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Abstract The relationship between the workers’ career and wages is studied using a longitudinal
sample of ®rms. The analysis shows that the interactions of human capital attributes with the
hierarchical levels are an important determinant of wages. The relationship between wage growth
and several career events is characterized, namely, the effects of demotions and different types of
promotions on wage paths. The wage-career dynamics generates a U-shape to the wage premiums
for promotions over the hierarchical ladder. In the context of the model discussed, this shape
suggests a stronger employer learning and/or human capital accumulation effect at the bottom of
the hierarchy and a stronger job assignment effect at the top.

Introduction
The relationship between employers and employees is rather complex and is
subject to different dimensions of analysis. One of such dimensions is the wage
growth associated with the employee’s career progression inside the ®rm. The
real world is replete with examples of job ladders that individuals climb during
their working lives and of the major pay changes that accompany those steps.
Who among us has never longed for new responsibilities, a new position, a prize?

The objective of this paper is to study how the workers’ hierarchical position
and its interaction with the human capital attributes determine wage levels,
and how the workers’ wage growth within the ®rm is affected by different
career events. How does the worker’s wage depend on his hierarchical position?
What are the effects of promotions/demotions on the wage growth? To what
extent are human capital accumulation and employer learning about individual
abilities re¯ected on wage paths? These are the main questions that we try to
answer.
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Past empirical work has dealt with these issues, but the relationship between
the workers’ career path and the associated wage path has been left mostly
uncovered (Gibbons, 1997; Gibbons and Waldman, 1999b; Prendergast, 1999).
Moreover, it is still rare to ®nd studies using a panel of personnel records from
multiple ®rms (Eriksson, 1999). The present work uses such type of data, a
longitudinal matching employer-employee data set. The sample is unique in the
sense that it covers the entire workforce of multiple ®rms, as opposed to
single-®rm-based studies or individual-based studies.

However, case-studies that focus on ®rm personnel policies are becoming
abundant. The papers of Baker et al. (1994a, b) present one of the more
comprehensive studies on the subject. These authors analyse 20 years of
personnel data from one ®rm, focusing on the hierarchy, promotion policies,
ports of entry and exit, pay policies and their relationship with the hierarchical
levels. The authors found an average positive wage premium for promotion,
ranging from 5 per cent in the lowest hierarchical level to more than 15 per cent
in the highest ones, and small or negative average wage premium for demotion
or staying in the same hierarchical level. Treble et al. (2001), in a replication
study, found the same type of results. Lazear’s (1999) analysis of personnel
records from two different ®rms arrived at an overall 13-14 per cent promotion
effect on wages. Seltzer and Merrett (2000) also found that wages increase upon
promotion, using personnel records from a bank covering six decades[1].

The above results are for single-®rm studies. There are other studies that
use data on a sample of individuals. For example, McCue (1996) presents
evidence on the positive and important effect that workers’ movements inside
the ®rm have on wage growth using the PSID. The individual’s reported job
change is used to de®ne promotion. The wage decomposition performed shows
a 9-18 per cent effect over the life cycle due to promotion or other reassignment.
Pergamit and Veum (1999) studied the causes and consequences of promotions
using the NLSY. Several promotion types are identi®ed, such as position
upgrades or lateral moves. The estimated effects on the annual wage growth
range from 0 to 12 per cent.

The detailed information concerning the workers’ career progression
contained in the data set allows us to test several theoretical results and to
depart further from previous applied research. A model based on the Gibbons
and Waldman (1999a) framework is presented in order to explore several
aspects of the ®rms’ wage policies. Namely, how the relative importance of job
assignment, human capital investments, and employer learning about the
employees’ abilities interact to shape the size of the wage level and wage
growth along the hierarchical ladder.

The results show that wages are increasing in the workers’ human capital ±
education, tenure, and previous work experience. The effect of education rises
as the worker moves up in the hierarchical ladder. In one of the ®rst studies that
dealt with these issues, Hartog (1988) also shows the workers’ human capital

Careers and
wages within

large ®rms

813



increasing effect in the hierarchical level, in a context of comparative
advantage (and using an individual-based survey).

Concerning wage growth, the results show that promoted workers receive a
positive wage premium even if they remain in the same hierarchical level
(horizontal promotion). Furthermore, this promotion effect is higher at the
bottom and at the top of the hierarchy, generating a U-shape to the wage
premiums over the hierarchical ladder. Finally, demotions are associated with
negative wage premiums.

This paper is organized as follows. The next section presents the model that
combines job assignment, human capital investments, and employer learning.
The data set is described in the third section. The applied analysis is performed
in the fourth section where the relationship between careers and wages is
studied in detail and the ®nal section presents the main conclusions of the paper.

A model of careers inside ®rms
The framework is based on the Gibbons and Waldman’s (1999a) integrative
model. It combines job assignment, human capital accumulation, and learning
about the employees’ abilities. This combination has the advantage of
producing a set of results which are in line with the available evidence on ®rms’
personnel policies[2]. Two extensions are made to the model. First, the
individual’s initial education endowment is introduced. The objective is to
account for the observed fact that workers with more education generally have
better career prospects, namely, they have higher probability of achieving
upper hierarchical positions and receive higher wages on average. The second
extension is to consider a hierarchy with an arbitrary ®xed number of ranks
instead of the original three ranks, which does not alter the main results of
Gibbons and Waldman (1999a), but enriches the set of possible career
outcomes.

Consider an economy where there is free entry in production and where all
®rms are equal. Firms and workers are risk neutral. Workers supply one unit of
labour in each period. Assume that worker i in period t has an innate ability y i

and then his effective ability Zit while working in the labour market is given by:

Zit = y if (xit ; si) (1)

with f x . 0; f s . 0; f xx , 0; f ss , 0; and f xs $ 0; where xit represents the
worker’s labour market experience and si his education. The worker chooses
education si before starting his working life and he can have high (yH) or low
(yL) innate ability, with yH . yL . 0:

Firms are hierarchies with J hierarchical levels and only use labour as input.
The worker i is assigned to hierarchical level j = 1; . . .; J and produces yijt in
period t, de®ned as:

yijt = dj + cj(Zit + e ijt ) (2)
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where dj and cj are technological coef®cients, with 0 , dJ , dJ 2 1 , ø ø ø , d1

and cJ . cJ 2 1 . ø ø ø . c1 . 0; and e ijt is a normal error term. De®ne Z j as the
cut-off point where dj + cjZj = dj+ 1 + cj+ 1Zj: By assumption, the parameters
of the model are such that ZJ 2 1 . ø ø ø . Z1 . 0: Further, assume that if
Zit = Z j; then worker i is assigned to the hierarchical level j + 1:

