the internet of things, digital twins) and consump-
tion patterns (infrastructure, software, platforms). Digital technologies are based on
binary-digits (or ‘bits’) format for storing information, which has facilitated processing,
storage and exchange of data, and has led, inter alia, to considerable savings in costs,
as described in Goldfarb and Tucker (2019).

The increase in digital technologies - referred to in this paper as digitalisation - is one
of the most important transformations affecting microeconomic allocation (relative prices
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and preferences as well as the functioning of markets) and macroeconomic outcomes
(trends and cycles), alongside changes in integration, geopolitics, demographics and
climate. In line with other ongoing structural changes, digitalisation may also have
broader consequences on modern economies and societies. As Milkau and Bott (2015)
note: ‘Digitalisation has not been changing the fundamental laws of economics, but
has triggered changes in how agents interact in the market or see intermediaries facilitat-
ing this interaction’.

Some of the impacts of digitalisation have been studied in prior research, at least quali-
tatively.! This includes the effects of digitalisation on a macroeconomic level, and in par-
ticular the effects on productivity and labour markets.” The literature suggests that while
new technologies may affect different sectors heterogeneously, they generally lead to
productivity gains at the firm level, with more productive firms being, on average,
more digital (and vice versa, see for example Gal et al. 2019; OECD 2019).

The productivity-enhancing effect derives from the general-purpose property of digital
technologies (Trajtenberg 2018) or those technologies being inventions in the method of
inventing (Cockburn, Henderson, and Stern 2018). While there is much support for the idea
that digitalisation has productivity-enhancing effects, this idea is by no means uncon-
tested, neither in relation to specific technologies (for example the internet (Gordon
2016)) or regarding digital technologies as such (given digital distraction and addiction).?

Nevertheless, at the aggregate level the literature emphasises the so-called productivity
puzzle, whereby economy-wide productivity growth is much lower than would perhaps be
expected in an era of rapid technological change, and given the firm-level evidence. This
suggests that there may also be adverse effects from technology on productivity, even if
they may be more difficult to quantify, such as digital and non-digital systems being run
in parallel, or distraction and/or addiction effects from digital technology.”

The literature on the labour market effects is also ambiguous, because digital technol-
ogies may be magnifying and enhancing human capabilities (complementing labour), as
argued by Acemoglu, Johnson, and Robinson (2005), Acemoglu (2012) and Acemoglu and
Restrepo (2019), or, alternatively, replacing human capabilities (substituting labour) as
suggested by Trajtenberg (2018). Acemoglu and Restrepo (2019) also note that digital
technologies might displace labour from routine and repetitive work, therefore removing
a number of jobs intensive in those tasks. In this way, digital technologies, like other tech-
nologies, may also lead to labour market polarisation.

Finally, some attention has also been given to the diffusion of technologies, and compar-
ing the diffusion of digital technologies to the diffusion of other general-purpose technol-
ogies. Comin and Hobijn (2004) consider the diffusion of 20 technologies across 23 of the
world’s leading industrial economies for the period 1788-2001, and find new technologies
to have a common trickle-down effect. In a later study, Comin and Hobijn (2010) look at 15
technologiesin 166 countries over the last two centuries, and estimate a mean adoption lag
of 45 years (less for more recent technologies) after invention. Stokey (2020) contrasts
within-country and cross-country adoption patterns, focussing on how costs and the rela-
tive price of capital and labour inputs affect the adoption process.

However, the interaction of the diffusion of technologies, and especially digital tech-
nologies, with the quality of institutions and governance, has not been addressed in
the literature, although this interaction is potentially important, including for policy-
making. This paper attempts to fill this gap by describing a number of theoretical
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mechanisms and providing empirical evidence for the diffusion of digital technologies,
and the interplay of the diffusion process with the quality of institutions and governance.
The empirical evidence in this paper comes from a large cross-section of 100 countries
from all around the world in order to make the assessment more robust and identify
potential differences across different sets of countries.> Such differences could emerge,
for example, for countries at different stages of development if institutions and govern-
ance are intrinsically linked to advancement.

One distinctive feature of this paper is that digital technology is measured by means of
actual adoption of specific digital technologies, such as the number of devices or subscrip-
tions, which has the advantage of better capturing the actual use of the technologies, as
opposed to the potential scope for their use. The approach is taken to avoid a potential
issue with data availability faced by most of the preceding literature, which commonly
relies on data on Information and Communication Technology (ICT) patents, investment or
consumption. While useful inter alia as a cross-check, those alternative measures do not
fully capture the actual level of technology they imply (investment, for example, may be
more or less efficient). Moreover, those alternative measures do not necessarily reveal
sufficiently detailed information about the specific technologies as they are based on statisti-
cal categories which have originally been defined with other objectives in mind. To measure
diffusion, the focus in this paper is on the extensive margin, such as the number of devices or
subscriptions, which has the advantage of better capturing the actual use of the technology,
as opposed to the scope for their use. It would be even better to use the intensive margin, the
time or intensity of use but such data are not available from the traditional data sources.

While measuring digitalisation via the adoption of specific technologies is a reasonable
approach, it also has some limitations. They are mostly related to limited data availability,
especially for the most recently adopted digital technologies, including artificial intelli-
gence, internet of things, digital twins and quantum computing. New technologies are
challenging to capture, as data is only available for short periods, or are not as easily com-
parable as in the case of more established technologies. Moreover, this paper restricts
itself to traditional data provided by statistical agencies and international organisations,
and not the new (and big) data sources that have become available as a result of digita-
lisation. A final caveat relates to cross-section dependence, which the paper addresses by
means of using estimates with standard errors adjusted accordingly.

The remainder of the paper is organised as follows: Section 2 describes the mechan-
isms at play regarding the process of diffusion of digital technologies, and its interplay
with institutions and governance. Section 3 describes the data sources and samples for
digital technologies, institutions and governance as well as the variables controlling for
other factors that may play a role in the diffusion process. Section 4 describes the meth-
odology for estimating the process of technology diffusion, and how that methodology
captures the interaction of the diffusion process with institutions and governance. The
empirical evidence is presented and discussed in Section 5, and Section 6 concludes.

2, Theory

This section summaries some of the literature and the theory behind the diffusion process
of digital technologies as well as how institutional and governance aspects might affect
the process of technology change and how new technology can be adopted for use.
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2.1. The diffusion of digital technologies

It has long been acknowledged that technology can take time to diffuse to widespread
use, and that heterogeneity of agents is one of the key reasons for this lag (see Young
2010 and references therein to the early models of contagion® and social influence and
social learning’ as the source of the heterogeneity and the resulting diffusion patterns).®
This applies also to digital technologies — not all agents are equally exposed to digital
technology (for example due to different educational or professional backgrounds) and
not all agents feel the same pressure or face the same learning curve (depending on
socio-economic characteristics). The social context and personal preferences are not
the same across all agents. In fact, it could be argued that because digital technologies
are particular in nature, the diffusion process may simultaneously be different from
other technologies as well as be more important for development.

