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Abstract

This historical paper analyses the distributional consequences of computerisation on the
wage share of income in United Kingdom (UK) workplaces in the first decade of this
century. The reasons why computerisation might increase a firm’s income but reduce the
share assigned to wages are still not well understood. The uniquely rich Workplace
Employment Relations Survey (WERS) 2004-201 | includes firm-level measures of the
main production inputs and outputs, and thus allows an analysis of the main mechanisms
through which increased computer usage influenced the wage share of income in UK
workplaces over this period. This analysis shows that the proportion of employees using
computers impacted the wage share in ways that were at odds with two mainstream
views: that computers complement capital, and that labour can be easily replaced by
capital. The results show that the proportion of employees using computers reduced the
wage share by disproportionally increasing the productivity of the least skilled employees,
who were not proportionally compensated for their increase in productivity. The stability
of the wage share, over the period of interest, is explained by the rise in a workplace’s
share of professional employees and by a rise in work effort. This positive contribution to
the wage share was counteracted by an increased share of employees using computers
and by a reduction in the share of employees whose pay was negotiated by unions,
thereby contributing to a decline in the wage share of firm income.
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Introduction

Since the 1970s, the increasing gap between growth in labour productivity and wages,
resulting from the sluggish growth of the latter, was accompanied by a rise in the national
income share of capital and particularly corporate profits. The result has been a decline in
the wage share of aggregate income in many Western societies. In the Group of Seven
(G7) countries, the wage share of income has declined by an average of two percentage
points per decade, starting from 70% in 1970 (Adrjan, 2018). Possible reasons for this
decline are the changing composition and declining level of government spending (Huber
and Stephens, 2014; Pensiero, 2017; Stockhammer, 2017), globalisation (Kanbur, 2000;
Stockhammer, 2009), weakening bargaining power of unions (Bengtsson, 2014; Kristal,
2010) and technological change (European Commission [EC], 2007; International
Monetary Fund [IMF], 2007).

There is controversy regarding the reasons why information and communication
technologies (ICTs) might help increase the divide between the profit and wage shares of
income. Some leading economists theorise that ICTs have increased the productivity of
capital more than that of labour, leading to an increase in capital intensity, which in turn
caused labour’s share of income to decline (Karabarbounis and Neiman, 2014; Piketty,
2014)." The capital augmenting (or biased) nature of ICTs, in combination with a high
substitutability between capital and labour inputs, has led firms to increase the use of
capital relative to labour inputs. Against this view, Lawrence (2015), Acemoglu (2003),
Wei (2014) and Young (2010) argue that technology is labour augmenting (increasing the
productivity of labour inputs more than that of capital) and that labour cannot be easily
substituted by capital. The latter hypothesis implies that the increase in productivity since
the 1980s has disproportionally contributed to profits despite depending on labour
contributions as much as on technological innovations. Using a power relations approach,
Kristal (2010, 2013) challenged the idea that ICTs’ role in the wage share is accounted for
by productivity-enhancing mechanisms and argued that ICTs erode the wage share by
facilitating the anti-union actions of management, and by polarising the workforce with
respect to skills, thus undermining worker solidarity.

Most empirical research on economic inequalities, including within the heterodox
tradition, has overlooked an alternative interpretation of the role of ICTs in production
processes — that ICTs are labour augmenting and that the possibilities of substitution
between labour and other production inputs are limited. At present, there is no conclusive
evidence as to whether ICTs have had a significant impact on the wage share in the United
Kingdom (UK) and whether the mechanisms through which ICTs affected the wage share
align more with the capital augmenting or labour augmenting view of technological
change (IMF, 2007; Kristal, 2010, 2013; Stockhammer, 2017). Moreover, data limitations
have prevented extant research on the wage share from analysing the combined effect of
ICTs and management techniques on the wage share. Labour economics research fo-
cusing on management practices has suggested that over the last 30 years in the UK,
employees have been under pressure to expend increasing levels of effort (Felstead and
Green 2017; Green, 2006). Yet, I am aware of no study analysing whether management
practices mediate the effect of ICTs on income inequality. This paper’s contribution lies in
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analysing the extent of the impact of the uptake of computers on wage share and
identifying the main mechanisms accounting for the role of computerisation. The present
analysis uses a particular data set available for the period 2004 to 2011 — the Workplace
Employment Relations Survey (WERS) — to analyse the role of a wide set of production
inputs, including labour inputs (share of skilled, intermediate and low skilled employees),
management practices (intensity of monitoring, just-in-time techniques, employee in-
volvement, improvement groups, workplace work effort) and capital investment, while
controlling for union activity, scope of the market, firm performance, and industry
differences. This rich dataset allows analysis of, and potential generalisation from, the
question of whether computers were labour or capital augmenting, and an exploration of
exploration of new mechanisms brought into play, that is, whether the use of computers
increased the efficiency of management practices in a way that benefited profits or wages.