The information structure is such that there is gradual learning about the
worker’s ability due to the presence of the error term in the production equation (2).
Assume that learning is symmetric in the sense that all employers (and the worker)
have the same amount of information in every period. The employer forms a
conditional expectation about the worker’s innate ability,ye

it ; by observing the past
realization of his performance, Zit + e ijt; from t 2 x to t 2 1: Thus, there is a
learning process, in which the employer observes the employee performance as
time goes by and updates the employee’s expected innate ability accordingly. The
change in the expected innate ability from one period to the next is the employer
learning effect. Note that the worker’s performance in period t 2 1 is nothing more
than the signal sent to the market by the realization of output in that period.

In this framework, the ef®cient job assignment is such that worker i is assigned
to hierarchical level 1 if Ze

it , Z1; to level 2 # j # J 2 1 if Zj 2 1 # Ze
it , Zj; and

to level J if Ze
it $ ZJ 2 1; where Ze

it = ye
itf (xit ; si) : Wages are given by:

wijt = dj + cjZe
it (3)

Figure 1 shows this job assignment for the case where J = 4: The thicker line
represents the individual output that results from the ef®cient job assignment.
Figure 1 also shows the relationship between wages and individual ability
along the hierarchical ladder. The following results can be derived from this job
assignment and wage formation: wages are increasing in the hierarchical level;
wages are increasing in individual effective ability; wages are increasing in
experience and education; the positive effect of human capital on wages is
increasing in the hierarchical level.

In addition, promotion implies a wage increase; it is possible to observe
wage decreases; demotions, although rare, imply a wage decrease; wages are
serially correlated; and wage increase predicts promotion. The full model is
exposed in Gibbons and Waldman (1999a). In the original framework J = 3 and
the extension to an arbitrary J does not change the main results of the model.
The need to have more than three hierarchical levels will become clearer when
discussing the wage growth upon promotion in the following.

The objective of assessing the impact of workers’ careers on wage growth,
and not only on wage levels, means that the expressions suitable to the analysis
are given by ®rst-difference wage equations. Two cases are possible. First, the
worker remains in the same hierarchical level j in two consecutive years and his
wage growth is:

wijt+1 2 wijt = cj ye
it+ 1f (xit + 1; si) 2 ye

itf (xit ; si)
£ ¤

(4)
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Second, the worker is promoted from level j to level j + 1 and his wage growth is:

wij+ 1t+ 1 2 wijt = (dj+ 1 2 dj) + cj+ 1ye
it+ 1f (xit + 1; si) 2 cjye

itf (xit; si) (5)

Equations (4) and (5) show that the relative size of the wage growth along the
worker’s career path will depend on the relative magnitude of the job
assignment, human capital accumulation and learning effects.

The human capital accumulation effect is related to the change in the human
capital function f(ø) induced by the increase in x. The human capital effect always
decreases in the hierarchical level due to the concavity assumption. If the human
capital accumulation effect is very strong at the beginning of the worker’s career
± function f(ø) highly concave ± then the wage growth will be relatively high at
the bottom hierarchical levels. If the effect of human capital accumulation is
fairly constant along the worker’s career ± function f(ø) close to linear ± then the
wage growth due to this effect will be fairly equal along the job ladder.

The job assignment effect is related with the slope cj of the worker’s
production when the worker remains in the same hierarchical level in two
consecutive years. Upper levels correspond to higher slopes by assumption.
Thus, the induced wage growth within the hierarchical level is positively
related to the considered level. When the worker changes levels, the job
assignment effect is related to the distance between the slopes cj+1 and cj. Thus,
the wage growth between hierarchical levels due to this effect can be increasing
or decreasing along the hierarchical ladder.

Finally, the learning effect is due to the distance between the expected
innate ability in a given period and its update in the following period.
More optimistic (pessimistic) updates will correspond to higher (lower)

Figure 1.
Workers’ job assignment
when J = 4
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wage growth. In the case where the expected ability decreases ± a
pessimistic update ± the learning effect is negative and induces a negative
wage growth.

The interaction of the learning effect with the other two effects can result in
a positive or a negative wage growth. In particular, if a negative learning effect
is stronger than the human capital accumulation effect, then the wage growth
is negative. Moreover, if the negative effect is strong enough, then the worker
can be demoted to a lower hierarchical level and the associated wage growth
will always be negative. There is no relationship between the learning effect
and the worker’s position in the hierarchical ladder, but it is more plausible to
®nd a decreasing learning effect: as the worker progresses inside the ®rm, there
is less to be learned about his ability.

The three effects can interact in different ways, giving rise to a speci®c
wage-career relationship. Past evidence is scarce, but points to an increasing
wage growth upon promotion up the hierarchical ladder (Baker et al., 1994a;
Eriksson, 1999). This relationship can be explained by an increasing and
dominant job assignment effect, in which the individual productivity becomes
disproportionately more sensitive to the worker’s expected effective ability.
That is, the distance between the slopes in the production function increases
with the hierarchical level, and the human capital accumulation and the
learning effects are not suf®ciently strong to impair this job assignment effect.

Other cases of interaction between the three effects are possible. For
example, a U-shaped relationship in the wage growth due to promotion, that is,
high wage growth at the bottom hierarchical levels and at the top can be the
result of several combinations of the effects[3]. One possible combination is
rather intuitive. On the one hand, when the inexperienced workers enter a ®rm,
they are frequently subjected to intensive training, which, in the model, would
imply a strong human capital accumulation effect on the ®rst stages of the
working life. On the other hand, the ®rm engages in a screening process to
select the best workers to retain, which, in the model, is captured by a strong
employer learning effect. If the inexperienced new employees are placed at the
bottom ranks of the hierarchy, the outcome is a large wage increase when the
worker receives the ®rst promotion and leaves the state of ªnew employeeº.
Thereafter, both effects are decreasing and, in consequence, the wage growth
upon promotion is smaller. The job assignment effect in the form described in
the last paragraph will eventually become the dominant effect at the middle of
the hierarchy, and the wage growth starts to increase in size.

