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ABSTRACT
Industrial Relations and the Wage Differentials between
Skilled and Unskilled Blue-Collar Workers within
Establishments: An Empirical Analysis with Data of
Manufacturing Firms∗
Increased wage inequality between skilled and unskilled workers is a stylized fact, which can be
observed in many developed countries. Among the explanations advanced for this phenomenon
is the increasing globalization, a skill-biased technical progress, restructuring of the firms, and
last but not least, a decreasing importance of industrial relations institutions. In the paper, we
investigate in a three-step procedure with firms’ data whether the latter determinant is influential.
We control for the other relevant explanations and split industrial relations into three components
- coverage of collective bargaining, existence of a works council, and union density – within a
four-equation model. We find an insignificant influence of the union density. A Works council
compresses the wage differentials between skilled and unskilled blue-collar workers while
coverage is effective in the opposite direction. The latter two effects nearly offset each other.
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Introduction

In the last years, the discussion on wage inequality has intensified in response to recent
empirical trends. Especially in the United States and in the United Kingdom real wages have
stagnated or declined for unskilled workers, while skilled workers have improved their
position. The most commonly cited explanations for this change are the increasing
globalization of the economy, skill-biased technical progress and organizational change.
These developments caused labour demand to shift against unskilled workers generating the
observed decline in the relative wages of this group. Furthermore, a declining influence of
unions and changes in the institutional framework are mentioned. However, in Germany and
other European countries empirical investigations on the aggregate level find a nearly stable
wage structure, but a substantial rise in structural unemployment. Some economists hold wage
rigidities responsible for this tendency (Siebert 1997). But the fact that unskilled
unemployment in Germany is similar to that in the United States and lower than in the United
Kingdom does not confirm this supposal. Therefore, other economists (Nickell, Bell 1996,
Freeman, Schettkat 1999) argue that the German education system produces a more
compressed distribution of human capital. However, the compression of skills explains only a
modest proportion of the difference in the skilled-unskilled wage differential between
Germany and the US.
We believe that in order to learn more about the actual wage differences we have to go
beyond aggregate level studies and turn to the analysis of firm’s data. Particular attention
should be devoted to differences within establishments. Even if flexibility and wage
dispersion appear to be weak on the macroeconomic level enormous differences may still
prevail between and within establishments. Some firms are flexible and have adjusted to the
necessities of globalized economies while others are extremely inflexible. In this case, policy
interventions, which affect all enterprises in the same way, are inefficient. To this point, we
know only little about wage inequality within and between firms. The intention of this paper
is to bring some light into this darkness. Our investigation focuses on the impact of industrial
relations on firms’ wage structures given that industrial relations are more important in
Germany than in other countries.
The paper is organized as follows. In section 2, we discuss some theoretical
arguments, in which way industrial relations may affect the firm’s internal wage structures.
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Section 3 briefly reviews existing empirical evidence, followed by a presentation of our own
analysis in section 4. We first provide some descriptive statistics and then expose results of a
three-step multivariate analysis including corrected IV estimates, principal component
analysis and determination of a wage differential function. In the final section, we summarize
our results.
2

Theoretical framework

Industrial relations institutions are frequently discussed under the topic of „unionization“ in
the literature. One of the objectives of the unions is redistribution. Usually, they prefer a less
dispersed wage structure across as well as within firms. Several explanations can be found for
that line of reasoning. Firstly, workers’ solidarity requires a relatively uniform wage
distribution. The consensus among workers will be jeopardized if wage differences between
skilled and unskilled employees are too large. Secondly, unions are political institutions
representing membership interests, where particular consideration is given to the median
voter. Thus, unions focus on the median wage which usually falls below the average wage
and support an adjustment of the former to the latter. Thirdly, as Lucifora (1999) has
emphasized, given the potential arbitrariness in measuring individual productivity, riskadverse workers prefer a narrow wage distribution. Unions will take account of these
preferences in their objective functions.
Unions can approach their goal of compressing pay differentials by way of
standardizing the wage structure, especially by establishing wage groups for specific tasks and
qualifications. Then, the wages of the groups at the lower end of the distribution are raised
relatively to the other or the lowest wage group is disestablished altogether. Additionally, the
unions may bargain for a hard core of wage increase (“Sockel”) in the yearly wage rounds, i.
e. a uniform increase for all groups. If they successfully advance this claim, a diminished
wage dispersion will result.
Often, the impact of unionization on the wage structure is considered to be connected
with trade union density. Within the institutional setting of Germany, however, this may be
misleading, since collective agreements are not exclusively applied to union members.
Coverage (Tarifbindung) is the more appropriate phenomenon, which is given for all member
firms of an employer’s association and for enterprises signing a single employer contract.
Looking at the relationship between coverage and wage differentials, we have also to take
objectives and behaviours of employers into account. In principle, coverage by collective
bargaining is an instrument to stabilize employment and the wage structure. Employers and
2

