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Abstract
Economic theory suggests both positive and negative relationships between intrafirm wage inequality and productivity. This paper contributes to the growing empirical
literature on this subject. We combine German employer-employee-data for the years
1995-2005 with inequality measures using the whole wage distribution of a firm and
rely on dynamic panel-data estimators to control for unobserved heterogeneity, simultaneity problems and possible state dependence. Our results indicate a relative minor
influence of intra-firm wage inequality on firm productivity. If anything, they provide
some support for a view suggesting that some inequality may be beneficial, while too
much leads to a detrimental effect on productivity.
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Introduction

Economic theory suggests several possible relationships between intra-firm wage inequality
and labor productivity. On the one hand, tournament theory and related approaches
argue that a high wage spread implies high gains associated with promotions for highly
productive workers. On the other hand, several theories point towards a negative effect of
a wage spread that becomes too large.
The first group of arguments is related to efficiency wage theory. If a firm rewards
relative performance, workers are rewarded based on a comparison with their peers. Since
wage increases or promotions are awarded only to the very best, workers have an incentive
to work as hard as possible. High wage dispersion in that scenario implies high wage gains
for the top-performers and should consequently be associated with higher productivity.
A positive relationship between wage inequality and labor productivity may also be
expected if a firm chooses a performance related pay scheme that rewards absolute performance, e.g. piece-rates, and workers are heterogeneous with respect to their ability (see
Lazear 1996, 2000 for a case study and theoretical discussion). Performance related pay
should create an incentive for workers to work harder thus leading to a rise in average productivity. These incentives are stronger for high-ability workers who find it easier to raise
their individual output levels than their low-ability counterparts. Since these differences
in individual output directly map into differences in pay under a performance pay scheme,
wage dispersion may be expected to rise.
While these theoretical ideas suggest a positive relationship between wage inequality
and worker performance, others point at a different direction. Lazear (1989) argues that
high wage gains in tournaments not only create incentives to work harder, but might also
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induce workers to sabotage the work of other members of their respective comparison
group. Greater pay equality within these reference groups makes this deviant behavior less
worthwhile thus reducing the efficiency losses.
A similar argument relates to rent-seeking by workers (see Milgrom 1988, Milgrom and
Roberts 1990). Instead of conducting productive work, workers may choose to allocate more
time to unproductive rent-seeking, e.g. trying to convince their supervisors to change the
wage structure in their favor. The incentive to engage in these redistributive activities is
clearly larger if the wage spread is large. A simple remedy for a firm faced with this problem
is to compress the wage structure thus reducing the potential gains from rent-seeking.
Frey (1997) argues that monetary rewards may crowd out intrinsic motivation of workers. If a firm raises wage inequality to create incentives for workers to become more productive, this crowding-out might work in the opposite direction thus leading to a smaller,
if not negative effect on labor productivity.
Finally, another strand of the literature focuses on aspects of fairness or cohesion between workers. Akerlof and Yellen (1988, 1990) derive a variation of efficiency wage theory
based on “fair” wages. In their model, workers do not only care about their absolute wage
but base their effort on a comparison between their actual wage and a wage they consider
fair. This fair wage is in turn influenced by the wages of a comparison group, e.g. similar
workers in the same firm. In this model, greater wage compression may lead to higher
productivity by means of a wage structure that places more workers close to their fair
wage.
A similar argument is used by Levine (1991) who considers the importance of cohesion
between workers in certain work environments. His arguments suggest that when cohesion

3

is important, e.g. in firms that rely heavily on group work, a certain amount of wage
compression will be beneficial as it raises overall productivity.
Empirically, the direction of the relationship between wage dispersion and labor productivity remains unanswered. A number of studies, reviewed in greater detail in section 2,
have dealt with this question without reaching a definite consensus. Studies using evidence
from professional sports usually find either a negative or insignificant relationship between
wage inequality and productivity, while studies focusing on executive compensation or firm
level inequality reach somewhat different conclusions.
This paper contributes to the literature by combining for the first time firm-level panel
data and inequality measures built on the entire wage distribution within firms with an
estimation strategy that accounts for endogeneity, unobserved heterogeneity and possible
dynamics in the adjustment process of firm productivity to changes in the wage structure.
More specifically, we use linked-employer-employee data from Germany for the years 1995
to 2005 to estimate the relationship between several measures of wage inequality and average productivity. To account for endogeneity and time-constant unobserved heterogeneity,
we use dynamic Arellano-Bond panel-data estimators that also allow for possible state
dependence in productivity.
The rest of this paper is organized as follows. Section 2 gives an overview of previous
evidence from empirical studies. Section 3 describes the data used in this study while
section 4 outlines our estimation strategy along with the estimator used. Results are
presented in section 5. Section 6 concludes.
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2

Previous evidence

Much of the previous econometric evidence relating wage inequality to the economic performance of organizations comes from either professional sports (e.g. Bloom 1999, Depken
2000, DeBrock et al. 2004, Frick et al. 2003, Harder 1992), executive compensation (e.g.
Eriksson 1999, Leonhard 1990, Main et al. 1993) or from other special environments (see
e.g. Pfeffer, Langton 1993 for college and university faculty). The results are generally
mixed between as well as within these strands of the literature. A slight majority of the
“sports papers” reports a detrimental effect of wage inequality, while the papers concerned
with executives are more in favor of a positive relationship between performance and wage
dispersion. One should note, however, that none of these results generalizes easily to the
whole population of workers in a firm and the question what effects inequality in their
wages might have on a firm’s performance.
In recent years a small, but growing numbers of papers, summarized in table 1, has
used either firm or linked employer-employee-data to investigate the relationship between
pay inequality among workers and firm performance. Cowherd and Levine (1992) use
data on 102 business units from the UK and the USA. They use two measures of wage
inequality, specifically lower management wages compared to those of hourly paid workers
and lower compared to upper management wages, and relate those to a measure of product
quality. Results from standard linear regressions reveal a negative relationship between
these variables.

(Table 1 about here.)

