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Literature and historical background

The direction of technical change – how technology augments certain production factors more than
others – is a major feature of modern economic growth (Habakkuk 1967; Allen 2011; Franck and
Galor 2017; Frey 2019). Canonical models assume that the direction of technical change is largely
independent from labour market institutions (Goldin and Margo 1992). However, recent contributions
have argued that the direction of technical change is endogenous (O’Rourke, Rahman, and Taylor
2013) and can be influenced by institutional factors that modify the relative wages of workers with
different skill sets (Alesina, Battisti, and Zeira 2018; Neto, Afonso, and Silva 2019). Furthermore,
current evidence on automation suggests that the direction of technical change is driven by the cost
of alternative job tasks (Acemoglu and Restrepo 2018). Thus, understanding the relationship between
labour market institutions, job tasks and technical change is of crucial importance to debates on the
past and future of work.
The paper explores the possibility that, by altering the relative cost of job tasks, wage bargaining
can endogenously influence the direction of technical change. Italy offers a convenient case study.
Between the 1950s and the 1980s, industry-level collective agreements regulated minimum wage scales
depending on the set of tasks performed on the job. First, I reconstruct new time series of wage scales
for male blue-collar workers in over 40 manufacturing industries between 1955 and 1995. To measure
the relative cost of production tasks, I compute the ratio between the the minimum wage for workers
performing the most skill-intensive tasks and for workers performing the least intensive. This ‘wage
ratio’ is akin to traditional measures of the skill premium, with the important distinction that it refers
to minimum, not average, wages.
I find that the wage ratio dropped suddenly around 1969, and continued declining thereafter, accumulating a loss of 27 percentage points by 1982. There was a partial recovery in the late 1980s, but in
1996 the wage ratio was still 15 percentage points lower than in 1968 (fig. 1). This evolution implied
a significant increase in the relative cost of less skill-intensive production tasks. The reduction of the
wage ratio was caused by an egalitarian wage push which was succesfully bargained by labour unions
across sectors between 1969 and 1978, and by a reform of the indexation mechanism in 1975, which
adjusted lower wages to inflation proportionally more than higher wages. This reform was reversed
only in 1984.
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Research question and testable hypotheses

Could the egalitarian wage push of the 1970s influence the direction technical change? Contemporary literature suggested that, by raising labour costs, the wage push incentivized the shift from mass
production to flexible specialisation technologies (Prodi et al. 1978; Antonelli and Barbiellini Amidei
2007). In capital-intensive sectors, firms substituted low-skilled workers on assembly lines with highskilled workers using computer numerical control (CNC) machines. Since CNC machines required less
operators, reduced the minimum efficient scale of production, and simplified outsourcing, the wage
1

1

1.1

1.2

1.3

1.4

Figure 1: WAGE RATIO
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Variable: Ratio of the minimum wage for the most skill-intensive job class relative to the least, by sector, for
blue-collar workers. Source: Computations on data from Istat, Statistiche industriali (1955-1990) and Id.,
Indagine sulle retribuzioni contrattuali (1998). Weighted by number of employees from Istat, Statistiche industriali(1959-1958) and Id., Censimento dell'industria e del commercio (1996).

push was followed by a reduction in average esablishment size (Barca and Magnani 1989). Labourintensive sectors that could not easily automate production, instead, shifted to informal employment
using unregistered workshops (Contini 1979).
Reconnecting this literature with the theory of directed technical change, the paper proposes that
the egalitarian character of the wage push made skill-intensive tasks relatively less expensive, shifting
firms’ incentives in favour of skill-augmenting technologies. Hence, the paper hypothesizes that the
reduction of the wage ratio was associated with 1) a decrease in the share of blue-collar workers,
2) an increase in capital intensity, and 3) a decrease in average establishment size. These effects
would be most significant in capital-intensive sectors, whereas in labour-intensive sectors they could
be compensated by informal employment.
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Data, empirical strategy and results

The paper uses three datasets at different levels of geographic detail (national, provincial and municipal), combining newly-digitised primary sources. The first dataset uses aggregate balance sheets for a
representative sample of firms employing less than 1,500 workers in 1968 and 1984, which I combine
with an estimate of the minimum wage ratio for blue-collar workers in each sector and year. With
this dataset, I can measure the association between the outcome variables and the minimum wage ratio by exploiting variation between sectors and across size classes. To ensure that estimates capture
the specific egalitarian character of the wage push, rather than the general substitution effect between
labour and capital, the model controls for either total costs of labour or the cost of labour per employee.
To exclude that capital deepening was motivated by efficiency concerns over rising cost of material, I
control for the real value of working capital. Controlling for total value of production filters out scale
effects. Size, sector and time fixed effects are also included.
yi,c,t = αc + θi + τt + βWi,t + γ 0 Xi,c,t + i,c,t
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[1]

