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Abstract

This article addresses an important question in the age of rapid spread of new com-

puter technologies: how do institutions influence the computer wage premium? To

identify institutional factors that account for differences in computers’ impact on

wages, the authors estimate computer wage premiums for 20 countries classified

into three national ‘varieties’ of capitalism and distinct forms of industrial relations

and education systems. The analyses are based on unique international data from

the Survey of Adult Skills, recently conducted by the Organisation for Economic

Co-operation and Development. Results reveal that computer use at work is

rewarded considerably higher in Liberal countries than in other countries—Nordic

Coordinated countries above all. These results signify the centrality of coordinated

markets, grounded in strong unions, centralized wage bargaining and publicly

funded education and training, for lower computer wage gaps, hence for lower

levels of wage inequality.
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1. Introduction

The social science literature recognizes the key role of both computerization and political
forces in the resurgence of wage inequality in rich countries since the late 1970s.
Nonetheless, it leaves unsettled an important issue concerning the potential role of com-
puters in wage determination: how can computers, which have spread across workplaces in
all rich countries, explain the divergent inequality trends in Europe and the USA? There are
two possible answers. One is that computerization has the same effect on inequality across
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countries, albeit less than the dramatic effect of neoliberal political changes manifested in
union decline and deregulation of labor markets (Jacobs and Myers, 2014; Kristal and
Cohen, 2017), which were particularly evident in the USA. The other underlines an interac-
tion between institutional features and global changes that has produced different inequality
outcomes. One version of this interaction, advanced by Blau and Kahn (2002), is that both
Europe and the USA faced technological change. But in the USA, this found expression in re-
duced wages for the low skilled, whereas the rigidity of European wage-setting mechanisms
minimized the impact of technological change on the wage structure, instead driving an in-
crease in unemployment rates for the low-skilled workers. The European part of this argu-
ment, however, does not entirely fit the facts (DiPrete, 2005). Unemployment levels
increased only in some European countries; the increase was not concentrated on low-
skilled workers and the rise in unemployment was mainly in the 1970s and early 1980s.

Here we develop a new conceptualization of the interaction between technology and pol-
itics in the wage determination process. Like previous studies, ours contends that the effect
of technological changes on wage structure was harsher in countries with a more flexible la-
bor market such as the USA. We depart from past research by more closely considering the
relation between computers and wages in different national institutional contexts. Our over-
all argument is that the computer wage premium, which indicates whether workers who use
a computer at work earn higher wages than workers who do not, is governed by the national
institutional context, fostered by class politics (cross-class alliances and inter-class conflicts),
which sets wage determination norms and practices. Wage structure, employers’ policies on
wage determination, the scope of legitimation of workers’ claims for wage increases, and the
scarcity of employees able to use computers are all embedded in the institutional context.
We, therefore, expect that using a computer at work will be more highly rewarded in coun-
tries where competitive markets are important sites for wage determination. Specifically, we
contend that using a computer at work will be more highly rewarded in countries where in-
dustrial relations are based on weak unions and fragmented wage bargaining and in coun-
tries where there is a little public investment in education and training.

Our second contribution is, as far as we know, the first empirical analysis of the com-
puter wage premium across rich countries and diverse national ‘varieties’ of capitalism. The
analyses are based on unique data from the Survey of Adult Skills, developed and conducted
by the Organisation for Economic Co-operation and Development (OECD) Programme for
the International Assessment of Adult Competencies (PIAAC). Our analytical strategy is to
utilize the rich comparative data in the PIAAC first to test the effect of computer use on labor
market stratification in different institutional contexts (Liberal Market Economies (LMEs),
Continental Coordinated Market Economies (CMEs), and Nordic CMEs). We further strip
the common national institutional configuration down to its components by estimating how
indicators for pay-setting institutions and a public-funded education system at the country-
level interact with computer use to produce different wage outcomes.

In the next section, we describe findings from prior research on the computer wage pre-
mium. We have learned much about the impact of the use of a computer at work on individ-
ual earnings in specific countries, mainly from economics research, but we know
surprisingly little about the effects of such inequality in different political contexts. In the fol-
lowing, we develop two hypotheses on how national economies’ institutional configuration,
particularly industrial relations and education systems, can mitigate such effects (Section 3).
We then describe the PIAAC data, which enable us to study the impact of the ‘computer

2 T. Kristal and S. Edler

D
ow

nloaded from
 https://academ

ic.oup.com
/ser/advance-article-abstract/doi/10.1093/ser/m

w
z049/5632020 by H

aifa U
niversity Library user on 24 N

ovem
ber 2019



revolution’ on wage structure across countries, and our modeling strategy (Section 4).
In Section 5, we present our results. To preview the main results, we find that computer use
at work is rewarded considerably higher in LME countries such as the USA than in other
countries—Nordic CMEs above all, even when wage structure is controlled for. These
results reflect the centrality of coordinated markets, grounded in strong unions, centralized
wage bargaining and public-funded education and training, for lower computer wage gaps.

2. Computer wage premium

Widening wage gaps between more- and less-educated workers have led many economists
to argue that skill requirements rise as a result of the spread of new computer technology.
Direct evidence about the effect of computer use on wage structure comes from Krueger’s
(1993) widely cited study, namely highly skilled workers are more likely to use computers
on the job, and workers who do use computers earn 17% more than non-users, net of stan-
dard human capital variables. Krueger tried to rule out the possibility that his estimates
were biased by the omission of unmeasured employee characteristics or firm attributes (i.e.
firms better able to afford computers may be better able to pay higher wages). He found that
the returns on computer use remained in the 10–15% range even after controlling for home
computer use, two-digit occupation and industry, school grades and achievement test
scores—even in homogeneous groups of workers (secretaries); his conclusion was that the
observed premium for computer use reflected actual returns and not returns to other varia-
bles unmeasured.

Following Krueger’s study, a debate arose as to whether the use of a computer at work
indeed boosted earnings, or was this reported impact due to non-random assignment of
computers to workers (i.e. employee characteristics that correlated with the provision of
computers and earnings level) and non-random assignment of workers to workplaces (i.e.
employers’ characteristics that correlated with the provision of computers and earnings
level). The general conclusion from many studies using several data sources and statistical
estimation methods is that computer use exerts a causal effect on earnings. Most studies
used cross-sectional data in one country and attempted to minimize the effect of observable
characteristics, such as human capital, employment and sociodemographic features. They
found a significant coefficient for computer use at work in ordinary least squares (OLS)
regressions, which decreases as additional controls are added (Entorf, Gollac, and Kramarz,
1999; Borghans and Ter Weel, 2004; Dickerson and Green, 2004; Green et al., 2007).
Analysis of panel data reveals a significant but smaller effect of computer use at work on
earnings (Entorf and Kramarz, 1997; Entorf et al.,1999; Dolton and Makepeace, 2004;
DiMaggio and Bonikowski, 2008).

Findings from two recent studies are particularly significant in establishing that the use
of a computer at work indeed boosts earnings. Spitz-Oener (2008) used a more recent
wave—1998–1999—of the same cross-sectional data as DiNardo and Pischke (1997) and
found that the return on computer use was robust, but the return on pencil use had disap-
peared. Utilizing the 2004 Workplace Employment Relations Survey employer–employee
matched sample, Dolton and Pelkonen (2008) found a computer wage premium within the
UK establishments of 12.7% and 2.8% within establishments and detailed occupations.
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Utilizing propensity-score matching techniques to address sample-selection bias, based on
observable characteristics of computer users and non-users, revealed a significant computer-
use effect on wages in both studies (Dolton and Pelkonen, 2008; Spitz-Oener, 2008).