The data
The data set used is a longitudinal matched employer-employee panel of 74
large ®rms from the manufacturing sector, with more than 500 workers each
year, and followed from 1991 to 1995. The sample was drawn from the survey
Quadros de Pessoal (QP), collected annually by the Portuguese Ministry of
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Employment. The employment history of all workers in the ®rm and several
®rms’ characteristics are available. There is valid information for 325,504
employee-years. The data appendix shows how the sample was constructed
and the summary statistics (Table AI).

Central to the analysis is the information concerning hierarchical levels,
promotions/demotions, and wages. Hierarchical levels are classi®ed using the
grade levels reported by the ®rm. It means that the data supplied by the ®rm
mirrors a hierarchy; it is not the true hierarchy, but its image shaped by the
norms of the survey.

There are eight hierarchical levels de®ned by law (by coincidence the same
number found in the work of Baker et al. (1994a). Table AII in the Appendix
supplies a full description of the hierarchical levels:

(1) apprentices, internships, trainees;

(2) non-skilled professionals;

(3) semi-skilled professionals;

(4) skilled professionals;

(5) higher-skilled professionals;

(6) supervisors, team leaders;

(7) intermediary executives;

(8) top executives.

As the hierarchical level increases, the task complexity, skill requirement, and
the responsibility level also increase. Table I shows the number of employees
assigned to each level.

As the employees are followed from one year to the next during the ®ve-year
sample, their career path can be identi®ed. Namely, if the employees remained
in the same hierarchical level, moved up or moved down. Exit and entry is also
identi®ed, but we do not have suf®cient information to study the issues of
inter-®rm job mobility with this sample. Nevertheless, the applied analysis
considers explicitly the workers’ entry and implicitly the workers’ exit.

Hierarchical level Description Employees Per cent

Level 1 Apprentices, interns, trainees 14,409 4.43
Level 2 Non-quali®ed professionals 19,596 6.02
Level 3 Semi-quali®ed professionals 111,365 34.21
Level 4 Quali®ed professionals 117,499 36.10
Level 5 Higher quali®ed professionals 22,166 6.81
Level 6 Supervisors, team leaders 20,317 6.24
Level 7 Intermediary executives 10,177 3.13
Level 8 Top executives 9,975 3.06
Total 325,504 100.00

Table I.
Hierarchical levels
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Promotion is identi®ed with the move to upper hierarchical levels and demotion
with the move to lower levels. In the case of the data used, there is additional
information that allows distinguishing between apparent equal career
progressions. When an employee experiences a great advancement in his
career ± within the hierarchical level or to upper hierarchical levels ± the
employer supplies that information in QP. Table II presents the type of career
events identi®ed in the data and their de®nitions.

It is straightforward to explain these career events in context of the model.
Due to the individual attributes, promotions are not alike: some workers will
advance more and others less when they experience the same upward
movement. Even within the hierarchical level, the workers advancement does
not need to be equal. The horizontal promotion de®ned in Table II is nothing
more than a change on the worker’s effective ability higher than that of his
co-workers within the same hierarchical level.

Table III presents each of the career events across hierarchical levels. There
are roughly 200,000 workers who are followed from one year to the next and
out of these, 40,000 experience some type of career event. These ®gures show
that promotions (and demotions) are an important aspect of the workers’
careers within ®rms.

Horizontal promotion is the most frequent career event, as 8.01 per cent of
the employees receive this type of promotion. The group of apprentices and
internships (Level 1) holds the highest percentage of horizontal promotees
(17.09 per cent). Thus, it seems that employers make a great effort to screen the
new employees even before any change of hierarchical level occurs.

Each type of vertical promotion represents 3 per cent of workers and both
increase its percentage in the hierarchical level. Concerning the workers who
were demoted, they represent 1.66 per cent of all workers employed at the 74
®rms. It is a small number, in line with the predictions of the model presented
and with the evidence available (Baker et al. (1994a) found that less than 1 per

Career event De®nition

Horizontal promotion Promotion within the hierarchical level ± promotion to a higher
horizontal rank where the worker changed his relative position inside
the hierarchical level, but with no change in task complexity and
responsibility level

Promotion type I Promotion to a higher hierarchical level identi®ed with the worker’s
upward movement

Promotion type II Also identi®ed with the worker’s upward movement, but the employer
identi®es this promotion as ªspecialº, in the sense that it is translated in
a greater career advancement than those workers who only experience
promotion type I

Demotion Move to lower hierarchical levels

Table II.
De®nition of career

events
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cent of job movements were demotions). Part of the demotions can still be due
to ®rm’s reorganization not captured by the ®xed hierarchical level structure;
different hierarchies that overlap, that is, more than one hierarchical ladder
inside the major hierarchy that constitutes (or is identi®ed as being) the ®rm;
the existence of job transitions not fully captured by the ®xed hierarchical
ladder imposed by the norms of the survey.

The two bottom levels show a high percentage of demotions. Level 1 is prone
to miscoding because it is not only an entry level, but also a level for training. In
addition, given that the new hires are mainly assigned to Levels 1 and 3, it is
expected to ®nd some forms of job rotation, as the employer is learning who is a
low or high innate ability worker.

The third piece of information central to the analysis is the individual wage.
Wages are reported in the survey for the reference month and were de¯ated to
1995 constant PTE. The means of log real wages across hierarchical levels are
presented in Table IV. There is some evidence that wages are related to
hierarchical levels, because the higher the hierarchical level, the higher the
average wage is[4]. The analysis in the next section will try to explain part of
this wage-job variation. Education, tenure, previous work experience, and age
are also increasing in the hierarchical level.

The difference in the mean wages between Levels 5 and 6 is close to zero. In
Table IV, we see that the workers in Level 5 are younger, have less tenure and
are better educated than the workers in Level 6. In addition, workers in Level 6
are older and have a higher tenure than workers in Levels 7 and 8. So, although
Level 6 appears to be at a higher hierarchical position than Level 5, what is
probably occurring is the overlap of two hierarchies. One hierarchical level
belongs to a more technical career (Level 5), and the other is more related to
productive or administrative activities (Level 6), where employees with a longer
working life in the ®rm reach jobs with a higher responsibility, not necessarily

Promotion
Hierarchical level Employees

Horizontal
promotion

(%) Type I (%) Type II (%) Demotion (%)

Level 1 3,853 17.09 ± ± 4.83
Level 2 11,093 7.31 0.81 2.18 6.26
Level 3 65,883 8.70 2.75 2.92 1.73
Level 4 73,665 8.17 3.75 2.18 0.62
Level 5 14,901 5.94 4.06 5.16 2.26
Level 6 13,070 4.95 3.46 4.49 1.09
Level 7 6,418 7.11 5.11 6.89 3.57
Level 8 6,340 6.05 5.98 5.82 ±
Total 195,223 8.07 3.26 3.00 1.66

Note: Destination hierarchical levels

Table III.
Career events across
hierarchical levels ±
workers who remain in
the same ®rm from one
year to the next
(1991-1995)
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with authority over all the workers in Level 5, but with authority over workers
in Level 4 and under (quali®ed professionals or lower).

