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Abstract 

This paper examines whether the workers’ wages tend to grow with seniority and/or age which is 

fundamental foundation of human capital theory. This thesis uses a longitudinal Portuguese matched 

employer-employee database to estimate the average returns to job seniority, age, experience, and 

education among engineers and business graduates. The empirical study focuses on a male sample 

of paid-employees in 2000-2009. An ordinary least squares (OLS) estimation procedure is proposed in 

order to assess human capital accumulation has a great importance on defining life cycle of earnings 

and the typical employment relationship. Different educational background profiles were taken into 

account in order to analyze individuals’ human capital effect on wage growth in labor market. 

It is found that human capital elements impact positively the wage growth mostly up to 65 years. 

However, when the engineers and managers were evaluated separately, the results differ among the 

two groups. Without any specific age restriction, both for engineers and managers the wages tend to 

grow while their human capital accumulates. Taking into account the age factor, we have seen that 

this effect is slightly decreasing mostly up to 65 years; yet, it is observed for managers there is no 

significant tenure effect.  

Overall, the evidence implies that human capital accumulation is an important ingredient on 

individuals’ earnings life cycle. And for engineers and managers specifically, the partial effect of tenure 

on wages is small and the labor market experience and the position within the labor market account 

for most wage growth over a career. 

Key Words: Human Capital Theory; Wage-Tenure Profile; Longitudinal Data; STATA 
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1. INTRODUCTION 

In many countries, the population is ageing (OECD, 2000-2010), which is bringing a renewed 

attention to the labor market dynamics of older workers. While the probability of losing or quitting a job 

is lower for older workers (generally because of the protection by their current employer such as 

seniority rules and employment protection legislation), older individuals are likely to take more time to 

find a new job once they have lost their current one. Along with an aging population, the question of 

extending working lives and encouraging older people to remain economically active become a central 

policy issue (see, e.g. Börsch-Supan et al. (2005), Haan and Steiner (2006)). Thus, understanding the 

dynamics of wages at these ages is crucial from the point of view of the policymaker, and still today 

there has been less study focusing on the wages among elderly workers (Myck, 2007). 

Older workers have more experience and human capital than younger workers. For this reason, 

they have longer job histories, have a tendency to hold jobs for longer and have a greater 

concentration of human capital in one job or occupation (Department of Labor, 2009).  

The present dissertation aims at using the human capital framework to study wage dynamics, 

particularly among elder workers in Portugal. We look at complementary human capital measures, 

such as education (level and background), industry experience, tenure (seniority) within the same firm 

and across firms, to see whether the workers’ wage tend to grow with seniority and/or age factor. We 

focus on individuals with specific educational backgrounds, namely engineers and managers. 

It is not linear to define an appropriate age to catalogue an individual as an “older worker”.  In the 

literature, each paper indicates its own age criteria regarding older workers. Previous works have 

focused on different thresholds; for example Pencavel (1997) groups older workers around ages 41-

50, while for Myck (2007) the range changes to 47-55; on the other hand, Department of Labor (2009) 

considers workers aged 55 or more; Lazear (1979) and Lindley and Machin (2011) consider 60 years 

old. From the literature one can infer that, in general, studies focusing on older workers range from 40 

to 60 years old. Hence, for the purposes of the present research, one choose to define older workers 

as all individuals who are active in the labor market and aged 50 years old or more. 

There has been some controversy over the interpretation of the positive relationship between 

seniority and wages. Perhaps most important, the strong relationship between seniority and wage 

rates is a prominent feature of earnings distribution that needs to be better understood. It is important 

to understand the structure of earnings over careers to support the design and implementation of 

active labor market programs. Moreover, the evidence that wages rise with the seniority has been 

used to understand the benefits and costs of job mobility and to explain why the quits decrease with 

seniority. 

Several theories may explain the seniority wage profile. Becker’s (1975) theory of specific human 

capital provide a possible answer to this question; in which the growth of wages with tenure - when 

experience is constant - is attributed to the worker’s share of investments in firm-specific skills (Altonji 
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and Shakotko, 1987). Under this perspective, the workers get a part of the gain and thus receive 

higher wages over time within the firm. 

Human capital theory also has a consistent explanation with regard of employer-employee 

relationship. For example; seniority systems, layoff policies, and the relationship between seniority and 

turnover can be explained in terms of human capital. Although, these explanations are connected to 

each other, if the human capital theory is defective for wage-seniority relationship, then the human 

capital explanations for the remaining cases may require re-evaluation (Hutchens, 1989). 

In most of the papers, the key components within the capacity of earning are unique to a specific 

employment relationship and the increasing importance of that relationship within the years. When 

jobs terminate, senior workers are likely to suffer substantial wage losses. Therefore, specialization 

and the accumulation of job-specific capital becomes an important issue, which implies that workers 

with longer job tenures typically earn more. This can be interpreted that seniority increases earnings 

for the typical worker and turnover rates (quits and layoffs) are negatively related to job tenure. These 

relationships imply that specific capital has crucial effect of life cycle earnings in labor markets (Topel, 

1991). 

While the human capital theory can be assessed in various forms, the main types are formal 

education and on-the-job training. Education is an important component in terms of worker’s human 

capital accumulation, which plays a central role in modern labor markets. According to the human 

capital theory, schooling increases people’s skills (human capital). Problem solving, knowledge of 

engineering or economics, reading, writing, and other skills and information that people are thought in 

school are valuable to firms. Those useful skills, which are gained throughout years of education, 

provide high wages to workers (Pearson Education, 2003). 

 Returns to investment in education based on human capital theory have been estimated since the 

late 1950s (Psacharopoulos and Patrinos, 2002). A very large body of literature on this area has 

showed that better-educated individuals’ wages are higher than their counterparts who are less 

educated; they also experience less unemployment, and work in more prestigious jobs. Besides this 

fact, it’s very difficult to know whether higher wages of highly educated individuals derive from their 

education or whether individuals with a capacity of having higher wages have chosen to acquire more 

schooling (Card, 1999). 

On-the-job training involves workers learning from formal training programs including both learning 

by doing and knowledge transfer from colleagues at their workplaces. As the worker spends more time 

on the job with the firm, worker’s specific and general human capital will grow (Dong et al., 2007).  

The importance of worker’s human capital accumulation has been stressed by human capital 

theorists through on-the-job training. Also, tenure is viewed as a good substitute for the human capital 

levels that worker has accumulated through on-the-job training. It turns out that higher on-the-job 

training requirements provide higher wages as well as a larger tenure effect within the firm (Barth, 

1997). Therefore, the upward-sloping tenure-wage profiles are interpreted as indicating that wages will 
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rise with tenure because workers with longer tenure have more human capital (Dong et al., 2007). 

