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ABSTRACT

This paper analyses the neutrality of technology using data from the NBER-CES
Manufacturing industry database. We show that technology has a positive effect on the
skilled-to-unskilled labour and wage ratios, offering a skill-premium for these skilled
workers. We also find that technology has become more favourable towards skilled labour
since the eighties, thereby, explaining the rise in the relative abundance of skilled workers.
Finally, differences in productivity among the two labour inputs are important when they
are relatively poor substitutes, despite the increase in the elasticity of substitution between
unskilled and skilled labour that occurred over the past decades.
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1. Introduction

Wage inequality between skilled and unskilled workers in the US has substantially
increased since the early eighties (Kortum, 1993; OECD, 1993; Machin and van Reenen,
1998; Agnello and Sousa, 2012). Previous studies investigated the sources of US economic
growth by decomposing changes in output into changes in factors of production and
changes in overall total factor productivity and assuming that skilled and unskilled labour
are perfect substitutes (Jones, 2005; Ha and Howitt, 2007).

In contrast, Greenwood and Yorukoglu (1997) argue that if skilled workers have a
comparative advantage in technology implementation, the acceleration in investment-
specific technology will increase productivity growth and wage inequality. Caselli (1999)
shows that a biased technology revolution affects wage inequality if the workforce is
heterogeneous in training cost. Acemoglu (2002) also finds that technology shifts favour
skilled labour.

More recently, Caselli and Coleman (2006) study cross-country differences in
skilled and unskilled labour efficiencies when skilled and unskilled labour are imperfect
substitutes, and show that this characterization of the labour market provides a better
understanding of the sources of the US growth. Additionally, the authors argue that the
skill-biased nature of technology helps explaining the dramatic changes in the relative
supply of skills, as well as the skill premium, that is, the ratio of the skilled labour wage to
the unskilled labour wage.

In this paper, we look at the potential non-neutrality of technology using industry-
level data from the NBER-CES Manufacturing database. Our empirical estimation is based
on the disaggregated cross-section and time-series data from the US manufacturing sector.
We find that total factor productivity raises both the ratio of skilled-to-unskilled labour and
skilled-to-unskilled wage. Therefore, the empirical evidence suggests that technology is
biased towards skilled labour.

We also show that the non-neutrality of technology became mostly relevant since
the beginning of the eighties and contributed to explain the increase in the relative
abundance of skilled labour.

Finally, we confirm that existence of a negative relationship between the degree of
substitution between skilled and unskilled labour and total factor productivity. In
particular, when the two labour inputs are poor substitutes, differences in productivity are

extremely large and they have increased over the past decades. This, in turn, provides



further evidence supporting the technology is factor-biased, despite the increase in the
elasticity of substitution between unskilled and skilled labour.

The remainder of the paper is as follows. In Section 2, we provide a theoretical
framework for non-neutrality of technology, which may affect the demand for skilled and
unskilled workers. In Section 3, we put forward the empirically testable equations. In
Section 4, we present the results using US manufacturing sector panel data. Section 5

concludes.

2. Theoretical Model

We follow Caselli and Coleman (2006) and consider a model with imperfect
substitutability among skilled and unskilled labour and non-neutrality in technology. More
specifically, we assume the following production function:
I-a
y=k“[AL) +(ALY ], ()
where y is the output per worker, k is the physical capital per worker, L, is unskilled
labour, Ly is skilled labour, and A, and As the efficiency units embodied, respectively, in
one unit of skilled labour and one unit of unskilled labour. The parameters o and o are the
ratio of capital per output and the elasticity of substitution between unskilled and skilled
labour, respectively.

The two labour inputs are potentially imperfect substitutes (where o =1
corresponds to the perfect-substitutability case), because there is a constant elasticity of
substitution (CES) aggregate of skilled and unskilled labour. Similarly, differences in
technology are potentially non-neutral, as we allow there are factor-specific efficiency
units, A, and A (where A, = A; = A denotes the case of factor-neutrality).

If the production factors are paid at their marginal productivity, the skill premium

will be
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Assuming that the aggregate technology itself, A, is a vector that includes two types of

<

technology, A, and A, then:

A=g(A.A)= (%} G

Replacing (3) in (2), one gets:
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In order to assess the (non-)neutrality of technology, we can consider four

alternatives:
1. L= L,= y,where y is aconstant, in which case we can rewrite equation
(4) as:
Mo ATy = (A, )
2. ws = Wy = y, where y is a constant, in which case equation (4) can be
expressed as
L o 1
= Al yol = g(A) (6)
L,
L . ) )
3. Y. and = are unconstrained ratios and we calibrate the parameter o to
WLI
back out A, that is:
L leo /o
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4, W, and — are unconstrained ratios and we use data on A to back out the
WLI
parameter o, that is:
L
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3. Econometric Methodology
We estimate the econometric counterparts of theoretical models (5) and (6) for a
panel of N industries (indexed by i = 1, ..., N) over T years (indexed by t = 1, ..., T),

respectively, as:

[WSJ —a+pA, +&,, 9)
W 1,t
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In doing so, we use different econometric methodologies, namely: (i) fixed-effects; (ii)
fixed effects with time effects; (iii) random effects; and (iv) random effects with time
effects.