employees are usually interested in stable contracts. Workers are risk-adverse and firms
favour stability because it simplifies planning and thus decision making under uncertainty.
Notwithstanding, situations do exist in which adjustments are necessary and more important
than stability. Firms in particular need flexibility and seek to complement „Tarifbindung“
(coverage) with measures that permit the necessary adjustments. One possibility is to
implement a wide effective wage structure by a strong wage drift or by using the whole range
of negotiated wage groups. Flexibility and adjustment follow by selective hiring and firing.
Decentralized wage bargaining allows a better adjustment of the wage structure to the
market requirements. Firms that are not covered by a collective bargaining agreement can
adjust by changing the wage level and use the advantages of small wage differentials,
especially in the case of teamwork. In a recession, unskilled workers will be laid off while the
wage of skilled workers will be reduced. Insider power avoids dismissals of skilled workers.
The same firms experience stronger and faster wage increases during an economic recovery.
Furthermore, these establishments may adjust by training of unskilled workers if the
productivity gap between skilled and unskilled workers exceeds the respective wage gap, as
Pischke (1998) has stressed. As firms without „Tarifbindung“ are on average more successful
and can fund training measures more easily, this behaviour seems more likely.
Freeman and Medoff (1984) stress that a trade union is a vehicle for collective voice –
that is, for providing the work force with a mean of communicating with management. But in
Germany, works councils instead of the unions seem to express the collective voice,
aggregating workers’ preferences and transmitting them to the management. A works council
offers the prospect of an improvement in the joint surplus of the enterprise via processes of
information, exchange, consultation, and participation (Freeman, Lazear 1995). Frequently,
the council negotiates works agreements supplementing wages bargained at industry levels.
Wage drift is systematically higher in works council regimes. The distributional conflict is a
factor that will always interfere with the ability of the works councils to achieve the benefits
of participation. Workers’ share of the surplus increases with the absolute surplus while
profits decline relatively. Profits may also decline in absolute terms because knowledge and
involvement constitute power. It is however not obvious whether productivity effects
dominate the profit effects.
Management’s use of the works councils as a communicator to workers about the state
of nature can set an incentive for effort on the part of workers. Consultations allow new
solutions. Codetermination provides workers with more security and, therefore, encourages
workers to consider the firm’s objectives. Works councils also help to restrain influence
3

activities. They can convince the employees that co-operation among the workers and with
the management strengthens the employee’s position and increases their earnings. This results
in a higher effort, less shirking and less fluctuation, a lower degree of absenteeism and a
higher investment in specific human capital. If works councils have also partial control over
the management’s decisions, we can expect that the latter will be improved. Inefficiencies
within the firms and the risk of opportunistic management behaviour at the cost of the
employees may be reduced. Altogether, the voice function of works councils can explain a
positive correlation between the existence of such councils and the wage level. In addition,
redistribution between employers and employees may result via rent sharing.
If the productivity of unskilled workers is not affected by the activities of works
councils to the same extent as the productivity of their skilled colleagues wage differentials
may also change. On the one hand, we should expect that works councils have more influence
on unskilled workers than on skilled workers. The latter have more confidence in their
organization while the formers usually work with high effort even without the support of a
works council. A depressed wage distribution should follow. On the other hand, works
councils are more sensitive than unions to the positive incentive effects of a wide wage
spread. If the wage spread increases productivity and enlarges the firm’s, surplus it could
imply a better net result for all. Although councils are not entitled to determine the wage
level, their rights include the assignment to pay grouping. This affects the wage dispersion.
The more workers are assigned to one or only few wage groups the lower the wage
dispersion.
A further indirect mechanism, which induces a negative relationship between
industrial relations institutions and wage differentials, may be the pattern of variable pay
schemes. The more variability a payment scheme permits the larger the corresponding wage
differentials. Incentives that pertain to individual performance, like piece rates, increase the
dispersion of earnings within establishments and undermine conventional wage policy
(Freeman 1982). Profit sharing may also enlarge the earnings differentials. But these pay
elements are not part of the wage differentials. Unions are usually portrayed as institutions,
which struggle against more flexibility and oppose profit sharing. The function of works
councils differs a little bit from that of unions. One can argue that the works council can help
the management to find the best scheme of payment for the firm. Piece rates should not suffer
from managerial arbitrariness. Therefore, the employer and the works council have to find an
agreement that determines the premia and piece rates. On the one hand, costs can be saved by
these negotiations compared with single agreements. In addition, on the other hand, workers
4

confine the works council so that influence activities can be avoided. In a non-co-operative
regime piece rates will generate extremely high ongoing costs of influence activities unless
employees are confident that employers will not unilaterally implement or change wage rate
policies. Employees fear cheating by the employers who could alter the terms of the scheme
to the benefit of the firm.
Summarizing the previous arguments, the industrial relations institutions are expected
to reduce the skilled-unskilled wage differential though there may be circumstances leading to
other outcomes. The industrial relations are characterized by three variables indicating (1) the
existence of coverage by collective agreements, (2) works councils and (3) trade union
density at the establishment level. The indicators describe partially different and partially joint
effects on the wage differential between skilled and unskilled workers.