Results
The wage level and the hierarchy
The model presented is used for empirical analysis with some modi®cations to
allow estimation. Consider the following wage regression,

W ijt = a + bX ijt + vi + uijt; (6)

where Wijt is the monthly (log) real wage for employee is on hierarchical level j
at time t, Xijt is the vector of human capital attributes interacted in the
hierarchical level, as suggested by equation (3), vi is the employee i’s speci®c
®xed-effect, and uit is an i.i.d. error term. The ®xed-effects are introduced to
account for unobservable individual heterogeneity not captured by the other
variables included in the right hand side of equation (6), and in some sense
capture the employees’ innate ability. This equation is a possible empirical
counterpart of equation (3). In order to control the ®rm heterogeneity, we add a
vector of ®rm characteristics as explanatory variables.

As seen in equation (3), the worker’s wage is affected by the hierarchical
position occupied by the worker. Thus, the coef®cients associated with X
re¯ect not only the effect of education, for example, but also the interaction of
education with the worker’s hierarchical position. It means that the return of
education is not the same across hierarchical levels, but rather it is expected to
increase with it, as the technological parameter cj increases in j. The same is
true for the worker’s labour market experience, but the impact of experience on
wages is the outcome of two effects: the job assignment effect, which is
increasing in the hierarchical level; and the human capital accumulation effect,
which has to do with the concavity of the human capital function.

Hierarchical level
Variables 1 2 3 4 5 6 7 8

Wage (log) 11.03 11.25 11.29 11.59 12.02 12.02 12.46 12.88
Wage growth ( 3 100) 8.20 2.97 0.38 2.01 2.43 2.53 3.30 5.06

Dummies for level of education ( 3 100)
Primary 80.29 90.75 86.94 74.72 39.86 60.49 18.73 4.56
Secondary 18.81 9.19 12.82 24.45 53.27 35.19 51.44 23.42
Tertiary 0.90 0.07 0.24 0.83 6.88 4.32 29.83 72.02

Tenure 2.01 10.17 12.38 14.45 16.58 19.62 16.73 14.05
Prior work experience 9.12 14.89 11.77 12.18 10.32 11.43 8.45 8.73
Age 23.61 35.87 35.39 38.67 41.43 44.28 42.36 42.78

Note: Data for monthly log real wages (reference month, constant 1995 PTE). Wage growth is
de®ned as the difference in monthly log real wage from one year to the next

Table IV.
Means across

hierarchical levels for
selected variables
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The estimation results are presented in Table V. The labour market
experience is separated into two components: the labour market experience
acquired before the ®rm hired the worker ( previous experience), and the labour
market experience while working with the present employer (tenure). The second
regression includes several ®rm characteristics to capture ®rm heterogeneity.
Dummies for years and part-time are also included in both the regressions.

As expected, the effect of education on wages is positive and increasing in the
hierarchical level. This increasing effect is the result of the individual
productivity being more sensitive to the worker’s effective ability, namely,
education ± the increasing slopes of the production function, as discussed earlier.

Concerning labour market experience, the new employees receive a lower
wage due to their condition of new hires. Tenure (and previous experience) has
a mixed effect on wages. Two effects are in place:

(1) the workers’ production becoming more sensitive to labour market
experience ± the job assignment effect;

(2) the concavity of the human capital function ± the human capital
accumulation effect.

The estimated coef®cients pick up the interaction of these two effects, and,
apparently, the former is the strongest one, because the coef®cients tend to
increase with the hierarchical levels, at least for Levels 7 and 8.

If we consider, for example, a typical worker who every two years is
promoted to the next hierarchical level, the effect of tenure shows up mainly in
the change of hierarchical position. This implies that the remuneration of tenure
increases in the hierarchical level, as the worker progresses. Although, within
the hierarchical level, the predominant effect is the curvature of the human
capital function. A richer (longer) panel will allow us to clarify this issue.

In a different setting and using an individual-based survey, Hartog (1988)
arrived at the same conclusion: there is an increasing effect of human capital
along the hierarchical ladder. Baker et al. (1994a) also found that the
hierarchical levels are important for wage formation, but they arrive at this
conclusion mainly by including dummies for the levels and observing an
increase in the R 2 (which also happens with our data).

These results on the importance of the different compensation to human
capital along the job ladder do not exclude a role for the employer learning
effect ± the employer observes the employees’ performance to screen the best
ones. Table V shows that the individual ®xed-effects are the important
component to explain the wage behaviour, as they are jointly signi®cant. Not
all unobservable heterogeneity can be attributed to a learning effect, but at
least parts of the individual effects are due to individual performance.

It could be argued that the wage regression is subject to a selection bias due
to the employer’s decision to assign an employee to a speci®c hierarchical level.
In fact, that is a direct consequence of the model. This decision can be also

IJM
24,7

822



Hierarchical
level Coef.

Std.
error Coef.