That is because workers who stay longer in the labor market have accumulated more skills and 

knowledge (Sulis, 2009). Other explanation is that the accumulation of specific capital leads to an 

increasing wage profile as the employment relationship progress through time. Once workers are 

matched with a job, the quality of any match becomes an “experience good” and its value is earned by 

this progress. This quality can be interpreted as match-specific human capital. Thus, workers with 

higher tenure accumulate more human capital (Arozamena and Centeno, 2001). 

In general, the literature looks at the tenure effect and the experience gained during that tenure, as 

an important issue consider when researching wage dynamics. Many empirical studies interpret 

experience as accumulation of general labor market skills, which suggests that high ability workers are 

likely to have a stronger labor market attachment and more experience (Sulis, 2009). The workers’ 

previous labor market experience has shown to be a determinant of both wages and utility, which 

suggests that workers with more work experience tend to gauge higher wages. As mentioned, human 

capital theory is a good instrument to explain the reasons for wage growth. It is accepted that 

individuals accumulate human capital while working. Putting these two ideas together it is consistent to 

conceptualize wages as dependent on workers experience (Burdett and Coles, 2010). 

Upward sloping earnings profiles are a primary feature of most labor market theories.  Wages rise 

with seniority in human capital model, since job tenure is correlated with the acquisitions of firm-

specific skills as well as in a number of more recently developed explanations (Altonji and Shakotko, 

1987). Seniority-earnings profiles are thought to be upward sloping because this will discourage 

workers from shirking. Employers and employees engage in long term relationships in which the 

worker’s wage is initially lower than the value of the marginal product but later on the worker is 

overpaid which means higher wage than the value of marginal product.  

The existence of upward-sloping earnings tenure profiles is one of the most often observed 

empirical regularities in the field of labor economics around the world. At the same time, the 

explanation for this observed regularity remains highly controversial with sharp conflict, in particular, 

the respective roles of human capital theory. As explained above, job tenure and experience are 

thought to be measures of specific and general human capital and, for a given set of human capital 

characteristics, workers can expect wage changes related to their tenure and experience (Dustmann 

and Pereira, 2008). In addition, workers who stay in their current job may expect wage gains related to 

their job-seniority effect, while workers who move to a new job will lose their accumulated seniority 

premium but may increase their wages in case of moving to a higher paying firm or find a better firm-

match (Hyslop and Maré, 2009). 

Mobility dynamics can contribute to the differences of workers’ wage routes in two ways; through 

the differences in the level or type of mobility and through the differences in mobility’s effect of wages. 

Although changing jobs means losing firm-specific capital, other factors may outweigh the loss. 

Workers search for a new job when they believe there are more favorable matches or higher wages 

jobs. Workers who are already in good jobs experience gain less by changing the employers, but 
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looking for a job when worker is still employed also allows waiting for superior offers. All this factors 

may imply that the job mobility may be advantageous for workers early in their careers since they 

should typically improve their job matches (Fuller, 2008). 

Another issue explaining seniority-wage rise is deferred compensation, which is only available to 

senior management and other highly compensated employees of companies. Deferred compensation 

is a written agreement which provides an amount of payment given to the workers at some pre-

specified point in the future of their occupations (Deferred compensation, 2012). By allowing initial 

wages to be paid at the end of the worker’s career, the firm prevents its workforce from engaging in 

any inappropriate behavior. Thus, the total amount of wages that the employee receives throughout 

his/her career in the firm increases while the value of the employee to contribute to the firm also 

increases (Bayo-Moriones et al. 2009). The establishments that use deferred payment are 

characterized by a longer average of workers’ tenure and a lower motivation to hire older workers. 

Previous literature on deferred payment and consequences is split into two approaches: one line 

focusing on the earnings-tenure profiles (Topel, 1991; Altonji and Shakotko, 1989) and, the other 

assuming that deferred payment exist and testing indirectly if seniority wages or other employee and 

establishment characteristics have consequences for the employment opportunities of older 

employees, retirement rules and the age structure of enterprises (Zwick, 2008). 

The present dissertation aims at using the human capital framework to study wage dynamics, 

particularly among elder workers in Portugal. We look at complementary human capital measures, 

such as education (level and background), industry experience, tenure (seniority) within the same firm 

and across firms, to see whether the workers’ wage tend to grow with seniority and/or age factor.  

The present dissertation starts by addressing the topic through a thorough review of literature on 

wage dynamics (mainly on the effects of seniority, human capital, education, labor market experience 

and firm characteristics), to empirically study the relationship between age, tenure and specific 

educational background, with workers’ wage progression. The analysis is developed with Portuguese 

matched employer-employee micro data – “Quadros de Pessoal” – accounting for almost the 

population of Portuguese paid-employees in private firms with at least one wage earner. We focus on 

male workers with higher education in two main fields of knowledge: engineering and management in 

2000-2009.  

The dissertation has the following structure. Section 2 explains the theoretical background of wage 

dynamics relative to seniority and human capital and attempts to presents a detailed discussion of the 

main streams of the literature developed so far. Section 3 describes the Portuguese labor market 

drawing on different sources of data, namely: the Labor Force Survey from INE-Statistics Portugal and 

“Quadros de Pessoal”. It also defines the empirical strategy – wage equations model with OLS 

estimation procedure. In section 3, an overview of the Portuguese labor market and descriptive 

statistics of the main variables to be empirically examined are provided. Section 4 consists of the 

empirical analysis, where we start by describing the data to, then, present the methodology and 

results. The ordinary least squares (OLS) estimations are performed for all male individuals, 



 
  

 
5 

 
 

 

engineers, and managers. Specific age categories were taken into account in order to understand the 

overall age effect. Finally, the section 5 concludes the thesis summing the main findings and 

proposing ideas for further research work. 
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2. LITERATURE REVIEW 

Many previous studies have found a strong positive effect of job seniority on wages. For example 

Altonji and Shakotko (1987) use the individual variation of tenure over a given job as instrumental 

variable in order to correct for observed individual and job characteristics that effect wages. The 

individual variation in tenure over a job is uncorrelated by construction with fixed individual and job 

match components of the error term of the wage model. The data the authors used for the 

instrumental variable (IV) estimator to see the impact of tenure on wages was based on the Panel 

Study of Income Dynamics (PSID), 1968-1981 waves. The authors performed various estimates on 

coefficients on years of education, experience, and tenure on wage equation. The IV estimates 

showed that the impact of tenure on wages seemed to be much lower than the least square estimates 

and the experience slopes steeper. The preferred estimates indicated that 10 years of tenure lead to 

6.6% wage increase. Additionally, Altonji and Shakotko (1987) conclude that general labor market 

experience and job shopping account for the bulk of wage growth over a career. Abraham and Farber 

(1986) found a similar result to Altonji and Shakotko (1987) and concluded that the return to seniority 

was very slight. Again, PSID data was used to obtain information about employees in 1968-1981.   