In addition, we use equation (7) to back out the technology parameter, A, by
calibrating the parameter o for different values. Autor et al. (1998) suggest that the
elasticity of substitution, o, should range between 1 and 2 and Katz and Murphy (1992)
set 1/(1 — o) equal to 1.4.

Finally, after backing out the parameter o in equation (8), we assess its importance

at explaining the variation in the wage ratio, —-, over time.
w

u

4. Data and Empirical Results

We use data from the NBER-CES Manufacturing Industry Database. This database
is a joint effort between the National Bureau of Economic Research (NBER) and U.S.
Census Bureau's Center for Economic Studies. Industry total factor productivity (TFP) and
employment data are taken from the NBER Manufacturing Productivity Database (Becker
and Gray, 2009) to estimate the relationship between skill premium and TFP. It contains
annual industry-level data on capital stock, employment, investment, output, payroll and
other input costs, total factor productivity (TFP) and various industry-specific price
indexes. It covers all 4-digit SIC (and 6-digit NAICS) manufacturing industries from
1958-2005, in two versions -1987 SIC codes (459 industries) and 1997 NAICS codes (473
industries) - and they largely reflect information in the Annual Surveys of Manufacturing.

Data on total employment, L, and production (or unskilled) workers, L, is used to
back out non-production (or skilled) workers, L. Similarly, data on total payroll, w, and
production worker wages, wy, is used to compute non-production worker wages, w,. Data
on productivity, A, corresponds to TFP.'

Table 1 summarizes the impact of technology on the skilled-to-unskilled labour
ratio (Panel A) and the skilled-to-unskilled wage ratio (Panel B) over the period 1958-

2005. It can be seen that all econometric methodologies suggest that an increase in total

" Although TFP measurement may be questionable, Becker and Gray (2009) have done an excellent job in
deriving multi-factor TFP, which can be used as a measure of technological change as contained in the
database and is based on measuring separate factor of inputs for non-energy materials, energy, labour, and
capital. For more details, see also Carlaw and Lipsey (2003) and Kriiger (2003).
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factor productivity has a positive effect on both ratios, thereby highlighting that
technological progress is biased towards skilled labour. In particular, technological
progress explains: (i) between 1.8% and 17.1% of the variation in the labour ratio; and (ii)
1.4% to 20.9% of the change in the wage ratio.

[Table 1 about here]

Tables 2 and 3 provide the sub-sample analysis for periods 1958-1979 and 1980-
2005, respectively. Interestingly, the evidence points to positive effects of technology on
the labour ratio in both sub-samples. Moreover, the coefficient estimates associated to
technology in the labour ratio regressions are larger in magnitude for the second period
than for the first period. This piece of evidence suggests that, in the eighties, the neutrality
of technology has shifted towards a framework that is more favourable in terms of
quantities (the labour ratio) of skilled labour. Putting it differently, the non-neutrality of
technology has pushed for a more intensive use of skilled labour, a feature that confirms
the observation that new technologies introduced in the eighties have generally led to a
replacement of unskilled labour and required skilled labour (Sill, 2002).

In what concerns the wage ratio, the results support the existence of a positive
impact of technology, but only in the first sub-sample period. This result is consistent with
the work of Mitchell (2005), who argues that, even with an increasing demand for skilled
labour over time, specialization 1s deskilling. In the same line, Kaboshi (2005) shows that
the trend in skill premium can be motivated by changes in the willingness to acquire
schooling. This, in turn, depends on schooling costs, which have largely risen due to a
lower share of government funding for education (in percentage of GDP).

[Table 2 about here]
[Table 3 about here]

In Table 4, we present the implied technology associated with a range of values for
the elasticity of substitution between skilled and unskilled labour, o . The findings clearly
corroborate the idea that technology is non-neutral. In fact, implied values for A depart
substantially from 1 (the case of neutrality) and are typically large, i.e. productivity of
skilled labour exceeds productivity of unskilled labour. For instance, when 1/(1 — o) is
equal to 1.4, the implied value for A is above 100, which confirms that differences in
productivity among the two labour types are relevant. Finally, there is a negative
relationship between o and the implied value for A. Putting it differently, when o is low,
the two inputs are poor substitutes and firms operate with positive quantities of both types

of labour. However, as o becomes larger (i.e. Ly and L, become better substitutes), firms
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start reducing the quantity of one of the two inputs. Consequently, when inputs are good
substitutes, industries that are abundant in unskilled labour will choose unskilled labour-
augmenting technologies; when inputs are poor substitutes, industries with abundant
unskilled labour will boost productivity by increasing the quantity used of skilled labour.

[Table 4 about here]

Tables 5 and 6 provide a summary of the implied technology associated with a

range of values for the elasticity of substitution between skilled and unskilled labour, o,
for the two sub-sample periods considered before, i.e. 1958-1979 and 1980-2005. The
results again support the negative link between o and A. In addition, they confirm the
importance of the non-neutrality of technology and suggest that this has become stronger
in the second period. Indeed, when 1/(1 — o) is equal to 1.4, the implied value for A is
77.83 over the period 1958-1979 and 124.27 in 1980-2005.