Std.
error

Primary education 3 hierarchical level 2 0.146 0.015 0.140 0.015
3 0.183 0.011 0.180 0.011
4 0.230 0.012 0.220 0.012
5 0.279 0.020 0.259 0.020
6 0.298 0.020 0.275 0.020
7 0.279 0.026 0.259 0.026
8 0.292 0.031 0.267 0.031

Secondary education 3 hierarchical
level

1 0.062 0.008 0.060 0.008
2 0.166 0.017 0.162 0.017
3 0.187 0.012 0.188 0.012
4 0.231 0.013 0.225 0.013
5 0.305 0.018 0.288 0.018
6 0.312 0.019 0.294 0.019
7 0.288 0.024 0.273 0.023
8 0.330 0.027 0.312 0.026

Tertiary education 3 hierarchical
level

1 0.168 0.032 0.168 0.032
2 0.266 0.075 0.263 0.075
3 0.370 0.034 0.367 0.034
4 0.356 0.021 0.352 0.021
5 0.414 0.023 0.398 0.023
6 0.452 0.026 0.441 0.026
7 0.444 0.025 0.432 0.025
8 0.453 0.026 0.438 0.026

Tenure , 2 3 hierarchical level 1 2 0.091 0.007 2 0.088 0.007
2 0.017 0.007 0.018 0.007
3 2 0.004 0.003 0.001 0.003
4 2 0.027 0.004 2 0.027 0.004
5 2 0.083 0.012 2 0.082 0.012
6 2 0.057 0.014 2 0.057 0.014
7 2 0.076 0.012 2 0.080 0.012
8 2 0.069 0.011 2 0.070 0.011

Tenure 3 hierarchical level 1 0.010 0.001 0.021 0.002
2 0.008 0.001 0.009 0.001
3 0.003 0.001 0.006 0.001
4 0.001 0.001 0.002 0.001
5 0.003 0.001 0.001 0.001
6 0.007 0.002 0.003 0.001
7 0.010 0.002 0.007 0.002
8 0.023 0.002 0.009 0.002

Tenure squared ( 3 102 2) 3
hierarchical level

1 2 0.065 0.009 2 0.061 0.008
2 2 0.022 0.004 2 0.019 0.004
3 2 0.021 0.002 2 0.017 0.002
4 2 0.011 0.002 2 0.007 0.002
5 2 0.002 0.003 0.001 0.003
6 2 0.010 0.003 2 0.007 0.003
7 2 0.021 0.004 2 0.019 0.004
8 2 0.028 0.005 2 0.025 0.005

(continued )
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analysed within the present framework. We estimated an alternative empirical
model in which an ordered probit for job assignment was used to correct for the
above-mentioned selection bias in the wage regression[5]. Though the results
are sensitive to the speci®cation used, the general outcome is that the selection,
as expected, plays a role and that the estimated coef®cients associated with the
human capital variables decrease its size. Moreover, if we consider the latent
variable in the ordered probit as the workers’ effective ability, then equation (3)
implies that the human capital attributes only affect wages through job
assignment.

Another possible source of bias is the workers’ mobility between ®rms
(Topel, 1991; Topel and Ward, 1992). The analysis provided in this study relies
on the individual career within ®rms and leaves the issues related with job
mobility uncovered. As discussed earlier, we need a sample constructed in a
different way in order to observe the career progression within and between
®rms: we must follow the worker and not the ®rm, as happens with the present

Hierarchical
level Coef.

Std.
error Coef.

Std.
error

Previous experience 3 hierarchical
level

1 0.019 0.002 0.018 0.002
2 0.001 0.002 2 0.001 0.002
3 0.001 0.001 0.001 0.001
4 0.001 0.001 0.001 0.001
5 0.001 0.002 2 0.001 0.002
6 0.001 0.002 2 0.001 0.002
7 0.002 0.002 0.001 0.002
8 0.001 0.003 0.001 0.003

Previous exp. squared ( 3 10 2 2) 3
hierarchical level

1 2 0.029 0.006 2 0.026 0.006
2 0.004 0.006 0.010 0.006
3 0.005 0.005 0.008 0.005
4 0.008 0.005 0.010 0.005
5 0.006 0.007 0.008 0.007
6 0.005 0.007 0.006 0.007
7 2 0.004 0.008 2 0.003 0.008
8 0.005 0.010 0.005 0.010

Constant 11.255 0.016 10.728 0.014
Firm characteristics No Yes
Number of observations 325,504 325,504
R 2 0.252 0.501
F (df) 1,267.09

(68; 216,001)
1,123.92

(79; 215,990)
F for ®xed-effects (df) 9.13

(109,434; 216,001)
5.81

(109,434; 215,990)

Note: Both regressions include dummies for years and part-time work. The second regression
also includes total number of employees (log) and dummies for years, industry, ®rm legal type,
and region. The employees with primary education assigned to the hierarchical level 1 are the
comparison group in the set of dummies for educationTable V.
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sample. Furthermore, the workers’ exit from the ®rm implies that the employer
has to decide how to ®ll in the vacant positions, if from inside the ®rm or from
the external labour market. This decision affects the promotion of the workers
who remain with the same employer and, consequently, the compensation
policy (Lima and Centeno, 2003).

Wage growth and career progression
The relationship between wage growth and career progression can be analysed
using the wage growth equations (4) and (5). The result is the ®rst-difference
®xed effect equation for those employees who remain with the same employer
in two consecutive years. We used the career events identi®ed in the data (and
de®ned in Table II) as explanatory variables. This procedure allows us to have
a simple characterization of the wage-career pro®les. This speci®cation of a
wage growth equation is directly comparable with those found in the earlier
research (Lazear, 1999; Pergamit and Veum, 1999).

Two speci®cations of the covariates were applied:

(1) consider the career events as dummy variables, irrespective of the
worker’s hierarchical position ± aggregated career effects;

(2) consider the career events across hierarchical levels ± disaggregated
career effects.

Several variants of these two speci®cations were estimated, for example,
including tenure as a control (Lazear, 1999), but the main conclusions continue
to hold. Tables VI and VII present the results. In order to control for personnel
policies and year effects for different ®rms we add a set of dummies for each.
The regressions presented also control for part-time work (change of status).