Abraham and Farber (1986) accounting for seniority in the model and including a control for job 

duration conclude that the return to seniority is 0.5% per year, while the figures using a standard cross 

section model are 1.4% to 2% return to seniority per year for both professional, technical, managerial 

and blue collar employees. 

Topel (1991) also analyzed the rise of wages with job seniority using PSID data, and found 

substantially different results from Abraham and Farber (1986) or Altonji and Shakotko (1987). These 

different results have to do with the author’s choice for an alternative approach: measuring wage 

growth instead of wage levels. Moreover, differently from Altonji and Shakotko (1987), the estimation 

methodology used by Topel (1991) to test the results was two-stage estimate which allowed to 

separate returns to general labor market experience and job-specific seniority effect on wages of those 

employees who stay in the same firm. A final reason that he shows for this difference is the 

measurement error in PSID data for the job tenure. Because job tenure is recorded as intervals in 

PSID, many jobs have no change in reported tenure and they last several years. On the basis of data 

from the first 16 waves (1968-1983) of PSID, Topel (1991) first estimates the joint impact of tenure and 

experience on individual wages and then from the second estimate the author excludes the impact of 

initial experience. Finally, the study concluded that the typical worker with 10 years of job seniority 

experience a 25% wage growth, being this estimate a lower bound on the true return to job seniority. 

Altonji and Williams (1997) replied to Topel (1991) with a new estimation of the seniority effect on 

wage growth using a dataset similar to that used by Abraham and Farber (1986), Altonji and Shakotko 

(1987) and Topel (1991) as well as a new PSID sample. Their results were substantially different 

which occurred mainly due to two reasons: First, the methodology had a difference while including 

measurement errors in tenure. Second, they are sensitive to different methods that may be used to 

control for economy-wide trends in wages and inflation. The authors first started to analyze different 
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estimation methods used in those papers; IV estimate of Altonji and Shakotko (1987), two-stage 

estimate of Topel (1991), and also ordinary least squares (OLS) estimate. And their results show that 

when the trend in PSID is explained and earnings and tenure are taken from the same year, two-stage 

estimator is larger than IV estimator and both are much smaller than OLS. Altonji and Williams (1997) 

replicated Topel (1991) sample - where they excluded the employees who have tenure less than 1 

year – and concluded that with ten years of tenure, the gap between IV estimator and two-stage 

estimator is about 0.10 while with twenty years of tenure this gap is 0.15. The evidence for the sample 

and wage data used by Altonji and Shakotko (1987) and Topel (1991) results on a 0.11 effect of 10 

years of seniority on wage, which is higher than Altonji and Shakotko (1987) results but much lower 

than Topel (1991). Finally, taking into account the average hourly earnings over year (survey wage 

rate) the figure is of 0.06 wage growth for 10 years of seniority, which shows the return to seniority 

plays a modest role in determining wages. Altonji and Williams (2005) the authors focused on 1988-

2001 period and obtained a return of 0.061 using IV estimate, and a return of 0.150 using two-stage 

estimate. They then chose an intermediate value of 0.09 as their estimate was based on survey wage 

rate. 

Altonji and Williams (1998), on the other hand, provide a better understanding to the returns to 

seniority, the returns to experience and the effect of seniority on wage changes of stayers, quits, 

and/or layoffs by regression analysis. The authors used prior information to better define the 

parameters of a wage growth model which is not enough based on only sample information. First, the 

authors argued that the relationship between tenure and the change in the job match component at a 

quit/layoff time would be effective when the effect of seniority on wage growth is important. Second, 

they consider the previous works done in literature which are divided into two controversial parts; 

almost all research says – such as; Topel (1991), Altonji and Shakotko (1987) – that the return to 

general labor market experience is large in a case of values of seniority while few researches say that 

returns to seniority are important and general experience is unimportant which means that people laid 

off with substantial tenure would experience a job match gain. Using the data from Panel Study of 

Income Dynamics for the 1975-1987 waves, Altonji and Williams (1998) used OLS regressions of 

wages on experience with the tenure term excluded. Finally, the authors used Bayes estimator to 

combine both prior information with sample information on parameters of the model and then 

discussed the results from Bayes estimates with least squares estimates of model parameters which 

are identified from sample alone. Altonji and Williams (1998) results show that 10 years of tenure 

raises the log wage by between 0.06-0.14 for the preferred wage measure. The results are above the 

ones obtained through the IV estimator by Altonji and Shakotko (1987) and far below the two-stage 

estimator of Topel (1991) as well as OLS estimates. In order to bring a different perspective, the 

authors also provided a limited analysis using different data from National Longitudinal Survey of 

Youth (NLSY) through 1992, and obtained consistent results with those for PSID. 

Barth (1997) analyses the effect of seniority on wages within firm or between firms. Abraham and 

Farber (1986) and Altonji and Shakotko (1987) find the evidence that seniority effect arises between 

firms within the context of job/match heterogeneity. Topel (1991), however, argues that earlier 
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estimates understate within-job wage growth by involving a comparison of workers who started new 

jobs at different points in their careers. In relationship to Topel’s findings, Barth (1997) found evidence 

that the seniority effect arises within firms. In order to test this effect, the author used the data from 

Norwegian Survey of Organizations and Employees (NSOE), conducted by the Institute for the Social 

Research and the Central Bureau of Statistics in 1989. Barth (1997) also reported that on-the-job 

training does not reduce the seniority-wage profile; workers on jobs with high on-the-job training 

requirements have smaller seniority effect than those with small training requirements.  

Ruhm (1990) analyzed seniority premiums observed from job-specific attributes or from a sorting 

process and found that superior workers receive high wages and have low turnover rates according to 

cross-sectional data results. The paper uses data from 1969-1980 waves of Panel Study of Income 

Dynamics (PSID) with special attention on male heads of households. For male head of households, 

after controlling match and individual quality, the author found that the estimated return to five years 

seniority reduced from 22.5% to 2.5% while, on the other hand, for white men the estimated return to 

five years seniority reductions are smaller (from 29.8% to 9.4%). Therefore, Barth (1997) shows that 

actual wages increases only 10% to 25% within-job as a result of cross-sectional tenure premiums. 

