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A large matched employer–employee data set for Sweden is used to test
several predictions from tournament theory. For white-collar workers a
positive and signiﬁcant eﬀect of intra-ﬁrm wage dispersion on proﬁts and
average pay is found, using various measures of wage dispersion. This
result is robust for controlling for ﬁrm diﬀerences in human capital and
ﬁrm ﬁxed-eﬀects as well as for instrumenting the wage dispersion variable
to take into account endogeneity of wage dispersion. Using data on around
10 000 managers, a positive and signiﬁcant association between pay dispersion and proﬁts is also found for executives. Further results include a
positive relationship between market demand volatility and wage dispersion, measured as coeﬃcient of variation in managerial pay, and a negative
eﬀect of the number of managers (contestants) on managerial pay spread.
The ﬁrst two results are in accordance with predictions from tournament
theory, while the last one is not.

I. Introduction
An important factor in wage bargaining between
employers and employees concerns relative wages.
Diﬀerent groups of workers compare wages both
internally, within their own plants or ﬁrms and
externally, with workers in other ﬁrms or industries.
Comparisons can be made both with workers with
similar tasks, education or positions in the ﬁrm
hierarchy as well as with wages for executives and
managers. One example of the latter is the debate in
many countries on CEO compensation. The growing
gap between employee and executive compensation
has been criticized as unethical with negative eﬀects
on work morale.
According to a variety of theories, described in
more detail below, the wage distribution both within
and between ﬁrms can have important eﬀects on
individual productivity and ﬁrm performance.

One argument for high wage diﬀerentials is based
on incentive eﬀects. Higher wage diﬀerentials
lead to higher individual eﬀort, and are therefore
productivity enhancing. Lazear and Rosen’s (1981)
tournament theory argues that if wages are based
on relative productivity, then workers with higher
productivity will be rewarded with higher wages.
This, in turn, will increase the equilibrium eﬀort
and lead to a positive relationship between wage
dispersion and productivity.
The opposite relationship between intra-ﬁrm
wage dispersion and ﬁrm performance is found in
theories stressing fairness and cooperation between
co-workers. Akerlof and Yellen (1990) argue that
individual eﬀort is reduced if the wage is regarded
as unfair. A similar argument based on cohesiveness
is found in Levine (1991).
As discussed by e.g. Prendergast (1996) and
Eriksson (1999), many results from the empirical
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literature on issues related to the wage structure
within ﬁrms are consistent with diﬀerent theories.
This also applies to various predictions from tournament models. As a consequence, it is diﬃcult to
distinguish between alternative explanations. This
study follows Eriksson (1999) in testing several
predictions from tournament theory on the same
data, and not just if results are in accordance with
one or two hypotheses. First of all, the general relationship between within-ﬁrm pay inequality and ﬁrm
performance is studied. The analysis is carried out
for both white-collar workers and managers, using
diﬀerent measures of intra-ﬁrm wage dispersion.
In addition, three more speciﬁc implications from
tournament models are tested.
Estimation is based on a large sample of
aproximately 170 000 individuals, including 10 000
managers, matched with their employing ﬁrm’s
balance-sheet information. The matched data contain
detailed information on individuals and ﬁrms and,
as such, the data are well suited for studying various
aspects of ﬁrms’ internal wage structure.
The main results are: (i) a positive and signiﬁcant
eﬀect of intra-ﬁrm wage dispersion on proﬁts and
average pay, which applies to both managers and
white-collar workers; (ii) a positive relationship
between variation in sales and wage dispersion,
measured as coeﬃcient of variation in managerial
pay; and (iii) a negative eﬀect of the number of
managers (contestants) on managerial pay spread.
The ﬁrst two results are in accordance with
predictions from tournament theory, while the last
is not.
Previous empirical studies on various aspects of
predictions from tournament models have mainly
focused on wage dispersion for managers see e.g.
O’Reilly et al. (1988), Leonard (1990), Main et al.
(1993) and Eriksson (1999). Winter-Ebmer and
Zweimüller (1999) and Bingley and Eriksson (2001)
present evidence on the relationship between pay
dispersion and ﬁrm performance for broader occupational groups. Except for Bingley and Eriksson and
Winter-Ebmer and Zweimüller, previous studies do
not control for diﬀerences in human capital accumulation, however. This means that the results can
partly be driven by a systematic sorting of individuals
into ﬁrms with certain characteristics. This study is
the ﬁrst to explicitly control for ﬁrm diﬀerences in
human capital, when testing several predictions
from tournament theory. In addition, issues related
to unobserved ﬁrm heterogeneity and endogeneity
of wage dispersion are considered by estimating
1

diﬀerence equations and instrumenting intraﬁrm
wage dispersion.
The present study also adds to the previous
literature in that it is the ﬁrst to study aspects
of tournament models, including the eﬀect of wage
dispersion on ﬁrm performance, on Swedish data.
In an international perspective, the Swedish wage
distribution is very compressed and characterized
by strong unions and a higher degree of centralized
wage negotiations than most other countries.1 Given
these characteristics, it is of interest to compare
results to those for countries with more dispersed
wages. One issue to consider is whether the characteristics of the Swedish wage structure inﬂuence
the ﬁndings in many studies of a positive relationship between managerial pay spread and ﬁrm
performance.
The remainder of the paper is organized as follows.
The theoretical background and previous empirical
evidence are presented in Sections II and III, respectively. Section IV describes the data and the empirical
setup. The results are presented in Section V. Finally,
the paper is concluded in Section VI.

II. Theoretical Background
Predictions from tournament models
There are several reasons to believe that the distribution of wages within and between ﬁrms aﬀects
worker behaviour and thereby, their productivity.
Theories linking wage dispersion and productivity
(and ﬁrm performance) give, however, rise to conﬂicting predictions of whether this relationship is positive
or negative.
A common argument against an egalitarian wage
distribution is that it has negative incentive eﬀects.
According to this line of argument, high wage
spreads lead to increased eﬀort and also increase
the employee motivation to engage in, for instance,
more education and on-the-job training. These incentive eﬀects would then result in higher productivity
and improved ﬁrm performance.
The tournament model analyses the eﬀect of
wages on incentives in the presence of costly monitoring of individual productivity and eﬀort (see Lazear
and Rosen, 1981). The model postulates that it is
eﬃcient to reward workers according to their relative
performance rather than to absolute performance.
The wage gap between diﬀerent jobs is interpreted
as the tournament prize. A high wage gap between
employees (players) provides incentives for workers