In a study for Austria, Winter-Ebmer and Zweimüller use data from Social Security.
The data encompasses all workers from 130 firms between 1975 and 1991. They construct a
5

measure of conditional wage inequality that takes into account the wage differences justified
by different compositions of the workforce. More specifically, they estimate firm- and yearspecific standard wage regressions and use the variance of the residuals as a measure of
wage inequality. Since their data does not contain a measure of firm performance, they
rely on the results from the wage regression to calculate standardized wages for typical
workers as a proxy for productivity. Their results from group-mean regressions show a non
monotonic relationship for white-collar-workers where productivity increases with rising
wage inequality at low levels and decreases if inequality becomes to large. For blue-collar
workers the same overall relationship emerges. However, here most observations are to the
left of the turning point, thus implying a positive, though decreasing relationship between
wage inequality and productivity.
Using aggregate data from Sweden for the years 1964-1993 for industries and 1972-1993
for plants to estimate an augmented Cobb-Douglas-function, Hibbs and Locking (2000) find
a positive association between wage inequality and firm performance, measured as value
added and value added per worker. They also find a negative effect of between-industry
wage inequality on aggregate output and productivity growth.
In a paper for Denmark, Bingley and Eriksson (2001) use linked employer-employee
data from integrated database for labour market research (IDA) and the business statistics
database (BSD). Their data contains the population of Danish firms that have at least
five managers, five other white-collar workers and five blue-collar workers, as well as information on all their employees for the years 1992 to 1995, resulting in 22,665 firm-year
observations. They measure productivity and worker effort on the firm level by using total
factor productivity and sickness absence respectively. These are regressed on a measure
of wage dispersion similar to that used by Winter-Ebmer and Zweimüller (1999), that is
6

residuals from a wage regressions, here calculated using all workers in the sample. Regarding the effects of pay inequality on productivity, their results for white-collar workers show
the same non-monotonic relationship as found by Winter-Ebmer and Zweimüller (1999),
while no effect can be found for blue-collar worker wage inequality. For both blue- and
white-collar workers a higher pay spread is associated with reduced sickness absence and
thus higher effort.
Using firm-level data from the UK, Beaumont and Harris (2003) look at the relationship
between wage dispersion, measured as the ratio of manual to non-manual labor, and gross
value added per worker. They estimate Cobb-Douglas-type production functions for several
industries using Arellano-Bond dynamic panel estimators to account for the endogeneity
of labor productivity, employment, capital stock and relative wages. Their results show
positive effects of their measure of wage dispersion for most industries, more specifically
electronic data processing, motor vehicles and engines, aerospace and miscellaneous foods,
and a negative effect in one industry (pharmaceutics).
In another paper trying to account for the endogeneity of wage dispersion, Lallemand
et al. (2004) use cross-sectional linked-employer-employee data from the Belgian 1995
Structure of Earnings Survey and the 1995 Structure of Business Survey. Their sample encompasses 17,490 individuals working for 397 firms from the private sector with at least 200
employees. They construct a conditional wage dispersion measure by using the same approach as Winter-Ebmer and Zweimüller (1999) and use it alongside several unconditional
dispersion indicators in regressions on gross operating surplus per worker. As wage dispersion measures may be rendered endogenous by bonus payments, they instrument overall
wage dispersion by the dispersion of wages excluding bonus payments in a 2SLS-equation.
Their results show a positive and significant relationship between wage inequality and firm
7

performance which is larger for blue-collar workers.
Grund and Westergard-Nielsen (2004) look at both the dispersion of wages and wage
increases using Danish linked employer-employee data for firms with at least 20 employees
for the years 1992 to 1997. Their findings indicate a hump-shaped relationship between
wage dispersion and log value added that disappears when controlling for unobserved
heterogeneity. The dispersion of wage growth is found to have a U-shaped influence,
with most of the firms in the sample being situated on the decreasing part of that curve.
Also using linked employer-employee data for 1991 and 1995 from several Swedish
data sources, Heyman (2005) estimates the relationship between several measures of wage
dispersion among managers and white-collar employees and a variety of performance measures. He accounts for unobserved heterogeneity and the potential endogeneity of wage
dispersion by estimating first differences from 1991 to 1995 and instrumenting the 1995
wage dispersion with their 1991 counterpart. His findings indicate a positive impact of
both managerial and white-collar wage inequality on profits and average pay and a positive relationship between managerial wage inequality and variation in sales.
Finally, Jirjahn and Kraft (2007) use firm-level data from Germany to look into the
interaction between (blue-collar) wage inequality, measured as the difference between the
highest wage for a skilled worker and the lowest wage of an unskilled worker in the same
establishment, pay and promotions schemes, collective bargaining, work councils and their
impact on firm performance. While they cannot control for either unobserved heterogeneity
or the potential endogeneity of wage dispersion, their results indicate that the effect of wage
dispersion differs greatly when taking the aforementioned interactions into account.
Taken together, the evidence suggests an either positive or hump-shaped relationship
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between wage inequality and firm performance. This relationship seems to be relatively
robust to the exact definition of wage inequality and the performance measure used. It
also seems somewhat stable over countries and time periods with the insignificant German
results from Jirjahn and Kraft (2007) being an exception.

3

Data

This paper uses the linked employer-employee data of the Institute for Employment Research in Nuremberg, the so-called LIAB.1 The LIAB is created by merging establishment
information from the IAB Establishment Panel, a representative survey conducted annually since 1993, with employee information from notifications to German social security.
This paper uses the cross-sectional version of the LIAB, currently available for the years
1993 to 2005, where the panel data on establishments is merged with cross-sectional information on all employees working in the respective establishment on July 30th of each
year. Note that this results in an annual panel at the firm level.
The employee data originates from Social security information and is collected in the
so called employee history by the Federal Employment Agency.2 Employers are obliged
to deliver annual information on their employees to social security by German law which
is used for pension, health and unemployment insurance. The resulting data contains
information on the begin and end of employment, daily wages, a person’s age and sex, as
well as several variables collected for statistical purposes, e.g. education.
This data is combined with firm level data from the IAB Establishment Panel by a
1

For a short introduction see Alda et al. (2005), detailed information (in German) in available in Jacobebbinghaus and Alda (2007) and on the website of the Research Data Center of the Federal Employment
Agency in the Institute for Employment Research http://fdz.iab.de.
2
More information on person-level data from German social security records can be found in Bender at
al. (2000).
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unique identification number used by the Federal Employment Agency. The IAB Establishment Panel is conducted annually since 1993 in West Germany, with East Germany
joining in 1996.3 It is representative for all German firms with at least one worker covered
by social security. Case numbers vary between approximately 4.000 and 16.000 cases per
year. The resulting panel is unbalanced, though response rates are usually around 80%
for plants that are interviewed repeatedly (Alda et al. 2005, p. 331). The data contains detailed annual information on the employee structure, industrial relations, economic
conditions, establishment size, etc., as well as special surveys varying by year.