The particularity of digital technologies derives from their general-purpose property —
the fact that they do not only offer cost and/or efficiency gains but additionally have many
applications, and may be combined with many other (more specific) technologies, for the
benefit of further innovation (see Jovanovic and Rousseau 2005; Lipsey, Carlaw, and
Bekhar 2005 for an analysis and classification of general-purpose technologies). Therefore,
digital technologies are potential catalysts for technological progress and far-reaching
effects on the economy in the medium and long term. The potential size of the effects
will depend on their diffusion to actual use and, inter alia, on their interaction with insti-
tutions and governance.

It has been argued that digital technologies (IT/ICT and the technologies that followed)
are, in fact, more powerful than other more traditional technologies, and so the ‘digital
revolution’ or ‘fourth industrial revolution’ is greater than the preceding industrial revolu-
tions, which were based on analogue technologies such as the steam engine and electri-
city. Digital technologies are very general as they have applications throughout the
economy, in principle for all agents, all activities and all geographies.

While it is true that digital technologies have features which make them more powerful
than other technologies, they also have features making them more difficult to fully take
advantage of.” The first challenge arises from the fact that digital technologies are not as
easily accessible as more traditional ones, and notably require more skills to operate. The
power switch, for example, is sufficient to use electricity, but this is only the very first step
in the use of a digital device. Taking full advantage of digital technologies may also be
more difficult in decentralised economies which, therefore, may show ‘too little, too
late’ innovation (Bresnahan and Trajtenberg 1995).

In other words, the diffusion of digital technologies is very specific and depends on a
number of other factors that determine how well the technology is integrated into econ-
omic processes. One such element is the focus of this paper: the interaction or interplay
with institutions and governance.

2.2. The interplay with institutions and governance

Although the terms ‘institutions’ and ‘governance’ are sometimes used interchangeably,
or as close substitutes, in most cases they refer to different concepts. Institutions, for
example, are sometimes considered an aspect of governance, or governance an aspect
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of institutions. In this paper, institutions are considered to be the structure (the skeleton,
or hardware) and governance the way the structure is being run (the muscles, or soft-
ware), a characterisation that may be reminiscent of Williamson (1998). In this framework,
the two concepts are closely connected, intrinsically linked — one does not exist indepen-
dently of the other, even if they are different aspects of the structure of an economy.

The significance of institutions has been noted in the literature since the seminal work
of North (1991) who pointed out that institutions play a notable role in shaping advanced
economies and are important, potentially positive or negative, drivers of real economic
change, and so should be taken into account when studying related subjects.'®
Another important contribution is by Acemoglu, Johnson, and Robinson (2005) who
study the role of institutions from multiple points of view, and consider evidence from
history, notably on the reasons for the vast differences in institutions across countries.

The approach taken in this paper is to consider the effects from institutions and gov-
ernance separately, and whether they depend on the interaction with technological
change. Theoretically, this interaction arises as technological change and technology
adoption generally have the potential of creating accountability to the stakeholders
(e.g. by making agents and actions more traceable), and by providing equal opportunities
to market participants and economic actors (for example, in terms of access to infor-
mation by defining the framework for market transactions).

3. Data

This section describes the data used in this paper, starting with a summary of the data
sources, samples and countries. This is followed by the descriptions of the data capturing
digital technologies and those capturing institutions and governance. The section also
covers other data, notably the variables used in the estimations to control for factors
other than institutions and governance that are shaping the diffusion of digital technol-
ogy. Listings of all the countries and country aggregates as well as all the variables used in
the paper can be found in Appendix 1.

3.1. Sources, sample and countries

Neither the quality of institutions and governance or the degree of digitalisation are
simple to measure. A general challenge is finding data with sufficient time and cross-
section dimensions to conduct meaningful econometric analysis, given that many
digital technologies are very recent technological advances, a point also made in
Stokey (2020). Another challenge is capturing the different aspects of those technologies
(e.g. automation vs. communication) and of the quality of institutions and governance
(e.g. accountability, transparency, etc.). A further challenge is capturing the availability
as opposed to the actual use in the case of technologies, and the quality (de jure and
de facto) of institutions and governance.

To address these challenges as best as possible, data from a large number of sources were
considered. In the end, most data were compiled from databases of the World Bank as it is
one of only a few available sources that has dedicated and comprehensive databases both
for measuring the degree of digitalisation as well as the quality of institutions and govern-
ance. Another important factor was the availability of long time and wide cross-section
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dimensions, with series from that source extending as far back as 1960 and for as many as
253 countries, and the indicators for institutions and governance available as of 1996.

The effective sample used in this paper is 1996-2020 when digital diffusion is
measured by the number of internet users, and 1998-2020 in the case of fixed broadband
subscriptions. The missing values in the panel were imputed by interpolation, especially in
the case of institutions and governance indicators for 1997, 1999 and 2001, as they were
published biyearly until 2002.

The full panel consists of 100 countries around the World for which all data used (digi-
talisation, institutions and governance, and controls) is sufficiently available. Along with
the results for the full cross-section, results for the most homogeneous group, ‘EU
countries’, is presented. The choice of EU countries as a separate group of study is due
to their codependence through common values and structures as well as, perhaps
more importantly, supranational legislation and low trade barriers due to the European
single market'".

3.2. Digital technologies

To measure digitalisation, data were collected from the World Bank’s World Development
Indicators (WDI) database. Two series, in particular, were considered helpful for capturing
the degree of digitalisation. The first is the series ‘Individuals using the Internet (per cent
of population)’, available beginning from 1996, which reflects the necessary condition
during the early phases of digitalisation of being able to access and actually using the
internet as a basic digital environment. The second series is ‘Fixed broadband subscrip-
tions’, available for a majority of the countries in the sample from the year 1998, which
captures the key precondition for the formation of advanced infrastructure and hence
for the current phase of digitalisation.

The series ‘Individuals using the Internet (per cent of population)’ is compiled from the
International Telecommunications Union and its World Telecommunication/ICT Develop-
ment report and Database, and is defined as individuals who have used the internet in the
past three months, via computer, mobile phone, digital television or other device. The
quality of this series may vary across countries due to, for example, differences in regu-
lations regarding the cover of data provision and availability. The series also reflect the
broadly increased use of mobile phones and the dynamics of easier access to the internet
during the studied time period.

The series ‘Fixed broadband subscriptions’ is from the same source, and covers high-
speed access via TCP/IP connections at downstream speed of at least 256 kbits per
second, including cable modem, DSL, fiber-to-the-building, satellite broadband and ter-
restrial fixed wireless broadband. The data are based on surveys carried out by National
Statistical Institutes, and potentially suffer from the corresponding drawbacks. Despite
best efforts, neither indicator is strictly comparable across all countries, for example,
due to differences in the timing of the fiscal year. However, even with these drawbacks,
they are two of the few available series with sufficient coverage to examine the effects
studied by this paper.