Table VI shows the estimation results for aggregated career effects (not
considering the hierarchical level). The dependent variable is the change in log

Coef®cient Standard error Coef®cient Standard error

Promotion type II (dummy) 0.077 0.003 0.083 0.003
Promotion type I (dummy) 0.019 0.003 0.019 0.003
Horizontal promotion (dummy) 0.028 0.002 0.049 0.002
Demotion (dummy) 2 0.015 0.003 2 0.016 0.004
Constant 0.045 0.001 0.057 0.003
Year effects (dummies) ± Yes ± Yes
Firm effects (dummies) ± No ± Yes
Number of observations ± 195,223 ± 195,223
R 2 ± 0.263 ± 0.273
F (df) ± 1,884.23 (9; 76,804) ± 278,41 (82; 76,804)

Note: Dependent variable= change in individual log monthly real wage. All employees working
in the same ®rm for two consecutive years were included in the estimation. Both regressions
include a dummy change from part-time to full-time and a dummy change from full-time to
part-time. Standard errors corrected with the White/Huber estimator

Table VI.
Wage growth and

career events ±
aggregated career

effects

Careers and
wages within

large ®rms

825



Coef®cient Standard error Coef®cient Standard error

Promotion type II (dummies)
Level 2 0.216 0.017 0.206 0.017
Level 3 0.070 0.007 0.078 0.007
Level 4 0.082 0.006 0.082 0.006
Level 5 0.066 0.007 0.074 0.007
Level 6 0.095 0.008 0.102 0.008
Level 7 0.098 0.008 0.102 0.008
Level 8 0.120 0.011 0.122 0.011

Promotion type I (dummies)
Level 2 0.112 0.035 0.108 0.035
Level 3 0.006 0.006 0.011 0.006
Level 4 0.030 0.005 0.019 0.005
Level 5 0.034 0.007 0.037 0.008
Level 6 0.042 0.009 0.041 0.009
Level 7 0.056 0.011 0.063 0.011
Level 8 0.053 0.013 0.050 0.012

Horizontal promotion (dummies)
Level 1 0.076 0.008 0.088 0.008
Level 2 0.023 0.008 0.041 0.009
Level 3 0.023 0.003 0.043 0.003
Level 4 0.040 0.002 0.053 0.003
Level 5 0.059 0.006 0.069 0.006
Level 6 0.041 0.007 0.056 0.007
Level 7 0.053 0.008 0.070 0.009
Level 8 0.066 0.013 0.072 0.013

No-promotion (dummies)
Level 1 0.087 0.006 0.088 0.007
Level 2 0.015 0.002 0.005 0.002
Level 4 0.010 0.001 0.003 0.001
Level 5 0.010 0.002 0.014 0.002
Level 6 0.015 0.002 0.011 0.002
Level 7 0.021 0.002 0.026 0.003
Level 8 0.035 0.003 0.036 0.003

Demotion (dummies)
Level 1 0.012 0.013 0.011 0.013
Level 2 2 0.026 0.008 2 0.043 0.008
Level 3 2 0.001 0.006 2 0.007 0.006
Level 4 0.012 0.006 0.016 0.006
Level 5 0.005 0.009 0.009 0.009
Level 6 2 0.019 0.010 2 0.016 0.009
Level 7 2 0.037 0.020 2 0.032 0.020

Constant 0.035 0.001 0.050 0.003
Year effects (dummies) ± Yes ± Yes
Firm effects (dummies) ± No ± Yes
Number of observations ± 195,223 ± 195,223
R 2 ± 0.265 ± 0.275
F (df) ± 442.34 (41; 76,804) ± 210.79 (114; 76,804)

Note: Dependent variable= change in individual log monthly real wage. All employees working
in the same ®rm for two consecutive years were included in the estimation. Both regressions
include one dummy for a change from part-time to full-time and a dummy for a change from
full-time to part-time. Standard errors corrected with the White/Huber estimator. Unpromoted
employees who remain in Level 3 are the base category

Table VII.
Wage growth and
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real monthly wage (from one year to the next, pooled for the four year-to-year
transitions). These regressions capture the overall career effect of being
promoted or demoted, regardless of the hierarchical position. The comparison
group comprises the workers not promoted. The results from the second
regression show that the wage premiums are 8.3 per cent for promotions type
II, 1.9 per cent for promotions type I, 4.9 per cent for horizontal promotions, and
1.6 per cent for demotions.

As expected, the promotion type II holds the highest wage premium, as this
is the career event identi®ed with the highest career advancement. In addition,
the difference between the wage growth upon promotion type I and type II
shows that ®rms use different types of promotions to select workers, even if
they experience the same upward movement within the hierarchical ladder.

The horizontal promotion holds a higher wage premium than the one
associated with promotion type I. Why should ®rms use horizontal promotions?
In the context of the theoretical set-up earlier presented it can be thought of as
some workers advancing faster than others within the hierarchical level. If they
are identi®ed as higher-expected-ability workers, then their wage growth is
higher (e.g. receive a permanent bonus). It can also be the case that promotion is
given as an incentive, such as in the tournament theory, where workers compete
for a prize, which does not necessarily mean a promotion to a higher hierarchical
level (Lazear and Rosen, 1981). Furthermore, one way to induce workers’ effort is
to construct a job ladder, even if the jobs in the different hierarchical layers do
not correspond to different responsibility levels (Manove, 1997). The combination
of the promotion motive with incentive wages increases the employer’s gains.

Demotions are associated with negative wage premiums as predicted. The
worker is assigned to a lower hierarchical level, after experiencing a decrease in
his innate ability, as perceived by the employer ± the learning effect. Note that
if the demotion occurs, it means that the negative employer learning effect is
higher than the positive human capital effect and that the consequent decrease
in performance ± effective ability ± is suf®ciently high to make the worker fall
down the hierarchical ladder.

The regressions in Table VII present the disaggregated career effects by
considering each career event across the hierarchical levels. The unpromoted
workers who remain in Level 3 are the comparison group because their average
wage growth is the lowest found (see Table IV).

As mentioned earlier, workers who receive a promotion type II entail the
highest wage premiums comparing by hierarchical level. The wage premiums
for this career event are higher in the bottom and in the top ranks, and lower in
the middle ranks. The same is true for promotions type I and for horizontal
promotions. Note that some components of the employee’s compensation are
not recorded in the survey, such as credit cards or company cars, and usually
they are more important in the top ranks of the hierarchy, which would
reinforce the higher premiums at the top.
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Thus, the wage premiums can be considered to be of a U-shape over the
career path and this is the more prevalent wage-career relationship among the
®rms in the sample. As discussed previously, this could be the result of
stronger employer learning and human capital accumulation effects at the
bottom of the hierarchy ± new employees ± and stronger job assignment effect
at the top. The highest wage premiums upon promotion at the top of the
hierarchy can also be the result of a tournament with a succession of rounds,
where the prizes associated with the ®nal rounds have to be higher to maintain
the incentives to the winners of past rounds, given that the winner does not
expect to receive many more prizes in the future (Rosen, 1986).

However, regressions by ®rm (omitted) show that all cases exist ± U-shape,
inverse U-shape, increasing, decreasing, and constant (or even no identi®able
pattern). It demonstrates that ®rms do not follow all the same personnel
policies and the different combinations of the human capital accumulation, job
assignment, and learning effects can explain the different shapes of the
wage-career relationship.