4

To contruct the estimation sample used in this paper, we take the following steps. In a
first step, we restrict the sample to firms situated in West Germany. First, East German
workers born in the Socialist German Democratic Republic might have perceptions of
fairness or attitudes towards wage inequality that are fundamentally different from West
German workers. Consequently we cannot expect the relationship between wage dispersion
and labor productivity to be same in these two regions. Secondly, during the time period
considered in this paper, the transformation process after the German reunification might
still be in progress in East Germany, making the regions not fully comparable.
Since any measure of wage inequality is not particularly meaningful in very small firms,
we restrict the sample to firms with five or more workers in at least one year. Additionally,
as information on collective bargaining is only available from 1995 onwards, we restrict the
sample to the years 1995 to 2005. Finally, to avoid problems with outliers, establishments
with outcome measures in the top and bottom 1% are dropped, leaving us with ca. 21,000
3

Detailed information on the IAB Establishment Panel (up to the year 2000) can be found in Kölling
(2000).
4
See Alda et al. 2005 for a short overview on the annual topics, a complete list of all items as well as
complete questionaires and additional information can be found on the website of the on the website of
the Research Data Center of the Federal Employment Agency in the Institute for Employment Research
http://fdz.iab.de.
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firm-year-observation from 6,000 firms, the exact number depending on the specification
and the estimator used.
When measuring wage inequality, it is useful to distinguish between two different concepts: overall wage inequality without taking differences in the composition of the workforce into account and inequality in comparable subgroups, e.g. between workers with
similar characteristics. Depending on the exact nature of the data-generating process,
both concepts might be relevant for labor productivity.
Consider first the case of tournament theories where a greater wage inequality may be
taken as a sign for larger incentives associated with high performance. In that scenario,
overall wage inequality might be relevant if workers believe that each wage level in a
firm can actually be reached by high performance. Wage inequality within certain groups
would better reflect the fact that most often workers will compete against similar peers for
a promotion.
A similar argument holds for the fairness theories. Overall wage inequality would reflect
workers sentiments towards the overall wage spread in a firm, e.g. the belief that upper
management should only earn a certain multiple of the average blue-collar worker wage.
Wage inequality between similar workers comes closer to the intuitive notion of fairness,
specifically that an allocation is more unfair if equal workers are treated unequally.
In this paper, we use variants of both concepts of wage inequality. In a first step,
wages above the social security contribution threshold are imputed by means of a Tobitbased imputation procedure (Gartner 2005) using standard wage regression variables as
sex, age, education, occupational position, regions and industry. In a second step, the
overall wage inequality is measured by the coefficient of variation using all wages from a
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specific firm. Within group inequality is measured by a weighted average of coefficients
of variation calculated for subgroups defined by age, occupational positions and education
(five categories each), where the weights are the number of people in each subgroup.
To create a third measure of inequality, we rely on an approach similar to the one
used by Winter-Ebmer and Zweimüller (1999): We estimate year-specific wage equations
by Tobit-regressions to account for the top-censoring of the wage variable using the same
variables as in the imputation described above. Inequality is then measured by the standard
deviation of residuals for all persons in a given firm.
Labor productivity is approximated using (log) sales per worker (in Euro). Furthermore, we control for the structure of the workforce using the share of qualified workers
(both blue and white collar) and the share of women, information on collective bargaining
agreements and firm size. Unfortunately, the data does not contain information on a firm’s
capital stock thus preventing the use of production functions.

(Table 2 about here.)

Table 2 displays descriptive information on some key variables. Note that the high share
of qualified workers is not uncommon in Germany where most workers have completed
vocational training. The high number of firms covered by collective bargaining agreements
at he industry level and the much lower number of firms with individual agreements is also
typical for industrial relations in Germany.
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4

Econometric modeling

Consider the following data-generating process

yit = γyit−1 + βXit + τ Dit + ηi + it ,

(1)

where yit is log sales per worker, γ captures state dependence of the dependent variable,
Xit contains time-varying control variables, Dit is a matrix containing measures of wage
inequality, ηi is a firm-specific fixed effect and it an error term.
Equation (1) is used to estimate four models, each using different measures of inequality: Model I uses both the overall and the average within-group coefficient of variation. τ
in this model measures the impact of changing one type of inequality while holding the
other constant. Models II and III use only the overall or the average within-group coefficient of variation respectively, giving rise to unconditional estimates for each inequality
measure. Finally, model IV uses the residual variation measure that controls for differences
in workforce composition.
The firm-specific fixed effect ηi captures the fact that both wage dispersion as well
as labor productivity may be influenced by time-invariant unobserved factors, e.g. firm
“culture”. It also captures the impact of all time invariant variables, like industry affiliation,
that might also influence productivity. The presence of these fixed effects implies that
identification of all parameters uses variation over time within firms.
The state dependence parameter γ allows for the influence of past on present productivity. Many factors that influenced productivity in the last period, e.g. motivation of
the workforce, can be expected to adjust only slowly, implying state dependence of the
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productivity measure.
Finally, as already noted by Lallemand et al. (2004) there might be a simultaneity
problem between productivity, especially when measured as sales, and wage dispersion:
Consider a case where a firm experiences an unobserved productivity shock leading to
higher profits. These in turn might influence intra-firm wage inequality through bonus
payments, ultimately leading to contemporaneous correlation between wage dispersion and
the error term from equation (1). This correlation in turn prevents identification of the
causal impact of wage dispersion on productivity.
To address these three points equation (1) is estimated using the Arellano-Bond dynamic panel estimator (Arellano and Bond 1991).5 In a first step the firm-specific fixed
effects ηi are eliminated by applying a forward orthogonal deviations transformation (Arellano and Bover 1995). Note that the usual within-transformation that subtracts the withinsubject average of a variable from its current realization leads to inconsistent estimates in
the presence of endogeneity because the transformed variable is related to all its current,
future and past realizations – including those endogenous. The forward orthogonal deviations transformation is similar to the usual within-transformation but uses only the
available future realizations of each variable for the transformation, thus leaving past realizations as valid instruments.
In a second step the simultaneity problem is addressed by using second and third
lags of the right hand side variables as instruments. These are used alongside the strictly
exogenous variables (basically a series of time dummies) to form a set of moment conditions
that are used for GMM-estimation. As this yields more instruments than endogenous
regressors, the equation is overidentified and difference-in-Sargan-tests can be used to test
5