3

Previous empirical evidence

Over the past years, literature on the increasing wage inequality based on aggregated data has
burgeoned, while studies using individual data are scarce. Industrial relations have
commanded little attention. Investigations, which use firm’s data and analyze the relationship
between wage differentials and industrial relations, are almost completely missing.
Fortin and Lemieux (1997) present some evidence on the role of institutional changes
on wage distribution in the United States. Deunionization primarily affects men’s wages.
Graphs illustrate the wage distribution among unionized and non-unionized workers and show
that deunionizations have contributed to the erosion of the middle of the wage distribution.
Card (1992) and Freeman (1993) find that deunionization explains a fifth of the increase in
male wage inequality from the 1970s to the late 1980s while DiNardo, Fortin and Lemieux
(1996) estimate a percentage between 14 and 20 percent. Lucifora (1999) has conducted an
international comparison of how labour market institutions affect wage inequality and low
pay. Based on aggregated data from 20 OECD countries he finds a negative correlation
between union density and the wage differential, measured by the log of the ratio of the topto the floor-decile. Higher union density appears to be associated with lower wage dispersion
while no effect is detected for the coverage or the centralization of collective bargaining.
Blau and Kahn (1999) summarize the impact of labour market institutions on wage
dispersion from a macroeconomic perspective. According to their result, the overall variance
in pay is smaller in countries where unions are more prevalent. They find some general
evidence that the degree of centralization of wage-setting institutions tends to be associated
5

with lower wage inequality. This is particularly traceable to a greater compression at the
bottom of the wage distribution. Flanagan (1999) confirms this outcome, although he
mentions that the negative cross-country relationship between the centralization of collective
bargaining and wage dispersion weakened somewhat in the early 1990s.
Card‘s (1996) results from a longitudinal study with CPS data suggest that unions
raise wages for workers with lower rather than higher levels of observed skills. In the same
vein, based on a sample from NLS over the period 1980-1989, Vella and Verbeek (1998)
show within a two-equation model – function of union membership and wage equation – that
individuals with characteristics typically associated with lower wages receive larger union
premia. Unobserved heterogeneity, which positively contributes to the likelihood of union
membership, is associated with higher wages.
Haskel (1999) investigates effects on changes in log relative wages of skilled and
unskilled work in UK manufacturing. Using a panel of 80 industries over 1980-1989 he finds
among others negative, but insignificant effects of an increase in union density on the wage
differential. He argues that imprecision may be due to mismeasurement. Data are not
available on the change in the relative unionization of the skilled and unskilled.
German studies using firm’s data concentrate on the effects of industrial relations on
firms‘ performance. Among others the influence on the average wage level is determined
(FitzRoy, Kraft 1985, Addison, Kraft, Wagner 1993, Meyer 1995, Addison, Schnabel,
Wagner 1998, Hübler, König 1998, Jirjahn, Klodt 1999). All of them with the exception of
FitzRoy and Kraft confirm that firms with a works council pay significantly higher wages.
The effect of firms‘ being covered by collective bargaining is not so obvious. Meyer (1995)
and Jirjahn, Klodt (1999) find insignificant negative effects. If the sample is split into firms
with and without „Tarifbindung“, the significant works council effect remains only in the
latter. It is however interesting to note that the effect of coverage on the existence of piece
rate payment is positive. In firms covered by collective bargaining the existence of a works
council increases the probability of piece rate payment. In non-covered firms the influence of
works councils can be neglected (Heywood, Hübler, Jirjahn 1998). Fitzenberger (1999) and
Kraft (1994) have conducted studies with German industry data, which investigate the effects
of unions on wage differentials. The latter does not find that active unions influence the ratio
of skilled to unskilled worker‘s wage. He uses data from 23 industries between 1965 and
1990. The former has more differentiated results. But in the majority of the estimates the
union effect is also insignificant, especially in the non-manufacturing sector. In manufacturing
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industries a tendency can be observed that stronger unions with higher density increase the
weight of employment and care less about wages for low- and medium-skilled workers.
Also research conducted by Gerlach, Hübler, Meyer (1999), does not support the
hypothesis that industrial relations affect wage differentials. Their study uses 1997 firms’ data
from the state of Lower Saxony and a composite measure for industrial relations, which is
determined as a factor of a principal component analysis.