See OECD (1996) for an overview of earnings inequality in OECD countries.
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to do their best, which means that the equilibrium
eﬀort is increasing in the diﬀerence between winning
or losing the prize (Equation 6 in Lazear and Rosen,
1981).
Another prediction from tournament models is
that wage diﬀerentials are expected to increase, the
higher one moves up the hierarchy (see Rosen, 1986).
The reason for this is that winning a contest at every
level below the highest, does not only give the prize,
but also the possibility to win further prizes higher
up the hierarchy (an option value). There are no
further prizes at the highest level so to induce enough
incentives at that stage, the prize structure must
include an extraordinarily large increase at the very
top of the hierarchy. This means that the optimal
compensation schedule implies a convex relationship
between wages and hierarchal job level, including
additional weight on top-ranking prizes (Equations
14–16 in Rosen, 1986).
In an extension of tournament models with many
contestants, McLaughlin (1988) analyses the eﬀect of
the number of contestants (n) on the prize structure,
eﬀort and incentives. He shows that in the case of
risk-neutral contestants, the prize spread increases
with the number of contestants (Equation 47 in
McLaughlin, 1988). The intuition behind this result
is that if n is large, a marginal increase in eﬀort only
has a small eﬀect on the probability of winning.
Therefore, a big prize spread is required to induce
eﬀort. Empirically, this means that controlling for
other economic determinants of managerial pay, the
wage gap between the CEO and the vice presidents
should be positively related to the number of vice
presidents.
Another implication of tournament models concerns the eﬀect of market uncertainty on the optimal
pay structure. Various versions of tournament
models show that the greater is the importance
of variability of demand, the lower is the optimal
eﬀort level. If luck is an important factor in determining output, employees will be less motivated
to try hard to win the promotion. This means that
in markets where stochastic shocks in output are
important, the wage gap must be suﬃciently high
to counterbalance the negative eﬀect on eﬀort of
the random component (Equation 6 in Lazear
and Rosen, 1981). Empirically, this implies that
large wage spreads will be observed in markets
characterized by a high degree of demand and
output uncertainty.
To sum up, tournament theories give rise to the
following four testable predictions:
Prediction 1: A positive relationship between wage
dispersion and ﬁrm performance.
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Prediction 2: A convex relationship between wages
and job levels, including an extra large increase at
the top of the hierarchy.
Prediction 3: A positive relationship between the
number of contestants in a tournament and wage
dispersion.
Prediction 4: A positive relationship between the
degree of market demand volatility (‘noisy business
environment’) and wage dispersion.
Predictions from alternative models
of wage determination
The prediction of a positive relationship between
wage dispersion and ﬁrm performance is controversial from a theoretical perspective. One argument
against using relative wages for enhancing productivity, based on the risk for uncooperative behaviour,
is presented in Lazear (1989). He shows that
when employee compensation is based on relative
comparisons, workers may engage in uncooperative
behaviour vis-à-vis fellow workers. Relative compensation implies that workers can increase their chances
of winning a contest by either increasing their
own eﬀort, or negatively aﬀecting the productivity
of co-workers. If the latter behaviour is frequent in
a ﬁrm, increasing wage compression can be productivity enhancing. The importance of unproductive
uncooperative behaviour is related to the organization and composition of the workforce. The higher
the share of very competitive ‘aggressive’ individuals
in a ﬁrm, the higher are the positive eﬀects of a ﬂat
wage distribution.
A link between wage distribution, job morale and
productivity can also be found in equity and relative
deprivation theories (see Cowherd and Levine, 1992,
and references therein). According to equity theory
of human behaviour in social exchange, wages should
be distributed so that the ratio between the value
of labour input (e.g. eﬀort) and output (e.g. wage)
is perceived as fair, which is the case if it is similar
to that of a relevant comparison group. However, the
perception of an unfair ratio has negative consequences for the ﬁrm in terms of decreasing individual
eﬀort or individuals leaving the organization as a
result of not receiving fair wages. Based on equity
theory, Akerlof and Yellen (1990) present a model
seeking to explain why a compressed wage structure
can be productivity enhancing. According to their
fair-wage hypothesis, employees withdraw eﬀort,
hence becoming less productive, as their wage
becomes lower than the ‘fair’ wage.
The relative deprivation theory is closely related
to equity theory. According to relative deprivation
theory, individuals experience deprivation when

1316
comparing their wages to those of a reference group,
and ﬁnd that they receive less. The reference group
can be workers in the same occupation within the
ﬁrm, managers in the same ﬁrm or workers in dissimilar occupations within the ﬁrm. A wage structure
that is too dispersed, thus leaving groups of workers
dissatisﬁed with their relative wages, can result in
absenteeism, strikes or sabotage.
Finally, Levine (1991) presents a model where
ﬁrms want to reduce wage diﬀerentials based on eﬃciency wage considerations. The reason being that a
more compressed wage structure increases cohesiveness (and productivity) within a ﬁrm. To maintain
cohesiveness, ﬁrms will pay an eﬃciency wage to
those at the low end of the wage distribution.

III. Previous Studies
Most empirical studies investigating the eﬀect of
ﬁrm pay structure on ﬁrm performance have focused
on compensation to top executives. A seminal paper
is Leonard (1990). He studies the eﬀects of executive
compensation policy on performance for a sample of
large US ﬁrms and ﬁnds no statistical relationship
between the standard deviation of pay and the steepness of pay for managers and corporate performance.
Consistent with tournament theory, wage diﬀerentials between management levels are found to be
larger at higher levels in the hierarchy. Ang et al.
(1998) present similar results regarding the eﬀect of
executive wage dispersion on ﬁrm performance. They
investigate the pay gap between CEO’s and other
members of top management teams for a sample of
Israeli ﬁrms, and ﬁnd no support for the tournament
model.
Main et al. (1993) and Eriksson (1999) ﬁnd a positive relationship between managerial pay dispersion
and ﬁrm performance. Using survey data on the pay
for top executives in 200 US ﬁrms, Main et al. (1993)
investigate the role of the pay distribution among the
top-management team. They ﬁnd a positive and signiﬁcant relationship between wage dispersion among
executives, measured as the coeﬃcient of variation,
and the return on assets. However, the positive
eﬀect is insigniﬁcant when they instead use stock
market returns as a measure of ﬁrm performance.
Consistent with tournament theory, they also ﬁnd
a positive and signiﬁcant eﬀect of wage dispersion
on average wages. Similar results are found in
2
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Eriksson (1999) who uses information on managers
for a panel of Danish ﬁrms. He ﬁnds a weak positive
eﬀect of the coeﬃcient of variation in wages for
managers on ﬁrm performance, measured as proﬁts
per sales. Furthermore, consistent with tournament
theory, Eriksson ﬁnds the mean wage for managers
to be higher in ﬁrms with more variation in executive
compensation.
Several papers testing predictions from tournament theory study how wage diﬀerentials between
managers vary along the corporate ladder. Leonard
(1990) and Main et al. (1993) ﬁnd a convex pay structure including an extraordinarily large increase at
the top of the hierarchy. Eriksson (1999) reports
increasing pay diﬀerences, but ﬁnds no additional
reward at the top. Additional evidence, consistent
with a convex wage structure, is found in Lazear
(1992) and Baker et al. (1994), both analysing
detailed data from two diﬀerent large US ﬁrms.
Evidence on the eﬀect of the number of contestants
on wage dispersion is scarce. Studies considering the
relationship between the managerial pay structure
and the number of managers show mixed results.
O’Reilly et al. (1988) ﬁnd a negative relationship
whereas Main et al. (1993) and Eriksson (1999)
both ﬁnd this relationship to be positive.
The prediction of Lazear and Rosen’s (1981) tournament model of a positive relationship between the
degree of market demand volatility and wage dispersion has only been tested by Eriksson (1999). He
reports a positive and statistically signiﬁcant relationship between the coeﬃcient of variation of ﬁrm sales
and the pay spread for managers.
All papers presented above study the pay structure
for managers, while other papers use wage data for
broader groups of workers. Using Swedish data on
individual wages and aggregated industry information on productivity, Hibbs and Locking (2000)
report a positive eﬀect of within-plant and withinindustry wage dispersion on industry productivity.
The opposite is true for between-plant and betweenindustry wage dispersion, which are negatively
related to productivity.2
The studies presented above do not take ﬁrm
diﬀerences in human capital into account.3 To the
best of the author’s knowledge, only Bingley and
Eriksson (2001) use such data to test predictions
from tournament theory on the eﬀects of wage
spread and skewness for the whole wage distribution
on employee productivity and ﬁrm performance