The firm is the natural unit to analyse those mechanisms. The way in which income is
shared between capital and labour is the result of production and wage bargaining
processes occurring in the UK at the firm level. While most analyses of the wage share of
firms’ income have been conducted at the country and sector level, this paper contributes
to the stream of research using firms as the unit of analysis (Adrjan, 2018; Autor, et al.,
2017; Autor et al., 2020; Dinlersoz and Wolf, 2018; Growiec 2012; Siegenthaler and
Stucki, 2015).

A workplace analysis of wage share has several advantages. First, most analyses imply
that the main sources of variation in national wage share are within-firm and that the
effects of technology, globalisation and labour relations institutions are equal for all firms
(Gollin, 2002; Gordon, 2005; Piketty, 2007; Piketty and Saez, 2007; Zuleta and Young,
2007). Yet conversely, Autor et al. (2017) show that wage share has a large element of
between-firm variation.

Additionally, a firm-level analysis overcomes major measurement issues that affect
most literature on wage share of income. This paper uses the employees’ share of a
workplace’s net income (after intermediate costs) as the measure of wage share. Ag-
gregate definitions of wage share somehow arbitrarily assign capital and labour incomes
to entrepreneurs, self-employed and employees, who might receive incomes both from
owning capital and from their labour. Firm-level analysis avoids this problem.

I use data from the uniquely rich employer—employee matched Workplace Em-
ployment Relations Study (WERS). Using the 2004 and 2011 surveys, I construct a
repeated cross-sectional sample of firms, constructing measures of income level (which is
the chosen measure of output) and income share, management practices and employee
characteristics. The richness of information on firms is ideal for an analysis like the one
proposed, focused on differences between firms and changes over time. The analysis
remains relevant to today’s economy as computers are forms taken by automated and
digitalised production processes. Nevertheless, the sample covers a specific period of
11 years and cannot be used to make generalisations about trends in the longer term. The
literature review that follows focuses on the main mechanisms used to explain the as-
sociation between computers and income inequalities. I then present the statistical
methods used, which include estimation of both a production and distribution function.
The analysis centres on an estimation of the impact of computers on income level and
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wage share of income and, the mechanisms that account for this impact. Finally, I draw a
conclusion of the results for the wage share.

Literature review

In order to derive the key explanatory variables allowing quantification of the conse-
quences of the increased use of computers on wage share, a literature review provided four
main themes for exploration. Has computer-based technological change been biased
towards capital or labour? Has it been biased towards skilled or less skilled occupations?
What has been the effect of management practices? What other control factors need to be
considered? These themes are discussed in turn in Is computer technology biased towards
capital or labour?, Is computerisation biased towards skilled or less skilled occupations?,
Computers and management practices, Control factors, and were used as the basis for
deriving the independent and control factors used in the statistical analysis.

Is computer technology biased towards capital or labour?