4

Empirical analysis

4.1

Data and descriptive results

Our empirical analysis is based on the Hannover Panel (Brand et al. 1996), which is a samplesurvey of establishments designed as a panel study with four years of coverage (1994 – 1997).
The population covered encompasses manufacturing establishments with at least five
employees in the first wave and which are located in the German federal state of Lower
Saxony (Niedersachsen). The sample is stratified according to establishment size and
industry, allowing for establishment-proportional and employee-proportional weighting with
results representative of the whole population. The data were collected in face to face
interviews with firm owners or top managers by the professional survey and opinion research
institute Infratest Sozialforschung. The questionnaires covered various aspects of firm
structure, firm behaviour and firm performance with an emphasis on issues relating to
personnel. A total of 1025 establishments took part in the first wave of the Hannover Panel
(1994). Due to panel mortality, the number of participating firms has diminished in the
following years. In the fourth wave (1997), that included a question concerning the wage
differential between skilled and unskilled blue-collar workers, 711 establishments still
participated.
For the empirical analysis of the skilled-unskilled wage differential an indicator is
needed that does not mix wage level and wage structure effects. If, for example, the wages of
all employees in a firm are increasing with the same percentage – say 10 percent - due to the
works council‘s acting, then both, the average wage and the standard deviation, also increase
with the same percentage. In order to avoid this artificial effect the coefficient of variation or
the relative wage span between the highest and the lowest wage per hour should be applied.
The Hannover panel includes information about the last item, since respondents were asked:
Can you approximately tell us the difference in percent between the highest
effective hourly wage rate of a skilled blue-collar worker and the lowest
7

effective hourly wage rate of an unskilled blue-collar worker in your
establishment? Temporary workers should not be taken into consideration.
617 firms answered this question consistently.1 The wage differential is on average 38.0
percent. The interesting question is now: Does the wage differential correspond to differences
in industrial relations?
The first indicator characterizing industrial relations employed in our analysis is
coverage. Collective agreements are usually negotiated at the industry level. The contracts are
binding for the members of the bargaining parties, i.e. for unionized workers whose employer
is either a member of an employers` organization or signed a single-employer contract.
Additionally, experience has shown that in those cases where the employer is not forced by
law to apply the negotiated conditions he will frequently do so voluntarily, because of threat
effects, equity considerations or in order to save transaction costs. In these cases, the firms
often apply only parts of the negotiated regulations. Therefore, we have four types of
coverage:
1) establishments covered by multi-employer contracts,

N = 344,

2) establishments covered by single-employer contracts,

N = 52,

3) establishments voluntarily applying (parts of) multi-employer contracts, N = 123,
4) establishments not covered and not applying collective contracts,

N = 98.

In the following, we concentrate on firms of type one and four. These types are in fact
contrasting and should be a suitable basis for an analysis of the impact of coverage while the
other two types are hybrid. This is straightforward for firms applying contracts voluntarily,
but it may also be true for single-employer bargaining: Decentralized bargaining at the
enterprise level allows to have regard to the particular situation of the company, as is the case
with non-coverage.
The other central element of industrial relations in Germany concerns the codetermination system. In firms with five or more employees a works council may be elected
by the work force (Addison, Schnabel, Wagner 1997). Since this is exactly the minimum size
for firms to be selected into our sample, in principal, every establishment could have a works
council. However, Table 1 shows in the upper part that in only two thirds of the firms’
employees make use of this opportunity. As an additional indicator of the industrial relations,

1

9 Firms without a production department were discarded from the analysis, since the
question focused on the wage differential in the production.
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the trade union density at establishment level is displayed in the table. Density is rather low in
firms without a works council and without coverage and rather high in the opposite cases.
The last two columns of Table 1 give first information about the variation in the
skilled-unskilled wage differential according to the existence or non-existence of the
aforementioned industrial relation institutions. In establishments covered by collective
agreements or provided with a works council, the wage differential is higher than in their
counterparts without such institutions. However, the difference is statistically significant in
one case only (comparison of type C with D). At first sight, the basic hypothesis that
industrial relations institutions reduce the skilled-unskilled wage differential seems not to be
corroborated by the data.
Table 1: Industrial relations, firm size and skilled-unskilled wage differential within
manufacturing establishments in Lower Saxony 1997 a, N = 442b

Type

Establishments
covered by
with a
multi-employer works
contracts
council

Share in
the sample
in %

Trade
union
density
in %

Average
Wage
|t-test| on
number of differen differences
employees
tial
in wage
n
in %
differential

