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During the 1990’s the Finnish economy experienced a rapid increase in exports
and R&D activity. This paper investigates the impact of these phenomena on the
skill structure of labour demand using panel data on Finnish establishments for
1988–2001. Worker’s skill level is defined by both education and age. The results
indicate that despite the general shift in employment towards the highly educated
and older workers, the selected technology and trade indicators – R&D intensity
and export share – did not have a significant effect on the changes in the skill
demand within manufacturing sector plants in Finland during the period. (JEL:
J21, J23, O33)

1. Introduction

It has been well established that there has been
a clear shift in demand towards better educated
workers throughout the Western economies. The
timing of this shift in labour demand has led
many researchers to believe that it is explained
by recent changes in firms’ production technol-
ogy, such as the adoption of new machinery and
information technology in firms’ production
processes. There are a number of studies which
show empirical evidence that supports this hy-

pothesis of skill-biased technological change
(see Chennels and Van Reenen, 1999, for a sur-
vey). Another often used explanation for skill
upgrading is the increase in international trade
(e.g. Feenstra and Hanson, 1996).

Most of the previous studies that examine the
impact of technological change or trade on skill
demand use very crude definitions of skill: Typ-
ically labour is divided into only two groups by
some educational level or by division of labour
into production and non-production workers.
However, globalization and technological
progress might have a different impact on the
productivity of workers from different age
groups as well: If the skills of older workers are
of an older vintage, technological progress is
likely to make them obsolete more quickly. If
this is true, technological change may have po-
tentially important implications since population
is ageing dramatically in the Western economies.

This study examines empirically whether the
increase in exports and R&D activity has been
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associated with changes in the skill structure of
labour demand in Finland. Worker’s skill level
is defined by both education and age. Our aim
is, in particular, to examine whether the meas-
ures of technological change and globalization
have a different effect on the demand for work-
ers from different age groups with the same lev-
el of education. We use unique establishment-
level panel data with linked information on
worker characteristics from Finland for 1988–
2001. During this period the Finnish economy
has gone through significant changes. In the
early 1990’s Finland experienced a very severe
recession and the recovery from this crisis was
associated with a rapid restructuring of the
economy and a growth of new industries: in par-
ticular, the export-orientated high-tech sector
(see Koskela and Uusitalo, 2003). Finland is
thus an interesting case study for the effects of
globalization and technological progress on the
labour market.

Previous studies from Finland do not provide
strong support for the skill-biased technologi-
cal change hypothesis. Eriksson and Jäntti
(1997) and Uusitalo (2002) examined the
changes in the wage distribution in Finland.
They found that the changes have been relative-
ly modest in recent years and have mainly oc-
curred within groups of employees with simi-
lar education and experience. Vainiomäki exam-
ined the direct effect of R&D intensity and ex-
port share on the share of highly educated work-
ers in Finnish manufacturing plants in 1988–
1994. He found no effect of R&D activity or
export intensity on the relative share of highly
educated workers within plants. However, when
disaggregating the educational categories fur-
ther he finds that R&D intensity had a positive
impact for the higher university and vocational
groups, but a negative one for the lower univer-
sity and basic groups1.

In this paper we present evidence that the
skill structure of the Finnish private sector es-
tablishments’ work force has shifted towards
highly educated and older workers, closely re-
flecting the changes in the skill structure of the

population. The estimation results without plant
controls show that plants with high level of
R&D and exports employ more highly educat-
ed younger workers, while the impact of these
variables is much less pronounced or even in-
significant for highly educated older workers.
However, the fixed effects estimation results
provide no evidence that an increase in the lev-
el of R&D intensity and export share would af-
fect the changes in skill demand within estab-
lishments.

The paper is organized as follows: The next
section briefly describes the theoretical back-
ground for the analysis. The third section
presents the data sets. The fourth section pro-
vides descriptive information on changes of the
skill structure of labour demand and supply in
Finland and the results of the decomposition
analysis. The fifth section presents the estimat-
ed model and the sixth section provides estima-
tion results of regressions on the effect of ob-
servable technology and trade variables on es-
tablishments’ skill structure. We conclude in
section 7.