Clearly then, workers who use computers at work earn more, but there is much debate
about why. The leading argument here, put forward by economists, advocates a
productivity-enhancing mechanism. Krueger (1993) argues that employees who use a com-
puter at work earn more because they are being rewarded for their computer-specific skills,
which enhance their productivity. More recently it was argued that the computer wage pre-
mium is a return on computer-specific skills, but also on general cognitive skills such as
problem-solving, which are associated with computer use and enable performance of non-
routine cognitive tasks at work (Autor et al., 2003; Spitz-Oener, 2006, 2008). All these
researchers contend that new technologies increase demand for highly skilled workers,
thereby increasing their earnings. This theory, called Skill-Biased Technology Change, still
lies at the heart of our understanding the relationship between technology and wages: the
more technologically skilled a worker is, the more attractive he/she will become to employ-
ers, hence increasing his/her wages.

Another plausible explanation elucidates why using a computer at work yields a higher
wage, implying a non-productivity-related status distinction. DiMaggio and Bonikowski
(2008) elaborate two more mechanisms whereby workers may gain earnings advantages by
using new technology beyond the workplace as well. First, using Internet at home contrib-
utes to earnings by signaling status or competence. Secondly, the use of Internet contributes
to earnings by facilitating access to labor market information, through expansion and easier
exploitation of social networks. These two mechanisms can also help explain why workers
gain earnings advantage by using a computer at work. Workers who know how to use the
computer may be seen by employers—but not necessarily are—as more competent and intel-
ligent, and also can gain privileged access to workplace-specific information. Thus using a
computer at work can generate resources that workers can use in making claims on starting
salary and pay raises. Greater bargaining power at the workplace (Wright, 1979) and more
generally in the labor market (Kalleberg et al., 1981) often results in higher pay.

Earlier research established that using a computer at work increases workers’ earnings
not only in the USA (Krueger, 1993), but also in France (Entorf and Kramarz, 1997; Entorf
et al., 1999), Germany (DiNardo and Pischke, 1997; Spitz-Oener, 2008), Italy (Di Pietro,
2007) and the UK (Dickerson and Green, 2004; Dolton and Makepeace, 2004; Green et al.,
2007; Dolton and Pelkonen, 2008). Since previous studies used different data and a different
research design, we do not know whether the computer wage premium varies across coun-
tries. But two main reasons may lead us to expect that it should. First, the computer wage
premium is related to wage inequality (Krueger, 1993), and comparative studies have dem-
onstrated that the higher wage inequality in the USA can be explained by higher returns on
education (Freeman and Schettkat, 2001; Blau and Kahn, 2005) and cognitive performance
(Blau and Kahn, 2005; Carbonaro, 2006; Hanushek et al., 2013). Therefore, different wage
inequality levels across countries may also be explained by different returns on computer
use. Even more importantly, as we elaborate below, several institutional features have
proved active in wage inequality across countries (Esping-Andersen, 1990; Hall and Soskice,
2001), so we can theorize that institutions too create variance across countries in the com-
puter wage premium.
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3. How can national institutions mitigate computers’ effect on wage

structure?

To better understand computers’ impact on the wage structure across countries, we advance
a new perspective that underlines the interactions between technology and politics in the
wage determination process. Our general argument is that using a computer at work should
be more highly rewarded in countries where competitive markets are important sites for
wage determination. To find out in which countries competitive markets are important sites
for wage determination, we draw on comparative political economy literature. This field
encompasses several analytical frameworks with common concern to understand the institu-
tional foundations of diverse national ‘varieties’ of capitalism, mostly focusing on institu-
tional diversity at the national level (or at the level of families of nations). These frameworks
frequently serve in efforts to compare how institutional diversity affects aggregate economic
performance outcomes across advanced industrial countries, on the assumption that na-
tional economies are characterized by distinct institutional configurations that shape the be-
havior of economic factors such as employees, business firms and shareholders (Jackson and
Deeg, 2006). Central to this literature, based on the ‘Varieties of Capitalism’ (VoC) agenda,
is examining institutional variation across developed economies by focusing on differences
in the social organization of private economic activity (Hall and Soskice, 2001). This means
that the VoC approach rests on the assumption that in the economy the central actors are
firms whose behavior aggregates into national economic performance.

We find the VoC firm-centered political economy framework a useful guide in developing
hypotheses on how and why countries differ on the computer wage premium. It is because
the VoC approach emphasizes business firms’ embeddedness in social contexts, and differen-
ces in the social organization and governance of firms in different economies—all very rele-
vant for understanding the impact of technological change on wage structure across
countries. This firm-centered political economy approach and a labor-centered approach
(i.e. neo-corporatism, welfare regimes) do evince important differences (Korpi, 2006;
Iversen and Soskice, 2009); nevertheless, the more recent VoC classifications of countries
into LMEs, Continental CMEs or Nordic CMEs (explained below) are closely consistent
with the literature on national labor movements. This is because of the mutually reinforcing
relations among labor’s strength, skill formation and education system (Iversen and
Stephens, 2008); the first has been vital for a labor-centered approach and the other two for
a firm-centered approach. Therefore, in developing our argument we integrate claims from
the labor-centered political economy approach (Korpi, 1983; Esping-Andersen, 1990), as
unions have a pivotal role in mediating technological change (Fernandez, 2001).
Throughout this article, we use the VoC terms for groups of countries, since classifications
of countries according to the organizational strength of the working class are closely corre-
lated with the more recent VoC classification.

The VoC firm-centered political economy approach contrasts two basic ideal types of
capitalism. In LMEs, such as the USA, the UK or Canada, the competitive market dominates
in coordinating economic behavior. The strategic behavior of firms1 in the coordination of

1 Not all firms in a country act alike. Rather, the logic is that ‘in any national economy, firms will gravi-
tate toward the mode of coordination for which there is institutional support’ (Hall and Soskice, 2001,
p. 9).
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the economy is usually determined by supply-and-demand conditions, relative prices and
market signals in competitive markets. In CMEs, such as Germany, Sweden or Japan, eco-
nomic behavior is strategically coordinated more through non-market mechanisms. Firms
typically engage in more strategic interactions with trade unions and other actors, generating
a more egalitarian variety of capitalism. As a result, income inequality in LMEs is intrinsi-
cally higher than inequality in CMEs (Rueda and Pontusson, 2000; Hall and Soskice, 2001).

Based on the comparative political economy literature, we first expect to find variance
among countries in wage returns on computer use, indicating institutional factors that widen
these differences among countries in the computer wage premium. Going a step farther, we
expect to find a general pattern in which diverse national ‘varieties’ of capitalism differ in
the computer wage premium. This may be largely related to whether competitive markets
are important sites for wage determination. In countries where wages are coordinated more
through non-market mechanisms, the effect of computer use (via worker’s skills or bargain-
ing power) on worker’s wages should be moderated more than in countries where the com-
petitive market dominates the wage determination process. In other words, the computer
wage premium should be lower in CMEs than in LMEs.

We expect CME countries to differ in the computer wage premium. New market pres-
sures and the attendant ascendance of a neoliberal ideology have led some researchers to ar-
gue for a convergence to one variety of liberal capitalism, and others to stress the formal
institutional stability in CMEs. In between, Thelen (2014) unpacks the rather diverse logics
behind alternative modes of coordination by analytically differentiating two ‘varieties of lib-
eralization’ in CMEs. ‘Dualizing liberalization’, which is associated with conservative
Christian Democratic countries such as Germany, involves ongoing strong coordination on
the employer’s part (mostly organized around manufacturing interests) but a decline in col-
lective bargaining coverage, a more marginal role for semi-skilled workers in industry
unions, and an increase in the number of irregular workers employed in more precarious
forms of employment. Another trajectory of liberalization, associated with Scandinavian
Social Democratic countries such as Denmark and termed by Thelen ‘embedded flexibiliza-
tion’, involves the introduction of new forms of flexibility to adapt workers’ skills to chang-
ing market conditions in the context of a continued strong and encompassing framework
that collectivizes risk. Although an employer-coordinated bargaining structure is not meant
directly to minimize computers’ impact on the wage structure, the collective, centralized and
coordinated bargaining that characterized Nordic CMEs diminishes the role of workers’
supply and demand, as well as individuals’ bargaining power in wage determination.
Therefore, the institutional structure of Nordic CMEs should be associated with a lower
computer wage premium than the institutional structure of Continental CMEs.