A

No

−

22.2

12.2

75.1

35.1

B

Yes

−

77.8

41.6

180.8

38.6

C

−

No

35.4

4.0

40.7

33.0

D

−

Yes

64.6

54.3

218.3

40.0

E

No

No

15.8

1.9

41.6

31.2

F

Yes

No

19.6

5.7

40.1

34.5

EF 0.70

G

No

Yes

6.4

42.7

148.8

39.1

EG 1.01

H

Yes

Yes

58.3

55.3

225.8

40.1

EH 2.13**

AB 0.99
CD 2.15**

* / ** / *** denote significance at the 0.10 / 0.05 / 0.01 levels, respectively.
a
Information concerning the works council is based on Wave 3, which was collected in 1996.
b
Because of missing values concerning the items “works council” and “trade union density”
the size of the sample is in some cases smaller.
Source: Hannover Panel, Wave 3 and 4.
In the lower part of Table 1, the establishments are grouped with respect to both institutions
simultaneously. Type E firms, the one extreme, are defined by the absence of industrial
relations institutions, i. e. have neither coverage nor a works council; type H firms, on the
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contrary, have both. The latter group covers the bulk of the sample.2 The other two types are
characterized by a single institution, either coverage (F) or works council (G). Again, the data
do not confirm the basic hypothesis that the industrial relations institutions dampen wage
inequality. The wage differentials of groups F to H are higher than in the reference group E.
The works council seems to have a greater impact on the differentials than the unions via
collective agreements. If the share of union members among the employees reaches some
critical level, the workers tend to elect a works council and try to get covered by bargaining.
Collective agreements, however, are not only the result of employees’ pressure: Small and
middle sized firms with only few union members and without a works council apply
negotiated contracts to a considerable extent, too.
The results presented above, however, may be distorted by a firm size bias. One
should expect that large firms have on average a very differentiated workplace structure
which requires both - at least some - low skilled workers on the one hand and very high
skilled on the other hand. A wide wage differential should hence prevail in large firms. Small
and middle-sized firms, by contrast, will often have only one category of workplaces, either
skilled or unskilled, leading to a smaller difference between the highest and the lowest wage.
Table 1 clearly shows a positive correlation between firm size and the appearance of
industrial relations institutions and this is well documented in the literature (Addison,
Schnabel, Wagner 1997; Bellmann, Kohaut, Schnabel 1999). Therefore, the firm size may be
the factual driving force of the observed differences in the wage differentials. Apparently, a
multivariate analysis is necessary to control for that possibility.

4.2

Methods and results of the multivariate analysis

A multiple regression model can be used to study the impact of industrial relations on the
skilled-unskilled wage differential with controls for other determinants of wage dispersion.
These may be variables affecting the workplace structure and the marginal productivity of the
employees working at the highest and lowest skilled position. Potentially important variables
are grouped into the following conceptual areas: Globalization of the economy, factor biased
technical progress and restructuring of the enterprise (Snower 1999). For the purpose of
empirical investigations, suitable indicators need to be developed for these theoretical
constructs. Numerous variables exist which may be included in regression models to describe
2

For the underlying population the share of firms with coverage and a works council is
considerably lower, since we have an oversampling of large firms, in which the existence of
10

these fields. The following list contains the theoretical constructs and the indicators employed
in our investigation.
-

Industrial relations:
Coverage by multi-employer contracts (d – dummy variable), existence of a works council
(d), trade union density at establishment level, measured as percentage of union members.

-

Globalization of the establishment:
percentage of sales exported, most important market (4 categories: 1, if ‘regional’, 2 if
‘national’, 3 if ‘EU-market’, 4 if ‘world market’), co-operation with foreign firms (d), firm
owns foreign establishments (d), firm is owned by a foreign enterprise (d).

-

Technical progress:
R&D expenditures as a percentage of sales, new patents (d), product innovation (d),
process innovation (d), technical level of the machinery (4 categories: 1 if ‘newest level’,
2 if ‘satisfactory’, 3 if ‘modernization is desired’, 4 if ‘modernization is necessary’).

-

Restructuring of the enterprise:
Basic organizational changes, e.g. introduction of profit centres (d), closing of parts of the
establishment (d), transfer of parts of the establishment to other company business units
(d), foundation of parts of the establishment as separate business unit (d), integration of
outside business units (d).

-

Additional controls:
firm size, percentage of female employees, existence of training on-the-job financed by
the firm, 4 industry dummies3.

The indicators used to measure globalization, technical progress and restructuring are far from
being perfect. However, their connections with the theoretical items seem to be clear. The
proportion of female employees and training on-the-job describe the workplace structure and
the productivity. The larger the former the wider the expected differential at the lower end of
the wage structure due to incentive arguments. The upper wage spread should rise with an
increase of the training because not all employees participate to the same extent. Skilled
industrial relations institutions is more likely.
3
In the third wave of the panel 14 industries are taken into account. However, some of them
are only staffed with one or two establishments. In a preliminary investigation wage
differentials with respect to all 14 industries were estimated with food industry as control
group. But only those four industries differed considerably in the impact from that of the
control group. Therefore, we enlarged the reference sector and use dummies only for those
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workers with high wages have a better chance of further training than others. The industry
dummies are additional indicators of the workplace structure.
Estimates of a regression model with the variables listed above give no clear answer to
our issue. The estimated coefficients for the three industrial relations variables are all
insignificant, and most other regressors are insignificant, too.4 Because of strong
multicollinearity, the results are not reliable. We attempt to solve this problem by a stepwise
procedure. First, we correct the industrial relations indicators from the firm size impact.
Another possibility is to consider a restricted sample where firm size varies only within a
narrow range. This procedure reduces firm size effects considerably. Yet, we do not follow
this approach for two reasons: The sample would be rather small and the impact of industrial
relations within middle-sized firms may differ strongly from that in small and large firms.
Therefore, no general conclusions would be possible. Next, we reduce the number of
explanatory variables and thus the dimension of the design matrix. We conduct a principal
component analysis. Finally, we estimate a regression model with factor scores obtained from
the principal component analysis, corrected industrial relations’ indicators, and some
additional variables.
In the first step, the variables indicating coverage, existence of a works council and
trade union density have to be adjusted for firm size effects. The method of correction is
demonstrated for the coverage variable. At first, the reduced form of a probit model to
determine the probability of coverage is estimated within a four-equation model.5
(1)