The first variable of interest is a measure of capital intensity (machinery per employee, valued at
real replacement cost). The OLS estimates suggest that firms responded to the egalitarian wage push
with significant capital deepening, as the implied elasticity ranges between −2.80 and −4.53 (tab. 1,
columns 1-4). The second outcome of interest is the share of blue-collar workers employed. In this
case, the implied elasticity ranges between 0.24 and 0.56 (tab. 1, columns 5-8), which suggests that
firms reduced the proportion of blue-collar workers employed, but inelastically. This is expected, as
the wage push was accompanied by reforms that increased labour employment protection, making
productivity-motivated dismissals more difficult. Additionally, interacting the wage ratio with a size
indicator suggests that the effect might be stronger for larger firms, which is in line with the predictions
(see Appendix fig. 2).
Table 1: WAGE RATIO , CAPITAL INTENSITY AND INDUSTRIAL WORKERS
machinery value per employee

share of industrial workers employed

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
∗∗∗
∗∗∗
∗∗∗
∗
∗∗∗
∗∗∗
∗∗∗
Wage ratio -0.195
-0.143
-0.145
-0.232 0.238
0.359
0.351
0.150
(0.0390) (0.0346) (0.0356) (0.119) (0.0716) (0.0505) (0.0469) (0.218)
Sector FE
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Size FE
No
No
Yes
Yes
No
No
Yes
Yes
Time FE
No
No
No
Yes
No
No
No
Yes
Controls
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Adj. R-sq.
0.327
0.644
0.667
0.666
0.220
0.761
0.799
0.802
N
155
155
155
155
155
155
155
155
Robust standard errors in parentheses
∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

To ascertain the plausibility of these associations, I employ a second dataset and propose an identification strategy. The dataset contains the number of establishments with electric engines, their power
and the number of employees, and the total number of establishments and employees for 12 size bins,
for circa 20 sectors in 94 provinces, in 1971 and 1981. The identification strategy relies on sharp spatial variation in the intensity of the wage compression, with a setup akin to a difference-in-difference
design where treatment is represented by a continuous variable (Juhász 2018) and the effect is identified by border discontinuities (Neumark, Salas, and Wascher 2014). Because minimum wage scales
included inflation-linked components, Italy’s provinces were classified into wage zones, depending on
the local price levels in 1962 (Appendix fig. 3). Inflation-linked components did not increase at the
same rate for all job classes across provinces, hence there was significant variation in wage ratios between provinces and sectors. In 1972, wage zones were substituted by national minimum wage scales.
Due to the previous spatial differences, the abolition of the wage zones implied that some provinces
experienced a larger reduction of the pay ratio. The model uses this source of exogenous variation
between provinces j to identify the effect of the wage ratio on the outcomes. Sector, province and time
fixed effects are included, and standard errors are clustered at the province level:
yi,j,t = αj + θi + τt + βWi,j,t−1 + i,c,t

[2]

The first outcome variable is electric engines (kW installed) per employee, a common proxy for
capital intensity. The OLS estimates find a negative association with the wage ratio, with an implied
elasticity between −3.88 and −7.02, (tab. 2, columns 1-2). By interacting the wage ratio with a sector
indicator, the estimate is largest – in absolute value – for metalmaking, non-metallic mineral products,
and extractive industries, and smallest for clothing & footwear, leather and textiles (Appendix fig. 4).
The second outcome variable is the share of establishments employing less than 20 workers or, alternatively, the share of workers employed in these establishments. The results show a negative association
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with the wage ratio, supporting the hypothesis that the egalitarian wage push concentrated industrial
workers in smaller firms (tab. 2, columns 3-6).
Table 2: E FFECT OF THE WAGE RATIO ON CAPITAL INTENSITY AND FIRM SIZE
kW/employee

small establishments workers in small est.