To better identify particular institutions that matter for the computer wage premium, our
main arguments strip national institutional configuration down to its components by focus-
ing on the effect of wage-setting institutions and the education and training system on com-
puter wage gaps.2 Besides these two institutions, the VoC literature examines further
institutional domains such as the financial systems, corporate governance and the institu-
tional linkages that give rise to specific configurations of capitalism; we, however, find that a
focus on the two particular institutions ‘wage-setting institutions’ and the ‘education and

2 Single-variable thinking is quite different from configurational thinking, but they may usefully inform
one another (Jackson and Deeg, 2008).
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training system’ is valuable for a deeper understanding of how institutional contingencies
matter for what seems a universal technological trend.

We know from previous studies that collective bargaining, especially where it covers
most or all wage earners and is centralized, squeezes the distribution of earnings relative to
market pay-setting (Iversen, 1999; Wallerstein, 1999; Rueda and Pontusson, 2000; Kristal
and Cohen, 2007; Visser and Checchi, 2009). But does extensive and centralized collective
bargaining also reduce the computer wage premium? We argue that it does. Dominant labor
unions that establish widespread bargaining coverage can stimulate practices and norms of
equity across workplaces, and mute thereby the upward pressure of high-wage workers who
use a computer at work for pay rises. Centralized wage bargaining at the sector level or
nation-wide also contributes to harmonizing pay across workplaces as it typically endorses
the principle of ‘equal pay for equal work’ (i.e. equal hourly pay for similar jobs, the work-
er’s characteristics notwithstanding) that put a limit on wage rises of members who work in
the most profitable workplaces (Iversen, 1999; Visser and Checchi, 2009). Also, within
workplaces centralized wage bargaining contributes to harmonizing pay by leveling earning
differentials related to skill, education and status (Tomaskovic-Devey et al., 2009; Heinze
and Wolf, 2010), and reducing the overall effect of establishments’ investments in computers
on within-establishment inequality (King et al., 2017). We, therefore, expect countries’
wage-setting institutions to mitigate the computer wage premium thus:

Hypothesis 1: The computer wage premium will be highest in countries where industrial relations
are based on weak unions and fragmented wage bargaining, and lowest in countries where indus-
trial relations are based on strong unions and centralized wage bargaining.

The scarcity of employees able to use computers in the respective country should also
lead to a higher computer wage premium. The latter circumstance is mainly affected by the
education and training system that goes hand in hand with the strength of the labor move-
ment (Iversen and Stephens, 2008; Busemeyer and Iversen, 2012). Typically, LME countries
are associated with highly stratified systems of vocational education and training (VET) or-
ganized around the inculcation of general skills that often reflect and reinforce economic
inequalities. By contrast, CMEs feature stronger systems of VET organized around firm- or
industry-specific skills that offer opportunities for working-class youth to move into stable
and relatively well-paid jobs (Estevez-Abe et al., 2001; Thelen, 2004; Busemeyer and
Trampusch, 2012).3 Most importantly, in CMEs, employers—for rational, functional or po-
litical reasons—coordinate to secure a highly skilled workforce well trained to meet new job
requirements due to technological change. Different structures of education and training sys-
tems should result in variation among countries in scarcity of employees able to use com-
puters. In turn, a higher share of workers who use computers at work should play out in a
lower return on computer use, because of market forces’ mechanisms (i.e. high supply) or
relative bargaining power (i.e. more similarity in bargaining).

3 The two ideal types of skill formation systems are firmly connected to labor market policies. In
CMEs, these feature stronger employment protection and associated longer job tenures, whereas
LMEs are characterized by fluid labor market regimes and weak to no employment protection regula-
tions that provide workers with greater opportunities to move their resources around in search of
higher returns.
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We expect to find the highest level of computer users, hence the lowest level of computer
wage premium, in countries characterized by heavy investment in public education and in-
dustry- and occupation-specific vocational skills. This form of education and training sys-
tem, as Iversen and Stephens (2008) show for literacy skill, fosters high levels of human
capital (skills both specific and general such as literacy, math and information technology
knowledge), especially at the bottom of the skills distribution. By contrast, in countries with
low investment in public education and training, we expect to find the lowest level of com-
puter users—particularly among low-wage workers—hence the highest level of computer
wage premium.

Hypothesis 2: The computer wage premium will be highest in countries with little investment in
public education and training, and lowest in countries with heavy investment in public education
and industry-specific and occupation-specific vocational skills.

4. Data and methods

To determine whether the effect of computers on wages varies among countries, we analyze
new international data on adult skills by means of the so-called PIAAC. The Survey of Adult
Skills, conducted under the auspices of the OECD in 2011–2012 for 24 countries, and in
2014–2015 for an additional 9 countries, provides comparable data on workers’ skills, de-
mographic characteristics, education, employment, use of computers (at work and at home)
and earnings, for a representative sample of adults in 33 countries (sample size is about
5000 in each country). We restricted the analyses to employed wage and salary workers
aged 20–65 years; this reduced sample size to about 3000 per country yields a total of 72 155
observations in the pooled sample. Countries’ sample sizes are shown in Appendix A.

We focus on 20 rich countries: Australia, Austria, Belgium, Canada, Denmark, Finland,
France, Germany, Ireland, Israel, Italy, Japan, Korea, the Netherlands, New Zealand,
Norway, Spain, Sweden, the UK and the USA (only Israel and New Zealand participated in
the second round in 2014–2015). Public Use Files containing individual data can be down-
loaded at the OECD website for each participant country except Australia,4 for which we
obtained the PIAAC data directly from the Australian Bureau of Statistics. In the Public Use
Files, earnings data for Austria, Canada, Germany, Sweden and the USA are reported only
in deciles. For Germany, we obtained the German PIAAC Scientific Use File, which contains
earnings as a continuous variable, from the German Social Science Infrastructure Services–
Leibniz-Institute for the Social Sciences. For Austria, Canada, Sweden and the USA, we ana-
lyzed models only for wage deciles.

4.1 Individual-level variables

The dependent variable in the analysis, namely hourly earnings, is defined once in nominal
terms and again in standardized terms to differentiate wage structure from other institu-
tional effects. The nominal measure is expressed in terms of the logarithmic transformation
of gross hourly earnings including bonuses, corrected by purchasing power parity and con-
verted into US dollars by the OECD. Gross pay is defined as pay before deductions for tax
and national insurance (social security contributions), including any regular overtime pay,

4 We use the updated public-use files released on June 28, 2016.
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regular bonuses, tips and commissions, excluding annual bonuses. In each country, we
trimmed the bottom and top half of a percent of the wage distribution to limit the influence
of outliers. The standardized measure is a decile ranking scale on which individuals in each
country are ranked according to their relative earnings on a standardized (decile) earnings
ladder. Being sensitive to relative ranks rather than the absolute wage, wage deciles use elim-
inates cross-national differences on the level of overall wage inequality.

The unique quality of the PIAAC data allows us to analyze the computer wage premium
across rich countries. Our key independent variable is computer use at work. It is a dummy
variable based on the survey question ‘Do you use a computer in your job?’ Computer is
broadly defined, covering a mainframe, desktop or laptop computer or any other device that
can be used to do such things as send or receive email messages, process data or text, or find
things on the Internet.