Using Stata SE 9.2 this involves the user-written command xtabond2 (Roodman 2007), see Roodman
2006 for a description.
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for the exogeneity of instruments. These cannot reject the Null hypothesis of exogeneity
for almost all instruments with the lowest assorted p-values being 0.099 (Model I for size)
0.082 (Model II for size), 0.101 (Model III for size) and 0.062 (Model IV for collective
bargaining at the industry level ). One should note at this point that the estimation results
indicate that size has only a minimal influence on productivity and collective bargaining
agreements on the branch level can only be marginally influenced by a specific firm which
should minimize potential problems with these instruments. Potentially harmful secondorder autocorrelation does not seem to be an issue as the Arellano-Bond-Test for (no)
autocorrelation (Arellano and Bond 1991) yields p-values of 0.309 (Model I), 0.542 (Model
II), 0.325 (Model III) and 0.286 (Model IV). For benchmark purposes we also report
estimates from standard within-estimators that assume strict exogeneity of all variables
conditional on the firm-specific fixed effect ηi .

5

Results

Consider first the results for the inequality measures. In the standard fixed effects estimation we obtain significant results for overall wage inequality that suggest a negative
(Model I) or U-shaped relationship (Model II) with firm returns. For average within group
inequality the point estimates also suggest a U-shaped relationship in models I and III
that is never significant on any conventional level. These results are basically reversed if
we consider the (theoretically superior) Arellano-Bond-estimates: Here, we obtain point
estimates that suggest the same hump-shaped relationship found by Winter-Ebmer and
Zweimüller (1999) and Bingley and Eriksson (2001). Again, these results are not significant on any conventional level. For residual variation (Model IV) the results seem relatively
clear: Regardless of the specific estimation procedure, all coefficients are close to zero and
15

consequently insignificant.

(Table 3 about here.)

While the preceding discussion focused on statistical significance, it is important to consider the question whether the estimated effects are also economically important, especially
when some point estimates suggest huge changes in the dependent variable. This consideration is also important in the case of insignificant results where one has to distinguish
insignificance due to large standard errors, that is imprecise estimates, from insignificance
due to small coefficients, that is economic irrelevance. To put the effects into perspective,
we consider the change in returns caused by an increase by one (within firm) standard
deviation of the respective inequality measure.
In the case of overall wage inequality, an increase by 0.0688 causes only moderate
changes in log sales. In the fixed effects regressions, sales drop by 0.016 (Model I) and 0.019
(Model II), while they increase by 0.024 (Model I) or remain practically unchanged (Model
II) when looking at the Arellano-Bond-results. Similar modest changes are obtained when
varying average group inequality. A rise by 0.0760 causes returns to drop by 0.003 (Model
I) and 0.008 (Model III) using the fixed effects estimates and to rise by 0.017 (Model I)and
0.028 (Model III) using the Arellano-Bond-estimates. As already noted above, the effects
using residual variation are also very small, with a one standard deviation increase leading
to a rise in log returns of 0.002 (fixed effects) and 0.010 (Arellano-Bond). Taken together
this evidence suggests that wage inequality does not seem to play a particularly prominent
role in explaining differences in firm performance.
Now, looking at the parameters for the lagged dependent variable, we find our initial
presumption that current productivity depends on its past values confirmed. The esti16

mated state dependence parameters are highly significant in Models I, III and IV and
at least weakly significant in Model II. Looking at the marginal effects reveals that past
productivity explains between roughly 13% (Model II) and 22% (Model III) of current
productivity. Note that this may explain the relatively small impact of changes in wage
inequality: If firm performance depends strongly on its own past, we might expect it to
adjust only slowly to changes in the right hand side variables.
Finally taking a quick look at the control variables, one finds large differences between
the fixed effect and Arellano-Bond-results. Consider first the results for collective bargaining agreements. Here we obtain mixed results in our estimation: First, the fixed effects
estimates indicate a weak positive relationship between coverage by a collective bargaining
agreement and firm performance. Secondly, the Arellano-Bond-estimates show rather large
though mostly insignificant results. Note, however, that considerable care should be taken
in the interpretation of these results since they are identified by firms switching either into
or out of a collective bargaining agreement. Given the relative stability of industry level
collective bargaining agreements, the high degree of coverage of German industries by such
agreements and the rare occurrence of firm level agreements, these effects are most likely
estimated using only a small subset of the firms in the sample and their importance should
consequently not be overstated.
Regarding the effect of employment structure, one should note that firm size has a
negative but negligible impact on productivity over all models and estimation methods.
The impact of the share of qualified personal varies between estimation methods: Fixed
effect results indicate a small, insignificant effect while the Arellano-Bond results suggest a
positive relationship. The latter results are also economically important with a 10 percentage point increase in the share of qualified workers leading to a 3.5 to 4.5 percent increase
17

in sales. A possible explanation for the observed differences between the fixed effects and
Arellano-Bond results might be the reactions of firms that experienced a negative shock in
sales and hired more qualified personal as a countermeasure thus leading to a simultaneity
problem in the fixed effects estimation. A similar argument could be found for the negative relationship between the share of women and firm performance in the fixed effects
estimation: If women are less mobile than men and thus less likely to leave a firm that just
experienced a negative shock, we would expect to find the same relationship as in table 3.