In line with the mainstream hypothesis, some leading economists theorise that ICTs
increase the productivity of capital more than that of labour (i.e. are capital augmenting),
increasing the quantity of capital relative to the quantity of labour, which in turn causes the
labour share of income to decline (Karabarbounis and Neiman, 2014; Piketty, 2014).2
Some processes such as the relocation of labour-intensive tasks in less advanced countries
and the global decline in the relative price of investment goods are in line with the capital
augmenting hypothesis. Piketty and Zucman (2013) link the concentration of capital to the
saving to growth rate. In the presence of high substitutability and capital augmenting
technology, a low or constant growth rate leads to a growing capital to output ratio and
hence to a decline of the wage share. Karabarbounis and Neiman (2014) relate the global
decline in the relative prices of investment goods that started in the 1980s to the rise in the
capital-labour ratio, which in turn reduced labour’s share of income. The capital aug-
menting hypothesis inspired the finding in the IMF World Economic Outlook (2007), that
overall, technological progress is a larger contributor to the fall in the wage share of
income than changes in labour market policies.

The hypothesis of an inverse relationship between capital intensity and labour share is
at odds with the literature that focuses on estimating the elasticity of substitution between
capital and labour. While the exact value of the elasticity is still debated, evidence overall
shows that production processes and technology have increased labour’s productivity
more than they increased capital’s (labour augmenting technology) and that ICTs, rather
than substituting labour, complement it (Chirinko, 2008; Wei, 2014; Young, 2010).

Therefore, the available evidence supports the heterodox hypothesis that ICTs are
labour augmenting, implying that they contribute to increase the productivity of labour
more than that of capital and hence exert a pressure to maintain or increase the demand for
labour. However, a positive effect on the productivity of labour does not automatically
translate into a larger wage share. When labour and capital are complements, the demand
for labour — due to the bounded nature of the capital to labour ratio — cannot increase
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beyond a certain threshold, without an adverse effect on the efficiency of production. The
result is that the demand for labour does not increase sufficiently to match its enhanced
productivity (Lawrence, 2015; Oberfield and Raval, 2014). The computer-enhanced
labour productivity is therefore transferred to capital’s return rather than to wages, thus
reducing the wage share. The paper hypothesises, in line with the heterodox perspective,
that computers improve the productivity of labour more than that of capital but receive a
share of income which does not match its productivity.

Is computerisation biased towards skilled or less skilled occupations?

The effect of computers on the productivity of and demand for labour is likely to vary
across skilled and less skilled occupations The skill-biased technological change (SBTC)
hypothesis posits that computers complement workers in either high or low skill oc-
cupations, rather than those with mid-level skills (Acemoglu and Autor, 2011). The
starting point of this skill polarisation perspective is the observation of an increasing
return to skills — that is, university degrees — in many western countries from the mid-
seventies to the 1980s despite the secular increase in the supply of university educated
workers (Acemoglu and Autor, 2011; Greiner et al., 2004). This suggests that techno-
logical change, which was driven by the spread of computers in workplaces, increased the
productivity of skilled workers more than those of less skilled workers. More recently,
from the 1980s to 2005, in the United States (US) there was a rise in both the wages of
skilled occupations and the wages of occupations at the bottom of the skill distribution,
performing tasks which are not easily displaced by computers and rely on dexterity,
interpersonal relationships and physical proximity, such as service and manual occu-
pations. Conversely, the wages of middle skill occupations performing mainly routine
codifiable tasks declined (David and Dorn, 2013). Reshef (2013) documents that in the
US from 1963 to 2005 the average efficiency of less skilled occupations outgrew that of
college graduates in the service sector. Gregory et al. (2016), show that the effect of
technological change in replacing routine tasks — called routine-replacing technological
change (RRTC) — can help increase the demand for low- and middle-skill groups in-
directly by reducing the cost of production. While RRTC reduced employment for
middle-skill occupational groups, this reduction was more than offset by the effect of
RRTC in creating new demand through reducing production costs. This increase in
product demand, in turn, raised income which was also spent on low-tech products
favouring local labour demand.

This literature implies that computers can have diverse effects on the productivity of
and demand for different occupations. The empirical analysis will investigate which
occupation types — professional, intermediate or less skilled — experienced the greatest
computer-induced productivity increase.