To estimate the effect of computer use on workers’ wages, we divided the independent
variables into three groups (see Appendix A). The first group is introduced into the equa-
tions to control for cross-national differences in the composition of wage-determining char-
acteristics. These variables are uniformly recoded as follows: gender (men coded 1),5

immigrant status (native-born and second-generation immigrants, coded 1), three educa-
tional measures (primary, secondary and high),6 work experience (years of paid work over a
lifetime),7 full-time status (at least 30 h a week), type of contract (contracts of unlimited du-
ration, coded 1, and contracts of limited duration, coded 0), workplace tenure and sector
(public sector, coded 1). Unlike traditional income surveys that generally do not provide in-
formation on employers, the PIAAC data allow taking two company characteristics into ac-
count: large firm (more than 250 employees, coded 1) and whether the place of work is part
of a larger organization.

Computer use may be associated with other characteristics that are usually unobserved
but are causally related to wages, yielding regression coefficients that partly reflect the unob-
servable effects of computers on wages in addition to the true effects. The second type of var-
iables is therefore introduced into the analysis to control for job features, including a set of
four occupational measures (skilled, semi-skilled white collar, semi-skilled blue collar and el-
ementary), a dummy indicating whether the respondent works in the manufacturing sector,
and a dummy variable, coded 1, for workers who report that they manage or supervise other
employees. As controls for jobs’ features are added, the likelihood that the computers effect
is determined purely by unobserved ability differences decreases.

The third type of independent variables enables testing hypotheses on the mechanisms
whereby computer use affects earnings by including in the models rather scarce indicators of
workers’ cognitive skills and computer-specific skills. We measured workers’ cognitive and
computer-specific proficiency by respondents’ scores on numeracy and ‘problem-solving in
technology-rich environments’ tasks.8 Measurements for numeracy and computer-specific

5 There is no information on marital status in the survey, and too many values are missing from the
nearest variable for living together, which precludes using it in the models.

6 High education is short-cycle tertiary education, a Bachelor’s degree (or equivalent) and higher
degrees.

7 The experience measure refers to actual work experience. It was collected as the number of years
in which at least 6 months were spent in paid work.

8 The size of the population for which proficiency scores for problem-solving are not reported, varied
across countries. In our sample the proportion ranged from below 10% (the Netherlands, New
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proficiency are on 500-point scales that describe gradations in the complexity of the tasks.
The score domains are not very closely correlated with an individual-level correlation be-
tween numeracy and computer-specific skills of 0.801, making it possible to distinguish dif-
ferent skills. For analytical purposes, we standardized scores in the following regression
analyses to set a within-country mean of zero and a within-country standard deviation of 1.
Since our skill measure was standardized to (0, 1), the coefficient can be interpreted as the
percentage increase in wage associated with a 1 SD increase in measured skills.

Because the PIAAC was designed to provide accurate estimates of proficiency in the two
domains across the adult population and its major subgroups, rather than at the level of
individuals, each respondent was given a subset of the test items used in the numeric and
computer assessment. The OECD imputed proficiency scores for each respondent based on
performance on test items and background characteristics. The uncertainty of imputation is
reflected in 10 plausible values for each respondent on the scales for cognitive and computer
proficiency. When we included numeracy or computer-specific skills as independent varia-
bles, we calculated the coefficient by estimating a model for each possible value, and then av-
eraged the results. The standard errors were computed by calculating the square root of the
overall variance of estimate.

4.2 Country-level variables

To estimate whether and how specific national institutions mitigate the returns on computer
use, we utilize several indicators for pay-setting institutions and education systems at the
country level (Table 3). Many problems beset specifying the best variables and their mea-
surement representing countries’ bargaining behavior that is also comparable across coun-
tries (Kenworthy, 2001; Traxler et al., 2001). Recently, Jelle Visser (2016) presented new
harmonized measures of bargaining coverage and the structure of bargaining based on an
updated version of the database on Institutional Characteristics of Trade Unions, Wage
Setting, State Intervention and Social Pacts. Here we use three specific measures for pay-
setting institutions. First, bargaining coverage indicates the degree of collective organization
in the labor market. It denotes the proportion of employees or wage earners to whom a col-
lective agreement signed by a union or worker representative and the employer or employ-
ers’ association applies. High bargaining coverage is typically based on the combination of
three institutional variables: sector (or national) bargaining; a high level of employer organi-
zation; a frequent, though not necessarily ‘automatic’, use of administrative extension of
agreements.

We also employ two indicators for the bargaining structure. The level of wage bargaining
indicates if the locus of decision-making over wages is closer to the sector or to the individ-
ual enterprise. Bargaining centralization more broadly encompasses the structure of collec-
tive bargaining as it takes into account union authority and union concentration at multiple

Zealand, Norway and Sweden) to above 20% (Australia, Korea, Ireland, Israel and Japan), with the
other countries in between. Excluding them from the analysis could bias our results, because a
computer-related non-response would probably be related to lower computer skills. We therefore in-
cluded non-responses in the analysis. Since the non-responsive seem more similar to the respond-
ents with no computer skills than to those who took the computer-based assessment, we decided to
impute to a non-response the minimum value in the computer-specific skill measure. The conclu-
sions remain the same in models that do not include individuals who opted out of the problem-
solving test.
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levels (derived from Iversen’s centralization index). Bargaining centralization is highly corre-
lated with union centralization, which some analysts consider a dimension of union strength
since it facilitates unified action. As shown in Table 3, there is a remarkable difference in
bargaining coverage between LME countries and CME countries, but CME countries show
hardly any differences among European countries (except Germany, where coverage de-
clined after the unification of East and West Germany in 1990), some differences in bargain-
ing structure notwithstanding.

To study whether and how countries’ education systems interact with computer use at
work to produce different stratification outcomes we employ two common indicators for the
education and training system, based on an OECD (2017) publication. The first is public ed-
ucation spending as a percentage of gross domestic product (GDP); the second is public in-
vestment in vocational training (the correlation between the two is 0.60). The latter is
measured by public spending as a percentage of GDP on upper secondary education multi-
plied by share of upper secondary students in vocational programs (both school and dual
training schemes). Countries with extensive school-based VET (Scandinavian countries,
France, Belgium) score high on this measure, as do countries with strong apprenticeship
training systems (Germany, Austria, Switzerland and Denmark). By contrast, countries with
low levels of public investment in vocational training with slight firm involvement (i.e.
Liberal countries) score low on this measure, while in between are other countries, particu-
larly southern European (Italy and Spain), characterized by a medium level of public invest-
ment on vocational training with slight firm involvement.

4.3. Analytic strategy

Our first analyses predict the premium for using a computer at work on hourly earnings in
different institutional settings. That is, within each country (Table 3), or group of countries
(Tables 1 and 2), we estimate whether workers who use a computer at work earn higher
wages than workers who do not. To describe how computers’ effect on wage structure dif-
fers across countries and across distinct institutional configurations, we analyze the interac-
tion between computer use and the three main diverse national ‘varieties’ of capitalism,
using OLS regressions on wage samples pooled across countries with cluster-robust standard
errors. When the latter are utilized, individual observations in our data become clustered
within countries, therefore they are not independent.9 In this first analysis, we classify the 20
rich countries in our sample as the three stylized ideal types according to recent comparative
political economy literature (Iversen and Stephens, 2008; Thelen, 2014). LME countries are
Australia, Canada, Ireland, Israel,10 New Zealand, the UK and the USA; Continental CMEs
are Austria, Belgium, France, Germany, Italy, Japan, Korea, the Netherlands and Spain; and

9 This method of analysis yields correct point estimates, but due to the small number of clusters (20
countries) it may yield confidence intervals that are too narrow. We utilized a user-written Stata
program called ‘clustse’ which implements some options for estimating the statistical significance
of parameters when the data are grouped in a small number of clusters. Conclusions were
unchanged in these models.