2. Theoretical background

The analysis is based on the assumption that
workers with different levels of education and
experience differ in their productivity and they
are imperfect substitutes in production. The op-
timal skill mix M can be determined by short
run cost minimization for the given level of pro-
duction Y, while treating capital, K, and the
structural factors included in T as exogenous.
The optimal skill mix can be written as M =
m(T, K, W, Y ), where W is the vector of rela-
tive wages for labour inputs. T captures all
structural factors that change the optimal skill
mix within firms. That is, it can reflect both the
changes in firm’s production process (techno-
logical change) as well as the factors that re-
flect changes in product demand (trade).

This study uses a very broad definition of
technological change: it is viewed as a process
that encompasses a broad range of changes in
the production and organizational structure of
a plant, such as the adoption of new machinery,
changes in the organization structure of a firm

1 Studies from other Nordic countries find some support
for the skill-biased technological change hyptohesis. See
Førre and Salvanes, 2003, for Norway and Hansson, 2000,
for Sweden.
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and changes in job requirements (see Bresna-
han et al., 2002). We assume that technological
progress has a different impact on the produc-
tivity of workers with different educational lev-
els. Following Nelson and Phelps (1966), we
suggest that education enhances one’s ability to
receive, decode, and understand information.
Technological progress involves various firm-
level changes and better educated individuals
are assumed to have a better capacity to adapt
to these changes. Hence, technological progress
is likely to raise the relative productivity of
highly educated workers.

Furthermore, we assume that technological
change has a different impact on the productiv-
ity of workers from different age groups with
the same level of education. This idea can be
related to the vintage human capital literature
(Chari and Hopenhayn, 1991, Mac Donald and
Weisbach, 2001). The basic assumption behind
the vintage human capital model is that skills
are acquired by working in a firm using a par-
ticular technology and that technology is vin-
tage specific. As technology evolves, the value
of human capital of older workers is eroded as
the human capital of older workers is specific
to the pre-existing technology. The more rapid
the rate of technological change is, the more
rapidly older workers’ skills become obsolete.
Technological progress might erode the skills
acquired by education as well, as stated in Bar-
tel and Lichtenberg (1987). This would imply
that the hypothesis regarding the superior abil-
ity of educated workers to adapt to new tech-
nology does not hold for older workers in the
same way as it does for younger workers and
for the total population.

3. Data

The study uses four different data sources. The
main data source is the Plant Level Employment
Statistics Data on Average Characteristics
(PESA). It is a longitudinal data on Finnish es-
tablishments, with linked information on work-
er characteristics aggregated on the establish-
ment level by skill groups. The data are con-
structed by linking data on workers in the Em-
ployment Statistics database of Statistics Fin-

land to data on plants of Business Registers and
Industrial Statistics. The data set covers all the
private sector establishments (except traffic and
construction) with more than two workers in
1988–2001. The number of establishments is
around 50 000 each year. Employees are aggre-
gated into 70 different skill groups by educa-
tion, age and sex. For simplicity, we aggregate
these skill groups into 4 groups by age and ed-
ucation as described in the next section. The
data contains information on aggregate worker
characteristics for each skill group. The most
important variables at the establishment level by
skill groups (average in skill group) are: number
of people, monthly wage, general working ex-
perience, tenure and education. We use these
data in the decomposition analysis.

The PESA data set does not have any specif-
ic information on establishment characteristics.
However, each enterprise and its plant has a
unique identification code, which can be used
to match additional information from other sta-
tistics and registers on the database. Another
major data source used in the analysis is the
Longitudinal Data on Plants in Manufacturing
(LDPM), which contains information on vari-
ous plant characteristics. For the period 1974–
1994 it covers all manufacturing sector plants
with more than 5 workers and for the period
1995–2001 it covers the plants of firms employ-
ing at least 20 persons. The number of plants
varies between 8000 and 3000 each year.

Information on R&D investments is collect-
ed from the R&D statistics of Statistics Finland
for the years 1991–2001. The R&D statistics
contain information on the R&D activities of
firms, such as expenditure and number of R&D
personnel. The sampling varies from year to
year. Basically it covers most of the larger
firms, which employ at least 100 persons and
the firms which are expected to have R&D ac-
tivity. The number of establishments each year
varies from 1000 to 2000.