6

Conclusion

While the relationship between pay inequality and firm performance has received considerable attention in theoretical economics, empirical relationships are still far from clear. In
particular, there has been few research combining inequality measures related to the whole
wage distribution in a firm with firm level panel data outside of special environments like
professional sports. This paper contributes to this literature by using linked employeremployee-data from Germany. We construct several firm level inequality measures using
social security data and regress these on returns per head as a measure for productivity. Our estimation approach using dynamic panel estimators allows us to address issues
like unobserved heterogeneity, simultaneity of wage inequality and performance as well as
possible dynamics in the adjustment process of firm performance to changes in the wages
structure.
Our results indicate a relatively small impact of wage inequality on firm performance.
Furthermore, we find that the relationship between these variables tends to depend on the
estimation method used. While fixed effects estimators show a negative or U-shaped rela-
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tionship between some inequality measures and firm performance, results from ArellanoBond estimators indicate a hump-shaped relationship that is always insignificant. The
latter results also show that firm performance tends to exhibit a certain degree of state
dependence, indicating a delay in the adjustment process to changes in the right hand
side variables, which might explain the relatively small reaction to changes in the wage
structure.
Regarding the different theories relating wage inequality and firm performance our results show relatively few support for either fairness or incentive based theories. If anything,
the results show some weak support for the idea that some inequality may be beneficial,
while an increase beyond a certain point may harm performance.
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(i) variance of residuals from wage
equations
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ratio of wages of manual to
non-manual labor
(i) variance of residuals from wage
equation
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(i) wages and (ii) wage increases

variance of residuals from wage
equation

between- and within
coefficients of variation

(i) wage difference between management
and hourly paid workers
(ii) wage difference between upper and
lower management
variance of residuals from wage
equations

Inequality measure

Table 1: Overview of previous studies

(i) profits per
employee
(ii) log average wage
(iii) variance of sales
log value
added

log value
added

gross value
added per worker
gross operating
surplus

(i) total factor
productivity
(ii) sickness absence

(log) value added
per worker

standardized Wages

index of
product quality

Outcome

OLS

(i) OLS
(ii) withinestimators
first
differences,
IV-estimation

ArellanoBond
2SLS

IV-estimation

OLS

withinand betweenestimators

OLS

Method

(i) hump-shaped for wages
(ii) U-shaped for wage
increases
(i) positive for profits
and average pay
(ii) positive for managers
and variance of sales
varies with industrial
relations and pay scheme,
insignificant without
interactions

(i) hump-shaped
for white collar workers
(ii) positive, decreasing
for blue-collar workers
positive for within-,
negative for betweeninequality
(i) hump-shaped
for white-collar workers
and productivity
(ii) none for bluecollar workers and
productivity
(iii) positive for both and
sickness absence
positive for most
industries
positive, larger
for blue-collar workers

Relationship between
inequality and outcome
negative for both
measures
and outcome

Table 2: Descriptive statistics, estimation sample
Variable

Mean

Sales per head (e, 2000 prices)
Share of qualified workers
Share of women
Size (no. of employees)
Collective bargaining agreement industry level
Collective bargaining agreement firm level
Coefficient of variation (overall)
Coefficient of variation (average over subgroups)
Residual variation

201,484.4
.6329
.3096
279.2
.6463
.0749
.4063
.2206
19.47

Std.dev.
(overall) (within)
1,025,115
0
.2547
.1178
.2592
.0543
793.61
75.75
.4781
.2098
.2632
.1553
.1562
.0688
.1336
.0760
6.70
3.65

Minimum

Maximum

9.14∗107
0
0
2
0
0
0
0
.0764

1
1
20,957
1
1
1.7878
4.5616
214.88

No. of observations 20,078. Only observations with both coefficients of variation and residual variation
not missing.

23

24
(included)
8,799
2,718
0.0000

0.0176*
(0.0097)
0.0232*
(0.0124)
0.0210
(0.0200)
-0.0820**
(0.0415)
-0.0001**
(0.0001)
11.5987***
(0.0360)
(included)
21,042
6,018
0.0000

-0.2955***
(0.0910)
0.1756**
(0.0837)

Fixed
Effects

(included)
9,434
2,887
0.0000

0.1020
(0.0836)
0.0629
(0.0873)
0.3268***
(0.1114)
0.1653
(0.3148)
-0.0002*
(0.0001)

0.1215*
(0.0685)

0.0216
(0.3541)
-0.2249
(0.3160)

ArellanoBond

Model II

0.0132
(0.0101)
0.0222*
(0.0131)
0.0246
(0.0210)
-0.0797*
(0.0455)
-0.0001*
(0.0001)
11.5689***
(0.0319)
(included)
19,773
5,801
0.0000

-0.1118
(0.0687)
0.1003
(0.0755)

Fixed
Effects

(included)
8,799
2,718
0.0000

0.1032
(0.0788)
0.1346*
(0.0792)
0.3039***
(0.1075)
0.1620
(0.2727)
-0.0001*
(0.0001)

0.1991***
(0.0644)

0.4006
(0.3755)
-0.4751
(0.4003)

ArellanoBond

Model III

0.0180*
(0.0097)
0.0237*
(0.0124)
0.0264
(0.0201)
-0.0975**
(0.0417)
-0.0001**
(0.0001)
11.5109***
(0.0310)
(included)
21,042
6,018
0.0000

0.0005
(0.0008)
0.0000
(0.0000)

Fixed
Effects

(included)
9,434
2,887
0.0000

0.1942**
(0.0881)
0.1269
(0.0882)
0.3712***
(0.1192)
0.4787
(0.3053)
-0.0002*
(0.0001)