10 Around the mid-1980s, Israel’s political economy transformed from a variant of coordinated capital-
ism as in much of northern Europe to a much more liberal capitalism as in Anglo-Saxon countries
(see Paz-Fuchs et al., 2018).
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Nordic CMEs are Denmark, Finland, Norway and Sweden.11 This recent VoC classification
is identical to rival institutional-related categorization in the list of countries in each category
(LME is identical to the liberal regime, Continental CMEs to the corporatist regime and
Nordic CMEs to the social democratic regime).

To test our main hypotheses regarding how countries differ in computers’ effect on wage
structure according to their wage-setting and training systems, we analyze hierarchical linear
models that facilitate estimating country-level effects on wages while controlling for cross-
country differences in the composition of the individuals nested in them. We estimate a ran-
dom intercept and a random slope hierarchical model to predict logged hourly wages.
The two-level model can be represented by a set of equations:

Table 1. OLS regression estimates of the effect of computer use on nominal wage in LMEs,

Continental CMEs and Nordic CMEs, 2011–2015

Dependent variable Ln Hourly Wage

Model 1 Model 2 Model 3 Model 4 Model 5

Computer use at work 0.265*** 0.168*** 0.139*** 0.138*** 0.109***

(0.012) (0.012) (0.012) (0.012) (0.015)

Continental CMEs � Computer �0.050*** �0.026 �0.005 0.000 0.018

(0.014) (0.014) (0.014) (0.014) (0.019)

Nordic CMEs � Computer �0.162*** �0.156*** �0.123*** �0.142*** �0.136***

(0.014) (0.013) (0.013) (0.016) (0.017)

General cognitive skills – – – – 0.001***

(0.000)

Computer-specific skills† – – – – 0.000

(0.000)

4 occupation dummies, managers,

manufacturing

No Yes No No No

9 one-digit occupation dummies No No Yes No Yes

9 one-digit industry dummies No No Yes No Yes

48 two-digit occupation dummies‡ No No No Yes No

21 two-digit industry dummies‡ No No No Yes No

R2 0.364 0.415 0.433 0.444 0.450

N 49 140 49 140 48 738 45 607 34 835

Source: Authors’ calculations of the PIAAC.
Notes: The analysis covers wage and salary workers aged 20–65 years. Sample weights are applied. The coeffi-
cients are followed by robust standard errors in parentheses. Control variables are omitted for parsimony. The
controls in Models 1–5 are gender, native born, education, work experience, work experience, 2full time, type
of contract, tenure, sector, large firm and part of larger organization.
LMEs are Australia, Ireland, Israel, New Zealand and the UK. Continental CMEs are Belgium, France,
Germany, Italy, Japan, Korea, the Netherlands and Spain. Nordic CMEs are Denmark, Finland and Norway.
†Data are unavailable for Italy, France and Spain.
‡Data are unavailable for Finland.
***P < 0.001.

11 We decided to include France, Italy and Spain in the Continental CME category although their insti-
tutional setting is more ambiguous and may constitute a Mediterranean cluster. This is because the
main institutional difference is in the sphere of corporate finance, which we consider less relevant
for computers’ impact on the wage structure.
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ðearningsÞij ¼ boj þ b1jðcomputer useÞij þ bnXij þ eij (1)

At the individual level, the dependent variable is the logarithmic transformation of gross
hourly earnings of individual i in country j, and boj is the intercept denoting the average
earnings. ‘Computer use’ denotes whether the employee uses a computer at work (coded 1)
or not (coded 0), and its coefficient b1j represents the average computer wage premium. The
vector Xij denotes other individual-level explanatory variables, bn denotes their coefficients,
and eij is the error term. This equation allows the intercept boj and the computer effect b1j to
vary across countries (i.e. to be random) while the effects of all other variables are con-
strained to be the same across countries (i.e. to be fixed). At the second level, country-level

Table 2. OLS regression estimates of the effect of computer use on standardized wage in LMEs,

Continental CMEs and Nordic CMEs, 2011–2015

Dependent variable Hourly wage deciles

Model 1 Model 2 Model 3 Model 4 Model 5

Computer use at work 1.312*** 0.826*** 0.772*** 0.755*** 0.534***

(0.081) (0.080) (0.080) (0.090) (0.089)

Continental CMEs � Computer �0.176 �0.095 �0.064 �0.045 0.157

(0.100) (0.097) (0.094) (0.098) (0.098)

Nordic CMEs � Computer �0.344*** �0.384*** �0.243** �0.381*** �0.176

(0.103) (0.099) (0.093) (0.100) (0.099)

General cognitive skills – – – – 0.006***

(0.001)

Computer-specific skills† – – – – 0.002

(0.001)

4 occupation dummies, managers,

manufacturing

No Yes No No No

9 one-digit occupation dummies No No Yes No Yes

9 one-digit industry dummies No No Yes No Yes

48 two-digit occupation dummies‡ No No No Yes No

21 two-digit industry dummies‡ No No No Yes No

R2 0.381 0.442 0.460 0.477 0.481

N 72 185 72 185 71 401 51 033 54 152

Source: Authors’ calculations of the PIAAC.
Notes: The analysis covers wage and salary workers aged 20–65 years. Sample weights are applied. The coeffi-
cients are followed by robust standard errors in parentheses. Control variables are omitted for parsimony. The
controls in Models 1–5 are gender, native born, education, work experience, work experience, 2full time, type
of contract, tenure, sector, large firm and part of larger organization. For Canada and the USA, the type of con-
tract is imputed at the LME level.
LMEs include are Australia, Canada, Ireland, Israel, New Zealand, the UK and the USA. Continental CMEs are
Austria, Belgium, France, Germany, Italy, Japan, Korea, the Netherlands and Spain. Nordic CMEs are
Denmark, Finland, Norway and Sweden.
†Data are unavailable for Italy, France and Spain.
‡Data are unavailable for Austria, Canada and Finland.
***P < 0.001.
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characteristics (in this case wage-setting and education systems) explain these random
effects, as presented in Equations (2) and (3):

boj ¼ c00 þ c0ðcountry� level characteristicsÞj þ l0j (2)

b1j ¼ c10 þ c1ðcountry� level characteristicsÞj þ l1j (3)

Our main interest is Equation (3), which represents the interaction between computer
use and country-level characteristics on earnings. The dependent variable b1j denotes the av-
erage earnings gap between those who use a computer at work and those who do not, in
each country, while country-level characteristics (in this case wage-setting and training sys-
tems) are introduced to explain this variation across countries. All three equations are esti-
mated simultaneously.

In all the PIAAC’s country samples, complex sample designs were used. Analyzing the
data requires the use of special methods developed to obtain correct results. These methods
cannot be used directly in available statistical packages. Usefully, the OECD PIAAC team
developed several user-written commands in the StataVR programming language to obtain
correct estimates of basic statistics and to facilitate a regression analysis with the PIAAC.12

When calculating the two-level hierarchical models, sampling weights used on the Level 1
unit are rescaled to reduce bias in variance parameter estimators (see Rabe-Hesketh and
Skrondal, 2006).

5. Results

5.1 Cross-national variability in returns on computer use

The results presented in Table 1 are aimed to establish the following: whether LMEs,
Continental CMEs and Nordic CMEs differ in the effects of computer use on nominal
wages. In the first specification of Table 1 (Model 1) we control for gender, immigrant sta-
tus, three educational measures (primary, secondary and high), work experience, work expe-
rience squared, full-time status, type of contract, workplace tenure, sector, large firm and
part of a larger organization (full results are presented in Appendix B). This equation specifi-
cation is the closest to Krueger (1993) and most of the literature, in the sense that it does not
control for occupation or industry, nor does it distinguish the different things workers do
with a computer at work. In additional specifications, we control for heterogeneity effects at
the occupational level and industrial sector level (Models 2–4), and for cognitive and
computer-specific skills (Model 5).