For the purpose of our regression analysis we
form two different data sets. The first data set
is formed by linking the PESA data set with
LDPM data. As the LDPM data set for the years
1995–2001 consists only of the plants of firms
that employ at least 20 persons, the number of
observations per year is considerably smaller
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after 1994. For the estimations we restrict the
sample to cover only plants of the firms which
employ at least 20 workers. The linked data set
covers the years 1988–2001 and consists of 41
164 observations. The second data set is formed
by linking PESA, LDPM and R&D statistics
together. The number of observations in this
R&D sample is 18 319 and it covers the years
1991–2001.

The main variables describing employee
characteristics are obtained from the PESA data
set. Employment describes the number of work-
ers in a skill group working in an establishment
during the last week of the year. The average
monthly wage is calculated as the skill group
average of the average monthly wages of indi-
vidual workers who were employed in the es-
tablishment during the last week of the year.
The average monthly wage for each individual
employed is calculated by dividing the wage
income by months of employment. The month-
ly wage bill for each skill group is formed by
multiplying the average monthly wage of the
skill group by the number of workers in the skill
group employed in the establishment during the
last week of the year.

Variables describing plant characteristics are
from the LDPM data set. As a real value added
variable we use a variable that describes the real
industrial value added. It is obtained by sub-
tracting all the material inputs and the industri-
al services from the gross industrial output and

deflating with the industry-level price indexes
(1995 prices). The real capital stock variable is
an estimated real value of capital and equip-
ment. Nominal investments are deflated using
the perpertual inventory method by implicit in-
dustrial price indexes from National accounts
(see Maliranta, 1997). The exportshare ratio is
used to proxy internationalization. It is formed
by dividing the value of exported shipments by
total shipments. The major variable for the
“technology level” is a firm-level R&D/sales
ratio obtained from the R&D statistics. It is cal-
culated by dividing the firm’s R&D expenditure
by the firm’s total sales.

4. Recent trends in Finland

4.1 Aggregate changes

The period from 1988 to 2001 was marked by
several exceptional phenomena in Finland. Dur-
ing the early 1990 Finland experienced several
adverse economic shocks, including the end of
eastern trade induced by the collapse of the So-
viet Union, which led to an exceptionally severe
recession. The recession hit all the industries
and regions and affected workers in all skill
groups. The total unemployment rate rose rap-
idly from 3% to 18% within three years (see fig-
ure 1.). The period was also marked by signifi-
cant changes in the production structure. The

Figure 1. Unemployment rate in Finland in 1988–2001.



Finnish Economic Papers 2/2005 – Kristiina Huttunen

76

recovery period was marked by a growth of new
industries: namely of export oriented high-tech
manufacturing sector. The level of exports and
R&D activity increased rapidly (see figures 2.
and 3.).

During the period, the skill structure of both
supply of and demand for labour changed. The
earnings inequality rose, but very modestly2.

Figures 4–6 plot aggregate shares of four dif-
ferent skill groups in the Finnish working age
(15–64-year old) population and in the total
wage bill and employment of Finnish private
sector establishments. Information on popula-
tion shares comes from Statistics Finland’s pop-
ulation statistics. Information on wage bill and
employment shares of private sector establish-
ments comes from the PESA data set. Workers
are divided into four different skill groups by
age and education as follows: 1) less educated
younger, 2) highly educated younger, 3) less

Figure 2. Export share in manufacturing in 1988–2001.

Figure 3. Share of total R&D expenditure in 1988–2001.

2 The 10/90 percentile income ratios changed only mod-
estly in Finland. In 1987 the ratio was 2.56, in 1995 2.69
(see Fritzell, 2001).
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Figure 4. Population shares 1990–1998.

Figure 5. Employment shares 1988–1998.

Figure 6. Wage bill shares 1988–1998.
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educated older, 4) highly educated older. “Less
educated” refers to people with basic, vocation-
al and lower secondary education. “Highly ed-
ucated” refers to people with educational qual-
ifications from colleges, polytechnics or univer-
sities. “Younger” refers to 15–44-year old peo-
ple and “older” to 45–64-year old people. Fig-
ures 1–3 present clear evidence that the shares
of older and highly educated people in the pop-
ulation, and in private sector employment and
their share of the aggregate private sector wage
bill have steadily increased in 1988–1998.