This result is similar to the one found by Altonji and Shakotko (1987), where the actual return to tenure 

is 9% to 30% as large as cross-sectional estimates. On the other hand, Abraham and Farber (1986) 

argued that the corrected estimate is one-fifth to one-third as large as in cross-sectional data. 

Another paper showing empirical evidence of the seniority effect on wages is Luchsinger et al. 

(2001) which use different methodologies for the Swiss labor market, comparing with two empirical 

strategies: The instrumental variable of Altonji and Shakotko (1987) which is highly correlated with job 

tenure, and two-stage estimate of Topel (1991) in which wage growth combines the returns to general 

and job-specific experience within-job. The reason that the authors concentrated on those two 

methodological approaches, basically, is to handle the biases occurred when using OLS method to 

estimate the returns to tenure and experience. They indicated that OLS is likely to overestimate return 

to tenure because – as shown by Altonji and Williams (1998) – tenure will be positively correlated with 

individual characteristics and jobs –also related to wages – which lead to lower quit rates and layoffs. 

With this purpose, they started by regressions with deflated wages as suggested by Topel, then in line 

of Altonji and Shakotko, they continued with nominal wages with year dummies, and finally they run 

the nominal wages with a restricted time period where inflation was very close to zero. Different from 

those papers, the authors used data from Swiss Labor Force Survey (SLFS, Schweizerische 

Arbeitskräfteerhebung) for the period between 1991 and 1998. They explained the difference of this 

sample from the PSID sample that their panel has people who were in the survey during five following 

years while PSID sample only observes the people who were in the sample during the whole time (as 

Altonji and Shakotko, Topel, and Altonji and Williams used) which lead them that the correlation 

between time and experience or tenure is minor than in the PSID data set. Depending on all these, 

finally, they concluded that with 10 years seniority the wage growth is 8% according to Topel’s 

approach while Altonji and Shakotko’s approach leads to a wage increase between 2.4% and 4% for 

10 years tenure. Table 1 shows their estimation results using the three methodological approaches 
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(OLS, two-stage estimate of Topel, and instrumental variables estimate of Altonji and Shakotko) with 

the different wage trends as described above: 

Table 1 - Return to tenure with 10 years (Dependent: Log Wages) (Luchsinger et al., 2001) 

 Real Wages 

Nominal Wages 

With Year 

Dummies 

Nominal wages 

(1995-1998) 

OLS 0.075 0.075 0.076 

Two-stage 0.078 0.075 0.081 

IV 0.024 0.033 0.039 

 

As explained above, wage changes within time and it’s expected to change when individuals grow 

older, which affects their behavior on the labor market including the retirement decision. This wage 

profile (the profile of individual hourly wages) tends to follow an “inverse-U” path as it seen by Myck 

(2007). The author uses two different data set of British and German to examine the dynamics of 

wages with special attention to men who are close to retirement age. The data used in Myck (2007) 

come from the British Household Panel Survey (BHPS) and the German Socio-Economic Panel 

(GSOEP) during the years between 1995 and 2004 and focus on men – with the same retirement age, 

65, for both countries – who were between 29 and 64 years old in 1995. For the purpose of the paper, 

the author separated the analysis for three “mature” cohorts of individuals: those aged 29-37, 38-46, 

and 47-55 as well as considering different levels of education. Myck (2007) begins the analysis using 

non-parametric regressions to be able to see how wages change with age and then the author uses 

cross-sectional analysis.  The results show that the cohort effect is a crucial determinant of the wage-

age profiles. In Britain, individuals who leave employment earlier are the ones that are better paid, 

which means individuals with lower earnings are more likely to stay in the sample, hence Myck (2007) 

concludes that this effect is strongly related with the downward part of “inverse-U” shape. In Germany, 

individuals with higher education and lower wage variation are more likely to leave employment before 

retirement age and take an advantage of pre-retirement exit options. 

Pencavel (1997) brought a different perspective by analyzing wage-work relationship. The author 

associated the workers’ working hours with the wages they earn. The gap has risen between working 

hours of the college-educated and high school educated men, and also between prime-age and young 

men. Considering this observation, it’s found that, while for white men a 10 per cent increase in real 

wages has caused a 2.3 per cent increase in the annual work hours, for black men there is a 2.6 

percent increase in the annual work hours. The main conclusion of the paper is that workers whose 

real wages have fallen are working less while workers whose real wages have fallen less or have risen 

are working more. 
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Studies like, for example Ours and Stoeldraijer (2010), present an empirical analysis on wage 

dynamics with age taking into account the productivity effect using matched worker-firm data (for the 

case of the paper under analysis, data focus on Dutch manufacturing firms). Ours and Stoeldraijer 

(2010) used micro data from Statistics Netherlands (CBS) to obtain information about the individual 

workers and their firm (manufacturing firms) for the years 2000-2005 on value-added, employment, 

wage costs, firm and industry characteristics, and workforce. The estimation methodology used by the 

authors is Ordinary Least Squares (OLS), which indicate that larger firms are more productive and 

productivity-wage profile is U-shaped (maximum level at ages 35-39), and without introducing firm 

fixed effects age-productivity and age-wage costs profiles are upwards sloping. Flabbi and Ichino 

(2000) used supervisors’ evaluations as productivity indicators to be able to see the effect of 

productivity on wages among senior workers. The authors also added other productivity indicators 

such as absenteeism and reported misconduct episodes. In Flabbi and Ichino (2000) personnel data 

from a large Italian firm for the period 1974-1995 is used. Results show that all of the performance 

indicators do not significantly impact on the seniority-wage profile and while tenure increases the 

wages, it reduces the ranking of these performance indicators. Flabbi and Ichino (2000) found 

evidence only at low hierarchical level of workers that productivity has a relation with seniority and 

wages. Dohmen (2003) replicates the studies of Flabbi and Ichino (2000) using the data from 

personnel files of Dutch national aircraft manufacturer Fokker N.V. for the period from 1 January 1987 

until 15 March 1996. As most of large firms use formal salary systems, the company used in this paper 

also uses a salary system with deferred compensation component. For this kind of large firms, the 

author has shown that there is strong relationship between seniority and wages and it is largely 

independent of performance ratings in standard cross-sectional wage regressions even though 

supervisors’ evaluations shape life-cycle earnings profiles which leads to higher life-cycle earnings for 

better performance.  