A number of other points are worth noting in this context. First, internet use and
broadband subscriptions are important digital technologies, because enabling others
(e.g. no e-commerce or e-government without them). Second, while they are enabling,
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Table 1. Descriptive statistics of digital technology variables.

Variable Mean SDev Min 10th 90th Max
EU countries

Individuals using the internet 53.2 299 0.2 6.4 88.1 98.8
Fixed broadband subscriptions 213 12.8 0.0 14 37.6 483
Full cross-section

Individuals using the internet 36.4 315 0.0 0.7 83.4 99.0
Fixed broadband subscriptions 12.3 13.1 0.0 0.1 32.7 483

Sources: World Bank, authors’ calculations.
Notes: ‘Mean’ is the arithmetic mean, ‘SDev’ the standard deviation, ‘Min’ the minimum, “10th’ the 10th, ‘90th’ the 90th
percentile, ‘Max’ the maximum. The sample is 1996-2020 for individuals using the internet and 1998-2020 for fixed
broadband subscriptions.

or even a precondition, for other technologies, they say little about the spread of those
other technologies. Third, they are capturing the number of users/installations, not
how much and what for they are using/being used. The results presented in this paper
have to be seen against that background.

The descriptive statistics of the digital technology variables are summarised in
Table 1. They suggest that internet use has spread further but also varies more
across countries than broadband subscriptions. For both internet users and broadband
subscriptions, mean and standard deviation tend to be higher for the EU than the
other countries.

A number of other options for indicators of digitalisation were considered as well, but
were not used due to short samples or lower country coverage. They included other series
from the World Development Indicators, the KOF Information Globalisation Index (Dreher
2006; Gygli et al. 2019), the digitisation index (Katz, Koutroumpis, and Collarda 2014) and
the European Commission’s Digital Economy and Society Index (DESI) and its inter-
national (iDESI) counterpart. The correlations between the series used in the study to
proxy different phases of digitalisation and these indeces is generally very high,
ranging from 0.7 to 0.9 for individuals using the internet and 0.5 to 0.8 for fixed broad-
band subscriptions. While these alternative indicators were not used in this study, they
might be informative for future work when their sample and coverage are extended, or
to study different aspects of the process of digital technological change.

Figures 1 and 2 show the share of countries that have passed a specific threshold of
technology adoption (10%) in each year. These thresholds are used in the study to
ensure that the adoption of studied technologies has actually begun and to control for
the potential of different times of the adoption taking place. The adoption of both tech-
nologies studied advanced earlier for the EU countries than the more heterogeneous full
cross-section, which is also reflected in the descriptive statistics of Table 1.

3.3. Institutions and governance

The data for institutions and governance were taken from the Worldwide Governance
Indicators (WGI) described in Kaufmann, Kraay, and Mastruzzi (2010) and published by
the World Bank. This source was chosen due to the advantages of comprehensive data-
bases, and the availability of long time and wide cross-section dimensions, as noted in
Section 3.2. Using the World Bank as the source for the indicators on institutions and gov-
ernance also has the added advantage of the homogeneity of certain data standards and
principles across the two data sets.
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Figure 1. Shares of countries with technology above thresholds, Individuals using the internet.
Sources: World Bank, authors’ calculations
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Figure 2. Shares of countries with technology above thresholds, Fixed broadband subscriptions.
Sources: World Bank, authors’ calculations.

The WGI consists of six distinct indicators. The ‘control of corruption’ indicator
measures the abuse of public power for private gain and the influence and interference
of elites and private interests. The ‘government effectiveness’ indicator captures the
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quality of public services, civil service, its independence from political pressures, the
quality of policy formulation and implementation, and the credibility of the government’s
commitment to such policies. The ‘political stability and absence of violence’ indicator
measures the likelihood of violence, including terrorism. The ‘regulatory quality’ indicator
measures the ability of the government to formulate and implement sound policies and
regulations that permit and promote private sector development. The ‘rule of law’ indi-
cator refers to the rules of a society, including contract enforcement, property rights,
police and courts as well as the likelihood of crime and violence. Finally, the ‘voice and
accountability’ indicator relates to the perceived participation in the selection of govern-
ment, as well as freedom of expression, association and media.

For the approach taken by this paper, the indicators ‘government effectiveness’, ‘political
stability and absence of violence’ and ‘voice and accountability’ were considered to capture
primarily the institutional aspect (the framework or structure), while the indicators ‘regulat-
ory quality’, ‘rule of law’ and ‘control of corruption’ the governance aspect (how things are
run given the framework or structure). Using this division, summary measures were compiled
to assess the overall impact and the relative importance of institutional and governance
aspects. The indicators were created for the averages across the two sets of indicators and
are labelled as ‘Institutions’ and ‘Governance’. This approach is similar to the three-way
WGI summary measures proposed by Kaufmann, Kraay, and Mastruzzi (2010) and is expected
to capture institutional aspects. However, as noted in the literature, for example by Delle-
piane-Avellaneda (2010), one of the challenges of studying such effects is how to distinguish
the effects of different institutions. Figure 3 illustrates how the different Worldwide Govern-
ance Indicators are related to the summary measures used in this study.

As in the case of digital technologies, a number of alternative data sources were con-
sidered for institutions and governance during the study. Notable options were the Fraser
Institute Economic Freedom Index (Gwartney et al. 2019) as well as OECD Indicators of
Employment Protection Legislation (EPL) and Product Market Regulation (PMR), all of
which are, at least indirectly, related to institutions and governance. The other options
were not used due to less comprehensive samples and other data issues.

The descriptive statistics for the data on institutions and governance are presented in
Table 2. For both composite measures, the maxima are recorded among the EU countries.
The mean values are much higher within the EU than outside. The standard deviations are
lower within the EU.

3.4. Control variables

In order to properly study the diffusion of digital technology and its interplay with institutions
and governance, other factors that might impact on technology diffusion have to be con-
trolled for. This concerns notably the broader state of development of a country and the avail-
ability of human capital facilitating the introduction and the use of new technology.

The specific control variables used for this purpose in this paper are: real GDP (per
capita), as an indicator of the broader state of development; and human capital, which
is proxied with the human education index. The descriptive statistics for the control
data are provided in Table 3. For countries outside the EU both variables are somewhat
lower but also have higher variance, in particular when it comes to human capital, and
this results mostly from the longer tail at the lower end of the distribution.
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Figure 3. Worldwide Governance Indicators and the summary measures.
Sources: Kaufmann, Kraay, and Mastruzzi (2010), authors.

Some other potential control variables were also considered, but were not used due to
lack of general significance or uncertainty over the actual effects on the technology
diffusion process as well as to avoid potential overidentification issues. Those other vari-
ables include inflation, trade openness, labour force, unemployment and investment.

4, Methodology
4.1. The approach to studying technology diffusion

In order to assess the process of diffusion, this paper uses the contagion model, in other
contexts sometimes called the ‘epidemic’ model of diffusion. As the name suggests, the
other contexts are in the medical sciences, specifically epidemiology where it is used to

Table 2. Descriptive statistics of institutions and governance variables.