4.2 Decomposition analysis

The observed aggregate changes in the skill mix
of employment and the wage bill can reflect
general changes in the skill mix that have oc-
curred within all establishments or a realloca-
tion of employment between establishments
with different skill structures. The within-estab-
lishment changes are assumed to support the
hypothesis of skill-biased technological change,
as technological change leads individual estab-
lishments to replace unskilled workers with
skilled workers (e.g. Berman et al., 1994). Trade
is assumed to lead to between-establishments
changes in the skill mix: Trade is expected to
generate a shift in product demand towards
skill-intensive products, which causes an in-
crease in employment in skill-intensive estab-
lishments. In order to examine these competing
hypotheses, we decompose the shifts in each
skill group’s (j) share in the aggregate wage bill
and employment between (t–s) and (t), Sj, into
within-establishment changes, between-estab-
lishments changes and into entry and exit ef-
fects as

for i = 1,...,n establishments. Sj =   is the

share of skill group j in employment or the ag-
gregate wage bill, and superscript C denotes
continuing establishments, that is the establish-

ments which appear in both the initial (t–s) and

the end year (t). Pi =     is the proportion of

establishments i in total employment or wage

bill and Sji =      is the share of skill group j

in employment (or  wage  bill) at  establish-
ment i. A bar over a variable indicates the aver-
age of the variable over the initial and the end
year. The first term on the right-hand side is the
within-effect. It reports how much of the aggre-
gate change in the share of skill group j in em-
ployment or the total wage bill, Sj, is due to
the changes in the skill mix that occur within
establishments. The second term is the between-
effect. It describes how much the aggregate
change in the share of skill group j is due to the
changes in the relative employment shares of
establishments with a different skill structure
(i.e. reallocation of employment from low-skill
to high-skill establishments). The third term
describes the entry-effect, which reports the
change in a group’s share attributable to the en-
try of new establishments. The last component
is the exit-effect, describing the change that is
due to differences in the skill structure of sur-
viving and exiting establishments.

Table 1 reports the decomposition results for
changes in the employment and wage bill shares
of four different skill groups in Finnish private
sector establishments from the PESA data set
during 1988–20013. The results imply that the
work force of the Finnish private sector estab-
lishments is becoming older and more educat-
ed. The increase in the share of highly educat-
ed older workers has mainly happened within
establishments, while the increase in the share
of younger highly educated workers is mostly
due to the entry of new establishments and to
the increase in employment of establishments
which employ relatively more highly educated
younger workers. The results provide evidence
that new and enlarging establishments employ
relatively more younger highly educated work-
ers. The within-effect for highly educated

Ej

E

Ei

E

Eji

Ei

3 It is worth emphasizing that the data set consists of all
Finnish private sector establishments with more than two
workers during the years 1988–2001, so that there should
not be significantly artificial disappearences and ap-
pearences of plants in the data set.
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younger workers is negative, implying that their
share has diminished within establishments.
This supports the hypothesis that it is trade, not
technological change, which is driving the de-
mand for highly educated younger workers in
Finland. The big within-establishments increase
in the share of older workers is unlikely to be a
result of technological progress, as it might sim-
ply reflect the overall ageing of the establish-
ments’ work force. There is no reason, howev-
er, to reject the hypothesis that there might be
changes in firms’ hiring and firing decisions.4

5. Empirical model

To examine empirically whether technological
change is biased towards certain skill groups we
relate the optimal skill composition of establish-
ments’ work forces into observable technology
variables. We follow the approach taken in a

number of previous studies (e.g. Bartel et al.,
1987), where the long-run wage bill share equa-
tions are derived from the translog cost func-
tion. Imposing homogeneity restrictions, the
wage bill share equation for skill group j is

(1)

where j indicates the skill group, i the establish-
ment, and t the time period, Sjit is the wage bill
share of type j labour, Wjit is the wage for skill
group j, Kit is the capital, Yit is the level of out-
put (value added), Tit is a vector of structural
factors that affect the optimal skill mix within
a given firm, that is, both the changes in prod-
uct demand as well as technological change,
and ji represents unobservable establishment-
specific time-invariant effects. The vector Tit

can be decomposed into  observable  technolo-
gy or demand shift variables, and into time
dummies, which reflect common shifts in skill

Table 1. Decomposition of the change in employment and wage bill shares of skill groups during 1988–2001.

The skill groups are: 1. less educated younger workers, 2. highly educated younger workers, 3. less educated older work-
ers, 4. highly educated older workers.