Computers and management practices

Computerisation can steer work practices towards high effort and efficiency. Those
changes, as any change that affects efficiency in production, are likely to affect the wage
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share. Hence this study explores the combined effect of computers and management
practices on the wage share of income. There is evidence of work intensification in UK
workplaces (Felstead and Green, 2017; Green et al., 2021) and of the use of digital
technology to pass competitive pressure on to workers (Burchell et al., 1999). This
process is thought to have been fostered by the weakening of unions (Green and
Mcintosh, 2001), by the enhanced capacity of employers to measure, motivate and
discipline effort, and, crucially for our analysis, by the effort-biased nature of computers
(Green, 2004). It can be hypothesised that computers may raise the productivity of high
effort workers relative to that of other factors of production. Software, computing power
along with efficient management practices enhance efficiency in allocating work
schedules and workflows, enabling a closer match between the fluctuating demand of
customers and work effort. Accordingly, the combination of computer usage and em-
ployees effort may have significantly enhanced firm profits.

In recent decades innovations in work organisation aimed at improving the efficiency
of production processes and fostering individuals’ responsibility and flexibility have been
diffused across countries, along with new information technologies (Jiang and
Messersmith, 2018; Jiang et al., 2012; Patel et al., 2013; Shin and Konrad, 2017).
Computers may enhance the efficiency of such management practices in several ways.
They may make just-in-time production, total quality management and involvement
practices more efficient in allocating labour inputs, thus increasing output levels. Second,
computers may also increase the precision of the managerial monitoring of effort and
output (Green, 2004), eroding workers’ bargaining power and reducing the need to
incentivise workers through above-market wages. Third, more recently, new forms of IT
platform-mediated gig- and crowd-work transfer planning insecurity from managers to
workers, render performance evaluation non-transparent, allow payment only for frag-
mented tasks and undermine worker bargaining power (Pfeiffer and Kawalec, 2020). The
analysis will therefore assess whether wage levels have increased in step with the growth
in firm income levels associated with the combined use of new management practices and
computer technology.

Control factors

Recent studies of the bargaining relations between capital and labour have focused on the
role of globalisation in strengthening the position of capital. Globalisation is thought to
have placed domestic workers in competition with workers from abroad and weakened
the influence of domestic political forces on domestic wages and work conditions
(Kanbur, 2000; Stockhammer, 2017). Throughout the analysis, I shall control for
measures of the scope of the firm’s market as a proxy for the effect of globalisation.
In the United Kingdom the institutions and practice of collective bargaining have
eroded over the last four decades. Union density, and the involvement of unions in
workplace regulation, have declined considerably (Achur, 2010; Millward et al., 2000).
Firms increasingly set pay without negotiation with unions or, bargained at workplace
level rather than at a higher or mixed level (Addison et al., 2013; Van Wanrooy et al.,
2013). In workplaces where unions have voice, productivity deals feature prominently in
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bargaining agreements in several sectors (Andrews and Simmons, 1995; Elger, 1990;
Tomaney, 1990). Such bargaining agreements will shift income share towards profits if
agreed pay rises are more than compensated for by the higher productivity conceded by
employees during bargaining. The negative effect of unions on profitability in the UK has
been declining since the 1980s, yet there is conflicting UK evidence about whether the
effect is still statistically significant (Blanchflower and Bryson, 2009; Bryson et al., 2011).
My analysis will control for the share of employees with pay negotiated by unions.

Finally, I shall control for the financial performance of the workplace, as the way in
which the income is distributed between wages and profits might depend on financial
resources available.

Modelling strategy

This paper contributes to the literature on wage share with an analysis of the role of
computers in both redistributive and production processes. Additional supplementary data
are presented in Supplementary Appendix A. Only a few studies on the distributional
consequences of ICTs analyse the underlying production mechanisms and thus offer
estimates on their own of the extent of bias of new technologies towards capital and labour
(Dinlersoz and Wolf, 2018; Lawrence, 2015; Oberfield and Raval, 2014). I directly tested
the hypotheses regarding the mechanisms underlying the hypothesised distribution
processes. If the effects of any given factor on the workplace’s income level and the share
of income that it retains are consistent, it can be concluded that the mechanisms of
redistribution match the contribution of that factor to productivity; otherwise, if there is
discrepancy between the two effects, it means that part of the contribution of the factor to
productivity translates into either the employee’s or firm’s rent.