Variable Mean SDev Min 10th 90th Max
EU countries

Institutions 1.012 0.423 —0.095 0.443 1.565 1.858
Governance 1.083 0.610 —0.461 0.259 1.926 2.128
Full cross-section

Institutions 0.225 0.848 -1.912 —-0.807 1.437 1.858
Governance 0.283 0.966 —1.788 —0.819 1.806 2.128

Sources: World Bank, authors’ calculations.
Notes: ‘Mean’ is the arithmetic mean, ‘SDeV’ the standard deviation, ‘Min’ the minimum, ‘10th’ the 10th, ‘90th’ the 90th
percentile, ‘Max’ the maximum.
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Table 3. Descriptive statistics of control variables.

Variable Unit Mean SDev Min 10th 90th Max
EU countries

Real GDP per capita, log 10.4 0.5 9.2 9.8 10.9 1.7

Human capital Education Index, [0, 1] 0.80 0.08 0.58 0.69 0.89 0.95
Full cross-section

Real GDP per capita, log 9.6 1.0 6.2 8.1 10.8 1.7

Human capital Education Index, [0, 1] 0.67 0.17 0.18 0.41 0.87 0.95

Sources: World Bank, UNDP, authors’ calculations.
Notes: ‘Mean’ is the arithmetic mean, ‘SDev’ the standard deviation, ‘Min’ the minimum, “10th’ the 10th, ‘90th’ the 90th
percentile, ‘Max’ the maximum.

predict contagion, endemics and pandemics given certain parameters (such as infection
and recovery rates). It is a widely used model in the analysis of technology diffusion in
economics (see for example Geroski 2000)."> The model is based on the logic that
exposure or contact to a technology is going to entail adoption of the technology,
with the speed of the process and its final point depending on past exposure and a
number of other factors.

The epidemic model has interesting features, notably the notion that exposure is a key
factor driving diffusion, and so may be sluggish initially, before a critical mass is reached,
then accelerating, and finally reaching a plateau, as the maximum reach is attained.
However, it does not explicitly quantify the mechanisms contributing to the diffusion
dynamics. In this sense, the diffusion model is only a summary model of the diffusion
process.

The model has the form:

Aser = BX ) 5et(Xer) — Seil, (1)

a law of motion in which As.; is the change in the adoption rate in country c at time t,
B()N(C,t) is the speed of diffusion, s.; is the saturation rate and Ec,r()_(c,r) is the long-run
(saturation level of the) adoption rate. The actual and the long-run saturation rate
depend on country characteristics )~(c,t and X, respectively. Those sets of country charac-
teristics can be different, as different sets of variables could drive the speed of conver-
gence and the long-run saturation level.

The model in Equation (1) generates an S-shape of (non-linear) adoption process over
time that is reflected in the data (see Figures 4 and 5)."* The speed of adoption picks up in
the early stages of adoption and in the later stages falls back as the adoption rate
approaches the long-term saturation level. In the model the key role in the diffusion
process is the exposure to the technology, which is initially limited, and then increases,
up to the point where exposure has no further effects as the technology has already
been adopted by most of the agents who are not ‘immune’ to it.

This pattern of the adoption rate is also consistent with network effects - the fact that
the benefits of a technology are higher with a greater spread of that technology. These
network effects do not have any obvious analogy in the other contexts in which the
model is being used. However, they are important in the context of technology
diffusion and support the logic of an S-shaped (non-linear) adoption process over time,
and are another reason for the choice of this particular model for the empirical analysis
in this paper.
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4.2, Empirical implementation

In the empirical implementation, both the speed of technology diffusion and the steady-
state adoption rate are allowed to depend on institutions and governance. Results are
shown both for a specification in which institutions and governance only affect the
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steady-state adoption rate, i.e. X.; = fXNT) and X, = FXIYT, X2, and for a specifica-
tion in which they affect both the steady-state adoption rate and the speed of diffusion,
ie. Xer = FXST, X2I9) and X = FXINST, XPI9). In contagion model applications, it is also
common to control for the first date introduction of the initial adoption of a technology to
control for potential variation between countries. As specific times of first adoption are
not available, the approach is to study a low level initial threshold, i.e. once the level of
adoption exceeds 10%."*

In the first case, the estimated equation is:
AXG = BiXGh + BXGP + BaXi! + BaXerh + BsXer, (2

where AXZ is the change in the adoption rate in country ¢ at time t, X2{%, the adoption
rate in the previous period, X!/P'! is the year in which the adoption rate passes the low
basic threshold, Xc’ffA a variable capturing country-specific years since the adoption rate
has passed the threshold, X!¥*", is the term capturing institutions and governance
aspects and X,_; is the set of control variables, also at time t—1. In the second case,

the estimated equation is:
DIGI DIGI initDIGI YSA INST c DIGI ,y/INST
AXc,t = BTXc,t—1 + :BZXg,r’t + B3Xc,t + B4Xc,t—1 + BSXc,t—1 + :Bé(Xc,t—1XXc,t—1) 3)

where the terms with coefficients B3, to 35 are the same as in Equation (2), and the added
term with coefficient B, captures the effect of the interaction of digitalisation with insti-
tutions and governance on the speed of diffusion.

The linear adoption pattern of years since adoption can be directly interpreted from a
policy perspective. The coefficients represent constant marginal effects, allowing policy-
makers to estimate the expected impact of specific institutional improvements on tech-
nology adoption rates. However, the theoretical and empirical literature strongly
suggests that technology diffusion typically follows non-linear patterns, with linear
models potentially misspecifying the underlying diffusion process.

This aspect is addressed in the third and final case, where Equations (2) and (3) are
adjusted to take into account the potential of varying adoption rates and the equations
become:

AXcD,tIGI = .31)(3511 + B, log (XZfA) + ,83Xﬂsj1 + B4ch,t71 (4)
and
AXcL,)r/GI = B1XcD,EI1 + B, log (Xc)ffA) + &Xﬂsj + B4ch,rf1 +Bs (Xfﬂxxﬂsfﬂr (5)

where the years since adoption is logarithmised to allow for non-linear adoption effects
beyond the initial level, and the threshold is dropped as the transformation inherently
accounts for the different phases of adoption, making a separate threshold parameter
redundant as all observations are at or above the threshold.

The non-linear specification in Equations (4) and (5) accounts for the case where the
marginal effect of an additional year since initial adoption is likely to be larger in the
early stages of diffusion and diminishes over time. Using logarithms effectively com-
presses later time periods, giving greater weight to the crucial early adoption phase
when the foundations of the diffusion process are established. This approach is supported
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by previous studies such as Comin and Hobijn (2004), which point towards logarithmic
time specifications often providing a better fit for long-term diffusion processes.

The control variables in XCC,H are the same in all equations. Real GDP per capita is used
to control for potential income effects in the diffusion process, and human capital to
capture the capability of the population for adopting new technology. The two variables
are intended to account for the key economic factors in the process of technological
change apart from the institutional and governance aspects under focus in this study.