4 i.e. Lilja (1996) provides evidence that during a reces-
sion the new hires in the Finnish manufacturing sector were
on average more experienced and educated than in other
periods. Piekkola and Böckermann (2000) find that the ad-
justments of labor demand during the recession were mainly
carried out with younger workers.
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mix across establishments, as Tit = (export/ship-
mentsit, R&D/salesit, t).5

We use R&D/sales ratio as a measure for the
“technology level” of firm. The main argument
is that firms investing relatively more in R&D
activities are more technologically advanced.
The major explanation for this is that the nature
of R&D work varies fundamentally from that
of other forms of work – the tasks are non rou-
tine and there is a need for continuous learn-
ing. The R&D variable has also been widely
used in literature to describe those firms or in-
dustries that have a high tech status (e.g. Ber-
man, et al., 1994, Allen 2001). The obvious
drawback of R&D intensity is that it is only an
input, and it describes where the innovation is
originated, not where it is used. That is, unlike
computer investments, it does not directly meas-
ure the use of new technology in production
process. However, there are a number of stud-
ies that provide evidence that R&D activities
are clearly complementary to various other
changes in firms. production technology, such
as the adoption of new machinery in production,
and that it does a reasonably good job of prox-
ying the outputs of innovative processes6.

Following many previous studies (e.g. Ber-
nard and Jensen, 1997), we use a plant’s exports
related to total shipments as a measure of in-
ternationalization. This export-share is assumed
to capture the changes in demand for final
goods7. It is important to note, however, that the
changes in exports may also reflect firm suc-
cess. It is often stated that only good firms be-
come exporters, since there are additional costs

(e.g. transports costs) of selling goods in for-
eign markets and competition is fiercer in in-
ternational markets. (see e.g. Bernard and
Jensen, 1999).

There are a number of issues that must be
addressed before estimating the model. First,
there is the treatment of wage variables. As
there is a direct relation between the explained
variable (wage bill share) and the wages, there
is no reason to believe that relative wages would
not be correlated with unobservable factors that
influence the group’s share in the total wage
bill. Furthermore, the wage variation across es-
tablishments can be confused with variation in
unobservable labour quality differences. Hence,
there is assumed to be little useful exogenous
variation in wages for the purpose of this type
of analysis. Following the majority of previous
studies that use a similar framework (e.g. Ber-
man et al., 1994, Dunne et al., 1996) we exclude
the relative wage variables from the model and
assume that the relative wage variation in the
time dimension is equal across all establish-
ments, so that the time dummies capture the
wage variation in time dimension. Time-invari-
ant establishment-specific differences in relative
wages are assumed to be captured by the estab-
lishment-specific fixed effects.

Another issue is the endogeneity of technol-
ogy variables. As R&D itself is chosen on the
basis of economic incentives, it is unlikely to
be independent of the factors that influence the
firm’s decision to employ workers from differ-
ent skill groups. A firm’s decision to export is
likely to be determined by a number of factors
simultaneously (Bernard and Jensen, 2001).
Hence, the unobservable factors that influence
the skill structure of the establishment’s work
force are likely to be correlated with the R&D/
sales-ratio and export-share and the estimated
coefficients are likely to suffer from the endog-
eneity bias. However, as we were not able to
come up with appropriate instruments, the anal-
ysis is carried out by assuming exogeneity of
explanatory variables. In the interpretation of
the results one should keep in mind that the es-
timated impact of R&D or exports do not nec-
essarily represent a causal impact of this varia-
ble on the skill demand.

Finally, the overall ageing of the population

5 We estimate each share equation separately by OLS.
For comparison the model was also estimated as a system
of seemingly related regression equations (SUR) by feasi-
ble generalized least square. The SUR estimation reduced
the standard errors only slightly.

6 There is an increasing number of studies which use al-
ternative, and more direct measures of technology, such as
“implementation of new automation technologies” (see e.g.
Doms, Dunne, and Troske, 1997, and Entorf and Kramarz,
1998).