The statistical model is a log-log linear regression which uses a binary variable for the
survey year and interaction terms to test the hypotheses regarding the combined effect of
computers and other production factors.

I model the production function using the translog function, which is linear in its
parameters, accommodates both linear, quadratic and interaction terms, and can use more
than two factor inputs (Christensen et al., 1973; Supplementary Appendix B). I analyse
the mechanisms accounting for the effect of share of employees using computers on the
wage share by estimating its bias with respect to capital and labour inputs and the
elasticity of substitution between computers and capital and labour inputs (Supplementary
Appendix B).

Throughout the analysis, I used the publicly provided weights to take into account the
sampling design, which resulted in larger workplaces and workplaces from less populated
industries being oversampled. In addition, I use a weight to adjust for the differences in
sample sizes between the 2004 and 2011 surveys.

Results

Table 1 presents the main results of the regression models of income level and wage share.
The model specification covers the key production inputs discussed so far — labour inputs
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(total number of employees, proportion of professional employees, proportion of in-
termediate employees), the level of computerisation (proportion of employees using a
computer), capital inputs® (capital per employee) and management practices, and the
control variables. Supplementary results can be found in the Supplemental File Appendix.
Supplementary Appendix Table C1 presents the mean and standard deviation of the main
variables for the two surveys, the daily gross wage per employee and the daily income per
employee in pounds, adjusting for inflation. I experimented with different model
specifications which are not shown, using additional measures of human resource
practices, such as performance related-pay and profit-related pay. Those additional
variables did not show a significant effectiveness and did not alter the estimates of the
remaining variables, hence were excluded from the presented results. Therefore, the
selected model specifications tend to be parsimonious when the exclusion of variables
does not lead to a loss of information. Results of regression models when the groups of
independent variables are added progressively in a stepwise fashion are presented in
Supplementary Appendix Tables D.1 and D.2 while Supplementary Appendix Table E1
presents an estimation of the contribution of different factors to the stability of the wage
share over the period.

Model 1 in column 1 and Model 3 in column 3 of Table 1 present the results of the
baseline regression model for wage share and income level using the complete list of
covariates. The second column presents the results of regression model for the wage share
allowing the level of computerisation to interact with the main production inputs. Model 3
presents the baseline production function with no interaction terms and Model 4 (column
4) presents the translog production function, which includes quadratic and interaction
terms between the main production inputs (proportion of professional employees, pro-
portion of intermediate employees, capital per employee, computerisation).

The degree of computerisation shows opposite effects on the level and share of income.
A 1% increase in the share of employees using computers is associated with a reduction of
the wage share of 0.8% points (p <0.001) in Model 1. Conversely, the share of employees
using computers is associated with a higher level of income, with a 1% increase in
computerisation being associated with a 0.7% income increase™®’ (p <0.1) (corresponding
to a 1.1% in the parameter estimate in Table 1, p < 0.05, Model 4). In other words,
computers make workplaces more productive, yet most of this increase is reaped by
profits. The reasons for this are explored below in the analysis of the elasticity of
substitution and complementarity between inputs.

The number of employees does not show a substantial or statistically significant
association with wage share, while it has a positive association with the income level
(0.9% increase, p < 0.001). The share of professional employees in the workforce shows a
positive and significant association with wage share (0.6%, p < 0.1) and a positive and
non-significant association with income level (0.6% income elasticity,’ and 0.2% in the
regression model, not significant at the conventional levels, Model 4).

The share of intermediate employees is associated with a larger wage share (0.8%, p <
0.001). The variable is also positively associated with income level (0.8% income in-
crease,’ and 0.3% in the regression model), but the estimates are not statistically
significant.®
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Mode 2 introduces an interaction between the share of employees using computers and
the share of professional and intermediate employees. The results show that workplaces
with a higher share of professional and intermediate employees, tend to share more of
their income with their workforce than workplaces with fewer professionals (4% more,
p < 0.001) and fewer intermediate employees (3% more, p < 0.01). The interaction
between the share of employees using computers and professional employees has op-
posite effects on the income level. The share of employees using computers increases the
income level of all workplaces and especially of those where there is a larger share of less
skilled employees with respect to professional employees (9% increase,” p < 0.001) and
intermediate employees (7% increase,'® p < 0.01).