Turning to the expected signs, the two control variables are likely to have positive
signs, suggesting a positive effect on the steady-state diffusion rate in the medium and
longer term. Real GDP per capita captures the fact that better-off countries may find it
easier to fund investment into digital technologies and/or to facilitate its installation.
This should, at least on average, support their spread. Human capital is complementary
to new technologies, including digital, and so should also show a positive coefficient.
The more human capital is available, the more likely it is that new technologies are
explored, evaluated, and, ultimately, adopted.

As for the signs on institutions and governance, the expectation is for a positive
effect on the steady-state adoption rate in the medium to long run, i.e. a positive
coefficient on the corresponding terms X!\°,, and a positive effect on the speed of
adoption, i.e. a negative coefficient on the interaction term (X2, ><Xé’,\{5j1).15 This is
because, as noted in Section 2.2, institutions and governance are considered key
elements of the economic framework conditions that support technological advance-
ment and innovation more generally. A negative sign could potentially be possible
for institutional environment variables if a higher level of the variable slows down
the process of technology adoption.

Before turning to the results, it is worth reiterating that the model described above has
one feature that may constitute a caveat in applications to cross-country studies. As noted
by Pulkki-Brannstrom and Stoneman (2013), the epidemic diffusion model effectively
describes diffusion as the result of decisions of agents in a specific country and so does
not allow for the diffusion in other countries to spill over to that country unless accounted
for explicitly, pointing out that such spillovers would likely be positive in the epidemic
model. One might even argue that in the context of digital technologies, such cross-
country exposure seems particularly relevant and effective, especially in a political and
economic union with supranational legislation such as the EU. In other words, not
accounting for such spillovers explicitly might lead to the speed and spread of
diffusion to be underestimated.

4.3. Technology spillovers, cross-sectional dependence and heteroscedasticity

The potential of cross-section dependence due to spillovers is theoretically expected in a
study of technology diffusion for several reasons such as digital technologies inherently
creating network effects that cross borders, especially within an integrated system such
as the EU common market. When a digital technology becomes widely adopted in one
country, it often generates positive externalities for neighbouring countries through
knowledge spillovers, shared platforms, and increased compatibility. Multinational cor-
porations also tend to deploy similar technologies across multiple markets simul-
taneously, creating correlated adoption patterns. Third, many countries, especially
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within integrated regions like the EU, implement coordinated digital policies, legislation
and standards, leading to synchronised technology implementation.

Appendix 3 presents the analysis for the most common methods for studying cross-
section dependence and, based on the diagnostics, it appears that at least some level
of cross-section dependence can be observed in the sample. To address this potential
concern, the estimations are done using Driscoll-Kraay standard errors, which are
robust to very general forms of spatial and temporal dependence (Driscoll and Kraay
1998). They are a widely used approach to dealing with potential cross-section depen-
dence and likely provide more realistic standard errors that prevent overestimating the
statistical significance of institutional effects.

Additionally, Appendix 4 presents Fixed Effects results with the cross-section weighted
Panel Estimated Generalized Least Squares (Panel EGLS) approach, which addresses a
different but equally important econometric concern in technology diffusion studies by
specifically accounting for country-specific heteroscedasticity and giving appropriate
weight to observations based on their error variance structure. Countries differ substan-
tially in their technology infrastructure, economic structure, and population character-
istics, all of which can create heterogeneous adoption patterns. This approach also
serves as a check for the robustness of the results.

5. Results

This section presents the main results, based on the series ‘Individuals using the internet’
and ‘Fixed broadband subscriptions’ as described in Section 3.2 to capture digital technol-
ogy and the summary measures for ‘Institutions’ and ‘Governance’ introduced in Section
3.3. Section 5.1 presents the results for the EU countries and 5.2 for the full cross-section.
In both sections, the focus is first on the spread of digital technologies and then on the
speed of diffusion.

The effect on the rate of adoption is captured by the coefficients of the lagged depen-
dent variable and, where included, the lagged interaction terms, while the effect on the
long-run level of digital adoption is captured by the coefficient on the institutional vari-
ables and controls. For the lagged dependent variable and interaction terms, a negative
sign means a positive effect on the rate of digital adoption; for the other terms, a positive
coefficient means a positive effect on the long-term level of digital adoption.

5.1. EU countries

Table 4 presents the results of the baseline model for EU countries. Institutions are gen-
erally insignificant while governance aspects are either insignificant or have highly signifi-
cant negative effects for both digitalisation variables in the case of the non-linear
adoption pattern.

The measures of digital technology (internet use or broadband subscriptions) are sig-
nificant, and the magnitude of the effect does not depend on the choice of measure for
institutions and governance.

The overall fit of the model is very good, and even higher when digital technologies are
captured by means of broadband subscriptions. When it comes to the control variables,
human capital is significant in a majority of cases, pointing towards an essential role in the
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spread of digitalisation. Real GDP per capita is only significant when the diffusion of
fixed broadband connections is studied, which could imply that a higher level of econ-
omic development is needed to establish more advanced digital structures and
connections.

When the interaction terms between digitalisation variables and institutions and gov-
ernance are introduced in Table 5, the results for institutions suggest that a model taking
into account the interaction with digital adoption performs slightly better for EU
countries, and the interaction term is statistically significant in the case of internet use
with a linear adoption pattern. This suggests that higher quality institutions can accelerate
internet adoption, i.e. the first phase of digitalisation, especially in countries with lower
initial levels. For fixed broadband use, the interactions are not significant, indicating
different dynamics for more advanced technologies in the EU. The negative effects of gov-
ernance disappear for the non-linear adoption form.

The coefficients of digitalisation are all significant in Tables 4 and 5. The lagged tech-
nology variables have moderate negative coefficients, between -0.258 and -0.414 for
internet use and -0.331 and -0.423 for broadband use, suggesting a convergence effect
where countries with lower initial adoption catch up at a moderate pace.

The variable of years since adoption shows small but significant positive effects in EU
countries, suggesting a gradual diffusion of digital technologies over time. The effects of
the logarithmic transformation are substantially larger, indicating an accelerating
diffusion in the early years followed by a diminishing marginal rate, consistent with theor-
etical S-shaped diffusion models.

The other factors contributing positively to digital adoption remain similar when the
interactions are included with human capital being more important when it comes to
the diffusion of internet use and economic development for fixed broadband use. This
suggests that education and skills development is important for early adoption of digita-
lisation and a higher level of economic development for establishing more advanced
digital infrastructure and connections.

The results for the Panel EGLS approach in Tables A5 and A6 are very similar, although
institutions are statistically significant for two cases in the baseline model, at least at the
10% level, and governance for both studied cases of broadband use. When it comes to the
specification with the interaction terms, the results are the same for institutions when it
comes to internet use in the linear adoption form but they are also statistically significant
in the non-linear form when it comes to broadband use.