The between-industry wage dispersion results are consistent with theories stressing the positive structural eﬀects of
a compressed wage structure (see Moene and Wallerstein, 1997).
3
Eriksson (1999) has information on human capital characteristics, but only uses these data when studying the convexity
of the managerial pay structure.
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in Denmark. They ﬁnd that ﬁrm productivity is
increasing in wage dispersion for white-collar
workers up to a point, after which it becomes
counter-productive. Only weak productivity eﬀects
are found for blue-collar workers.
A related paper also analysing the eﬀects of the
entire ﬁrm wage distribution is Winter-Ebmer and
Zweimüller (1999). They test theories on the relationship between within-ﬁrm pay structure and ﬁrm
performance on wage data for Austrian ﬁrms.
However, they lack direct information on ﬁrm
performance and instead, they proxy ﬁrm performance with the total ﬁrm wage level. The results
are similar to those of Bingley and Eriksson (2001).

IV. Data and Empirical Specification
The data on individuals originate from the Swedish
Level of Living Surveys (LNU) in 1991, a representative survey of non-agricultural workers aged 18–64.
Each individual has a unique organization-number,
mapping each worker to his or her employer.
These ﬁrms then form the basis of the Swedish
Establishment Survey (APU).4 By matching the
organization number for the ﬁrms in APU with
employment data from Statistics Sweden, information on all individuals working in these ﬁrms
sometime during 1987, 1991 or 1995 is available.
Individuals working in non-agricultural private
APU-establishments in 1991 and 1995 constitute the
worker data set. Each year contains approximately
170 000 employees. For these individuals, rich information is obtained by matching data from several
Swedish data sources. See the Appendix for a detailed
description of the data.
Managers are classiﬁed according to the international standard classiﬁcation of occupations
(ISCO-88). Corporate managers are divided into
four subgroups: Directors and chief executives,
Production and operations department managers,
Other department managers and Lower level decision
makers. Classiﬁcation codes for managers are only
available in 1995. Data for 1995 on executives consist

4
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of about 10 000 managers in 560 ﬁrms, for all of
whom information on individual characteristics are
available.
The unique organization number for each
employing ﬁrm is utilized to match the individuals
with balance-sheet data for the ﬁrms where they
work. Balance-sheet information is available for the
period 1987–1996. Annual proﬁts after capital depreciation per employee are used as a measure of ﬁrm
performance.
The balance-sheet information data for 1991 and
1995 are transformed into four-year averages. The
reason for this is twofold. First, measurement errors
in variables, such as proﬁts per employee, are reduced
when four-year averages are uses. Second, due to
high variability in both ﬁrm performance variables
and ﬁrm size, four-year averages yield a better
measure of long-run proﬁtability, removing the
transitory variation in proﬁts.5
When analysing the eﬀect of intra-ﬁrm wage
dispersion on ﬁrm performance, it is important to
compute wage dispersion for a relevant group of
employees. Previous studies have mainly focused
on wage dispersion for managers (see references in
Section III). This has been the case since tournament theory, analysing rank-order tournaments with
homogenous contestants, is mainly a theory on how
wage distribution aﬀects managerial behaviour.
This study analyses the wage distribution for
both equal and observationally unequal employees.
The former refers to unexplained residual inequality
for white-collar workers (after controlling for
observable human capital characteristics) and wage
dispersion for managers.6 The latter include various
measures of wage dispersion for white-collar workers.
To compute conditional wage diﬀerentials for
white-collar workers, Winter-Ebmer and Zweimüller
(1999) and Bingley and Eriksson (2001) are followed
and estimate individual wage equations for each
ﬁrm as
ln wijt ¼ 0 þ X0ijt 1 þ "ijt
where wijt is the full-time equivalent monthly wage
for worker i in ﬁrm j at time t; Xijt is a vector
of individual characteristics including gender,

For detailed description of the Swedish Establishment Survey (APU), see le Grand et al. (1996).
Before matching individuals and ﬁrms, those ﬁrms in the balance-sheet data that are observed for less than two years or
with less than two employees are removed. Furthermore, 146 ﬁrms with a four-year average proﬁt-per-employee below
65 000 SEK in 1991 (the 1st percentile) and above 273 000 SEK (the 99th percentile) are removed. For the data from
1995, 124 ﬁrms with a four-year average proﬁt-per-employee below 94 000 SEK (the 1st percentile) and above 687 000 SEK
(the 99th percentile) were removed. These extreme values are most likely due to measurement errors in the proﬁts or ﬁrm-size
variables.
6
Within ﬁrms, the group of managers is, in many respects, a much more homogeneous group than white-collar workers,
a category including employees with a variety of tasks.
5
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education, labour market experience, labour market
experience squared and tenure and "ijt is the usual
error term. Estimations are based on ﬁrms with at
least ﬁve white-collar employees.
The variance in the residuals for each ﬁrm and
each year is used as a measure of conditional wage
dispersion. This measure is the residual inequality
after controlling for observable human-capital characteristics and is then used as an independent variable
in employee-weighted regressions on ﬁrm performance. Other measures of wage dispersion for
white-collar workers that will be used are the coeﬃcient of variation of wages and the 90–10th percentile
wage ratio. These measures represent raw measures
of wage dispersion and do not account for individual
diﬀerences in human capital accumulation, such as
education and labour market experience.
All equations include control for ﬁrm diﬀerences in
human capital of the workforce and for industry and
ﬁrm size. Firm diﬀerences in human capital are
accounted for by including the share of the work
force that (i) have more than ﬁve years of labour
market experience; (ii) have more than three years
of tenure; (iii) have attended at least long upper
secondary school; and (iv) are younger than 25 and
older than 50 years, respectively. The share of
women, the share of white-collar workers and the
share of workers with foreign origins are also
included.
The eﬀect of pay spread for white-collar workers
on ﬁrm performance will be estimated on both crosssection data for 1991 and 1995 as well as estimating
ﬁrst-diﬀerence equations for 1991–1995. The latter
method deals with the eﬀect of unobserved ﬁrm
heterogeneity. To exploit the question of endogeneity
in wage dispersion, IV-equations are estimated.
Lagged, predetermined values of wage dispersion
are used as instruments. In the analyses of managers,
the coeﬃcient of variation in managerial wages,
the wage diﬀerence and the wage ratio between the
CEO and other managers will be used.
One problem in testing whether wage dispersion
increases with the number of contestants is how the
contestants should be deﬁned. Since information
identifying vice presidents was unavailable, Main
et al. (1993) and Eriksson (1999) are followed in
deﬁning the contestants to be all individuals reported
as being part of the management team. This group is
approximately equal to those who could be seen as
active in the tournament. Finally, in testing the eﬀects

of output uncertainty, the coeﬃcient of variation in
ﬁrm sales during the 1992–1995 period is used.