Table 1 shows first that the effect of computers on wages is substantial. According to the
extended table in Appendix B, the effect of computers on wages is already second in size to
education (workers with high education earn 31% higher pay than workers with primary
education, and 19.8% higher pay when occupation and industry are controlled for: see
Appendix B). Looking at differences among LMEs, Continental CMEs and Nordic CMEs in
the computer wage premium, we find—consistent with our expectation—that CMEs moder-
ate the effect of computers on wages, and that the computer wage premium is highest in

12 We used a module available at http://www.oecd.org/skills/piaac/
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LMEs and lowest in Nordic CME countries.13 In LMEs, employees who use computers at
work earn 26.5% higher pay than employees who do not, holding other suspects constant.
In Continental CMEs, employees who use computers at work earn 21.5% higher pay than
employees who do not (the coefficient for using computers plus the coefficient for using com-
puters in Continental CMEs), and in Nordic CMEs the figure is 10.3% (Model 1). The same
order—the highest effect on earnings in LMEs (16.8%) and the lowest in Nordic CMEs
(1.2%)—is found when we add controls for occupation and industry (Model 2). These
results indicate that the wage gaps between workers who do and do not use computers at
work are the widest in LMEs and the narrowest in Nordic CMEs.14

Analytically, we prefer to estimate the computer wage premium without detailed information
on occupation because computer skills may enable workers to qualify for jobs in higher paying
occupations. Also, countries’ industry composition may be partly an outcome of their institu-
tional setting, including the education and training system, the financial system and corporate
governance. That means that the results shown in Models 3–5 may underestimate the signifi-
cance of the institutional setting for the computer wage gap level. Still, if one-digit occupation
dummies and one-digit industry dummies are included instead of the four occupation dummies
and manufacturing sector, the results are similar (Model 3)—except for Continental CMEs,
where the computer wage premium is no different from that in LMEs. The computer-use wage
differential is 13.9% in LMEs and 1.6% in Nordic CMEs. Moreover, if 48 two-digit occupation
dummies (data are unavailable for Finland) and 21 two-digit industry dummies are included, the
computer-use wage differential is still much higher in LMEs than in Nordic CMEs. It is the same
when measures for workers’ cognitive and computer-specific skills are included. An explanation
for the highest computer wage premium in LMEs, taking into account the skill structure across
countries, could be the greater legitimation of workers’ claims for wage increases in LMEs.

Could the results shown in Table 1 be simply an outcome of higher levels of wage in-
equality in LMEs as compared with CMEs? The results presented in Table 2 for the esti-
mated effects of computer use at work on a standardized wage demonstrate that even when
the wage structure is controlled for, the computer wage premium is highest in LMEs and
lowest in Nordic CMEs. These results hold when we add controls for occupation and indus-
try (Models 2–4), but not controls for workers’ cognitive and computer-specific skills
(Model 5). Our findings that computer use at work is considerably more highly rewarded in
LMEs and less highly rewarded in Nordic CMEs, even when wage structure is controlled
for, soundly support the argument for an interaction between technology and politics in the
wage determination process. That CMEs moderate the effect of computers on wages may be
because in competitive markets skilled workers obtain higher returns. This may be due to
their higher productivity and the limited supply of such workers. Also, the claims of the

13 These results hold for both complex and simple uses of a computer at work. In additional analyses
(not shown), we used the detailed information on computer use at work to differentiate workers
who use computers at work for complex tasks from those who use them for simple tasks.

14 But the results do not indicate that computer-based workers in LMEs earn more, on average, than
computer-based workers in other countries. In fact, the highest (average) hourly wage among com-
puter workers as well as non-computer workers was found to be in Nordic LMEs. That is, the higher
computer wage premium in LME countries is partly (but not entirely: see Table 2) due to the aver-
age wages of non-computer workers in Nordic CMEs ($18.3) being higher than those of non-
computer workers in LMEs ($13.7). This reduces the within-country premium in relative terms.
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higher qualified workers who use a computer at work should win more legitimacy and
power in LMEs than in countries with more regulated markets.

As expected, the results shown in Tables 1 and 2 reveal a significant gap between
LMEs and Nordic CMEs in the rewards for using a computer at work, the former illustrat-
ing the highest rewards. We expected to find that Continental CME countries lie in be-
tween these two varieties of capitalism, but the results here are less robust. This is partly
due to greater variance among countries assigned to this category in their wage-setting
and vocational education systems (Table 3). To better understand the computer wage pre-
mium in Continental CME countries, we estimated the same models in Tables 1 and 2
with two additional distinctions in Coordinated CME countries (data not shown): (a) a
group comprising Japan and Korea, where coordination takes place across groups of com-
panies rather than in the industrial sector, and collective bargaining coverage is much
lower; (b) a group comprising France, Italy and Spain, which may constitute a
Mediterranean cluster associated with high levels of state intervention (Hall and Soskice,
2001). As we would expect, the computer wage premium in group-coordinated economies
(i.e. Japan and Korea) is higher than in industry-coordinated economies (i.e. Austria,
Belgium, France, Germany, Italy, the Netherlands and Spain) where collective bargaining
coverage is much higher. Also, the computer wage premium in a Mediterranean cluster
(i.e., France, Italy and Spain) characterized by high levels of state intervention is lower
than in other Coordinated CME countries. We further assess the sensitivity of the results
to our classifying countries into nominal groups by estimating models by country.
Overall, the results (shown in Table 3) reveal a pattern similar to the findings by the three
varieties of capitalism.

5.2 The role of pay-setting institutions and education and training system in

cross-national variability in returns on computer use

Table 4 presents results from a random intercept and a random slope hierarchical model
to predict logged hourly wages (full results are presented in Appendix C). At the country
level, we estimated the effect of indicators for pay-setting institutions on average wages,
and more importantly on the computer wage premium. A negative sign for the interac-
tion between computer use and countries’ continuous indicators (bargaining coverage,
public education spending and public investment in vocational training) indicates that the
computer wage premium tends to decrease with an increase in the respective indicator.
Since data on nominal measures for hourly wages are available for only 16 countries, we
estimated separate models for each indicator, and in Model 6, we included several indica-
tors in one model.

Consistent with our first hypothesis, that widespread bargaining coverage can stimulate
practices and norms of equity across workplaces and thereby mute upward pressure of high-
wage workers who use a computer at work for pay raise (H1), we find that the computer
wage premium tends to decrease with an increase in bargaining coverage (Model 1 in
Table 4). To test the second part of our first hypothesis—that the computer wage premium
will be highest in countries where collective bargaining is decentralized to the company
level—we estimated a hierarchical model in which bargaining level (Model 2) and bargain-
ing centralization (Model 3) explain the variance among countries in the computer wage
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Table 4. Effects of individual- and country-level variables on earnings, 2011–2015

Dependent variable Ln hourly wage

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Country-level effect: on the intercept

Bargaining coverage rate 0.003** – – – – 0.003**

(0.001) (0.002)

Level of wage bargaining—

intermediate between

sector and company

bargaining†

– �0.059 – – – –

(0.181)

Level of wage bargaining—

sector or industry level†
– �0.142 – – – –

(0.099)

Level of wage bargaining—

intermediate between

central and industry

bargaining†

– 0.159** – – – –

(0.058)

Level of wage bargaining—

central level†
– 0.239*** – – – –

(0.056)

Bargaining centralization – – 0.836** – – –

(0.264)

Public education spending – – – 0.151*** 0.173***

(0.031) (0.039)