The unpromoted employees who remain in the same hierarchical level
receive a modest wage premium, or none at all. Only those who remain in Level
1 receive a positive and a signi®cant wage premium of 8.8 per cent. Once again,
there is a process of screening and/or a strong human capital accumulation
effect in the hierarchical level where the new hired employees are placed. The
result is a large wage premium even if there is no promotion.

The wage premiums for demotions are negative or not signi®cant in all
levels, with the exceptions of Level 4. It is not surprising that the negative wage
premiums were found at the bottom hierarchical levels, where the learning
effect could be considered to be more important, given that those levels are
®lled mainly with workers at the beginning of their working lives at the ®rm.

One possible reason for not capturing a negative wage premium upon
demotion at some levels is the existence of more than one job ladder inside the
®rm, not fully captured by the hierarchical levels reported in the survey. The
modest, but positive wage premiums in the middle of the ladder ± Level 4 ±
probably mean that these movements are not really demotions, but lateral or
upward moves not captured by the ®xed grade levels used to classify jobs. For
example, Seltzer and Merrett (2000), using the personnel records from a bank,
found positive wage premiums for some movements to lower hierarchical
levels and argue that these movements are not really demotions, but rather
some form of job rotation.

It can also be the case that the employer wants to retain the worker in spite
of the demotion, and in order to do that, does not decrease his real wage.
Otherwise, another employer could bid the worker away. Bernhardt (1995), in a
similar setting, but assuming asymmetric information, proves that in this case
demotions are associated with wage increases.
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What are the consequences of promotions along the workers’ career path?
Figure 2 compares two equal workers hired by the ®rm at the same time and
both assigned to Level 1. The initial wage is equal to the average monthly real
wage in Level 1, 325. The only difference in their career progression is that one
receives a promotion type II every year and the other receives a promotion type
I. Both experience the same job movements: ®rst, for two years they remain in
Level 1, in the third year they move to Level 2, in the fourth year they remain in
Level 2, and so forth until they both reach Level 8 in the 15th year (two years in
each hierarchical level until they reach Level 8).

The objective is to show the effect of two different types of promotions on
wage growth using the results for the disaggregated career effects obtained in
Table VII. After ®ve career-years they are both in Level 3 and the promoted
type II worker earns 23 per cent more than the promoted type I worker. After
ten years they are in Level 5 and the difference between their wages is 35 per
cent. At the end of the 15th year, the promoted type II worker earns 60 per cent
more than the promoted type I worker. His wage grew 183 per cent during the
period, though the promoted type I worker’s wage grew only by 77 per cent.
These results show the implications of the estimation performed in Table VII:
®rms select their workers through promotions.

Extensions
There are several possible ways to extend the analysis of wage growth within
®rms. For one thing, the evidence presented by Baker et al. (1994a, b) for one
®rm can be extended to the multi-®rm case. For example, we wanted to test if
wage increases are serially correlated and if wage increases are correlated with
future promotions[6]. These correlations are predictions from the model
presented and are due to the interaction of innate ability with the human capital
accumulation, which implies that the more able receive higher wage increases
and are promoted ®rst. The problem is that a ®ve-year window is insuf®cient to

Figure 2.
Selection of stars ±

wage-career pro®les for
promoted type I and type

II workers
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fully identify these relationships, despite the fact that we did ®nd evidence of
positive correlations with the present sample of ®rms. The sequence of career
events is better captured if the time unit is not the year, but a span of years
(Chiappori et al., 1999; Lima and Centeno, 2003).

Another prediction from the model is that, in general, promoted workers are
expected to move from the top of the wage distribution in the hierarchical level
prior to promotion and arrive at the bottom of the wage distribution in the
hierarchical level after promotion. In the case of the multi-®rm data analysed in
the present study, the calculations have to be made by ®rm, year, hierarchical
level, and career event. Table VIII and Figure 3 provide the results for Level 3
as an example (the same results hold for the remaining hierarchical levels).

If more workers are promoted from the top deciles, then the cumulative
distribution should have more weight near 100 per cent. If workers are
promoted to the bottom deciles, then the cumulative distribution should have
more weight near zero. The resulting ®gure would have the plot of the
distribution before promotion under the distribution after promotion. Figure 3
con®rms these outcomes.

Figure 3.
Cumulative distribution
of pay for workers
promoted between job
levels, Level 3, in wage
deciles

Percentage of workers in each wage decile
N 1 2 3 4 5 6 7 8 9 10 Total

Promotion from Level 3 ± decile before promotion
4,447 4.59 4.41 8.10 6.39 6.59 6.52 10.39 15.27 18.51 19.25 100
Promotion to Level 3 ± decile after promotion
5,010 21.60 9.48 8.90 13.55 13.59 12.99 4.33 4.91 5.29 5.35 100

Table VIII.
Distribution of pay for
promotees between job
levels in wage deciles
before and after
promotion ± Level 3
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Conclusion
The objective of this paper has been to study the wage-career relationship
within ®rms using a matched employer-employee data set. An economic model
of internal working of ®rms was ®rst presented and discussed. The data
available proved to be suitable for testing the theoretical results and for
comparing with the applied results from other studies. The panel of multi-®rms
used is by itself a guarantee of some novelty, but the results presented here add
new insights to the study of the ®rms’ personnel policies.

The data set used here allows for identi®cation of the workers’ career
progression within ®rms and of the associated wage path. The econometric
analysis showed that the effect of education on wages is increasing in the
hierarchical levels. Concerning labour market experience, the result is not so
clear, given that there is a distinction between an effect due to the change of
hierarchical level, which is related with different impact of individual abilities
on production, and an effect due to the curvature of the human capital function,
particularly relevant for the progression within the hierarchical levels.

In addition, the information regarding the year-to-year promotions and
demotions allowed us to observe the nature of the relationship between the
workers’ wage growth and different career events. Overall, employers select
workers through decisions concerning their progression along the hierarchical
ladder. Vertical and horizontal promotions imply a positive and important
wage premium, and, as expected, demotions are associated with negative wage
premiums.

The wage premiums for promotions are higher at the tails of the hierarchy,
generating a U-shaped relationship between the workers’ career path and wage
growth. This shape is the more prevalent one for the set of ®rms. In the context
of the model discussed, it suggests a stronger learning and/or human capital
accumulation effect at the bottom of the hierarchy and a stronger job
assignment effect at the top (production more sensitive to workers’ abilities). It
would be interesting to explore this line of research and to ®nd, for example,
identi®able ®rm characteristics that determine these relationships.