7 This export-share is assumed to capture the changes in
demand for final goods and hence it is mainly assumed to
have an effect on the reallocation of employment between
plants or industries. However, as argued by Bernard and
Jensen (1997), the changes in product demand might rep-
resent switches from production of one good to another even
at the plant level.
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complicates our analysis somewhat: As the mid-
dle-aged cohorts are relatively bigger than the
entering ones, the share of over-45-year-old
workers seems to be continuously growing,
even if there are no real changes in firms’ em-
ployment (no hiring or firing). In order to deal
with this problem we include a full set of time
dummies into the equation. This will net out the
effect of ageing if the average share of older
workers is growing at about the same rate
across all the establishments. However, it is im-
portant to keep in mind that this might not be
the case, since plants with different age com-
positions have different aging rates.

6. Estimation results

The model is estimated using two different sam-
ples: the linked LDPM-PESA sample covering
years 1988–2001 and the R&D sample for
1991–2001. Table 2 shows the mean values of
the main variables in the model. The labour
force is disaggregated into four different skill

groups by age and education as previously. The
first three columns indicate that there is not a
significant difference in the share of different
skill groups between exporting and non-export-
ing plants. The exporters seem, however, to pay
higher wages, especially for highly educated
workers. They are also bigger, more capital in-
tensive and more likely to have R&D activity.
The next three columns show the descriptives
for the R&D sample. Plants with R&D activity
seem to be less likely to employ less educated
younger workers, while there is no difference
in the share of older less educated ones between
R&D and non-R&D plants. Plants with some
R&D activity employ also more highly educat-
ed workers in both age categories, pay higher
wages (especially for highly educated workers),
are bigger, more capital intensive, and export
more.

Table 3 reports the estimation results of the
wage bill share equations for LDPM sample.
Models (1) and (2) have the export share as the
only additional “demand shift” variable. In ad-
dition the model controls for real capital stock,

Table 2. Mean values of the main variables in the data sets.

Employmentj refers to number of employees in skill group j in the plant. The skill groups are: 1. less educated younger workers, 2.
highly educated younger workers, 3. less educated older workers, 4. highly educated older workers. Wb. sharej refers to share of skill
group j in plant’s aggregate wage bill.
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real value added and for fixed regional and two-
digit industry effects. The model includes a full
set of time dummies. Robust standard errors are
reported in parentheses. The OLS estimation
results of model (1) indicate that an increase in
the exports/shipments-ratio has a positive im-
pact on the share of highly educated workers.
The magnitude of the coefficient is bigger for
younger highly educated workers. Model (2)
controls for establishment-specific fixed effects.
The results show that allowing for establish-
ment-specific fixed effects greatly reduces the
explanatory power of the export variable. The
results indicate that an increase in the relative
level of exports does not have a significant ef-
fect on the changes of the skill mix within es-
tablishments. Contrary to the model without
fixed effects, the results suggest that physical
capital and younger workers are complements.
The positive effect of the capital stock variable

seems to be stronger for highly educated,
younger workers. For both highly and less edu-
cated older workers the impact of capital ap-
pears to be negative. Thus, the findings indicate
that the hypothesis of capital-skill (education)
complementarity fails to hold for older work-
ers.

Table 4 shows the estimation results for the
R&D sample for 1991–2001. The specification
(1) includes export intensity as the only demand
shift variable. The model controls for region,
industry and time effects. The OLS estimation
results of model (1) clearly show a significant
and positive impact of the export/shipments ra-
tio on the share of highly educated younger
workers. The effect is now negative for both
highly and less educated older workers. Speci-
fication (2) includes also the R&D/sales ratio
as a “technology variable” The results show a
significant and positive impact of the firm-lev-

Table 3. Regressions: LDPM-sample.

Robust standard errors are in parenthesis. Model includes also a constant. * Significant at 10% level, ** Significant at 5%
level, *** Significant at 1% level.
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el R&D/sales ratio on the share of highly edu-
cated workers and a negative effect on the less
educated workers. The absolute value of the co-
efficient is bigger for younger highly educated
workers.

However, this result does not hold if we con-
trol for plant-fixed effects in the model. Col-
umns 3, 4 and 5 in table 4 report the results
from a specification with plant fixed effects.
The specification in column 5 includes also rel-
ative wages. As before, the inclusion of plant
fixed effects greatly reduces the explanatory
power of technology and demand shift varia-
bles. In most cases the estimated coefficients of
these variables are statistically insignificant.
Surprisingly, specifications (4) and (5) provide
some evidence that an increase in the relative
share of R&D expenditure increases the de-
mand for less educated younger workers. The
increase is however very modest. The effect on

the relative share of other workers is insignifi-
cant.