(1)
(2)
(3)
(4)
(5)
(6)
-42.19∗∗∗ -76.17∗∗ -0.0518∗∗∗ -0.0883∗ -0.117∗∗∗ -0.114
(8.438) (32.80) (0.0156) (0.0494) (0.0351) (0.120)
Sector FE
Yes
Yes
Yes
Yes
Yes
Yes
Province FE
Yes
Yes
Yes
Yes
Yes
Yes
Time FE
No
Yes
No
Yes
No
Yes
Standard errors clustered clustered clustered clustered clustered clustered
Adj. R-sq.
0.123
0.124
0.690
0.690
0.504
0.504
N
2454
2454
2403
2403
2403
2403
Wage ratio

Standard errors in parentheses
∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

To further explore the relationship between wage ratios and firm size I employ a third dataset, which
combines the wage ratio with information on the number of establishments and employees in 1971 and
in 1981, for 19 sectors, in 7,720 municipalities. The outcome variable is the average establishment size,
and the model accounts for time-variant municipal-level characteristics with controls and time fixed
effects. Sector and municipality fixed effects control for time-invariant characteristics, and standard
errors are clustered at the province level.
yz,j,t = αj + θz + τt + βWz,j,t−1 + γ 0 Xz,t + z,j,t

[3]

Pooling all sectors together gives contradictory results (Appendix tab. 3). However, this seems due
to the compositional effect of sector heterogeneity: allowing the wage ratio to interact with a sector
indicator, I find a positive association for more capital-intensive and technologically advanced sectors
and a negative association for labour-intensive and traditional sectors (Appendix fig. 5). These results
seem to support the hypothesis that the egalitarian wage push had a differential impact across sectors,
promoting distinct reorganization strategies.
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Conclusions

Between 1969 and 1984, Italy experienced an egalitarian wage push. Presenting new time series of
minimum wage scales in the manufacturing sector, the paper has shown that the relative cost of less
skill-intensive job tasks increased by almost 30 percentage points between 1969 and 1984. Using three
original datasets, the paper has shown that the wage push was associated with an increase in capital
intensity, a reduction in the proportion of blue-collar workers employed, and their concentration in
smaller establishments. The paper has also found heterogeneity between sectors: the effect was larger
in more advanced sectors than in traditional ones.
These results suggest that the wage push after 1969 might have had structural consequences for the
Italian economy. Additionally, the paper contributes to a growing literature on task-biased technical
change, providing a historical argument for how institutional factors can influence the direction of
technical change. Comparative research will allow to assess the generalizability of these findings and
their relevance for the technological challenges of the present.
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Juhász, Réka. 2018. “Temporary protection and technology adoption: Evidence from the Napoleonic
Blockade.” American Economic Review 108 (11): 3339–3376.
Neto, Antonio, Oscar Afonso, and Sandra T. Silva. 2019. “How Powerful Are Trade Unions? A
Skill-Biased Technological Change Approach.” Macroeconomic Dynamics 23:730–774.
Neumark, David, J. M.Ian Salas, and William Wascher. 2014. “Revisiting the minimum wageemployment debate: Throwing out the baby with the bathwater?” ILR Review 67 (SUPPL): 608–
648.
O’Rourke, Kevin Hjortshøj, Ahmed S. Rahman, and Alan M. Taylor. 2013. “Luddites, the industrial revolution, and the demographic transition.” Journal of Economic Growth 18 (4): 373–409.
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Figure 2: E FFECT
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OLS estimates; 95% c.i.; Adj. R-sq. 0.790; N. 155
The model regresses the share of industrial workers employed on the wage ratio, interacted with a size-class
indicator. The model includes time-variant controls (real value of working capital, total value of production
and labour costs per employee) and size and sector fixed effects.
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Figure 3: M AP OF WAGE ZONES AND PROVINCES CIRCA 1971

Legend
provinces in 1971
wage zones' borders before 1972
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Figure 4: E FFECT OF THE WAGE RATIO ON K W INSTALLED PER EMPLOYEE
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Average marginal effect by sector, 95% c.i.; Adj. R-sq. 0.278; N. 2117. Province and sector FE included, time FE
excluded, SE clustered at province level.
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Table 3: E FFECT OF THE WAGE RATIO ON AVERAGE ESTABLISHMENT SIZE
average establishment size
(1)
(2)
(3)
∗∗∗
∗∗∗
Wage ratio
0.183
0.640
-0.803∗∗∗
(0.0357) (0.0309) (0.294)
Municipality FE
Yes
Yes
Yes
Sector FE
No
Yes
Yes
Time FE
No
No
Yes
Standard errors clustered clustered clustered
Adj. R-sq.
0.105
0.222
0.222
N
50645
50645
50645
Clustered standard errors in parentheses
∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Figure 5: WAGE RATIO ON AVERAGE ESTABLISHMENT SIZE , BY SECTOR
reference sector = footwear
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Municipality and time FE; Full set of controls; SE clustered at province level
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