V. Results
The effect of wage dispersion on firm performance
White-collar workers. Table 1 and 2 show results on
the eﬀect of wage dispersion on ﬁrm performance for
1991 and 1995, respectively. Columns 1 through 3
show the results where ﬁrm performance is used as
dependent variable along with diﬀerent measures of
wage dispersion. Columns 4 and 5 in Table 1 show
results where the wage rate is used as dependent
variable. Columns 4–6 in Table 2 report results
when wage dispersion is instrumented with lagged
values of wage dispersion.
Column 1 in Table 1 and 2 shows the eﬀect of
conditional wage dispersion (residual inequality) on
proﬁts to be positive and signiﬁcant. The positive
relationship between wage dispersion for observationally equal employees and ﬁrm performance is
consistent with tournament theory. Quantitatively,
for 1991, a one standard deviation increase in pay
dispersion is associated with a 3970 SEK increase in
ﬁrm proﬁts per employee. Given that the mean proﬁts
in 1991 is 29 021 SEK, the estimate indicates that
a one standard deviation increase in conditional
wage dispersion increases proﬁts per employee by
approximately 15%, evaluated at the mean. The
corresponding ﬁgure for 1995 is 37%.7 These two
periods are characterized by diﬀerent business cycle
phases. In the 1991–1995 period, Sweden experienced
its deepest recession since the 1930s, with a substantial fall in GDP and an increase in total unemployment from 5% to 15%.
The results for alternative measures of wage dispersion are presented in columns 2 and 3. These are
the coeﬃcient of variation in pay and the 90–10th
percentile ratio. It is evident from these columns
that the results are qualitatively robust for diﬀerent
measures of wage dispersion. Regardless of measure
used, wage dispersion is positively related to ﬁrm
performance.
Results are also robust for including various
other variables in the equations. For instance, the
capital–labour ratio may aﬀect the relationship
between pay structure and ﬁrm performance. It can
also inﬂuence workers’ possibilities of extracting
rents from the ﬁrm, depending on the size of labour

7
The quantitative diﬀerence between the two periods is partly due to diﬀerences in ﬁrm sample. Estimating the eﬀect of
conditional wage dispersion on ﬁrm performance for a panel of ﬁrms present in both 1991 and 1995 yields no signiﬁcant
diﬀerence between the two periods.
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Table 1. The eﬀect of ﬁrm-level wage dispersion for white-collar workers on proﬁts per employee and log average wage in 1991.
Firm-size WLS estimations
1

2

3

4

Proﬁts per employee
Residual inequality
Coeﬃcient of variation

283.4**
(116.0)
–

90–10th percentile ratio

–

Log ﬁrm size
Human capital
Industry
R2 (overall)
No. of employees
No. of ﬁrms

Log average wage
–

–

725.1*
(399.2)
–

10.3***
(1.37)
YES
YES
0.33
63 798
525

5

1.53***
(0.20)
–

–
259.2**
(127.9)
10.3***
(1.37)
YES
YES
0.32
61 862
531

10.3***
(1.37)
YES
YES
0.32
63 862
531

–

–

5.19***
(0.69)
–

0.02***
(0.00)
YES
YES
0.63
63 798
525

0.02***
(0.00)
YES
YES
0.63
63 862
531

Notes: ***indicate signiﬁcance at the 1% level, **signiﬁcance at the 5% level and *signiﬁcance at the 10% level.
Human capital corresponds to control for workers’ experience, seniority, education, gender, age, blue-collar workers
and birth origin. The industry classiﬁcation corresponds to 14 industries. F-tests for the joint insigniﬁcance of the
human-capital variables are rejected in all equations. F-tests for the joint insigniﬁcance of the industry dummies are also
rejected in all equations.
Standard errors in parentheses.

Table 2. The eﬀect of ﬁrm-level wage dispersion for white-collar workers on proﬁts per employee in 1995. Firm-size WLS
estimations

Residual inequality

1
2
Proﬁts per employee

3

OLS

OLS

Coeﬃcient of variation

926.4***
(167.2)
–

90–10th percentile ratio

–

White/blue-collar ratio
Log ﬁrm size

OLS

4

–

–

3843.9***
(562.0)
–

–

Human capital
Industry
R2 (overall)
1st step estimates:

–
14.0***
(2.05)
YES
YES
0.20
–

–
13.2***
(2.02)
YES
YES
0.21
–

No. of employees
No. of ﬁrms

97 746
1067

97 900
1080

1035.2***
(183.5)
–
14.8***
(2.04)
YES
YES
0.20
–
97 900
1080

IV
3316.8***
(813.6)
–
–
–
32.64***
(6.62)
YES
YES
0.31
0.55***
(0.05)
46 203
266

5

6

IV

IV
–

–

13350.9***
(2647.0)
–

–

–
36.32***
(6.40)
YES
YES
0.33
0.58***
(0.05)
46 223
268

3412.1***
(814.7)
–
33.91***
(6.59)
YES
YES
0.31
0.63***
(0.05)
46 223
268

Notes: ***indicate signiﬁcance at the 1% level. Human capital corresponds to control for workers’ experience, seniority,
education, gender, age, blue-collar workers and birth origin. The industry classiﬁcation corresponds to 14 industries.
F-tests for the joint insigniﬁcance of the human-capital variables are rejected in all equations, except for Equation 6. The
same applies to F-tests for the joint insigniﬁcance of the industry dummies. Columns 4–6 are estimated using instrumental
variable analysis. Lagged (predetermined) values of wage dispersion, i.e. values for 1991, are used as instruments for wage
dispersion in 1995. First step estimates are estimated coeﬃcients where the various wage dispersion variables are regressed on
their lagged values.
Standard errors in parentheses.
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costs in relation to the cost of capital.8 A positive
relationship between the capital–labour ratio and
wages can also inﬂuence the intraﬁrm wage distribution and proﬁts. However, including ﬁrms’
capital–labour ratio does not change the eﬀect of
wage dispersion on ﬁrm performance. Models
have also been estimated using the log of wage
dispersion to take a convex relationship into
consideration. With a few exceptions, the results
remain unchanged.
Columns 4 and 5 in Table 1 show results on the
relationship between mean wages and wage dispersion in 1991. According to tournament models,
wages are, on average, higher in ﬁrms with more dispersed wages. The estimated coeﬃcient for the conditional wage dispersion variable and the coeﬃcient
of variation are both signiﬁcant and positive, thereby
being consistent with tournament theory.9
All equations presented in the paper have also
been estimated using a sub-sample of ﬁrms with at
least 50 employees. The reason for this sensitivity
analysis is that there may be systematic organizational diﬀerences between small and large ﬁrms that
can inﬂuence the results. Unreported results show
very similar qualitative eﬀects for the sample of
large ﬁrms, as compared to those reported in the
tables. Quantitatively, the estimated coeﬃcients are,
in most cases, larger for larger ﬁrms.
An issue to consider is endogeneity of the wage
dispersion variable and the causality of the wage
dispersion–ﬁrm performance relationship. According
to bargaining models of wage determination and the
rent-sharing hypothesis, wages are positively aﬀected
by proﬁts. If high proﬁts also lead to a more dispersed wage structure within the ﬁrm, then causality
going from proﬁts to wage dispersion will be
observed. To exploit the question of endogeneity in
wage dispersion, instrumental variable regressions
are estimated. Lagged values of wage dispersion are
used as instruments for wage dispersion. Studying the
eﬀect of intra-ﬁrm wage dispersion on proﬁts in 1995,
wage dispersion in 1995 is instrumented with lagged
predetermined values of wage dispersion in 1991.
Results reported in columns 4–6 in Table 2 conﬁrm
that proﬁts aﬀect wages. The point-estimates are
higher in the IV-equations as compared to the OLSestimates. This may be, however, due to diﬀerences in
the sample of ﬁrms. In the IV-equations only those
ﬁrms that are present in both 1991 and 1995 are
8
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included. This means that fewer ﬁrms are included
in the IV-equations as compared to the estimated
OLS-equations in columns 1–3. OLS-estimates on
the same sample as in column 4-6 reveal that only
the IV-estimate of residual inequality is signiﬁcantly
higher at the 5% signiﬁcance level than the corresponding OLS-estimate.
The cross-section estimates presented above may
be biased if variables correlated with wage dispersion
are omitted. Unobserved ﬁrm heterogeneity may lead
to an overestimation of the eﬀect of wage dispersion
on ﬁrm performance if, for instance, high ability individuals are sorted into high proﬁt ﬁrms where wages
are higher and more dispersed. In order to deal with
unobserved ﬁrm heterogeneity, diﬀerence equations
are estimated on a panel of ﬁrms present in both
1991 and 1995. Results from the ﬁrst-diﬀerence
estimates are presented in Table 3.
A Hausman test is used to discriminate between
the ﬁxed-eﬀects and the random-eﬀects models.
This is a test for correlation between the ﬁrm-speciﬁc
eﬀects and the independent variables. Results of
the Hausman tests indicate that the ﬁrm-eﬀects are
not correlated with the independent variables in the
equations with proﬁts as the dependent variable. This
means that the random-eﬀects estimator is eﬃcient,
taking both cross-section and time-series variation
into account. The Hausman tests also show that
exogeneity of the wage dispersion variable cannot
be rejected. This, in turn, means that consistent
cross-section estimates can be relied on.
Results from the estimated random-eﬀects models
show a positive and statistically signiﬁcant eﬀect of
wage dispersion on proﬁts. For the conditional wage
dispersion measure, the quantitative eﬀect is in the
range of the estimates obtained in cross-section estimations for 1991 and 1995. Similar results are found
for the other pay spread variables presented in
columns 2 and 3. For instance, an increase in the
coeﬃcient of variation in wages by one standard
deviation increases ﬁrm proﬁts by approximately
20%, evaluated at the mean of proﬁts. Regressions
of average pay on wage dispersion, again controlling
for ﬁrm diﬀerences in human capital accumulation
and ﬁrm size, show signiﬁcantly lower wages in
ﬁrms with less dispersed wages (see columns 4 and
5 in Table 3).10 This is, once more, consistent with
tournament theory.

Arai (2003) ﬁnds a positive relationship between ﬁrms’ capital–labour ratio and individual wages.
A higher average wage in ﬁrms with more dispersed wages is also found in 1995. Results on the relationship between
intraﬁrm wage dispersion and average wage, not reported in Table 2, can be obtained from the author upon request.
10
Equations with average pay as the dependent variable are estimated with a ﬁxed-eﬀects model. Results of the Hausman tests
indicate rejection of the random-eﬀects model, given the speciﬁcation.
9
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Table 3. The eﬀect of ﬁrm-level wage dispersion for white-collar workers on proﬁts per employee and log average wage. Results
from ﬁrst–diﬀerence estimations for 1991–1995
1

2

3

4

Proﬁts per employee
Residual inequality
Coeﬃcient of variation

275.1***
(93.3)
–

90–10th percentile ratio

–

White/blue-collar ratio
Log ﬁrm size

–
3.5
(2.7)
YES
11.2
33.2***
0.06
267

Human capital
Hausman test
Breusch and Pagan test
R2 (overall)
No. of ﬁrms

5

Log average wage
–

–

561.7*
(345.7)
–

1.27***
(0.17)
–

–
187.7*
(114.5)
–
3.3
(2.7)
YES
10.8
34.4***
0.04
268

–
3.1
(2.7)
YES
11.1
33.9***
0.05
268

–
–
0.03*
(0.01)
YES
31.9***
80.9***
0.35
267

–
6.32***
(0.59)
–
–
0.03*
(0.01)
YES
25.2***
95.7***
0.42
268

Notes: ***indicate signiﬁcance at the 1% level and *signiﬁcance at the 10% level. Human capital corresponds to control for
workers’ experience, seniority, education, gender, age, blue-collar workers and birth origin. Equations 1–3 are estimated with
a random-eﬀects model and Equations 4 and 5 with a ﬁxed-eﬀects model. F-tests for the joint insigniﬁcance of the humancapital variables are rejected in all equations. The Breusch and Pagan LM-test is a test for ﬁrm-speciﬁc random eﬀects. The
null hypothesis is that the variance in the ﬁrm-speciﬁc eﬀects is equal to zero. Rejection of the null shows that ﬁrm-speciﬁc
eﬀects are present.
Standard errors in parentheses.
Table 4. The eﬀect of ﬁrm-level wage dispersion for managers on proﬁts per employee and log average wage in 1995. Firm-size
WLS estimations
1

2

3

4

5

6

Proﬁts per employee
Coeﬃcient of
variation
CEO–other
managers’ diﬀ.
CEO–other
managers’ ratio
Log average wage
Log ﬁrm size
Human capital
Industry
R2 (overall)
No. of employees
No. of ﬁrms

1702.1***
(464.1)
–

1609.6***
(486.0)
–

–

–

–

17.4
(27.1)
5.8**
(2.8)
YES
YES
0.16
10 022
561

5.2***
(2.8)
YES
YES
0.16
10 022
561

7

Log average wage
–

–

–

82.0***
(26.2)
–

85.2***
(27.4)
–

–

–

24.4
(59.2)
14.4***
(5.2)
YES
YES
0.30
5852
185

14.2***
(5.2)
YES
YES
0.30
5852
185

804.9***
(255.7)
–
14.2***
(5.2)
YES
YES
0.30
5852
185

5.31***
(0.74)
–

–

–

0.13***
(0.04)
–

–

–

0.003
(0.0051)
YES
YES
0.46
10 022
561

0.01
(0.01)
YES
YES
0.55
5852
185

Notes: ***indicate signiﬁcance at the 1% level and **signiﬁcance at the 5%-level. Human capital corresponds to control for
workers’ experience, seniority, education, gender, age, blue-collar workers and birth origin. The industry classiﬁcation
corresponds to 14 industries. F-tests for the joint insigniﬁcance of the human-capital variables are rejected in all equations.
The same applies to F-tests for the joint insigniﬁcance of the industry dummies.
Standard errors in parentheses.

Managers. Table 4 shows results on the relationship
between managerial wage spread and proﬁts (column
1–5) and the association between average pay for
managers and wage dispersion (columns 6 and 7).
All equations include control for human capital,
industry and ﬁrm size.