2.1. Human Capital Effect 

The condition that wages tend to grow with seniority in the firm has wide evidence in literature. A 

worker starts with one wage level and through promotions and premiums he or she reaches a higher 

wage. In most establishments, senior workers have higher wages than junior workers. The human 

capital theory is the most wide accepted neoclassical explanation for this phenomenon. As mentioned 

before, it is divided into two parts: specific human capital (increases worker’s productivity in current 

firm) and general human capital (increases the worker’s productivity in the current firm and in other 

firms). Although, the central difficulty on applying this simple human capital theory is that when the 

labor market is competitive, there is no impact of specific human capital on wages, therefore, there 

should be no tenure effect on wages. Conversely, when the labor market is frictional, job search yields 

non-trivial wage dynamics even when there is no human capital accumulation. (Burdett and Coles, 

2010) 

Lazear (1974) argues that the human capital effect on wage growth relates with experience and 

age. According with the author, human capital framework suggests that individuals increase their 
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wealth by on-the-job training; thus, within a given period, workers who spend less time on the job 

would acquire less human capital hence these workers experience less rapid wage growth than those 

who work continuously in that period. For Lazear (1974), wage growth depends on individual’s age as 

much as the amount of time spent on the job within a considered period. Bagger et al. (2011) have 

found that human capital accumulation is the most important source of wage growth in early phases of 

workers’ careers. The authors indicate that firm-specific human capital affects the returns to tenure 

positively; however, as pointed out by Lazear (1974), the real firm-specific components of human 

capital are unlikely to be as important as the general components.  

Bagger et al. (2011) analyze also the role of education in human capital accumulation, suggesting 

that human capital accumulation is faster in the first ten years of labor market career for all education 

categories and then it slows down giving a concave human capital profile. According to the authors’ 

findings, while human capital accumulation occurs in the first 10 years of low-educated individuals the 

productivity rises by a total of 14%, and at 30 years of experience the cumulated productivity growth 

falls to 5%. On the other hand, the productivity grows about 24% for individuals with more than 15 

years of schooling over the first 10 years of career while the human capital profile declines towards the 

end of their careers, and at 20-30 years of experience the cumulated productivity growth rises to 

around 37%-28%, respectively. For individuals with intermediate education group the profile is similar 

to those with low-education level in the first 10 years of career, but they do not experience productivity 

loss later on while the experience progresses.    

Complementarily, Hutchens (1989) investigated the effect of human capital on wages, seniority and 

productivity within academic papers published in the 1970s and 1980s. The author explains the 

human capital effect on seniority wages with on-the-job training, saying that since training is productive 

the value of marginal product and wage rise over time. The author also claims that older workers’ 

wage is always less than or equal to their value of marginal product. Finally, Hutchens (1989) says 

more senior workers possess more human capital, which thereby explains that wages rise with labor 

market experience. As noted, while some papers accept the human capital theory and concur that 

earnings grow with seniority because productivity grows, other papers argue that earnings grow with 

seniority even if the productivity does not (for ex; Lazear, and Medoff and Abraham supports the 

agency theory). Hutchens (1989) claimed that these second strain was contrasting with human capital 

theory but not necessarily striking at the core of human capital theory. For example, there is no doubt 

that people work harder for future gains or that training increases productivity.  

Dong et al. (2007) also tests earnings-tenure profile looking at both effects of human capital and 

agency theories. Differently from Hutchens (1989), the author analyses both theories empirically; 

studying a Chinese firm called China Textile and using the individual panel data of 297 weavers who 

worked in China Textile at any time during April 2003- March 2004. The authors first started to 

estimate the validity of human capital and agency theories on earnings-tenure profiles using OLS 

regressions. Focusing on the performance of worker, Dong et al. (2007) obtained the result that 

worker performance changes the slope of the seniority-wage profile very little; therefore, the evidence 
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favors agency theory over human capital. Dong et al. (2007) verify this result with robustness analysis, 

which indicates that higher wages cause better performance rather than better performance causing 

higher wages. 

2.2. Firm Characteristics 

A branch of the empirical seniority-wage literature focuses on the relationship between the 

steepness of seniority wages and establishment characteristics such as the average length of tenure 

and establishment structure. Lazear’s (1979) agency theory provides a good explanation to 

understand seniority wage profile within establishments. The agency interpretation of seniority wages 

implies multiple correlations between steepness of tenure-wage profile and establishment 

characteristics. Lazear’s (1979) predicts that there is a negative relationship between the returns to 

seniority and initial wages because the employees have to contribute to a bond that is repaid later on 

their careers. This content can be called as “deferred payment” which is a long-term implicit contract 

between employee and employer whereby the employees receive a wage that is less than their value 

of marginal product at the beginning and greater than their value of marginal product at the end of the 

contract. Establishments that use deferred payment can be explained by a longer average tenure of 

workers and a lower motivation to hire older employees because at this age the productivity becomes 

lower than their wages. However, the steeper seniority wage profile of companies with deferred 

compensation changes the incentive structure of employees; they work harder and remain enrolled 

with the firm in order to obtain higher wages in the end; therefore, employees are required to stay 

longer within the firm if they are higher educated (these employees usually have higher increases in 

their effort and commitment performing their work tasks), which has a larger impact on firm 

performance. Bayo-Moriones et al. (2009) tried to find out if seniority-based pay is used as a 

motivational device; unlike previous papers, using a direct measure of seniority-based pay. The 

authors’ main conclusion is that firms with different characteristics which use seniority-based pay 

scheme are less likely to offer explicit incentives and to invest in monitoring devices, and more likely to 

engage in other personnel practices, therefore, these firms pay higher future wages which result in 

long employment relationships. The findings support the implicit incentives theory of Lazear (1979) – 

wage contract that can serve as deferred compensation – which says that seniority-based pay is used 

as a motivational device. 

Zwick (2008) focuses on German establishments in order to understand seniority-wage profile 

using the deferred compensation hypothesis and prefers more general analysis by comparing this 

effect internationally. The author first measures individual seniority- wage profile then aggregates 

these seniority wages to the establishment level. Finally, it tests the relationship between the 

aggregated earnings tenure profiles and the establishment employment structure as well as the 

chances of older workers to find new jobs. In order to achieve these purposes, Zwick (2008) uses 

linked employer-employee data set of the Institut für Arbeitsmarkt- und Berufsforschung (LIAB) 

between 1997 and 2004. On the establishment level, the LIAB uses the survey data from IAB 

establishment panel, which obtains information about value added, industrial relations, sector, average 
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employee characteristics and managers’ expectations. In conclusion, Zwick (2008) finds that German 

establishments, which pay higher seniority wage than others in their sector, can retain the employees 

longer than others but they also hire fewer workers with aged 50 or more. German establishments use 

deferred payments to retain and motivate their workers, which support the findings of Lazear (1979). 