We carried out a significant number of ro-
bustness checking and tried different specifica-
tions of the model. The last column in table 4
reports the results of a specification with rela-
tive wage variables. The results indicate that in-
clusion of wages did not change the results sig-
nificantly. In order to take into account the en-
dogeneity problem of the explanatory variables,
we also estimated the model in first-difference
form and used the lagged levels of explanatory
variables as instruments. These estimations
yield similar results, and provided no evidence
that the proxies for technological change and
trade would significantly influence the within-
plant changes in the skill demand.

The results with respect to the technology in-
dicators are very different depending on wheth-
er we include plant-fixed effects into the mod-

Table 4. Regressions: R&D -sample.

Robust standard errors are in parenthesis. Model includes also a constant. * Significant at 10% level, ** Significant at 5% level,
*** Significant at 1% level.
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el or not. One explanation for this might be that,
at the plant level, the correlation between tech-
nology variables and skill structure is primari-
ly due to the fact that plants with more skilled
workers are more likely to invest in R&D and
export initially. As stated in Haltiwanger et al.
(1999), different firms may choose different
modes of production and lock in with a partic-
ular mode once well established. Thus, neither
the level of R&D nor exports influence the de-
mand for skills within plants, although there
might be significant differences in the skill mix
across plants with different levels of R&D or
exports. This is similar to findings from many
previous studies that use plant-level data (e.g.
Doms at al., 1997). Another reason for the “too
low” and insignificant coefficients of the varia-
bles in estimations with fixed effects might be
that these variables are subject to measurement
errors, which causes OLS to underestimate the
true parameters and this bias may be exacerbat-
ed when controlling for fixed effects (see Grili-
ches and Hausman, 1986)8.

7. Conclusions

This study has examined the changes in the skill
structure of Finnish private sector establish-
ments during 1988–2001 and the impact of ob-
servable technology and trade variables on the
manufacturing sector establishments’ skill mix.
The findings suggest that at the aggregate level
establishments’ skill structure has changed to-
wards older and more educated workers, close-
ly reflecting the changes in the skill mix of the
population. The decomposition analysis reveals
that the increase in the share of older workers
has mainly occurred within establishments,
while the increase in the share of the younger
highly educated has occurred between estab-
lishments and by entry of new establishments.

The pooled OLS estimation results indicate that
the selected technology indicators, firm-level
R&D intensity, and plant-level export share, in-
crease the demand for highly educated workers,
but the impact is much less pronounced or in-
significant for older highly educated ones.
However, these results do not hold after control-
ling for time-invariant unobservable heteroge-
neity between plants. The fixed effect estima-
tion results show that R&D intensity and export
share did not have a significant effect on the
changes in the skill demand within manufactur-
ing sector plants in Finland. These results are
conceptually similar to those of Doms et al.
(1997) and Haltiwanger et al. (1999), who
found that the high tech or high productivity
plants employ more skilled workers in US, but
there is little correlation between changes in
workforce composition and measures of tech-
nology adoption or productivity. The findings
are also consistent with previous Finnish stud-
ies9, which have found little evidence of in-
creasing demand for skills.

References

Allen, S. (2001). “Technology and theWage Structure.”
Journal of Labour Economics 19, 440–483.

Autor, D., F. Levy, and R. Murnane (2003). “The Skill
Content of Recent Technological Change: An Empirical
Exploration.” Quarterly Journal of Economics 118, 1279
–1332.

Bartel A.P., and Lichtenberg (1987). “The Comparative
Advantage of Educated Workers in Implementing New
Technology.” Review of Economics and Statistics 69, 1–
11.

Berman, E., J. Bound, and Z. Griliches (1994). “Chang-
es in Demand for Skilled Labour Within US Manufac-
turing Industries.” Quarterly Journal of Economics 109,
367–97.

Bresnahan T., E. Brynjolfsson, and L. Hitt (2002). “In-
formation Technology, Workplace Organization, and the
Demand for Skilled Labor: Firm Level Evidence.” Quar-
terly Journal of Economics 117, 339–376.

Bernard, A., and B. Jensen (1997). “Exporters, Skill Up-
grading and the Wage Gap.” Journal of International
Economics 42, 3–32.

– (1999). “Exceptional Exporter Performance: Cause, Ef-
fect, or Both?” Journal of International Economics 47,
1–25.