Column 1 in Table 4 shows a signiﬁcant positive
association between the coeﬃcient of variation
in CEO wages and proﬁts per employee.
Quantitatively, the estimated coeﬃcient means that
a one standard deviation increase in the coeﬃcient
of variation of wages for managers is associated
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with an approximately 15 000 SEK increase in
mean proﬁts per employee for those ﬁrms in 1995
with information on managers. This amounts to
around 30% of the mean proﬁts per employee in
the sample.11 Columns 3 and 5 show results when
alternative measures of executive wage spread are
used. These are the wage diﬀerence between the
CEO and other managers in the ﬁrm, and the wage
ratio between the CEO and other managers, respectively. Once more, results show a positive eﬀect of
managerial pay spread on proﬁts.
As stressed by Main et al. (1993), Lazear’s tournament model suggests control for the average pay
of managers and the degree of task independence
among executives. To take the former into consideration, equations are estimated including ﬁrms’
mean wages. This is done in order to take the part
of the positive eﬀect of pay dispersion on proﬁts
that can be due to a relationship between mean
wages and proﬁts into account. A positive relationship between wages and proﬁts is compatible with
various versions of eﬃciency-wage models, predicting
higher proﬁts for ﬁrms paying higher wages (see
Akerlof and Yellen, 1986). Results controlling for
the average pay among managers, reported in
columns 2 and 4, show that inclusion of this variable
does not change the estimated coeﬃcient for the
coeﬃcient of variation variable.12
Considering the issue of team interdependence,
wage dispersion must be modiﬁed if competition
among managers leads to negative eﬀects, such as
sabotage or uncooperative (‘hawkish’) behaviour.13
To take team interdependence into account, Main
et al. (1993) and Eriksson (1999) include the proportion of executives holding jobs with proﬁt centre
head titles as a measure of executive team interdependence. Due to lack of information on proﬁt centre
head titles, this could not be done in this study.
However, neither Main et al. (1993) nor Eriksson
(1999) ﬁnd a signiﬁcant eﬀect of the team interdependence variable.
Finally, results on the relationship between average
pay for managers and wage dispersion are mixed.
A positive and signiﬁcant eﬀect was not found
when the coeﬃcient of variation in managerial pay
is used as an independent variable (column 6), but the
opposite is found when the wage diﬀerence between

11

the CEO and other managers is used as a measure of
executive pay spread (see column 7).

Basic managerial pay structure
As described above, the tournament model suggests
that the wage gap between executives (players) in
one rank and those in the next should be suﬃciently
large to create incentives for managers to do their
best. This pay gap (the prize of the tournament) is
expected to increase, the higher one moves up the
hierarchy, thereby implying a convex wage structure
for managers.
Table A1 in the Appendix presents the mean wages
for the four managerial levels. As can be seen from
the table, the mean wage increases when moving up
the hierarchy. Starting from the highest level, managers on level one have a 70% higher mean wage than
those on level two. The corresponding wage increases
between levels four and three and between three and
two are 43% and 14%, respectively. Wages increase
when moving up the corporate ladder, and there also
seems to exist an extra high wage gap at the very top.
However, data do not reveal a convex pay structure
for managers. These ﬁgures can be compared with
Main et al. (1993) and Leonard (1990), who ﬁnd a
convex pay structure including an extraordinarily
large increase at the top of the hierarchy and with
Eriksson (1999), reporting increasing pay diﬀerences
but no additional reward at the top.
The wage diﬀerences in Table A1 do not account
for diﬀerences in human capital between managers,
nor for diﬀerences in ﬁrm size and industry aﬃliation.
It may be the case that observed pay gaps are due
to diﬀerences in individual and ﬁrm characteristics
and that there exists a systematic sorting into diﬀerent management levels. Column 1 in Table 5 shows
results from estimating a wage equation on executive
job levels and individual and ﬁrm characteristics.
The estimated wage diﬀerences between levels
are now somewhat lower, but still, moving from
the second highest to the highest level is associated
with the largest percentage increase. The percentage
pay diﬀerences between levels, starting from the
lowest level, are 32%, 8% and 54%, respectively.
Including level dummies leads to a large increase
in explanatory power. 42% of the variance in pay

It should be noted that a one standard deviation increase in wage dispersion is associated with a large increase in wage
dispersion; around 30% evaluated at the mean.
12
The estimated coeﬃcient for log average pay is insigniﬁcant in both equations. Note, however, that the mean wage and the
measures of managerial wage dispersion are highly correlated, as is conﬁrmed by signiﬁcant raw correlations.
13
In the terminology of Lazear, the eﬀect of pay dispersion among managers depends on whether the ﬁrm’s managers mainly
consist of ‘hawks’ or ‘doves’.
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Table 5. The eﬀect of individual and ﬁrm characteristics on wage diﬀerences between managerial levels and on wage dispersion

Level 1
Level 2
Level 3
Log ﬁrm size
Female
Experience
Experience2/100
Seniority/10
Education level
Industry
R2
N

1
2
Log monthly wage

3

4

5
6
Wage dispersion

All
managers

All
managers

Level 1
managers

Level 2
managers

Level 1
managers

Level 2
managers

0.77***
(0.02)
0.35***
(0.01)
0.25***
(0.001)
–

0.78***
(0.02)
0.35***
(0.01)
0.28***
(0.007)
0.00**
(0.00)
0.15***
(0.01)
0.03***
(0.00)
0.006***
(0.00)
0.02***
(0.00)
YES
YES
0.62
9996

–

–

–

–

–

–

–

–

–

–

–

–

0.03***
(0.01)
0.28***
(0.05)
0.01
(0.01)
0.00
(0.03)
0.09***
(0.02)
YES
YES
0.24
516

0.01***
(0.00)
0.18***
(0.01)
0.04***
(0.00)
0.05***
(0.01)
0.03***
(0.017)
YES
YES
0.28
3159

0.05***
(0.01)
0.09**
(0.04)
0.01
(0.01)
0.02
(0.02)
0.08***
(0.02)
YES
YES
0.34
495

0.00
(0.00)
0.01
(0.01)
0.01**
(0.00)
0.02***
(0.001)
0.01
(0.01)
YES
YES
0.15
1815

0.16***
(0.01)
0.04***
(0.00)
0.06***
(0.00)
0.01**
(0.00)
YES
NO
0.61
9996

Notes: ***indicate signiﬁcance at the 1% level and **at the 5% level. The industry classiﬁcation corresponds to 14 industries.
The dependent variable in columns 5 and 6 is the wage gap between the CEO and other managers. F-tests for the joint
insigniﬁcance of the industry dummies are rejected in all equations.
Robust standard errors in parentheses.

is explained by a model controlling for individual-,
ﬁrm- and industry factors, as compared to 62% when
executive level dummies are included.
Executive pay is increasing in experience and
schooling and is lower for women than for men. It
is also higher in large ﬁrms. However, managers are
not rewarded for tenure within the ﬁrm, the coeﬃcient for seniority is in fact negative. This eﬀect is
consistent with the notion that the most able
managers are the ﬁrst to be promoted, while the
others remain longer in the ﬁrm and receive lower
wages. The same pattern is observed in columns 3
and 4, where separate equations are estimated for
the two highest management levels.
Human capital and ﬁrm characteristics also aﬀect
the prize of the tournament, as measured by the difference in pay between the CEO and other executives.
Column 5 and 6 show the wage gap to be positively
related to the size of the ﬁrm and negatively related to
ﬁrm tenure. It is, however, not signiﬁcantly aﬀected
by education and experience.
The effect of the number of contestants
In an analysis of tournament models with many contestants, McLaughlin (1988) shows that, in the case

of risk-neutral contestants, the prize spread increases
with the number of contestants. Empirically, this
means that after controlling for other economic
determinants of managerial pay, the more vice
presidents, the larger the observed wage gap between
the CEO and the vice presidents. The eﬀect of the
number of contestants on managerial pay spread is
presented in Table 6.
Column 1 shows results for a speciﬁcation
with only the number of contestants and ﬁrm size
as independent variables. The dependent variable
is the coeﬃcient of variation in executive pay.
The coeﬃcient for the number of contestants is negative and highly signiﬁcant. This result is clearly at
odds with the prediction in tournament models with
risk-neutral players of a positive relationship between
the number of participating contestants and the
managerial pay gap. The results are not altered
when industry dummies are added to control for
ﬁxed industry eﬀects (column 2) or controls for differences in human capital accumulation between
ﬁrms (column 3). The point-estimates for the eﬀect
of the number of contestants in columns 1–3 are not
signiﬁcantly diﬀerent.
The same pattern also emerges when the log diﬀerence between CEO compensation and the average
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Table 6. The eﬀect of the number of contestants on wage dispersion for managers. Firm-size WLS estimations
1