Public investment in

vocational training

– – – – 0.003*** �0.003

(0.001) (0.002)

Country-level effect: on the computer wage premium

Bargaining coverage rate �0.001*** – – – – �0.001***

(0.000) (0.000)

Level of wage bargaining—

intermediate between

sector and company

bargaining†

– �0.077*** – – – –

(0.021)

Level of wage bargaining—

sector or industry level†
– �0.067 – – – –

(0.035)

Level of wage bargaining—

intermediate between

central and industry

bargaining†

– �0.094*** – – – –

(0.013)

Level of wage bargaining—

central level†
– �0.103*** – – – –

(0.014)

Bargaining centralization – – �0.090 – – –

(0.155)

Public education spending – – – �0.049*** – �0.046***

(0.012) (0.014)

Public investment in

vocational training

– – – – �0.001*** 0.000

(0.000) (0.000)

9 one-digit occupation

dummies

Yes Yes Yes Yes Yes Yes

continued
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gap.15 As expected, decentralization of collective bargaining is found associated with a
higher computer wage premium. Although our estimation method reveals the ‘average’ ef-
fect of computer on wages, we expect that in countries with centralized wage bargaining, us-
ing a computer at work will also have a more equal effect on the wage structure. This is
because unskilled workers tend to do better under economy-wide bargaining, whereas
skilled workers may gain more from company bargaining, especially where it allows some
individual pay bargaining.

Before turning to the results for the interaction between the education systems and the
computer wage premium, in Table 5, we review the extent of international differences in the
distribution of computer use at work in the wage sample. Two patterns stood out. First, co-
ordinated CME countries showed the lowest levels of computer use, in particular among
low-wage workers. The lowest levels of computer use were in Italy and Spain, characterized
by medium levels of public investment in VET, but little firm involvement as compared with
‘collective’ or ‘statist’ skill formation systems in other continental European countries
(Busemeyer and Iversen, 2012). This finding is consistent with Iversen and Stephens’ (2008)
thesis that the skill formation system in these countries favors skilled workers and largely
ignores the interests of low-skilled and semi-skilled workers. Second, a striking pattern is the
lower level of computer-use inequality in Nordic CMEs than elsewhere: a difference of 31.9

Table 4. Continued

Dependent variable Ln hourly wage

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

9 one-digit industry dummies Yes Yes Yes Yes Yes Yes

N (Individual) 48 738 48 738 43 471 48 738 48 738 48 738

N (country) 16 16 14 16 16 16

Source: Authors’ calculations of the PIAAC.
Notes: The analysis covers wage and salary workers aged 20–65 years. Sample weights are applied. The coeffi-
cients are followed by standard errors in parentheses. Control variables are omitted in the interest of parsimoni-
ous presentation. The controls in Models 1–6 include gender, native born, education, work experience, work
experience2, full time, type of contract, tenure, sector, large firm and part of larger organization. Full results are
presented in Appendix C.
†Ref: bargaining predominantly takes place at the local or company level.
**P < 0.01; ***P < 0.001.

15 While centralization and coordination can ideally amount to the same thing, in practice fully decen-
tralized bargaining, at the company level, might be highly coordinated, for instance, if all negotia-
tions were conducted by the same union, or employers took advice from one major association
before signing agreements. Conversely, highly centralized bargaining with peak-level confedera-
tions can be fairly uncoordinated, when there is poor monitoring and implementation at lower lev-
els. We therefore estimate additional models in which we include at the country level an indicator
for coordination of wage setting, defined as the degree to which wage bargaining is (strategically)
coordinated by unions and employers. In line with H1, we find the highest level of computer wage
premium in countries with fragmented wage bargaining, confined largely to individual firms or
plants (e.g. the USA), and the lowest level in countries with the highest level of wage coordina-
tion—Belgium and Finland, where maximum or minimum wage rates/increases are based on cen-
tralized bargaining (data not shown).
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percentage points between workers located in the upper tail (90th percentile) and lower tail
(10th percentile), compared with much wider gaps in LMEs (45.4) and in Continental
CMEs (48.3). The smaller dispersal of computer use across the wage structure in Nordic
CMEs than elsewhere is due to the higher percentage of workers who use a computer at
work in both low-wage (62.9%) and median-wage (86.4%) workers. The lower level of
computer-use inequality in Nordic CMEs is a result of the institutional system, which fosters
high levels of computer skills, especially at the bottom of the skills distribution.

To test our second and last hypothesis—that heavy investment in public education and
extensive vocational training should reduce the computer wage premium—we estimate hier-
archical models in which we interact indicators for the education system with the computer
wage gap. Here too the results are consistent with our expectations. We find that an increase
in public spending on education (Models 4 and 6) and an increase in public investment in
vocational training (Model 5) decrease the computer wage premium, apparently by increas-
ing the supply of workers who use computers at work.

Table 5. Distribution of computer use at work by country and three national ‘varieties’ of

capitalism, 2011–2015

Percentile Differential

Mean 10 50 90 50–10 90–50 90–10

LME countries

Australia 74.6 56.5 76.0 96.5 19.5 20.5 40.0

Canada 73.1 52.7 76.3 95.3 23.6 19.0 42.6

Ireland 68.1 40.9 74.3 93.0 33.4 18.6 52.1

Israel 68.9 34.3 65.0 89.8 30.7 24.7 55.4

New Zealand 71.5 43.2 67.6 96.8 24.4 29.2 53.6

UK 75.3 49.3 72.0 99.3 22.7 27.3 50.0

USA 74.2 49.2 69.4 92.4 20.2 23.0 43.2

Average 72.2 46.6 71.5 94.7 24.9 23.2 48.1

Continental CME countries

Austria 70.0 43.6 66.9 94.6 23.3 27.6 50.9

Belgium 71.3 40.0 63.1 95.1 23.2 31.9 55.1

France 65.3 38.0 56.2 93.3 18.2 37.1 55.3

Germany 66.6 47.5 70.2 99.5 22.7 29.3 52.0

Italy 45.4 23.6 43.5 75.2 20.0 31.6 51.6

Japan 72.8 49.3 74.2 89.7 24.9 15.4 40.4

Korea 64.3 39.5 60.7 71.6 21.2 10.9 32.1

The Netherlands 79.0 62.2 82.3 94.2 20.0 12.0 32.0

Spain 53.5 28.7 51.1 90.7 22.5 39.6 62.1

Average 65.4 41.4 63.1 89.3 21.8 26.2 47.9

Nordic CME countries

Denmark 79.1 60.4 76.1 93.3 15.7 17.2 32.9

Finland 80.3 48.6 75.4 97.4 26.8 22.0 48.9

Norway 84.7 72.2 82.5 98.2 10.3 15.7 26.0

Sweden 82.9 67.1 83.7 95.8 16.6 12.1 28.7

Average 81.8 62.1 79.4 96.2 17.3 16.8 34.1

Source: Authors’ calculations of the PIAAC.
Notes: The analysis covers wage and salary workers aged 20–65 years. Sample weights are applied.
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6. Conclusions

This study explores the computer wage premium from a cross-national comparative perspec-
tive, utilizing unique data from the Survey of Adult Skills. The results of the analyses and di-
verse sensitivity tests are consistent with the main argument: institutions mediate the
computer wage premium. We found that the institutional setting in LMEs exerted the high-
est (average) effect of computers on wages. The institutional setting in Nordic CMEs exerted
the lowest effect. These results mirror the centrality of coordinated markets, grounded in
strong unions, centralized wage bargaining, and publicly funded education and training, for
a relatively low computer wage premium, and consequently a more equal wage distribution.