0.1690**
(0.0715)

0.0028
(0.0069)
0.0000
(0.0001)

ArellanoBond

Model IV

log returns per head, Within- and Arellano-Bond-

Coefficients, robust standard errors in parentheses. ***/**/* denote significance on the 1%, 5% and 10% level respectively. Fixed effects are eliminated by
within-tranformation (Fixed Effects-Model) and forward orthogonal deviations (Arellano-Bond, see Arellano and Bover 1995). Arellenano-Bond estimators use
second and third lags as instruments, resulting in 179 (Model I) and 145 (Model II, III and IV) instruments. The Arellano-Bond-Test for autorcorrelation (Arellano
and Bond 1991) indicates no second-order autocorrelation with assorted p-values of 0.309 (Model I), 0.542 (Model II), 0.325 (Model III) and 0.286 (Model IV).
Difference- in-Sargan-tests do not reject the Null of exogeneity for almost all instruments (lowest assorted p-value is 0.099 (Model I) 0.082 (Model II), 0.101 (Model
III) and 0.062 (Model IV)). Lowest p-values for instruments of inequality measures are 0.538 (Model I), 0.573 (Model II), 0.449 (Model III) and 0.945 (Model IV).

Time effects (years)
No. Obs.
No. Firms
Sig. (Model)

Constant

Size (no. of employees)

Share of women

0.1083
(0.0681)
0.1261*
(0.0737)
0.3223***
(0.0999)
0.1874
(0.2479)
-0.0001*
(0.0001)

Collective bargaining
(industry)
Collective bargaining
(firm)
Share of qualified workers

0.3782
(0.4386)
-0.4800
(0.3939)
0.2408
(0.3522)
-0.2165
(0.3631)

ArellanoBond

0.1938***
(0.0595)

0.0130*
(0.0101)
0.0218
(0.0130)
0.0182
(0.0209)
-0.0688
(0.0454)
-0.0001**
(0.0001)
11.6277***
(0.0393)
(included)
19,773
5,801
0.0000

-0.2334**
(0.1146)
0.0952
(0.1143)
-0.0455
(0.0722)
0.0795
(0.0778)

Fixed
Effects

Lagged dependent variable
(one year lag)
Control variables

Residual variation
(squared)
State dependence

Coefficient of Variation
(overall)
Coefficient of Variation
(overall, squared)
Coefficient of Variation
(averaged over subgroups)
Coefficient of Variation
(average, squared)
Residual variation

Inequality measures

Variable

Model I

Table 3: Productivity regressions, dependent variable:
estimators

Working Paper Series in Economics
(see www.leuphana.de/vwl/papers for a complete list)
No.76:

Markus Groth: Perspektiven der Nutzung von Methanhydraten als Energieträger – Eine
Bestandsaufnahme, Februar 2008

No.75:

Stefan Baumgärtner, Christian Becker, Karin Frank, Birgit Müller & Christian Quaas:
Relating the philosophy and practice of ecological economics. The role of concepts,
models, and case studies in inter- and transdisciplinary sustainability research, January
2008

No.74:

Thorsten Schank, Claus Schnabel & Joachim Wagner: Higher wages in exporting firms:
Self-selection, export effect, or both? First evidence from German linked employeremployee data, January 2008

No.73:

Institut für Volkswirtschaftslehre: Forschungsbericht 2007, Januar 2008

No.72:

Christian Growitsch and Heike Wetzel:Testing for economies of scope in European
railways: An efficiency analysis, December 2007
[revised version of Working Paper No. 29,
forthcoming in: Journal of Transport Economics and Policy]

No.71:

Joachim Wagner, Lena Koller and Claus Schnabel: Sind mittelständische Betriebe der
Jobmotor der deutschen Wirtschaft?, Dezember 2007

No.70:

Nils Braakmann: Islamistic terror, the war on Iraq and the job prospects of Arab men in
Britain: Does a country’s direct involvement matter?, December 2007

No.69:

Maik Heinemann: E-stability and stability learning in models with asymmetric
information, December 2007

No.68:

Joachim Wagner: Exporte und Produktivität in Industriebetrieben – Niedersachsen im
interregionalen und internationalen Vergleich, Dezember 2007

No.67:

Stefan Baumgärtner and Martin F. Quaas: Ecological-economic viability as a criterion of
strong sustainability under uncertainty, November 2007

No.66:

Kathrin Michael: Überbrückungsgeld und Existenzgründungszuschuss – Ergebnisse
einer schriftlichen Befragung drei Jahre nach Gründungsbeginn, November 2007

No.65:

The International Study Group on Export and Productivity: Exports and Productivity –
Comparable Evidence for 14 Countries, November 2007

No.64:

Lena Koller, Claus Schnabel und Joachim Wagner: Freistellung von Betriebsräten –
Eine Beschäftigungsbremse?, November 2007

No.63:

Anne-Kathrin Last: The Monetary Value of Cultural Goods: A Contingent Valuation
Study of the Municipal Supply of Cultural Goods in Lueneburg, Germany, October 2007

No.62:

Thomas Wein und Heike Wetzel: The Difficulty to Behave as a (regulated) Natural
Monopolist – The Dynamics of Electricity Network Access Charges in Germany 2002 to
2005, September 2007

No.61:

Stefan Baumgärtner und Martin F. Quaas: Agro-biodiversity as natural insurance and
the development of financial insurance markets, September 2007

No.60:

Stefan Bender, Joachim Wagner, Markus Zwick: KombiFiD - Kombinierte Firmendaten
für Deutschland, September 2007

No.59:

Jan Kranich: Too much R&D? - Vertical differentiation in a model of monopolistic
competition, August 2007

No.58:

Christian Papilloud und Ingrid Ott: Convergence or mediation? Experts of vulnerability
and the vulnerability of experts’ discourses on nanotechnologies – a case study,
July 2007

No.57:

Ingrid Ott und Susanne Soretz: Governmental activity, integration and agglomeration,
July 2007

No.56:

Nils Braakmann: Struktur und Erfolg von Ich-AG-Gründungen: Ergebnisse einer Umfrage
im Arbeitsagenturbezirk Lüneburg, Juli 2007