2

3

Coeﬃcient of variation
Number of managers/100
Log ﬁrm size
Human capital
Industry
R2 (overall)
No. of employees
No. of ﬁrms

0.001***
(0.000)
0.002***
(0.000)
NO
NO
0.08
10 020
560

0.001***
(0.000)
0.002***
(0.000)
NO
YES
0.13
10 020
560

4

5

6

0.11***
(0.01)
0.13***
(0.02)
NO
YES
0.50
5852
185

0.11**
(0.01)
0.13***
(0.02)
YES
YES
0.56
5852
185

Wage gap
0.001***
(0.000)
0.002***
(0.000)
YES
YES
0.19
10 020
560

0.10***
(0.01)
0.10***
(0.02)
NO
NO
0.28
5852
185

Notes: ***indicate signiﬁcance at the 1% level and **at the 5% level. Human capital corresponds to control for workers’
experience, seniority, education, gender, age, blue-collar workers and birth origin. The industry classiﬁcation corresponds
to 14 industries. The dependent variable in columns 1–3 is the coeﬃcient of variation for log executive pay and in column 4–6
the wage gap between the CEO and other managers. F-tests for the joint insigniﬁcance of the human-capital variables
are rejected in Equations 3 and 6. The same applies to F-tests for the joint insigniﬁcance of the industry dummies in
Equations 2, 3, 5 and 6.
Standard errors in parentheses.

wage for the other executives is used as dependent
variable (see columns 4–6 in Table 6). The results in
Table 6 are in line what is found by O’Reilly et al.
(1988), who also ﬁnds a negative relationship. A positive association between the number of contestants
and managerial pay spread is presented in Main
et al. (1993) and Eriksson (1999).
The negative relationship between the number of
ﬁrm managers and managerial wage dispersion is
consistent with wage-setting theories stressing the
importance of fairness and/or cohesiveness (see the
references given in Section II). If, for instance,
department managers compare their wage to that of
the CEO and perceive the relative wage as unfair,
they may put less eﬀort into their work and, hence
become less productive. In this case, a compressed
wage structure in ﬁrms with a large number of
managers is productivity enhancing. A similar argument can be based on the risk for uncooperative
behaviour, if managerial wages are very dispersed
(see Lazear, 1989).
Finally, drawing conclusions on the eﬀect of the
number of contestants on the wage spread, it is
important to keep in mind that the theoretical
prediction of a positive relationship hinges on
the assumption of contestants’ risk behaviour.
McLaughlin (1988) shows that in the case of riskaverse contestants, the eﬀect on the wage spread is
ambiguous; the optimal wage spread going to zero
in the limit.
The effect of market demand volatility on pay
Various versions of tournament models show that
the greater is the importance of variability in demand,

the lower is the optimal eﬀort level. This means that
in markets with a large stochastic output component,
the wage gap must be suﬃciently high to counterbalance the negative eﬀect on eﬀort from the random
component. Empirically, this implies that large wage
spreads will be observed in markets characterized by
a high degree of demand and output uncertainty.
Results from tests on this aspect of tournament
theory are presented in Table 7.
The dependent variable in column 1 is the coeﬃcient of variation in executive compensation.
Consistent with tournament theory, the coeﬃcient
for the coeﬃcient of variation in ﬁrm sales is positive
and signiﬁcant, implying higher wage dispersion in
ﬁrms operating in volatile markets. The results are
robust for including control for variation in human
capital among ﬁrms (column 2). The point-estimates
in columns 1 and 2 are very similar, suggesting that
ﬁrm-diﬀerences in observable human capital do not
inﬂuence the results. The result on the eﬀect of
market demand volatility is also robust for including
the number of contestants (see column 3).
Given that the mean coeﬃcient of variation in
managerial pay is 0.03, the estimate indicates that a
one standard deviation increase in the volatility of
output increases wage dispersion by approximately
3%. This ﬁgure is identical to the one presented in
Eriksson (1999).
To make results comparable to Eriksson (1999),
Table 7 also shows results when the pay gap between
the CEO and the average pay for other managers is
used as a dependent variable. As can be seen from
columns 4–6, results on the eﬀect of noisy business
environment on wage dispersion is now statistically
insigniﬁcant. Besides the diﬀerence in deﬁnition
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Table 7. The eﬀect of market demand volatility on wage dispersion for managers. Firm-size WLS estimations
1

2

3

Coeﬃcient of variation
CV of sales/employee
Log ﬁrm size
Number of managers/100
Human capital
Industry
R2 (overall)
No. of employees
No. of ﬁrms

0.005***
(0.002)
0.001***
(0.000)
–

0.004***
(0.002)
0.001***
(0.000)
–

NO
YES
0.19
10 019
560

YES
YES
0.17
10 019
560

4

5

6

0.018
(0.087)
0.014
(0.014)
–

0.003
(0.091)
0.016
(0.015)
–

NO
YES
0.21
5849
184

YES
YES
0.21
5849
184

0.022
(0.072)
0.128***
(0.017)
0.115***
(0.012)
YES
YES
0.56
5849
184

Wage gap
0.005***
(0.002)
0.002***
(0.000)
0.001***
(0.000)
YES
YES
0.20
10 019
559

Notes: *** indicate signiﬁcance at the 1% level. Human capital corresponds to control for workers’ experience, seniority,
gender, age, blue-collar workers and birth origin. The industry classiﬁcation corresponds to 14 industries. The dependent
variable in columns 1–3 is the coeﬃcient of variation for log executive pay and in column 4–6 the wage gap between the CEO
and other managers. F-tests for the joint insigniﬁcance of the human-capital variables are rejected in Equations 2, 3, 5 and 6.
The same applies to F-tests for the joint insigniﬁcance of the industry dummies in all equations.
Standard errors in parentheses.

of wage spread, the reason behind this seems to be
diﬀerences in the sample of ﬁrms. When constructing
the wage gap-variable, measured as the wage gap
between the CEO and other managers, only around
5800 observations out of 10 000 observations are
available.