The results also provide some indirect evidence as to the mechanisms that link computer
use to labor market inequality in different institutional contexts. Controlling for available
measures for workers’ skills (assumed to be closely correlated with workers’ productivity),
we find that using a computer at work has a considerable effect on wages in LMEs and a mi-
nor effect on wages in Nordic CMEs. These findings may suggest that the sizeable effect of
computers on wage structure, in LMEs above all, is largely explained by their enhancing
workers’ bargaining power, while productivity-enhancing mechanisms (i.e. returns on com-
puter skills or general cognitive skills) play a secondary part.

Our study is not without limitations. First and foremost, the individual-level data on
computer use and wages, linked to macro-level capitalist system typologies and national in-
stitutional context as explanatory factors, do not enable examination of the direct effect of
wage determination norms and practices on the computer wage premium, but only examina-
tion of the possible trace of these processes. Second, although the PIAAC offers rich infor-
mation on computer use at work, computer-based technologies’ effects on the wage
structure reach far beyond the individual who uses (or does not use) a computer at work.
Computer-based technologies are known to have far-reaching implications for the context
in which workers and employers operate by changing the occupational composition of the
workplace (Acemoglu and Autor, 2011), work practices (Bresnahan et al., 2002), social rela-
tions at the workplace (Vallas, 1993) and union strength (Kristal, 2019). Lastly, our study
compares the wages of workers who use a computer at work with those of workers who do
not, without identifying the specific computer-based technologies. Having data on different
types of technologies might show that our results also reflect the type of knowledge and in-
novation at work in the three national ‘varieties’ of capitalism, which are closely linked to
the education and training system and wage-setting institutions.16 This indicates that the in-
stitutional linkages that give rise to specific configurations of capitalism may not be fully ob-
served when the focus is on a specific institutional domain or on several domains.

Despite these limitations, this study makes further contributions to research on compara-
tive political economy and income inequality, and in considering what should be done to
moderate inequality. First, our finding that the three varieties of capitalism differ with

16 By type of innovation process, studies usually mean Hall and Soskice’s (2001, pp. 38–40) distinction
between technologies characterized by radical innovation that can be found in biotechnology or
telecommunications, and technologies such as mechanical engineering, which would feature more
incremental innovations. That the institutional framework of LMEs is supportive of radical innova-
tion, but tend to limit firms’ capacities for incremental innovation, while the institutional framework
of CMEs is better at supporting incremental innovation, finds some to strong support in the compar-
ative literature (see Schneider and Paunescu, 2012).
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respect to the computer wage premium shows the marked institutional variance among
countries in the age of global neoliberalism. Second, our study sets out a new research
agenda that highlights the interactions between technology and politics in the wage determi-
nation process, aiming to solve the puzzle of the divergent inequality trends among countries
in the computer-revolution age. The new agenda developed in this article demonstrates that
politics, broadly defined, can locally mitigate the effects of global technological change on
wages by stimulating norms of fair pay and equity. This article focuses on the computer
wage premium, but it is possible to theorize additional ways whereby technology interacts
with institutions in generating wage inequality. In fact, the literature on technology adoption
across countries, in particular studies on innovations induced by labor costs (see Acemoglu,
2010, for a summary of this literature), indicates that labor market regulations significantly
influence technology adoption, hence wage inequality. Recently Alesina et al. (2018) showed
that more labor regulation biases technology toward low-skill sectors, while less labor regu-
lation biases technology toward high-skill sectors,17 a finding that can partly explain in-
equality difference between CME and LME countries. That politics can locally mitigate the
effects of global technological adoption and usages on wages, signifies the importance of
studying the interactions between technology and politics for a better understanding of the
divergent inequality trends among countries.
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Appendix C: Effects of individual and country-level variables on

earnings

Dependent variable Ln Hourly Wage

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Individual-level effects

Intercept 2.313*** 2.423*** 2.180*** 1.803*** 2.334*** 1.674***

(0.084) (0.051) (0.106) (0.151) (0.060) (0.165)

Computer use at work 0.195*** 0.174*** 0.155** 0.349*** 0.192*** 0.372***

(0.021) (0.017) (0.059) (0.062) (0.016) (0.059)

Male 0.153*** 0.153*** 0.140*** 0.153*** 0.153*** 0.153***

(0.019) (0.019) (0.017) (0.019) (0.019) (0.019)

Native born 0.038*** 0.038*** 0.036*** 0.038*** 0.038*** 0.038***

(0.009) (0.010) (0.011) (0.010) (0.010) (0.009)

Medium education 0.062*** 0.061*** 0.064*** 0.061*** 0.061*** 0.061***

(0.008) (0.008) (0.009) (0.008) (0.008) (0.008)

High education 0.203*** 0.203*** 0.197*** 0.203*** 0.203*** 0.203***

(0.016) (0.016) (0.017) (0.016) (0.016) (0.016)

Work experience 0.022*** 0.022*** 0.022*** 0.022*** 0.022*** 0.022***

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Work experience squared 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Full time �0.132** �0.132** �0.079** �0.132** �0.132** �0.132**

(0.048) (0.048) (0.016) (0.048) (0.048) (0.048)

Permanent contract 0.105*** 0.105*** 0.099*** 0.105*** 0.105*** 0.105***

(0.014) (0.014) (0.015) (0.014) (0.014) (0.014)

Tenure 0.006*** 0.006*** 0.005*** 0.006*** 0.006*** 0.006***

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Large firm 0.124*** 0.124*** 0.120*** 0.124*** 0.124*** 0.124***

(0.010) (0.010) (0.010) (0.010) (0.010) (0.010)

Public sector 0.018 0.018 0.019 0.017 0.017 0.017

(0.015) (0.015) (0.016) (0.015) (0.015) (0.015)

Part of larger organization 0.048*** 0.048*** 0.050*** 0.048*** 0.048*** 0.048***

(0.010) (0.010) (0.011) (0.010) (0.010) (0.010)

Country-level effect: on the intercept

Bargaining coverage rate 0.003** – – – – 0.003**

(0.001) (0.002)

Level—intermediate

between sector and

company bargaining†

– �0.059 – – – –

(0.181)

Level—sector or industry† – �0.142 – – – –

(0.099)

Level—intermediate

between central and

industry bargaining†

– 0.159** – – – –

(0.058)

Level—central† – 0.239*** – – – –

(0.056)
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Continued

Dependent variable Ln Hourly Wage

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Bargaining centralization – – 0.836** – – –

(0.264)

Public education spending – – – 0.151*** 0.173***

(0.031) (0.039)

Vocational training

intensity

– – – – 0.003*** �0.003

(0.001) (0.002)

Country-level effect: on the computer wage gap

Bargaining coverage rate �0.001*** – – – – �0.001***

(0.000) (0.000)

Level—intermediate

between sector and

company bargaining a

– �0.077*** – – – –

(0.021)

Level—sector or industry a – �0.067 – – – –

(0.035)

Level—intermediate

between central and

industry bargaining a

– �0.094*** – – – –

(0.013)

Level—central a – �0.103*** – – – –

(0.014)

Bargaining centralization – – �0.090 – – –

(0.155)

Public education spending – – – �0.049*** – �0.046***

(0.012) (0.014)

Vocational training

intensity

– – – – �0.001*** 0.000

(0.000) (0.000)

9 one-digit occupation

dummies

Yes Yes Yes Yes Yes Yes

9 one-digit industry dummies Yes Yes Yes Yes Yes Yes

N (Individual) 48 738 48 738 43 471 48 738 48 738 48 738

N (country) 16 16 14 16 16 16

Source: Authors’ calculations of the PIAAC.
Notes: The analysis covers wage and salary workers aged 20–65 years. Sample weights are applied. The coeffi-
cients are followed by standard errors in parentheses.
†Ref: bargaining predominantly takes place at the local or company level.
**P < 0.01; ***P < 0.001.
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