Demanding greater work effort from employees augments the workforce’s wages more
than profits or income level. Demanding greater effort was associated with a higher wage
share (1% more in Model 1 (p <0.01) and 0.9% more in Model 2 (p < 0.01)) and a larger
income level, although the latter estimate was not significant. The interaction term in
Model 2 shows that in highly computerised workplaces the relationship between work
effort and wage share become negative (—2% of the wage share, p <0.1). Computers tend
to turn work effort into higher profits.

Workplaces with more intensive monitoring of their employees generated higher levels
of income (1% increase, 0.05). The coefficient regarding the wage share was negative and
noteworthy, but non-significant. The coefficient regarding monitoring remained non-
significant even when the variable was interacted with the level of computerisation.

Union activity was found to be related to a larger wage share. When the share of
employees with pay negotiated by unions increased by 1%, the wage share became 0.2%
points larger (p < 0.01). The interaction term between computers and union activity in
Model 2 shows that highly computerised workplaces especially benefited from union
activity (0.5%, 0.05). There was a negative but non-significant association between union
activity and the income level.

Involving employees in decisions shows a negative association with the wage
share, which was non-significant (—0.1) in Model 1 and significant in the Model 2
with all the interaction terms (0.2, p <0.1). The interaction term in Model 2 shows that
computers turned the involvement of employees in decisions into a lower wage share
(—0.62, p < 0.1). The association between decision making and income level was
small, negative and non-significant. Improvement groups showed similar results to
those of employee involvement, a negative association with wage share (—0.2, p <
0.1) and a positive association with income level (0.5, p <0.1). When combined with
computers, improvement groups show even larger negative effects on the wage share
(=1%, p < 0.05).

Just-in-time techniques show a weak, mixed and non-significant association with wage
share, and a negative but significant association with income level (—0.4, p <0.1). The
interaction with computers does not change these results significantly.

The models control for the effect of globalisation and a firm’s financial performance.
The UK share of the domestic market has a negative association with wage share (—0.1,
p <0.05) in Model 1 and a negative, smaller and non-significant association in Model 2.
The association with income level is positive (0.4 in Model 4, p < 0.01). The results
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indicate that firms which produce for the domestic market tend to offer services and goods
with a larger value added, yet they share less income with their employees. The other
measure of globalisation — facing competition from abroad — shows a positive, yet non-
significant association with wage share and income level.

The financial performance of the workplace has a negative and significant associa-
tion with wage share (—0.4 in model 4, p < 0.05) and a positive one with income level
(0.7, p < 0.05). The better a workplace’s financial performance the greater their income
level but the lower their wage share.

In order to investigate the mechanisms that explain the negative effect of computers on
wage share, [ now analyse the possibilities of substitution between computers and labour,
and the ability of computers to enhance the productivity of labour and other inputs.

The findings regarding the effectiveness of the share of employees using computers
from the analysis of both the wage share and the income level suggest that computers
make workplaces with a larger proportion of less skilled employees more productive,
yet this increased productivity is mostly reaped by profits. The productivity of
workplaces with a higher share of professional and intermediate employees benefits
less from computerisation, yet such workplaces share more of their income with their
employees.

While the use of computers across the workforce increases the productivity of the
least skilled employees, it is negatively related to the productivity of capital. Therefore,
the results support the view that computers augment mainly the productivity of less
skilled labour.

The measure of elasticity of substitution between the share of employees using
computers and the share of professional and intermediate employees is negative
(respectively —19'" and —11'%), indicating that the distribution of the three main groups
of occupations — professional, intermediate and least skilled — and the share of employees
using a computer complement each other. This means that it is not possible to increase or
reduce the incidence of one of those inputs without changing the others too.