[Table 5 about here]

[Table 6 about here]

Finally, in Table 7, we report the implied value for o, which is obtained by using

the data on &, L and A. For the full sample, implied value for the elasticity of
w

substitution between unskilled and skilled labour, 1.56, is in line with the one found in
previous studies, 1.4. However, it can be seen that the degree of substitution between the
two types of labour has increased: the implied value for o was 1.47 in 1958-1979 and

1.64 in 1980-2005. This helps explaining why the responsiveness of the wage ratio to

. ) ) . . . L
changes in the labour ratio has declined or, equivalently, why the relationship between —

W

and has become flatter.

w

u

[Table 7 about here]

S. Conclusion

This paper assesses the potential non-neutrality of technology using data from the
NBER-CES Manufacturing industry database. We find that technology has a positive and
significant impact on both the ratio of skilled-to-unskilled labour and the skilled-to-
unskilled wage ratio. We also show that technology has become biased towards skilled
labour and has contributed for a rise in the labour ratio since the beginning of the eighties.

Finally, we confirm that when the two labour inputs are poor substitutes, differences in
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productivity are substantial. However, the elasticity of substitution between unskilled and

skilled labour has increased over the past decades.
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List of Tables

Table 1: Impact of technology on labour and wage ratio (full sample).

Panel A: L¢/Ly

FE FE RE RE
A 0.0311*** 0.0229*** 0.0312*** 0.0229***
[19.97] [15.84] [20.00] [15.84]
Time effects Yes Yes

Observations 21955 21955 21955 21955
Adjusted-R2 0.0182 0.1714 0.0182 0.1714
Panel B: wg/w
FE FE RE RE
0.0473*** 0.0298*** 0.0474*** 0.0299***

[17.43] [12.15] [17.47] [12.18]

Time effects Yes Yes
Observations 21955 21955 21955 21955
Adjusted-R2 0.0139 0.2089 0.0139 0.2089

Note: t-statistics in square brackets. ***, **, * - statistically significant at 1%,
5% and 10% level, respectively.
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Table 2: Impact of technology on labour and wage ratio (first sub-sample: 1958-1979).

Panel A: L¢/Ly

FE FE RE RE
A 0.0313*** 0.0027 0.0299*** 0.0016
[4.30] [0.36] [4.13] [0.22]

Time effects Yes Yes

Observations 10098 10098 10098 10098
Adjusted-R2 0.0019 0.0634 0.0019 0.0634
Panel B: ws/wy,

FE FE RE RE
0.0656*** 0.0100 0.0617*** 0.0068
[5.78] [0.86] [5.48] [0.59]

Time effects Yes Yes
Observations 10098 10098 10098 10098
Adjusted-R2 0.0035 0.0722 0.0035 0.0722

Note: t-statistics in square brackets. ***, **, * - statistically significant at 1%,
5% and 10% level, respectively.
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Table 3: Impact of technology on labour and wage ratio (second sub-sample: 1980-2005).

Panel A: L¢/Ly

FE FE RE RE
A 0.0066*** 0.0049*** 0.0068*** 0.0051***
[4.60] [2.71] [4.70] [3.59]
Time effects Yes Yes
Observations 11857 11857 11857 11857
Adjusted-R2 0.0019 0.0501 0.0019 0.0501
Panel B: ws/w,
FE FE RE RE
-0.0029 -0.0085*** -0.0025 -0.0080***
[-1.15] [-3.55] [-1.00] [-3.35]
Time effects Yes Yes
Observations 11857 11857 11857 11857
Adjusted-R2 0.0001 0.1024 0.0001 0.1024

Note: t-statistics in square brackets. ***, **, * - statistically significant at 1%,
5% and 10% level, respectively.
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Table 4: Implied technology for a range of o .

1/(1-0) Implied A
1.1 1.74x 10"
1.2 9.11x10°
1.3 2.01 x 10°
1.4 1.03 x 10°
15 18.87
1.6 6.31
1.7 3.06
1.8 1.89
1.9 1.32
2.0 1.04
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Table 5: Implied technology for a range of o (first sub-sample: 1958-1979).

1/(1-0) Implied A
1.1 3.62x10"
1.2 4.64 x10°
1.3 1.36 x10°
1.4 77.83
15 14.87
1.6 5.00
1.7 2.39
1.8 1.45
1.9 1.00
2.0 0.78
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Table 6: Implied technology for a range of o (second sub-sample: 1980-2005).

1/(1-0) Implied A
1.1 2.91x10™
1.2 1.29 x 10°
1.3 257 x 10°
1.4 1.24 x 10°
15 22.28
1.6 7.42
1.7 3.62
1.8 2.25
1.9 1.60
2.0 1.27
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Table 7: Implied o .

a

Panel A: Full sample

1.56

Panel B: 1958-1979

1.47

Panel C: 1980-2005

1.64
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