No.55:

Nils Braakmann: Differences in the earnings distribution of self- and dependent employed
German men – evidence from a quantile regression decomposition analysis, July 2007

No.54:

Joachim Waagner: Export entry, export exit, and productivity in German Manufacturing
Industries, June 2007
[forthcoming in: International Journal of the Economics of Business]

No.53:

Nils Braakmann: Wirkungen der Beschäftigungspflicht schwerbehinderter Arbeitnehmer –
Erkenntnisse aus der Einführung des „Gesetzes zur Bekämpfung der Arbeitslosigkeit
Schwerbehinderter“, Juni 2007

No.52:

Jan Kranich und Ingrid Ott: Regionale Spitzentechnologie auf internationalen Märkten,
Juni 2007

No.51:

Joachim Wagner: Die Forschungspotenziale der Betriebspaneldaten
des Monatsberichts im Verarbeitenden Gewerbe, Mai 2007
[erscheint in: AStA – Wirtschafts- und Sozialwirtschaftliches Archiv]

No.50:

Stefan Baumgärtner, Frank Jöst und Ralph Winkler: Optimal dynamic scale and structure
of a multi-pollution economy, May 2007

No.49:

Helmut Fryges und Joachim Wagner: Exports and productivity growth – First evidence
from a continuous treatment approach, May 2007

No.48:

Ulrich Kaiser und Joachim Wagner: Neue Möglichkeiten zur Nutzung vertraulicher
amtlicher Personen- und Firmendaten, April 2007
[erscheint in: Perspektiven der Wirtschaftspolitik]

No.47:

Joachim Wagner: Jobmotor Mittelstand? Arbeitsplatzdynamik und Betriebsgröße in der
westdeutschen Industrie, April 2007
[publiziert in: Vierteljahrshefte zur Wirtschaftsforschung, 76 (2007), 3, 76-87]

No.46:

Christiane Clemens und Maik Heinemann: Credit Constraints, Idiosyncratic Risks, and
the Wealth Distribution in a Heterogenous Agent Model, March 2007

No.45:

Jan Kranich: Biotechnologie und Internationalisierung. Ergebnisse der Online-Befragung,
März 2007

No.44:

Joachim Wagner: Entry, exit and productivity. Empirical results for German manufacturing
industries, March 2007

No.43:

Joachim Wagner: Productivity and Size of the Export Market Evidence for West and East
German Plants, 2004, March 2007
[erscheint in: Jahrbücher für Nationalökonomie und Statistik]

No.42:

Joachim Wagner: Why more West than East German firms export, March 2007

No.41:

Joachim Wagner: Exports and Productivity in Germany, March 2007
[publiziert in: Applied Economics Quarterly 53 (2007), 4, 353-373]

No.40:

Lena Koller, Klaus Schnabel und Joachim Wagner: Schwellenwerte im Arbeitsrecht.
Höhere Transparenz und Effizienz durch Vereinheitlichung, Februar 2007
[publiziert in: Perspektiven der Wirtschaftspolitik, 8 (2007), 3, 242-255]

No.39:

Thomas Wein und Wiebke B. Röber: Sind ausbildende Handwerksbetriebe
erfolgreicher?, Januar 2007

No.38:

Joachim Wagner: Institut für Volkswirtschaft: Forschungsbericht 2006, Januar 2007

No.37:

Nils Braakmann: The impact of September 11th, 2001 on the job prospects of foreigners
with Arab background – Evidence from German labor market data, January 2007

No.36:

Jens Korunig: Regulierung des Netzmonopolisten durch Peak-load Pricing?, Dezember
2006

No.35:

Nils Braakmann: Die Einführung der fachkundigen Stellungnahme bei der Ich-AG,
November 2006

No.34:

Martin F. Quaas and Stefan Baumgärtner: Natural vs. financial insurance in the
management of public-good ecosystems, October 2006
[forthcoming in: Ecological Economics]

No.33:

Stefan Baumgärtner and Martin F. Quaas: The Private and Public Insurance Value of
Conservative Biodiversity Management, October 2006

No.32:

Ingrid Ott and Christian Papilloud: Converging institutions. Shaping the relationships
between nanotechnologies, economy and society, October 2006
[published in: Bulletin of Science, Technology & Society 2007 (27), 4, 455-466]

No.31:

Claus Schnabel and Joachim Wagner: The persistent decline in unionization in western
and eastern Germany, 1980-2004: What can we learn from a decomposition analysis?,
October 2006
[published in: Industrielle Beziehungen/The German Journal of Industrial Relations 14
(2007), 118-132]

No.30:

Ingrid Ott and Susanne Soretz: Regional growth strategies: fiscal versus institutional
governmental policies, September 2006
[forthcoming in: Economic Modelling]

No.29:

Christian Growitsch and Heike Wetzel: Economies of Scope in European Railways: An
Efficiency Analysis, July 2006

No.28:

Thorsten Schank, Claus Schnabel and Joachim Wagner: Do exporters really pay higher
wages? First evidence from German linked employer-employee data, June 2006
[published in in: Journal of International Economics 72 (2007), 1, 52-74]

No.27:

Joachim Wagner: Markteintritte, Marktaustritte und Produktivität
Empirische Befunde zur Dynamik in der Industrie, März 2006
[publiziert in: AStA – Wirtschafts- und Sozialwirtschaftliches Archiv 1 (2007), 3, 193-203]

No.26:

Ingrid Ott and Susanne Soretz: Governmental activity and private capital adjustment,
March 2006
[forthcoming in: Icfai Journal of Managerial Economics]

No.25:

Joachim Wagner: International Firm Activities and Innovation:
Evidence from Knowledge Production Functions for German Firms, March 2006

No.24:

Ingrid Ott und Susanne Soretz: Nachhaltige Entwicklung durch endogene
Umweltwahrnehmung, März 2006
publiziert in: Clemens, C., Heinemann, M. & Soretz, S., Auf allen Märkten zu Hause
(Gedenkschrift für Franz Haslinger), Marburg: Metropolis, 2006, 233-256