é
Prob ( coverage = 1 ) i = Φ ê βˆ 0 + βˆ1 ⋅ firmsizei + βˆ 2 ( firmsizei )2 +
ëê

k

ù
βˆ k ⋅ X ik = Φ [Probit i ] .

The covariates Xk incorporate the determinants of coverage (Bellmann, Schnabel, Kohaut
1999), the determinants of works councils (Addison, Schnabel, Wagner 1997), the
determinants of trade union density (Klodt, Meyer 1998), and additional regressors of the

industries with a t-value greater than 1: textiles/clothes, chemical industry, quarry
industry/glass/ceramics, production of iron-metal goods.
4
A regression with the wage differential as dependent variable and the above listed
independent variables gives the following results with respect to the industrial relations
variables (estimated coefficients and t-statistics in parentheses): coverage 2.11 (0.40); works
council –5.49 (-0.90); union density 0.02 (0.25). Only five of the 26 regressors are statistically
significant at conventional levels. The complete results are not presented in the tables, but
may be obtained from the authors on request.
5
These refer to the wage differential function, coverage, unions density, and works council.
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wage differential equation estimated in the third step.6 From this estimated equation, the
probability of coverage is determined excluding the impact of firm size.
(2)

[

]

Prob (cov erage = 1 ) icorr = Φ Probiti − βˆ 1 ⋅ firmsizei − βˆ 2 ( firmsizei )2 .

The same procedure is applied to the variable ‘works council’. A probit model with the same
right hand side variables is estimated and then the probability that an establishment has a
works council is calculated neglecting the firm size effect. Since ‘trade union density’ is not a
dummy variable, we estimate this equation by OLS instead of ML method for the probit
model but with the same regressors as the base for the firm size correction.
In the second step we reduce the numerous indicators listed above for globalization,
technical progress and restructuring by factor analysis using the principal component method.
The number of extracted factors can be determined by the number of factors with an
eigenvalue greater than 1 following Kaiser and Dickman (1959). In our data set, five factors
fulfil the condition. This model explains 56 % of the variance. Employing the factor scores in
the regression model to explain the skilled-unskilled wage differential is statistically
unsatisfactory. Only three of five factors show a significant impact on the differential.
Additionally, it is difficult to interpret the extracted five factors in the light of the theoretical
arguments discussed above.
Interpretation is much easier if the number of factors is restricted to two. Statistically,
this restriction can be justified by the scree test (Cattell 1966). According to this concept,
factors should not be included in the analysis if their eigenvalues decrease slowly in
comparison to factors of higher order. If we follow this approach, only 34 % of the variance
are explained. Table 2 presents the matrix of the rotated factor loadings.
Usually, the first factor is a joint factor. According to Table 2, this factor integrates the
two theoretical items “globalization” and “technical progress”. Six of ten variables of this
joint group have loadings on the first factor above 0.5, a number that is often used as a
boundary for interpretation of influence. Two other variables are near this critical value. The
finding that globalization and technical progress are integrated into a joint factor corresponds
with the difficulty to separate the influence of these items (Leamer 1996, p. 311). The second
factor loads on variables characterizing the restructuring of the enterprise, especially closure
or outsourcing of parts of the establishment.

6

A complete list is given in Appendix A, excluding the last four variables.
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The last step of our investigation focuses on how the adjusted indicators of industrial
relations (step 1), the scores of the two extracted factors (step 2), and firm size affect the
skilled-unskilled wage differential. The results of the OLS-estimation are presented in Table 3
under the heading of model 1. In order to check for the relative importance of the several
determinants the beta coefficients are displayed.
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Table 2: Rotated factor matrix based on indicators of globalization, technical progress and
restructuring of the enterprise, following the varimax criterion, N = 348
Variable
Globalization of the establishment
Percentage of sales exported
Most important market, 4 categories
Co-operation with foreign firms
Firm owns foreign establishments
Firm is owned by a foreign enterprise
Technical progress
R&D expenditures as a percentage of sales, 3 categories
New patents
Product innovation
Process innovation
Technical level of the machinerya, 4 categories
Restructuring of the enterprise
Basic organizational changes
Closing of parts of the establishment
Transfer of parts of the establishment to other company
business units
Foundation of parts of the establishment as a separate
business unit
Integration of outside business units

Factor 1

Factor 2

0.78999
0.81057
0.60112
0.59072
0.48887

0.02784
0.03266
0.17785
0.14378
-0.02790

0.69340
0.62923
0.49187
0.04465
0.15177

0.13561
0.19724
0.26786
0.35044
0.05617

0.17676
-0.11385
0.02133

0.47131
0.69197
0.37457

-0.12463

0.73341

-0.00193

0.10142

a

Information is based on Wave 3, which was collected in 1996.
Source: Hannover Panel, Wave 3 and 4.