The somewhat weak effects of institutional environments could potentially suggest
that they are less important for technology diffusion in the relatively homogeneous EU
country group, where institutional frameworks have been well-developed for longer.

5.2. Full cross-section

The baseline results for the full cross-section are presented in Table 6. They are generally
similar with the EU when it comes to convergence patterns, although the significance of
insitutions is subtantially higher for internet use. This emphasises their importance for
technology adoption overall for the full panel, suggesting institutions matter more for
advancing the diffusion process in diverse economic environments where institutional
variations are broader than within the EU. Governance effects in the full cross-section
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mirror those in the EU, showing negative impacts on broadband adoption in logarithmic
specifications.

The baseline results for the full cross-country sample imply convergence patterns
similar to the EU but with notable differences in magnitude. The technology variables
show marginally smaller convergence coefficients (—0.194 to —0.403 for internet use,
—0.237 to —0.443 for broadband use), suggesting slightly slower convergence across
the more diverse global sample. This indicates that catch-up effects may be smaller in
the broader international sample.

The control variables act somewhat differently compared to EU countries as economic
development is broadly more significant. Human capital is significant for the cases with
logarithmic transformations of years since adoption.

The overall fit of the regression is slightly worse compared to the subsample of EU
countries. This might be due to the technology change process having progressed, on
average, further in the EU. However, the fit still remains very good.

The results with interaction of technology, institutions and governance for the full
cross-section are presented in Table 7. The changes to the baseline model as well as
the differences to the results for EU countries are quite notable. In all cases for internet
use the coefficients for institutions and governance as well as the interaction terms are
highly statistically significant and they get expected signs.

Institutional effects become more variable, with institutions having a positive effect on
internet use but having weaker effects for broadband use. The interaction terms remain
significant for internet use, suggesting that institutional aspects are technology-specific
and more important for basic digital technologies. They also indicate that strong insti-
tutions are more beneficial for countries with lower initial adoption rates.

The coefficients for governance are somewhat lower than for institutions. They are,
however, positive when the interactions are included in the model. Governance shows
significant positive effects for internet adoption, suggesting that governance structures
can also be beneficial for technology diffusion in the global context.

Institutional effects are more robust for adoption of internet use in the full cross-
section, where both direct effects and interactions with technology variables show rela-
tively consistent significance across specifications. The effects become more variable
for broadband use, suggesting that institutional quality may matter most during early
stages of digital adoption and in more heterogeneous development contexts.

The threshold effects in the full cross-section differ by technology type, showing posi-
tive coefficients for internet adoption but negative ones in the baseline model for broad-
band connections. This indicates fundamentally different diffusion dynamics across
technologies, where basic and advanced digital technologies may follow distinct adop-
tion patterns. The logarithmic specifications for adoption patterns reveal stronger conver-
gence effects with technology coefficients ranging from —0.384 to —0.460.

The overall fits of the models are slightly better for the specifications with interaction
terms. This observation gives support to the empirical model and the diffusion model of
technology adoption as well as for the idea that technologies and institutions are
mutually reinforcing.

The Panel EGLS results in Appendix 4 are very consistent with the results in this Section.
Table A7 confirms the significant positive effects of institutions wheras governance is
broadly negative. The results including the interaction are very similar and confirm the
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broad significance of the interaction between digitalisation and institutional variables, at
least for internet use. This points to institutional benefits being the strongest for countries
with lower initial adoption levels.

Economic development is consistently more significant for the full cross-section com-
pared to the EU, particularly for broadband adoption. This might imply that economic
factors may be more fundamental to technology diffusion globally than within the EU,
especially for more advanced digital technologies. Human capital is significant when
the adoption pattern is set as non-linear, which points towards educational factors
becoming more important in the later stages of the sample.

5.3. Discussion on the results

Both studied samples have at least some level of cross-dependency, resulting from
aspects such as technology spillovers across countries, particularly within regions like
the EU. Therefore, the approach of using Driscoll-Kraay standard errors seems more
prudent with the Panel EGLS approach providing a broad test for robustness of the
results as they are mostly in line with the main results while also controlling for
country heterogeneity.

The differences between results with and without controlling for cross-dependency
potentially imply that digital technologies create strong cross-border externalities that
must be properly accounted for in empirical analysis. Both estimation methods
confirm threshold effects in technology adoption, supporting the theoretical foun-
dation of S-curve diffusion dynamics. The persistent technology-specific patterns
across methodological approaches suggest that targeted policies for different digital
technologies remain important regardless of how spillovers are modelled.

When it comes to linear and non-linear adoption, both seem to perform relatively
well, capturing similar effects with some notable differences. When comparing the
linear and logarithmic specifications across both samples, the higher convergence
coefficients in logarithmic models suggest that technology gaps can close more
rapidly than linear models would predict and, therefore, it is important to account
for the possibility of non-linear dynamics of digital technology diffusion. The non-
linear form is also more compatible with the theoretical S-curve of adoption and is
slightly more consistently statistically significant in this study. Both forms provide
evidence for thresholds representing critical mass points where network effects
accelerate adoption or infrastructure sufficiency thresholds that enable wider technol-
ogy use.

The differences in the results between EU and the full cross-section reveal some poten-
tial effects from differences in economic development levels. The full cross-section shows
stronger and more consistent institutional effects, suggesting that institutional quality
matters for technology diffusion, particularly in developing economies for basic digital
technologies, such as internet adoption. This aligns with theories about institutional bar-
riers to technology adoption being more binding in earlier phases of development.
Additionally, when it comes to the speed of diffusion, EU countries tend to receive
larger negative coefficients for technology variables. This implies faster convergence
and more rapid catch-up effects within the more homogeneous group compared to
the full global sample.
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The interaction terms get higher coefficients and significance in the full cross-section for
both estimation approaches, indicating that institutional benefits for technology adoption
are higher for countries starting from lower initial adoption levels. It seems that institutional
quality matters more for technology diffusion in heterogeneous country samples that
include developing economies, where institutional foundations may be more variable
and institutions can help through aspects such as reduced transaction costs, improved
property rights protection, and enhanced innovation incentives. The negative interaction
terms suggest a catch-up mechanism where countries with weaker initial technology adop-
tion benefit more from institutional improvements, possibly because they can benefit more
from technology spillovers or leverage existing technologies developed elsewhere.

The results of the study in Sections 5.1 and 5.2 and Appendix 4 are quite consistent
across methodologies when it comes to positive institutional effects, negative interaction
terms and non-linear diffusion patterns. The negative effects observed in a majority of
cases for governance aspects could be indicative of an increasing level of governance
potentially having diminishing returns or barriers to adoption and spreading of advanced
new technologies. This could happen, for example, in the case of excessive regulatory bar-
riers to innovation and adoption, especially in contexts where governance structures are
extensive but not necessarily efficient.

6. Conclusions

This paper has discussed theoretical mechanisms and empirical evidence for the diffusion
of digital technology and how it is affected by national institutions and governance based
on data on the use of the internet and broadband subscriptions.