Notes

1. The estimated effect is somewhat less than the one found in the earlier study, near 1 per cent,
though, using their data (Table VI, p. 599), one can infer that the wage premium ranges from
8 per cent in the lowest rank (clerk) to 16 per cent in the highest rank (inspector).

2. There are other models where job assignment and career progression are contemplated. The
examples are abundant, to name a few: matching (Jovanovic, 1979); comparative advantage
(Sattinger, 1975); scale-of-operations effect (Waldman, 1984a); up-or-out contracts (Kahn and
Huberman, 1988; Waldman, 1990); tournaments (Lazear and Rosen, 1981); asymmetric
information and signalling (Bernhardt, 1995; Bernhardt and Scoones, 1993; Ricart and Costa,
1988; Waldman, 1984b); asymmetric information and visibility in the labour market
(Milgrom and Oster, 1987).

3. That is why more than three hierarchical levels are needed (besides the fact that there are
eight hierarchical levels de®ned in the data set used). With three hierarchical levels there are
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only two promotions and two corresponding wage increases. In consequence, there are only
three possible relationships between the wage increases upon promotion and the hierarchical
levels ± constant, decreasing or increasing.

4. In the context of the Portuguese labour market, this is not surprising, given that the levels
are used as reference to negotiate base wages. On the top of the base wage, the employer
differentiates among employees through wage components that are speci®c to the ®rm
personnel policy. The sum of the base wage and these speci®c components is the individual
wage studied in this paper.

5. Results from the author upon request.

6. See, for example, Chiappori et al. (1999) who, in a related setting, show how the wage and
promotion paths can be used to overcome the lack of individual performance measures, and
Farber and Gibbons (1996) on wage dynamics.
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Data appendix
A random sample of ®rms was drawn from Quadros de Pessoal, strati®ed according to economic
activity, location, ®rm’s legal form, and number of employees. The employer must post the ®rm’s
responses (the information on employees) sent to the Ministry of Employment in a public place
inside the ®rm. This opportunity for the employees to check the information considerably
reduces the risk of measurement error and increases the con®dence in the information contained
in the survey.

Table AI present the summary statistics. The unit of observation is the employee and, as a
consequence, all the other workers ± employers and unpaid family workers ± are excluded from
the analysis. Employees without identi®cation number cannot be followed and are also excluded.
The variables are for the reference month.

Those employees with zero earnings are excluded. The zero earnings exclusion is equivalent
to zero working hours exclusion in this sample. The employee-year observations with missing
education, tenure and prior work experience are also excluded. The ®nal sample size also
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excludes employees younger than 15 years old, those born before 1925, and those with tenure
higher than age.

Table AI also presents the distribution of workers across several ®rms’ characteristics. These
®rms represent roughly 60 per cent of all the individuals working in ®rms with the same
characteristics in the economy ± manufacturing sector and with more than 500 workers per year.
The average number of workers in each ®rm is 1,678. For the ®ve years, the lowest ®rm has
roughly 2,500 workers, and the largest has more than 20,000 workers. Firms from the industry of
textiles, clothing, leather, and footwear employ the greatest number of workers. This industry is
traditionally a very important economic activity in Portugal. Workers employed by the ®rms in
the sample are concentrated in the North and Lisbon and the predominant legal type is the
corporation. Table AII gives the full description of the hierarchical levels.

Variable Mean Standard deviation

Dummy for part-time (hours worked , 30) 0.043 0.203
Tenure 13.459 9.628
Tenure squared 273.858 312.014
Prior work experience 11.669 8.106
Prior work experience squared 201.882 267.117
Age 37.486 10.910
Dummy for female 0.431 0.495
Dummies for level of education

Primary 0.729 0.444
Secondary 0.227 0.419
Tertiary 0.043 0.203

Number of workers across ®rms 1,678.277 1,328.807
Dummies for industry

Food, beverages and tobacco 0.074 0.262
Textiles, clothing, leather, and footwear 0.396 0.489
Wood and cork 0.024 0.153
Paper, printing and publishing 0.047 0.212
Chemical products 0.094 0.292
Non-metal products 0.075 0.264
Machinery and equipment 0.290 0.454

Dummies for region
North 0.493 0.500
Lisbon 0.369 0.482
Other 0.138 0.345

Dummies for legal type
Corporations 0.599 0.490
Proprietorship 0.380 0.485
Other 0.021 0.144

Number of ®rms 74
Number of workers ± 325,504

Table AI.
Summary statistics
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Level Tasks Skills

8. Top executives (top
management)

De®nition of the ®rm general
policy or consulting on the
organization of the ®rm; strategic
planning; creation or adaptation of
technical, scienti®c and
administrative methods or
processes

Knowledge of management and
coordination of ®rm’s fundamental
activities; knowledge of
management and coordination of
the fundamental activities in the
®eld to which the individual is
assigned and that requires the
study and research of high
responsibility and technical level
problems

7. Intermediary
executives (middle
management)

Organization and adaptation of the
guidelines established by the
superiors and directly linked with
the executive work

Technical and professional
quali®cations directed to
executive, research, and
management work

6. Supervisors, team
leaders

Orientation of teams, as directed
by the superiors, but requiring the
knowledge of action processes

Complete professional
quali®cation with a specialization

5. Higher-skilled
professionals

Tasks requiring a high technical
value and de®ned in general terms
by the superiors

Complete professional
quali®cation with a specialization
adding to theoretical and applied
knowledge

4. Skilled
professionals

Complex or delicate tasks, usually
not repetitive, and de®ned by the
superiors

Complete professional
quali®cation implying theoretical
and applied knowledge

3. Semi-skilled
professionals

Well de®ned tasks, mainly manual
or mechanical (no intellectual
work) with low complexity,
usually routine and sometimes
repetitive

Professional quali®cation in a
limited ®eld or practical and
elementary professional
knowledge

2. Non-skilled
professionals

Simple tasks and totally
determined

Practical knowledge and easily
acquired in a short time

1. Apprentices,
interns, trainees

Apprenticeship

Table AII.
Hierarchical levels

(grade levels as de®ned
by law ± Decreto Lei

121/78 of July 2)
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