The elasticity of substitution between the share of employees using computers and
capital is negative and small (—2.2),"> suggesting a complementary relationship between
the two inputs, although to a smaller extent than that between occupations and computers.

The evidence presented so far suggests that the negative impact of the share of
employees using computers on wage share, is accounted for by the combination of the
labour augmenting nature of computers — which increases the productivity of
workplaces where there is larger proportion of least skilled employees — and the high
level of complementarity between employee skill levels and degree of firm use of
computer technology. Workplaces would be incentivised to increase the share of the
least skilled employees, yet the complementarity between the different skill groups and
computers prevents this pressure from turning into a higher demand for any particular
skill group. As a result, the increased productivity of highly computerised workplaces
is transferred to profits mostly. While the value of elasticity between computer, capital
and labour inputs is still debated, the results are broadly consistent with previous
research showing that production processes and technology have increased labour’s
productivity more than they increased capital’s (labour augmenting technology) and
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that computers, rather than substituting labour, complement it (Chirinko, 2008; Wei,
2014; Young, 2010). In addition, computers render the techniques of work organisation
that involve the participation of employees (employees’ involvement and improvement
groups) more effective at increasing the profit share (and reduce the wage share).
Conversely unions are more effective at increasing the wage share in more compu-
terised workplaces.

Conclusions

The article used a firm-level dataset to analyse whether computers contribute to reducing
the wage share of income and to assess the reasons for this effect. The regression analyses
confirm positive relationships between the share of employees using computers and
income level, and a negative relationship with wage share. Computers make workplaces
more successful at increasing the income level, but this advantage is largely beneficial to
profits. This analysis suggests a heterodox interpretation of the decoupling of the pro-
ductive and redistributive effect of computers. In contrast with the view that the capacity
of computers to make other factors more productive is biased towards capital and
professional employees (IMF, 2007; Karabarbounis and Neiman, 2014; Piketty, 2014),
this analysis suggested that the share of employees using computers increased dis-
proportionally the productivity of low skilled occupations relative to other factors of
production. The results showed that there was complementarity between the share of
employees using computers and low skilled employees. This complementarity in the
technology of production processes prevents computer-enhanced productivity from
translating into a higher demand for labour inputs. The result is that computer-enhanced
productivity mostly increases profits.

The inclusion of management practices as production inputs sheds light on aspects of
the wage share which have not to my knowledge been analysed before. Intensity of effort,
an aspect of the relationship between employees and employers which is difficult to define
in job contracts (Bowles and Jayadev, 2006; Bowles and Gintis, 1988), is positively
associated with the wage share. The analysis showed that workplaces demanding a more
intense level of effort reward their employees with a larger wage share. A possible reason
is that workplaces that require employees to expend more effort are more dependent on
incentives, including higher wages.

Regarding monitoring, workplaces that exert greater control over employees tasks,
despite using larger resources to supervise employees, achieve both a larger income and a
lower wage share (the effect size was substantial but non-significant). These findings
regarding work effort and monitoring suggest that a relevant part of the bargaining
between employees and employers occurs at the individual level and involves non-
contractual aspects of the job.

In addition, computers were shown to interact positively with work effort and some of
the management techniques analysed, such as employee involvement and improvement
groups, but not with monitoring. Highly computerised workplaces tend to turn those
practices which rely on the participation of employees into larger profits.
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The substantial stability of the wage share over the period is the result of the opposite effects
of the share of professional employees and work effort on the one hand and the share of
employees using computers and the share of employees with pay negotiated by unions on the
other. The negative contribution of the share of employee using computers and the share of
employees with pay negotiated by unions was compensated by the increased share of pro-
fessional employees and the increased requirement to expend effort. Transformation of pro-
duction processes via computers has had diverse effects on the wage share. This transformation
increased productivity across the workforce, but also implied a higher reliance on effort and on a
larger share of professionals, both needing to be rewarded with larger wages. The results also
show that employee monitoring has reduced over the 20042011 period, despite a longer-term
increase, starting from 1990s and throughout the 2010s (Gallie et al., 2004), which might also
have contributed to the longer-term declining trend in the wage share.