The results demonstrate that institutional quality consistently shows positive effects on
internet adoption across most specifications, especially for the global sample, while the
effects on broadband adoption are more mixed. This technology-specific pattern
suggests that institutional reforms may yield greater benefits in the early stages of
digital transformation rather than the later ones.

The results also point to a fundamental difference in how institutions and governance
affect the introduction of technologies. Advanced institutions can positively affect the
speed at which basic means of access to digital technologies are adopted. The process
of digitalisation tends to be faster when the quality of institutions and governance is
high, and even faster by virtue of the interaction between the level of digitalisation
and the quality of institutions and governance.

These observations would lend support to calls for institutions and governance to be
designed and managed in line with best international practices, at least when it comes to
questions of introducing and adopting new technology. However, policymakers should
consider the possibility that fast technology diffusion could lock firms and households
into technologies that will be superseded, leading to suboptimal outcomes or potentially
lower welfare in the long term (Stoneman 2002).

The significant negative interaction terms between technology variables and insti-
tutional measures indicate that countries with lower initial technology adoption benefit
more substantially from institutional improvements. This suggests a catch-up effect
where high quality institutions can accelerate digital convergence, especially for less digi-
tally advanced countries.
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The role of governance is somewhat less clear-cut as more complex regulatory environ-
ments appear to slow down technological adoption in many cases, particularly for more
sophisticated digital technologies. Regulatory frameworks can, paradoxically, become
potential barriers to technological progress if overly complex or rigidly structured.

The results of this study show that the effects of economic development and human
capital were somewhat dependent on the studied country group and sample length.
Both factors are stronger and more consistently positive in the specification which
includes logarithmic specifications of time since adoption, particularly for broadband
use. This suggests that the actual process of diffusion might vary due to heterogeneous
societal environments. Economic development seems to become increasingly important
for more advanced digital technologies, while human capital and institutional quality may
be relatively more important for basic digital adoption. It also seems that basic digital
technologies have effectively spread to countries around the world, but adoption of
more complex technologies has somewhat diverged and their adoption is characterised
by slower diffusion.

The methodological comparison between the baseline models with comprehensive
controls for technology spillovers and robustness checks reveals how cross-sectional
dependence affects the estimation results. The substantially stronger convergence coeffi-
cients for the logarithmic approach indicate that properly accounting for adoption pat-
terns and spillover effects is crucial for correctly estimating diffusion speeds and
isolating country-specific factors. The findings also highlight potential non-linear tem-
poral dynamics of digital diffusion, as evidenced by the significant coefficients on years
since adoption in the logarithmic specifications. This suggests that the diffusion
process seems to follow the expected S-shaped curve rather than linear progression,
with initial adoption phases potentially requiring different policy approaches than later
diffusion stages.

In order to understand the mechanisms and their empirical relevance better, data cov-
ering other aspects of the framework conditions would be very desirable. This suggests
that traditional data providers should be encouraged to enhance their coverage, and
other sources secured that could provide further information and insight, notably big
data. Such sources could go some way towards more timely and more granular analysis.
To make full use of them, efforts should also be made to upgrade and adapt existing
empirical methodologies, and secure new ones, specifically designed for such data.

Finally, the results have some potential policy implications, which should also take into
account the differentiated nature of technological adoption as well as the dependencies
and spillovers across technologies. For simple digital technologies, policies should focus
on maintaining the current momentum of adoption and advancing adoption rates to
sufficiently high levels to enable individuals and countries to benefit from the process
of digitalisation. For more complex digitalisation infrastructures there is a need for tar-
geted reforms to ensure the streamlining of regulatory processes, providing targeted
support and resources in assisting adoption, creating more flexible institutional frame-
works and developing specialised capacity-building programmes where adoption rates
and infrastructures remain low.

Additionally, the results might imply that institutional quality improvements yield the
greatest technology diffusion benefits when initial adoption rates are lower and insti-
tutional levels weaker. On the other hand, governance reforms should aim on improving
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the quality and efficiency of governance rather than only expanding regulatory structures.
The differing patterns between internet use and broadband adoption suggest that pol-
icies targeting infrastructure-based technologies may require different type of insti-
tutional support than those targeting broader technology use. As the process of
digitalisation is constantly evolving, this requires a dynamic approach to regulation
that can rapidly respond to technological evolution to provide a balanced approach
between the protection of property and users’ rights on one hand and the promotion
of technological advances on the other, not least from a welfare perspective. This has
large-scale implications on adoption of new forms of technology, such as artificial intelli-
gence, which require advanced institutions, digital infrastructures and skills.

Notes

1. For a broad summary and references, see for example Anderton et al. (2020) and Anderton
and Cette (2021).

2. For a survey, see for example, Degryse (2016), Huther (2016) or OECD (2019).

3. A related issue, which we do not cover here, is the measurement of productivity. It is dis-
cussed in some detail in Anderton and Cette (2021).

4. In parallel, it is still not entirely clear to what extent the measurement of productivity is
impaired due to the technological change associated with digitalisation, see for example
Anderton et al. (2020) and the references therein.

5. Asimilar approach is taken to study the effects of institutions and governance in Labhard and
Lehtimaki (2022) with a focus on the economic growth effects of digitalisation and Labhard
and Lehtimaki (2025) on the diffusion of climate change technology and policies.

6. See for example Bass (1969) and Mahajan and Peterson (1985).

7. See for example Schelling (1971, 1978), Granovetter (1978) and Granovetter and Soong
(1988).

8. Some of these points are discussed in a European context in Evangelista, Guerrieri, and Meli-
ciani (2014).

9. As noted by David (1989, 1990) for example, ‘computers are not dynamos’, have complexities
and special attributes, including the challenges related to measurement, which distinguish
digital technology from traditional technologies.

10. A comprehensive study into growth effects, including those that might be attributed to insti-
tutions, is available in Bassanini, Scarpetta, and Hemmings (2001).

11. For example Lehtimaki and Sondermann (2022).

12. The model has also been applied to other fields in economics, such as economic convergence
(alpha convergence, in terms of levels). Alternative approaches have also been taken to study
similar dynamics, such as incorporating technology diffusion into a neoclassical growth
model (Comin and Hobijn 2010) or using Bayesian hierarchical models to analyse cross-
country cross-technology differences (Hoffreumon and Labhard 2022).

13. A technical comparison and analysis of diffusion models and the shapes they generate in the
context of technology diffusion can be found in Jaakkola (1996).