Zwick (2008) also compares these results internationally and finds evidence that German enterprises 

pay relatively high seniority wages on average, which is shown on the Figure 1 below.  However, 

Christopoulou et al. (2010) also find that the real wages have increased from 1995 to 2002 along the 

whole range of wage levels in nine EU countries (Austria, Belgium, Germany, Greece, Hungary, 

Ireland, Italy, the Netherlands, and Spain), but the authors conclude that the wages in Germany have 

not increased for the wages of lowest paid jobs. In Christopoulou et al. (2010) wage changes were 

analyzed across nine EU countries and results show that real wages in the Netherlands, Germany, 

Italy, and Belgium raise leading to a widening of the wage distribution, while in Hungary, Ireland, and 

Spain the wage distribution is more compressed. 

 

Figure 1- International comparison of seniority wages (Zwick, 2008) 

Zwick (2010, 2011), then, extended his work (Zwick, 2008) by specifically analyzing the 

characteristics of establishments and focusing on firms’ behavior regarding seniority-wage profiles. 

The author, first, uses a direct seniority wage measure using individual data and aggregating tenure 

and matching effects on earnings; then explains the different establishment affects on seniority wages 

by defining the establishment characteristics and their motivation to pay higher wages for seniority. 

The purpose of Zwick (2010, 2011) analyses is to test the predictions of Lazear’s (1979) agency 

theory which argues that establishments can motivate the employees by paying steeper earnings that 

productivity profiles. The author starts the estimations from the individual seniority wages according to 

the classical procedures of Topel (1991), and then aggregates these individual average seniority 

wages to the enterprise level using the linked employer-employee data set of the Institut für 

Arbeitsmarkt- und Berufsforschung (LIAB) between 1997 and 2004, and on the establishment level 

IAB is used as previous work. By using weighted OLS regressions, Zwick (2010, 2011) found that the 
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investment and consumption goods sector, the banking and insurance industry, and the other services 

(for example personal services) pay higher seniority wages than other sectors. On the other hand, 

agriculture and forestry, hospitality, and education and training sectors pay low seniority wages. 

Another result is that while large enterprises, enterprises with more profits and highly qualified 

workers, and enterprises worked with works councils and collective bargaining contracts pay higher 

seniority wages; the enterprises with a high share of foreigners pay lower seniority wages. Those 

enterprises with high seniority wages also provide more training to employees and pay higher initial 

wages according to simple cross correlations. As a final conclusion, Zwick (2010, 2011) also provides 

evidence showing that establishments with high seniority wages in Germany use a wage pattern which 

gives employees lower wages during the first years of their career and grants them higher wages after 

some time in the establishment with deferred compensation.  

2.3. Effect of Education Level and Experience 

Since education is an important instrument in modern labor markets, many papers evaluate the 

effect of education on earnings, and attempt to understand the role played by education in the labor 

market. Many studies have concluded that people with better education earn more than their less 

educated counterparts; they experience less unemployment and work in more prestigious jobs. Card 

(1999) interprets some of the most recent evidence on the relationship between education and 

earnings; according with the author, returns to education is not a single variable in population, but a 

random variable which may differ with other individual characteristics such as family background, 

ability or level of schooling. Card (1999) starts his study with an overview of the human capital 

earnings function, which is the fundamental econometric model to measure the return to education. 

the author found very convincing results that the human capital earnings function is consistent. Bagger 

et al. (2011) found that the human capital accumulation is the most important source of wage growth 

of workers’ careers; accordingly, the effect is qualitatively similar for workers with low, medium, and 

high level of education. In terms of quantitative differences between those education levels, more 

educated workers have higher total wage growth than less educated ones, which supports the idea of 

a fastest human capital accumulation – also supported by Lazear (1974) – and higher returns to job 

search. Card (1999) shows a variation of 20-35% in earnings working with a schooling term and 

potential experience. The author shows how the wages vary with workers’ years of education (for men 

aged 40-45 in the 1994-1996 Current Population Survey – CPS – data). In Figure 2, mean log wages 

for each education level (for example, junior college or associates degree in an academic program 

indicated by “AA-Academic” in the figure) are shown by the mean number of years of education for the 

group measured in February 1990 CPS. Apart from men with 11 years of schooling or 12 years with 

no high school degree, the individuals with between 1 and 18 years of education are close to the line 

that joins the high school and college graduates. At the same time the two highly educated groups are 

also out of line. The author has concluded that the average return to education is not much below from 

the estimate of cross-sectional regression of earning on education. For the comparisons among 

brothers or twins, the estimates of return to schooling have positive ability bias, which is less than 
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those with OLS estimates. Based on family background, IV estimates of the return to education are 

higher than OLS estimates which is also 20% or more above for the school system. The returns to 

education differ with school quality and parental education factors. 

Li and Urmanbetova (2003) had also analyzed the effect of education on earnings and tested this 

effect in China’s rural industry. The data set for this paper is from the second wave of the Chinese 

Household Income Project (CHIP) for the year 1995. The estimation procedure used is OLS estimator, 

and it first investigates the degree of measurement error and then estimates the returns to schooling. 

Based on the results, the authors found that the measurement error in the schooling for the reported 

years is small and expected that OLS estimation overestimate the true effect of education and the 

corresponding IV estimates should be lower.  These results differ from Card (1999) as he finds that IV 

estimates of return to education are higher than those with OLS estimation. According to Li and 

Urmanbetova (2003), OLS estimation reveals a 7.1% return to education for women, while IV 

estimation shows that effect of education on wages is negligible in China’s rural industry. 

 

Figure 2- Relationship between mean log hourly wages and completed education, men aged 40-45 in 

1994-1996 CPS. Mean education by degree category estimated from February 1990 CPS. (Card, 

1999) 

Dickson (2009) uses both estimations (OLS estimates, IV estimates) in order to account for the 

effect of education on earnings.  Differently from other papers described above, Dickson (2009), using 

data from the British Household Panel Survey (BHPS) beginning in 1991,compares the estimates 

obtained from the variations of schooling associated with early smoking behavior. The rest of 

instruments are similar to those used by Card (1999). The author first started with OLS estimations 

and then used IV regressions including “the smoker at aged 16” indicator. Three IV estimates are 

used: the RoSLA (rising of school leaving age), the combined estimate, and the early smoking 
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estimate; nevertheless, the author is not able to conclude that these are different from each other. 