No.23:

John T. Addison, Claus Schnabel, and Joachim Wagner: The (Parlous) State of German
Unions, February 2006
[forthcoming in: Journal of Labor Research 28 (2007), 3-18]

No.22:

Joachim Wagner, Thorsten Schank, Claus Schnabel, and John T. Addison: Works
Councils, Labor Productivity and Plant Heterogeneity: First Evidence from Quantile
Regressions, February 2006
[published in: Jahrbücher für Nationalökonomie und Statistik 226 (2006), 505 - 518]

No.21:

Corinna Bunk: Betriebliche Mitbestimmung vier Jahre nach der Reform des BetrVG:
Ergebnisse der 2. Befragung der Mitglieder des Arbeitgeberverbandes Lüneburg
Nordostniedersachsen, Februar 2006

No.20:

Jan Kranich: The Strength of Vertical Linkages, July 2006

No.19:

Jan Kranich und Ingrid Ott: Geographische Restrukturierung internationaler
Wertschöpfungsketten – Standortentscheidungen von KMU aus regionalökonomischer
Perspektive, Februar 2006

No.18:

Thomas Wein und Wiebke B. Röber: Handwerksreform 2004 – Rückwirkungen auf das
Ausbildungsverhalten Lüneburger Handwerksbetriebe?, Februar 2006

No.17:

Wiebke B. Röber und Thomas Wein: Mehr Wettbewerb im Handwerk durch die
Handwerksreform?, Februar 2006

No.16:

Joachim Wagner: Politikrelevante Folgerungen aus Analysen mit wirtschaftsstatistischen
Einzeldaten der Amtlichen Statistik, Februar 2006
[publiziert in: Schmollers Jahrbuch 126 (2006) 359-374]

No.15:

Joachim Wagner: Firmenalter und Firmenperformance
Empirische Befunde zu Unterschieden zwischen jungen und alten Firmen
in Deutschland, September 2005
[publiziert in: Lutz Bellmann und Joachim Wagner (Hrsg.), Betriebsdemographie
(Beiträge zur Arbeitsmarkt- und Berufsforschung, Band 305), Nürnberg: IAB der BA,
83-111]

No.14:

Joachim Wagner: German Works Councils and Productivity:
First Evidence from a Nonparametric Test, September 2005
[forthcoming in: Applied Economics Letters]

No.13:

Lena Koller, Claus Schnabel und Joachim Wagner: Arbeitsrechtliche Schwellenwerte und
betriebliche Arbeitsplatzdynamik: Eine empirische Untersuchung am Beispiel des
Schwerbehindertengesetzes, August 2005
[publiziert in: Zeitschrift für ArbeitsmarktForschung/ Journal for Labour Market Research
39 (2006), 181-199]

No.12:

Claus Schnabel and Joachim Wagner: Who are the workers who never joined a union?
Empirical evidence from Germany, July 2005
[published in: Industrielle Beziehungen/ The German Journal of Industrial Relations 13
(2006), 118-131]

No.11:

Joachim Wagner: Exporte und Produktivität in mittelständischen Betrieben
Befunde aus der niedersächsischen Industrie (1995 – 2004), June 2005
[publiziert in: Niedersächsisches Landesamt für Statistik, Statistische Berichte
Niedersachsen, Sonderausgabe: Tagung der NLS am 9. März 2006, Globalisierung und
regionale Wirtschaftsentwicklung - Datenlage und Datenbedarf in Niedersachsen.
Hannover, Niedersächsisches Landesamt für Statistik, Juli 2006, 18 – 29]

No.10:

Joachim Wagner: Der Noth gehorchend, nicht dem eignen Trieb.
Nascent Necessity and Opportunity Entrepreneurs in Germany.
Evidence from the Regional Entrepreneurship Monitor (REM), May 2005
[published in: RWI: Mitteilungen. Quarterly 54/ 55 (2003/04), 287-303
{published June 2006}]

No. 9:

Gabriel Desgranges and Maik Heinemann: Strongly Rational Expectations Equilibria with
Endogenous Acquisition of Information, March 2005

No. 8:

Joachim Wagner: Exports, Foreign Direct Investment, and Productivity: Evidence from
German Firm Level Data, March 2005
[published in: Applied Economics Letters 13 (2006), 347-349]

No. 7:

Thomas Wein: Associations’ Agreement and the Interest of the Network Suppliers – The
Strategic Use of Structural Features, March 2005

No. 6:

Christiane Clemens and Maik Heinemann: On the Effects of Redistribution on Growth
and Entrepreneurial Risk-Taking, March 2005

No. 5:

Christiane Clemens and Maik Heinemann: Endogenous Redistributive Cycles – An
overlapping Generations Approach to Social Conflict and Cyclical Growth, March 2005

No. 4:

Joachim Wagner: Exports and Productivity: A Survey of the Evidence from Firm Level
Data, March 2005
[published in: The World Economy 30 (2007), 1, 60-82]

No. 3:

Thomas Wein and Reimund Schwarze: Is the Market Classification of Risk Always
Efficient? - Evidence from German Third Party Motor Insurance, March 2005

No. 2:

Ingrid Ott and Stephen J. Turnovsky: Excludable and Non-Excludable Public Inputs:
Consequences for Economic Growth, June 2005 (Revised version)
[published in: Economica 73 (2006), 292, 725-742
also published as CESifo Working Paper 1423]

No. 1:

Joachim Wagner: Nascent and Infant Entrepreneurs in Germany.
Evidence from the Regional Entrepreneurship Monitor (REM), March 2005
[published in: Simon C. Parker (Ed.), The Life Cycle of Entrepreneurial Ventures
(International Handbook Series on Entrepreneurship, Volume 3), New York etc.: Springer,
2006, 15-37]

Leuphana Universität Lüneburg
Institut für Volkswirtschaftslehre
Postfach 2440
D-21314 Lüneburg
Tel.: ++49 4131 677 2321
email: brodt@leuphana.de
www.leuphana.de/vwl/papers