14. A threshold of 5% was also studied with broadly similar results.

15. For Equations (2)-(5), in the case of the lagged dependent variable and interaction terms, a
negative sign means a positive effect on the rate of digital adoption; in the case of the other
terms, a positive coefficient means a positive effect on the long-term level of digital adoption.
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Appendices
Appendix 1. Data

Table A1. Countries and country aggregates.
EU countries (27)

Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovak Republic,
Slovenia, Spain, Sweden

Full cross-section (100)

Albania, Algeria, Argentina, Armenia, Australia, Austria, Azerbaijan, Barbados,
Belarus, Belgium, Benin, Bolivia, Brazil, Bulgaria, Cambodia, Cameroon, Canada,
Chile, China, Colombia, Costa Rica, Cote d'Ivoire, Croatia, Cyprus, Czech Republic,
Denmark, Dominican Republic, Ecuador, Egypt, El Salvador, Estonia, Finland,
France, Gabon, Gambia, Georgia, Germany, Ghana, Greece, Hong Kong, Hungary,
Iceland, India, Indonesia, Ireland, Israel, Italy, Jamaica, Japan, Jordan, Kazakhstan,
Kenya, Korea, Kyrgyz Republic, Latvia, Lithuania, Luxembourg, Malaysia, Malta,
Mauritania, Mauritius, Mexico, Moldova, Mongolia, Morocco, Mozambique, Nepal,
Netherlands, New Zealand, Norway, Pakistan, Panama, Paraguay, Peru, Philippines,
Poland, Portugal, Romania, Russia, Saudi Arabia, Senegal, Singapore,

Slovak Republic, Slovenia, South Africa, Spain, Sri Lanka, Sudan, Sweden,
Switzerland, Tanzania, Thailand, Togo, Tunisia, Turkey, Ukraine, United Kingdom,
United States, Uruguay, Vietnam, Zimbabwe

Notes: For the purposes of this paper, ‘EU countries’ are the EU27.

Appendix 2. Descriptive statistics for WGl summary measures

Table A2. Variables.

Variable/Description Code Source
(and transformation)

Institutions - WB, Authors
(average of GE.EST, PS.EST, VA.EST)

Governance - WB, Authors
(average of CC.EST, RQ.EST, RL.EST)

Fixed broadband subscriptions IT.NET.BBND WB
(per 100 people, in logs)

Individuals using the Internet IT.NET.USER.ZS WB

(% of population)

Real GDP per capita (log) NY.GDP.PCAP.KD WB
Human capital, Education Index - UNDP

Notes: WB stands for World Bank, UNDP for the United Nations Development Programme. In the WGI institutional
measures, CC stands for ‘Control of Corruption’, GE for ‘Government Effectiveness, PS for ‘Political Stability and
Absence of Violence/Terrorism’, RL for ‘Rule of Law’, RQ for 'Regulatory Quality’ and VA for ‘Voice and Accountability’.
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Appendix 3. Tests for cross-section dependence

Table A3. Descriptive statistics for institutional variables.

Variable Unit Mean SDev Min 10th 90th Max
EU countries

Institutions average of GE, PS, VA 1.022 0.419 —0.095 0.469 1570 1.858
Governance average of CC, RQ, RL 1.109 0.614 —0.461 0.270 1.927 2.128
Full cross-section

Institutions average of GE, PS, VA 0.234 0.851 -1.912 —0.806 1.440 1.858
Governance average of CC, RQ, RL 0.295 0.966 —1.788 —0.820 1.806 2.128

Sources: World Bank, authors’ calculations.
Notes: ‘Mean’ is the arithmetic mean, 'SDeV’ the standard deviation, ‘Min’ the minimum, '10th’ the 10th, '90th’ the 90th
percentile, ‘Max’ the maximum. In the WGI institutional measures, CC stands for ‘Control of Corruption’, GE for ‘Govern-
ment Effectiveness, PS for ‘Political Stability and Absence of Violence/Terrorism’, RL for ‘Rule of Law’, RQ for 'Regulatory
Quality’ and VA for 'Voice and Accountability’.

Appendix 4. Panel EGLS results

Table A4. Tests for cross-section dependence.

Pesaran CD-statistic Probability
EU countries
Individuals using internet 91.5 0.000
Fixed broadband 80.2 0.000
Full cross-section
Individuals using internet 314.6 0.000
Fixed boadband 262.9 0.000

Notes: Only Pesaran CD-statistics are listed but similar diagnostics were given by Breusch-Pagan LM, Pesaran scaled LM
and bias-corrected scaled LM.
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Table A6. Results for EU countries (with interaction).

m

@) ®3)

Technology
Internet(—1)

Broadband(—1)
Years since adoption

Threshold effect

Institutional environment

Institutions(—1)
Governance(—1)

Interactions
Internet(—1) x
Institutions(—1)

Internet(—1) x
Governance(—1)

Broadband(—1) x
Institutions(—1)

Broadband(—1) x
Governance(—1)

Controls
Real GDP(—1)

Human capital(—1)

Constant
Constant

Adoption pattern
Sample start
Sample end

N

F-stat

Adjusted R?

—0.246*** —0.373%** —0.252*** —0.374***

(0.014)

0.004***
(0.001)
0.276***
(0.029)

0.112%**
(0.036)

—0.026***

(0.006)

0.014
(0.070)
0.187
(0.188)

0.440
(0.741)

linear
1996
2020
648
80.4%**
0.80

(0.059)  (0.015)
0.120%**  0.004***
(0.038)  (0.001)

0.275%**
(0.030)
0.029
(0.084)
0.028
(0.031)
—0.005
(0.016)
—0.023***
(0.005)
—0.061 0.051
(0.058)  (0.067)
0.421%**  0.224
(0.136)  (0.177)
1.598** 0.134
(0.759)  (0.746)
log linear
1996 1996
2020 2020
549 648
57.0%*¥x  81.4%x*
0.76 0.80

—0.319*** —0.255*** —0.331*** —0.306***

(4) (5)
(0.057)
(0.014)
0.119***  0.005*
(0.041)  (0.003)
0.119%**
(0.035)
0.076
(0.101)
—0.091
(0.082)
—0.003
(0.014)
—0.033
(0.022)
—0.010 0.012
(0.059)  (0.059)
0.266* 0.304
(0.145)  (0.269)
1.308*% 0.581
(0.758)  (0.664)
log linear
1996 1998
2020 2020
549 527
56.6%*¥*  232.2%**
0.76 0.94

(0.041)  (0.011)
0.020 0.006%*
(0.016)  (0.003)
0.122%**
(0.039)
0.293%**
(0.097)
—0.001
(0.066)
—0.087***
(0.027)
—0.023
(0.015)
0.081** 0.031
(0.032)  (0.065)
0.673***  0.150
(0.149)  (0.244)
—0.566 0.593
(0.418)  (0.689)
log linear
1998 1998
2020 2020
392 527
135.0%%*  226.9%**
0.91 0.93

(0.039)
0.020
(0.016)

0.051
(0.067)

—0.041%*
(0.017)

0.175%**
(0.029)
0.572%**
(0.169)

—0.571
(0.412)

log
1998
2020
392
127.5%%*
0.91

Notes: Fixed Effect (country) estimates of the change in technology (dependent variable) on the past level of technology,
institutional environment, their interactions and controls. White cross-section robust standard errors in parentheses.

Adjusted R? is cross-section weighted. *** significant at 1% level, ** significant at 5%, * significant at 10%.
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