Dickson (2009) suggests that the RoSLA estimate captures the return for individuals who wanted to 

leave the school at minimum leaving age but were forced to stay longer, the individuals who are early 

smokers face high discount rates due to their time preference rate thus the IV estimate results for this 

instrument is closer to an average marginal return to education. His conclusions are similar to Card 

(1999) who also found IV estimates higher than OLS estimates. Results show around a 4.6% return to 

education with OLS estimate, and 12.9% (early smoking), 10.2% (RoSLA), and 12.5% (both 

instruments) with IV estimates. Following Dickson (2009) use of a different model with a different point 

of view, other papers used different variables such as class size. For example Dustmann et al. (2002) 

worked on class size effect when deciding to stay on in schooling, and therefore, the effect of 

schooling on wages later on after graduation. The authors found that class size has a fundamental 

effect on the decision to remain in full time education and the effect of staying on is significantly 

positive for wages; therefore, the authors conclude that class size significantly affect future wages. 

Another paper which is also different from other papers has explored by Groot and Oosterbeek (1994) 

who tried to understand the effect of schooling on wages as a result of human capital theory or 

screening hypothesis dividing the numbers of actual years of schooling into five components: effective 

years, repeated years, skipped years, inefficient routing years and dropout years. For effective years 

of schooling the authors found that wages grow regardless of using human capital theory or screening 

hypothesis. The repeated years of schooling have no effect on wages when using the human capital 

model but a negative effect when applying the screening model; for skipped years of schooling the 

predicted effect is the opposite as it is the reverse of repeating a year. Inefficient years have a positive 

wage effect since these years increase human capital (given homogeneous human capital); however, 

it has no effect on wages in screening model. Groot and Oosterbeek (1994) results strongly support 

the human capital theory and refuse the screening hypothesis.  

Employees with a postgraduate qualification are increasing in a number of countries and it 

becomes also important to understand the role played by highly educated workers and wage 

inequality. Lindley and Machin (2011) provide an understanding to this issue focusing on those 

workers and their relative wages’ growth in the United States and Great Britain. The authors show that 

highly qualified workers’ relative supply in the labor market has been increasing and hence, their 

relative wages have strongly risen as compared to all workers and specifically workers with only a 

college degree. One reason for this result is that over the years computers have diffused into 

workplaces and postgraduate employees are strongly correlated with technical change as measured 

by computer usage and investment. Reenen (2011) has also found strong evidence that the technical 

change has increased the demand for the most highly educated workers and the middle educated 

workers seeing the biggest falls in sectors more affected by information and communication 

technologies (ICT). 

As well as education, there is also an experience effect on the variability of wages. There are 

several studies comparing wages with different levels of experience to estimate the returns to 

experience such as Altonji and Shakotko (1987) and Topel (1991). These authors argue that 
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individuals with longer labor market experience achieve better matches, and workers with high ability 

are likely to have stronger labor market attachment, thus they end up with more experience. Burdett 

and Coles (2010) look at human capital accumulation; as they relates the human capital theory with 

learning-by-doing, they argue that a worker’s wage changes with experience as the worker becomes 

more productive through learning-by-doing. According to Dustmann and Meghir (2003), employees 

with higher returns to experience are likely to spend less time out of the labor market because the 

opportunity cost of not working is higher for them, thus there is a positive correlation between returns 

to experience and experience. 

As noted by Burdett and Coles (2010), assuming worker’s wage increases with both his/her 

specific and general human capital can form the basis for how a worker’s wage can depend on both 

experience and tenure. Lazear (1974) explains this relationship between wages and experience using 

human capital theory and data taken from the National Longitudinal Survey in 1966-1969. Over this 

three-year period, it seems that individuals who spend the time at work continuously expected to be 

faced with more rapid wage growth. On the other hand, Bagger et al. (2011) found that the individual 

wage-experience profiles are concave primarily due to the reduction of human capital accumulation 

over the career life cycle. In terms of young individuals, aging is the most important factor in the 

determination of wage growth since they do not have long experience history (see Lazear, 1974; 

Burdett and Coles, 2010). Lazear (1974) also adds education factor to the results, claiming that 

individuals with more formal schooling experience more rapid wage growth, which is surprisingly found 

that schooling increases wage growth more than the equivalent amount of work experience. 

Dustmann and Meghir (2003) study wage growth in a relationship with experience and also with 

seniority in Germany. The authors focused on more detailed research than Lazear (1974) that 

contains two groups: skilled workers (with apprenticeship training) and unskilled workers (with no post-

secondary school education or formal training). The authors equate wage growth with learning by 

doing, thus they present a wage equation which depends on experience (number of periods of work), 

sector tenure (the time spent in sector), and tenure (the time spent in firm). Dustmann and Meghir 

(2003) use data from German Social Security (IAB data) for the years 1975-1995, and estimate with 

OLS and their control function estimators. As conclusion, the paper indicates that the wages tend to 

grow with experience for skilled workers with the growth of 7% per year early on and 1.2% per year 

beyond four years. In terms of seniority; the returns to sector tenure are about 1% per year, and the 

returns to tenure are about 2.5% per year; however, both tend to decline after five years. For unskilled 

workers, the wages grow for the first two or three years to experience, thus experience related growth 

falls to zero. The returns to sector tenure are also close to zero, but the returns to firm tenure are 

about 4% per year for first five years and then decline to 1.1% thereafter; thus, unskilled workers 

benefit from being attached the firm. Reenen (2011) descended the paper of Dustmann and Meghir 

(2003) with detail between skill groups, arguing that the canonical demand and supply model well 

explain the wage inequality. Reenen (2011) considered that technology has an important role in 

understanding these changes and that the middle class occupations are shirking relative to those in 

the bottom third and top third which may also be related to information and communication 
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technologies (ICT) that have been replacing the “routine” tasks. Acemoglu and Autor (2011) have also 

argued the canonical model, and the recent changes in the earnings and employment distribution in 

United States in relationship with the worker skills, job tasks, and evolving technologies. For the 

authors, the canonical model is applicable understanding the wage dynamics among skill groups in 

which it depends only on relative supplies and tasks, which also accepts that technology plays an 

important role among all these changes. 