The cross-sectional nature of the dataset requires caution in attributing causation to the
relationship between workplace characteristics and wages. While the analysis included
the main factors accounting for workplace performance and management practices, some
relevant factors driving the association between each independent factor and wage
outcomes may have been omitted. Regarding the effect of the share of employees using
computers, some unobserved aspects of the technology of production processes may
explain both the share of employees using computers and the income level. However,
such factors cannot explain the negative association between the share of employees using
computers and the wage share, confirming that the opposite effects of computers positive
on income level and negative on wage share, are not likely to be a statistical artefact.

Despite those limitations, the analysis has important implications. Its results regarding
the labour-augmenting nature of computers and the low levels of substitutability between
labour and the other production inputs offer a novel insight into the distributional effect of
ICTs. Whilst heterodox economists challenged the hypothesis that ICTs are a key de-
terminant of income inequality (Stockhammer, 2017), the presented results, while not
supporting the mainstream interpretation of the distributional role of information tech-
nology, support the idea that computers affect the wage share of income. The factors
through which computers affected the wage share were — contrary to the mainstream view
(IMF, 2007; Karabarbounis and Neiman, 2014; Piketty, 2014) — the least skilled oc-
cupations, and included management and organisation practices which demand more
attention from the literature on the wage share, such as the workplace’s work effort,
monitoring, employee involvement and improvement groups.
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Notes

1. While the definition of capital varies across the studies reviewed, the proposed empirical
analysis defines capital as land and all types of equipment.

2. Piketty (2014) argues that the rate of return to monetisable capital and the growth of mon-
etisable capital increase together, which, in a low growth rate scenario, leads to an increase in
the rate of return to capital with respect to national income and leads to increasing wealth
inequality and dynastic wealth concentration. This narrative is plausible only under the as-
sumption that labour and capital can be substituted for one another and that technology is capital
augmenting. If, instead, capital and labour are complements, then the rate of return to
monetisable capital grows less fast than the growth of monetisable capital, which is a challenge
to Piketty’s theory about the innate tendency of capital accumulation (Varoufakis, 2014). To be
sure, | agree with Piketty’s conclusions about the increasing concentration of capital (and
wealth), but his theory is debatable.

3. I follow the standard approach in the literature by not using this measure as a covariate in the
wage share model, as it is in the denominator of the outcome variable.

4. The income (output) elasticity of a factor is estimated using a linear combination of the pa-
rameters with respect to that factor (Belotti et al., 2013). See Supplementary Appendix B.

5. The income (output) elasticity is calculated using the lincolm programme in Stata 16 as the
following linear combination of parameters: %% (s¢) = S + B meanIn C + B, mean InL +
PBcymean Inf + Sy mean InK.

6. The income (output) elasticity is computed as follows: 22 (s;) = B, + f,, average InL +

anL
Py average InK + S, average In C + f;; average In L. The Appendix contains an extended
explanation.
7. The income (output) elasticity is computed as follows: ?ll‘;{ (s1) = B; + By average InJ +

P average InK + f; average In C + f;; average InL. The Supplementary Appendix B
contains an extended explanation.

8. By definition the inverse of the share of professional employees and of intermediate employees
is, respectively, the share of non-professional and non-intermediate employees. As the model
specification includes both variables, the effect of those variables reflects the extent to which the
outcome changes when the share of professional (intermediate) employees increases and the
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share of least skilled employees (non-professional and non-intermediate employees) decreases,
holding the share of intermediate (professional) employees constant.

9. This is inverse of the coefficient for the share of professional employees.

10. This is inverse of the coefficient for the share of intermediate employees.

11. The elasticity of substitution is o4z5 = b L+ 1, where s; and s¢ are the income (output)

elasticity of computers and professional employees (Supplementary Appendix B).
12. The elasticity of substitution is o4z = Xﬂ 4+ 1, where s¢ and s; are the income (output)
elasticity of computers and intermediate employees (Supplementary Appendix B).

13. The elasticity of substitution is o4g5 = Sﬁ K¢+ 1, where sx and s; are the income (output)

elasticity of capital and computers (Supplien[lentary Appendix B).
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