– (2001). Why Some Firms Export. NBER Working Pa-
per No. 8349.

8 To explore this possibility the model was also estimat-
ed in long difference form. The argument is that when one
assumes that measurement errors are stationary and uncor-
related and that the serial correlation between true regres-
sion variables is declining, the errors of measurement will
bias the long difference estimators less than they will bias
first difference or within-estimators. The result, using the
sample of continuing plants did not change the results sig-
nificantly. 9 Uusitalo (2002), and Vainiomäki (1999).



Finnish Economic Papers 2/2005 – Kristiina Huttunen

85

Chari, V., and H. Hopenhayn (1991). “Vintage Human
Capital, Growth and the Diffusion of New Technology.”
Journal of Political Economy 99, 1142–65.

Chennels, L., and J. Van Reenen (1999). Has Technolo-
gy Hurt Less Skilled Workers? An econometric Survey
of the Effects of Technological Change on the Structure
of Pay and Jobs. Institute for Fiscal Studies WP, Lon-
don.

Doms, M., T. Dunne, and K. Troske (1997). “Workers,
Wages and Technology”, Quarterly Journal of Econom-
ics 112, 253–290.

Entorf, H., and F. Kramarz (1998). “The Impact of New
Technologies on Wages and Skills: Lessons From
Matching Data on Employees on Their Firms.” Econom-
ics of Innovation and New technology 5, 165–198.

Eriksson, T., and M. Jäntti (1997). “The distribution of
earnings in Finland 1971.1990.” European Economic
Review 41, 1763–1779.

Feensta, R.C., and G.H. Hanson (1996). “Globalization,
Outsourcing, and Wage Inequality.” American Econom-
ic Review 86, 240–244.

Fritzell, J. (2000). Still Different? Income Distribution in
Nordic Countries in a European Comparision. Luxem-
bourg Income Study Working Paper No. 238.

Førre, S.E., and K.G. Salvanes (2003). “Employment Ef-
fects of Trade and Technical Change: Evidence from
Norway.” Economica 70, 293–330.

Griliches, Z., and J. Hausman (1986). “Errors in Varia-
bles in Panel Data.” Journal of Econometrics 31, 93–
118.

Haltiwanger, J., J. Lane, and J. Spletzer (1999). “Produc-
tivity Differences across Employers: The Roles of Em-
ployer Size, Age, and Human Capital.” American Eco-
nomic Review 89, 94–98.

Hansson, P. (2000). “Relative Demand for Skills in Swed-
ish Manufacturing: Technology or Trade?” Review of
International Economics 8, 533–555.

Koskela, E., and R. Uusitalo (2003). The Unintended Con-
vergence: How the Finnish Unemployment Reached the
European Level. CESifoWorking Paper No. 878.

Lilja, R. (1995). Teollisuuden toimihenkilöiden ura- ja
palkkakehitys. Labour Institute for Economic Studies
54/95.

Mac Donald, G., and M. Weisbach (2001). Economics of
Has Beens. NBER Working Paper 8464.

Maliranta, M. (1997). The determinants of aggregate pro-
ductivity. The evolution of microstructure and produc-
tivity within plants in Finnish manufacturing from 1975–
1994. ETLA Discussion papers, No. 603.

Nelson, R., and E. Phelps (1966). “Investments on Hu-
mans, Technological Diffusion and Economic Growth.”
American Economic Review 56, 69–75.

Paul, C.J.M., and D. Siegel (2001). “The Impacts of Tech-
nology, Trade, and Outsourcing on Employment and
Labour Composition.” Scandinavian Journal of Eco-
nomics 103, 241–264.

Piekkola H., and P. Böckermann (1999). On Whom Falls
The Burden of Restructuring? – Evidence from Finland.
Research Institute of the Finnish Economy, Discussion
Papers, No. 714.

Uusitalo, R. (2002). “Changes in the Finnish Wage Struc-
ture: Will Demand and Supply Do?” Scandinavian Jour-
nal of Economics 104, 69–85.

Vainiomäki J. (1999). “Technology and Skill Upgrading:
Results from Linked Worker and Plant Characteristics
Data for Finnish Manufacturing.” In The Creation and
Analysis of Employer-Employee Matched Data. Ed. J.
Haltiwanger. Elsevier Science.