The regression results of model 1 clearly show that globalization/technical progress,
restructuring and firm sizes have a significant impact on the skilled-unskilled wage
differential. The signs of the coefficient confirm the expectations. A more intense
globalization and skill-biased technical progress, a greater relevance of restructuring or a
greater firm size all result in a wider differential. Referring to the industrial relations
indicators, the results are mixed. On the one hand, the coefficients for the works council and
trade union density are negative, thus, confirming the hypothesis of the dampening impact of
industrial relations. Yet, the low t-values indicate that the coefficients are not significantly
different from zero. On the other hand, the result for the coverage variable is statistically
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significant, but the coefficient is positive. The adjusted coefficient of determination is rather
low. From a theoretical point of view, this is not surprising, since the explanatory factors that
were included in the regression are only rough indicators of the marginal productivity at the
highest and lowest workplace of an establishment. However, from a statistical point of view
the message of Ramsey’s RESET is that the null hypothesis of a correct specification is not
rejected.
Table 3: Determinants of the skilled-unskilled wage differential in manufacturing
establishments in Lower Saxony 1997, N = 315
Determinants

Probability that the firm is covered by
collective bargaininga
Probability that the firm has a works councila
Trade union densitya
Factor 1 (globalization / technical progress)
Factor 2 (restructuring of the enterprise)
Firm size (number of employees)
Percentage of female employees
Training on-the-job financed by the firm (d)

Model 1

Model 2
Beta coefficient
( | t-value | )

Model 3

0.156**
(2.159)
- 0.128
(1.347)
- 0.048
(0.579)
0.160**
(2.225)
0.127**
(2.265)
0.198***
(3.197)
—

0.220***
(3.102)
- 0.242**
(2.549)
0.077
(0.379)
0.159**
(2.270)
0.103*
(1.879)
0.146**
(2.396)
0.265***
(4.576)
0.148**
(2.506)
no
0.140
7.37***

0.174**
(2.314)
- 0.195**
(1.983)
0.093
(1.063)
0.158**
(2.263)
0.101*
(1.828)
0.129**
(2.108)
0.332***
(5.236)
0.147**
(2.443)
yes
0.154
5.74***

—

Industry dummies
Adjusted R-squared
F-test (H0: β1 = 0 in y = x1' β1 + u )

no
0.073
5.12***

F-test (H0: β 2 = 0 or β 3 = 0 ,
in y = x1' β1 + x 2 ' β 2 + x3' β 3 + u )

—

RESET using powers of the fitted values of y
RESET using powers of the independent variables

1.15
1.26

12.92***
5.44***
0.85

2.25*
7.70***
0.73

* / ** / *** denote significance at the 0.10 / 0.05 / 0.01 levels, respectively.
a
The variable is estimated and adjusted by the firm size effects.
Source: Hannover Panel, Wave 3 and 4.
In model 2 further indirect indicators of the work place structure are added: the
percentage of female employees and a dummy variable for the existence of further training
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on-the-job within the firm. Both tend to widen the differential as expected. If the former
variable rises, the difference between skilled and unskilled wages widens at the lower end,
while it is most likely that the latter determinant extends the differential of the better paid
workers. Both coefficients are significant at conventional levels and should be included in the
estimation according to the F-test, checking for the joint influence of the additional regressors
(H0: β 2 = 0 ). A look at the results for the core variables of our investigation modifies the
findings of the first model. The results regarding coverage are unchanged, i.e. coverage
widens the differential significantly, and the trade union density is still without influence.
However, the impact of the works council is now negative and statistically significant. If a
firm has a works council, the differential is smaller compared to firms without this institution.
Since the first version of the RESET approach of model 2 which uses powers of the
fitted values of the endogenous variable rejects the hypothesis of a correct specification,
model 3 is augmented by four industry dummies. A look at Table 3, column 3 shows that the
values of the estimated beta coefficients change only slightly and the essence of the
estimation is still the same. Signs, significance and relative importance of the variables remain
unchanged. If an establishment is covered by collective agreements, the skilled-unskilled
wage differential is wider than in uncovered firms. The existence of a works council has an
opposite effect and the size of trade union density is irrelevant for the differential.7 The
comparison of the beta coefficients makes obvious that the coverage and the works council
effects are stronger than that of most other determinants. Only the percentage of female
workers is more important.
The results of model 3 are satisfactory referring to the statistical indicators, except for
the first RESET. This points to omitted variables or non-linear relationships. Augmenting the
equation by further available indicators of the workplace structure as for example a team
dummy variable or by powers of the independent variables like firm size squared does not
change the results substantially. If we use a Box-Cox transformation of the dependent variable
and the regressors of model 3 the statistical problem vanishes. Then RESET does not reject
the hypothesis of a correct specification. The results regarding signs, significance and relative
importance of the variables are the same. The only exception refers to the coefficient of the
works council which is no longer statistically significant (|t-value| = 1.277).