VI. Summary and Conclusions
This paper uses a large matched employer–employee
data set for Sweden to test several predictions
from tournament theory. First of all, the relationship between within-ﬁrm pay inequality and ﬁrm
performance is studied. In addition, three more speciﬁc implications from tournament models are tested.
The analysis is carried out for both white-collar
workers and managers, using diﬀerent measures of
intraﬁrm wage dispersion.
For white-collar workers, results show a positive
eﬀect of intra-ﬁrm pay spread on ﬁrm performance
for both 1991 and 1995. This applies to diﬀerent measures of wage dispersion, capturing both raw diﬀerences as well as diﬀerences corrected for part of the
wage spread being due to diﬀerences in human capital
accumulation. Using detailed information on individual characteristics, all equations include controls for
ﬁrm diﬀerences in the human capital of the work
force, for industry aﬃliation and for ﬁrm size. To
take unobserved ﬁrm heterogeneity and the possible
endogeneity of wage dispersion into account, diﬀerence equations and IV-equations are estimated on a
panel of ﬁrms present in both 1991 and 1995. Once
more, consistent with tournament theory, results

yield a positive and signiﬁcant eﬀect of wage
dispersion on proﬁts.
Quantitatively, an increase in the coeﬃcient of
variation in wages by one standard deviation
increases ﬁrm proﬁts by approximately 20%,
evaluated at the mean of proﬁts. Results from
Hausman tests show that exogeneity of the wage
dispersion variable cannot be rejected. Hence,
there seems to be a causal eﬀect of pay spread on
ﬁrm performance, both in cross-section and ﬁrstdiﬀerence estimations.
The results for managers are based on information
on approximately 10 000 managers in 560 ﬁrms.
For various measures of wage dispersion and speciﬁcations, a positive and signiﬁcant association between
managerial pay and proﬁts is found. Based on the
data on managers, several other hypotheses from
tournament theory are also tested. These are (i) a
convex relationship between pay and job levels for
managers; (ii) a positive relationship between the
number of executives (contestants) and wage dispersion for managers; and (iii) a positive association
between market demand uncertainty and managerial
pay spread.
Regarding the ﬁrst of these predictions, results
show that wages increase as one moves up the corporate hierarchy. There also seems to exist a particularly
high wage gap at the very top. However, data do not
reveal a convex pay structure for managers.
No support is found for the hypothesis of a positive relationship between the number of managers
(contestants) and wage spread. Instead, results show
a negative and signiﬁcant eﬀect of the number of
executives on pay spread among managers, a result
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consistent with wage-setting theories stressing the
importance of fairness and cooperation.
Finally, consistent with tournament theory,
a higher wage spread, measured as the coeﬃcient of
variation in managerial pay, is found in ﬁrms operating in volatile product markets, characterized by a
high degree of output uncertainty. However, based
on a smaller sample of executives, no eﬀect of output
uncertainty on pay spread is found when the pay
gap between the CEO and the average pay for
other managers is used as a dispersion measure.
Most studies that empirically test aspects of
tournament models have used US data on executive
compensation. The present paper is the ﬁrst to test
predictions from tournament theory on Swedish data.
Given the large diﬀerences between US and Swedish
labour markets, this study adds to the empirical
literature on the eﬀects of wage dispersion within
ﬁrms. Despite diﬀerences in wage-setting institutions
and the distribution of wages, results are similar
to those obtained in previous studies.
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Appendix: Data Description
Individual outcome variables:
Wages: Monthly pre-tax full-time equivalent wages
in 1990 prices (using CPI) based on Swedish Trade
Union Confederation (LO) and the Swedish
Employers’ Confederation (SAF ) wage data and
completed with the income registers from Statistics
Sweden (SCB).
Demography variables:
Gender, Age and Birth Origin are from SCB’s
Population Census (Registret över totalbefolkningen).
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Table A1. Sample Means
White-collar workers

Managers

1991

Female
Experience
Seniority
Education level:
Elementary School <9
Compulsory School ¼9
Upper Secondary School <3
Upper Secondary School ¼3
Post Secondary School
University undergraduate
University graduate
Log monthly wage:
Level 1 managers
Level 2 managers
Level 3 managers
Level 4 managers
Residual inequality
90–10th percentile ratio
Coeﬃcient of variation in wages
CEO-other managers wage diﬀ.
CEO-other managers wage ratio
Coeﬀ. of variation of sales/empl.
Proﬁts/employee, 100 000 SEK
Log ﬁrm size

1995

1995

N

Mean

SD

N

Mean

SD

N

Mean

SD

63 862
63 862
63 862

0.30
20
8

–
9.17
6.68

97 900
97 900
97 900

0.34
21
10

–
9.70
7.00

10 198
10 198
10 198

0.11
26
11

–
8.04
6.56

63 767
63 767
63 767
63 767
63 767
63 767
63 767
63 862
–
–
–
–
63 798
63 862
63 862
–
–
–
63 862
63 862

0.06
0.06
0.20
0.24
0.21
0.22
0.01
9.63
–
–
–
–
0.04
1.08
0.03
–
–
–
0.29
7.75

–
–
–
–
–
–
–
0.31
–
–
–
–
0.01
0.01
0.004
–
–
–
0.42
1.49

97 789
97 789
97 789
97 789
97 789
97 789
97 789
97 900
–
–
–
–
97 746
97 900
97 900
–
–
–
97 900
97 900

0.04
0.06
0.26
0.21
0.22
0.20
0.01
9.65
–
–
–
–
0.05
1.07
0.03
–
–
–
0.45
7.62

–
–
–
–
–
–
–
0.32
–
–
–
–
0.02
0.02
0.01
–
–
–
1.04
1.80

10 198
10 198
10 198
10 198
10 198
10 198
10 198
10 198
517
3 175
2 112
4 394
–
–
10 198
10 198
10 198
10 195
10 198
10 198

0.08
0.06
0.22
0.24
0.17
0.22
0.02
9.93
10.64
10.12
9.99
9.67
–
–
0.03
0.78
1.08
0.26
0.47
7.23

–
–
–
–
–
–
–
0.37
0.34
0.30
0.32
0.17
–
–
0.01
0.29
0.03
0.25
0.97
1.69

Human capital variables:

Industry and occupational groups:

Education level dummies are based on two digit
level of the Swedish Education Nomenclature
(SUN-codes) from the Swedish Education Register
(Utbildningsregistret). These are Elementary School
(less than nine years), Compulsory School (nine
years), Upper Secondary School (less than three
years), Upper Secondary School (three years), Post
Secondary School (less than three years), University
Undergraduate Studies (three years or more, not
including graduate studies) and University Graduate
Studies.

Industry dummies based on the two-digit SIC (SNI69
and SNI92). Own classiﬁcation of 14 industries.

Experience is number of years on the labour
market according to the Employment Register
(Sysselsättningsregistret).
Seniority is number of years at the establishment based on tracing the individual back
to
1986
in
the
Employment
Register
(Sysselsättningsregistret). The variable is left censored
at 5.5 years. Individuals with more than six years
of seniority are given the mean seniority in
Sweden according to the Level of Living Survey, i.e.
16 years.

White-collar worker classiﬁcation according to the
Population and Housing Census of 1990 (FoB90).
These refer to the occupation classiﬁcation in 1990
and not necessarily to the current employment.
Managerial classiﬁcation according to ISCO-88.
Available for 1995 from Statistics Sweden. Four
levels: Level 1 ¼ Directors and chief executives,
Level 2 ¼ Production and operations managers,
Level 3 ¼ Other departmental managers, Level 4 ¼
Lower level decision makers.

Balance sheet information:
Proﬁts (Swedish kronor) are deﬁned as annual proﬁts
after capital depreciation. Available for the period
1987–1995 (MM Partners).
Number of employees refer to average number of
employees. Available for the period 1987–1995
(MM Partners).