7

Comparable results arise if we use a modified data set where the small and the big firms are
removed from the sample in order to control for the firm size effect and the above analysis is
then applied to the middle sized establishments.
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5

Summary

A variety of theoretical approaches predicts that industrial relations institutions tend to induce
a compressed wage distribution within firms. However, previous empirical evidence is mixed
and thus far no study has singled out the precise mechanisms by which the skilled-unskilled
wage differential is affected. According to our results it is important to distinguish between
the different elements of industrial relations, since union density, works councils and
coverage of collective bargaining have dissimilar impacts. The most remarkable results are
the subsequent:
(1) We can not detect any influence of union density on the internal wage structure between
skilled and unskilled workers. This seems to be reasonable for the institutional setting of
Germany, however, where union representation and activity at the establishment level are
weak.
(2) The outcome concerning the impact of the works council on the wage differential
conforms to our basic hypothesis. The councils use their better knowledge about the
economic situation of the firm to narrow the wages.
(3) Coverage by collective bargaining leads to a widening of the wage structure between
skilled and unskilled workers. This result is surprising and defies the demand for a
completely decentralized bargaining system. It is concordant with findings from
Fitzenberger, Franz (1999) who argue against decentralization. Instead, they favour
collective bargaining combined with more flexibility. Insider power is stronger within
non-covered establishments and there is a tendency to diminished wage spread.
At odds to theoretical expectations the works council is more influential in compressing the
wage differentials within firms than are unions. Commonly, it will be argued that the latter are
more interested in redistribution than the former. Our finding gives proof to the opposite.
Apparently, for works councils’ redistribution is more important than a high wage level for all
workers. For a complete picture of the impact of the industrial relations institutions on
earnings inequality one must bear in mind that most firms with a works council have coverage
at the same time and vice versa. For that reason, the two effects – one negative, the other
positive – more or less cancel each other out. The overall effect of the industrial relations
institutions on the skilled-unskilled wage differential within firms is, therefore, weak.
Obviously, this result is inconsistent with evidence presented at the macro level.
However, it does coincide with an interpretation given recently by Teulings (1998) according
to which the wide wage dispersion, as for instance observed in the US, results from different
18

payments to the same qualifications in different firms. Unfortunately, our data set does not
allow testing this hypothesis directly.
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Appendix A: List of Predetermined Variables of Equation (1) and (Estimated) Jointly
Dependent Variables of Table 3, N = 315

Mean

Variable

Firm size (number of employees)
129.13
Firm size squared
45813.41
Percentage of female workers
27.80
Percentage of white collar workers
26.78
Percentage of part time workers
6.45
Percentage of shift workers
15.65
Percentage of apprentices, temporary workers, and
10.78
active owners
Percentage of workers with variable pay
20.36
Percentage of sales exported
14.48
Technical level of the machinery (1 ‘newest level’ to
1.99
4 ‘modernization is necessary’)
Profit situation (1 ‘very good’ to 4 ‘very bad’)
2.71
Branch plant (d=1, if firm is a branch plant)
0.10
0.05
Sole-proprietorship (d=1, if firm is owned by a sole
proprietor)
Firm’s age (d=1, if founded before 1960)
0.68
Craft establishment (d=1, if firm is member of a craft
0.81
guild)
Teamwork (d=1, if teams exist)
0.38
Profit sharing schemes for managers (d=1, if present
0.48
Profit sharing schemes for employees (d=1, if
0.14
present)
Training on-the-job financed by the firm (d=1, if
0.58
present)
Industry dummy textiles/clothes
0.06
Industry dummy chemical industry
0.08
Industry dummy quarry industry/glass/ceramics
0.11
Industry dummy production of iron-metal goods
0.13
Probability that the firm is covered by
0.69
a
collective bargaining
0.44
Probability that the firm has a works councila
30.83
Trade union densitya
37.04
Skilled-unskilled wage differential in percent
a
The variable is estimated and adjusted by the firm size effects.
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Standard
Deviation
170.97
138454.50
23.51
17.24
9.65
23.63
12.11
33.99
22.68
0.84
0.88
0.30
0.21
0.47
0.40
0.49
0.50
0.35
0.49
0.23
0.27
0.32
0.34
0.23
0.26
17.40
31.29
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