Sulis (2009), considered the relationship between experience, tenure and wages taking into 

account the selection problems generated by job matching and individual fixed effects within firms, 

between firms, and between sectors differences, for a sample of Italian male workers. . The data is 

obtained from the Italian Social Security Institute (INSP) of employed workers in private sector for the 

years between 1985 and 1996. The author applies IV estimates, which indicate that returns to 

experience are a fundamental source of wage growth, while firm tenure has small or zero effect on the 

capacity of increasing earnings possibilities. IV estimates are higher (upward bias) compared to OLS 

estimates (which resulted as downward bias shaping the experience-wage profile) and returns to 

experience for both white and blue collar workers are substantial: about 9% per year with IV estimates, 

while both groups have very small returns to firm tenure. In Figure 3, the effect of experience in years 

is related with wage dynamics (monthly wages) for stayers, movers and sector movers. Figure 3 

indicates that stayers have a flatter profile and between jobs wage growth is higher in first years, 

however, it’s seen that the average wage growth is very similar for all groups of workers after three 

years of experience – the difference in wage growth between stayers and movers decreases while 

experience increases. In general, the paper results that the returns to general skills in labor market are 

more important than firm specific skills for wage growth, and that the white collars workers enjoy 

higher returns to general and specific skills than the blue collars. 
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Figure 3- Average wage growth by experience (Sulis, 2009) 

Connolly and Gottschalk’s (2001) paper contains a more detailed approach than Sulis (2009), by 

analyzing returns to experience and tenure within job and between job wage-growth related to 

education level. Specifically, this paper asks whether returns to seniority and experience are lower for 

less-educated workers. The data is obtained from the Survey of Income and Program Participation 

(SIPP) for the years between 1986 and 1993 to measure wage growth while working for the same firm 

and the wage gains associated with changes in firms. The paper provides separate results for females 

and for males. For females, the within job wage growth of college graduates is five times larger than 

the growth rate for high school graduates. For males, the within job wage growth with college degree 

is three times larger than the growth with high school degree or less. Also, for both males and females, 

more educated workers experience faster wage growth than less educated ones for both while 

working for the same employer and when moving to a new employer.  

Altug and Miller (1998), in contrast to the papers of Lazear (1974) and Dustmann and Meghir 

(2003), focused only on females to see the effect of work experience on earnings investigating the 

importance of human capital. The authors analyze the effects of women past decisions about labor 

market participation, hours spent at work on their current wages and employment; moreover it develop 

estimates on the depreciation in the case women withdraw from labor market temporarily or 

permanently. The paper uses data from Michigan Panel Study of Income Dynamics (PSID) Family-

Individual File, Waves 1-19 for the years between 1967 and 1985, containing information on wives and 

female household heads in Michigan, United States. Dustmann and Meghir (2003) results show that 

previous labor market experience affects both wages and utility. Also the experience on the job and 

non-separable choices within time both contribute to changes in female labor supply as well as 

demographic factors, such as age and children. 

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 1 2 3 4 5 6 7 8 9 10 11

W
ag

e 
G

ro
w

th

Years of Experience

The returns to experience (1985-1996)

Within firms Between firms Between sectors



 
  

 
21 

 
 

 

Arozamena and Centeno (2001) analyze the interaction between job tenure and external labor 

market conditions in relationship with wages. Specifically, the authors investigate how the wage-

setting process may be influenced by external labor market conditions and returns to specific human 

capital accumulation as the employment relationship progresses, which connect the specific human 

capital accumulation with the “internalization” of the wage setting progress. The empirical analysis 

uses data from the Panel Study of Income Dynamics (PSID) for years 1976-1983 (except 1979, 

because the tenure question was not included that year), and National Longitudinal Survey of Youth 

(NLSY) for years 1979-1996 (which, according with the authors, is better from PSID data because it’s 

larger and has better information on job tenure and large number of short employment spells). 

Arozamena and Centeno (2001) examine the process of setting wages in relation to the time that 

worker has spent in current job, and tested the results’ robustness by including years of schooling and 

age related with the regressions. It’s proved that workers’ wage is less cyclical for older and more 

educated individuals. 

2.4. Job Mobility 

As mentioned before, there is a complex relationship between workers’ job mobility and wage 

dynamics. There have been many studies analyzing the job mobility measuring the effect of tenure to 

workers’ wage. For example, Abraham and Farber (1986), Altonji and Shakotko (1987), and Altonji 

and Williams (2005) conclude that returns to tenure are small; while Topel (1991) observe large 

returns to tenure. Dustmann and Pereira (2008) estimate the returns to seniority and experience and 

investigate job mobility comparing the United Kingdom and Germany. It is found that the job mobility is 

higher in the United Kingdom than in Germany, which explains the higher job attachment of more able 

workers in Germany than in the United Kingdom. The returns to experience also have been higher in 

the United Kingdom than in Germany, while returns to tenure were close to zero for both countries. 

Job mobility may have many effects on workers’ wages. First, it can result in better job matches 

between workers and firms, and lead to wage increases. Second, job-move may destroy any tenure-

related productivity and wage gains. In addition, the wage changes associated with job mobility 

depend too much on whether this mobility is voluntary or involuntary; the voluntary quits are 

associated with wage growth, while involuntary layoffs are associated with wage cuts (Hyslop and 

Maré, 2009). 

Abowd et al. (2009) explore the earnings distribution and mobility patterns in the United States 

focusing on within and between job variations. These variations in earnings seem to be quite large 

across workers, which may be associated with worker characteristics and due to firm effects. The 

earnings dynamics are connected with job changes, which on average have a positive growth. 

Eriksson and Westergaard-Nielsen (2009), on the other hand, argued that Danish labor market 

behaves quite differently from those in many other countries mainly because of the absence of mobility 

barriers and therefore there is high level of worker mobility – even higher than the U.S. labor market. 

However, most of the workers are willing to have long-term employment relationships. Borghans and 

Kriechel (2009) documented same wage structure and labor mobility for the Dutch labor market, 
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showing that wage inequality has also increased over time. Additionally, the authors found the mobility 

rates were high among workers in firms both with low and high wage but not as high as those in 

Danish labor market. Alda et al. (2009) observed that in the German labor market the worker mobility 

have also increased over time; on the other hand, several firms tend to protect insiders which became 

important for the workers with job tenure of more than three years. As seen in the Danish labor 

market, although high mobility rates exist, only a minority of employees move, while the majority of 

employees chose to remain in their current employers. Hunnes et al. (2009) investigate mobility in a 

more detailed perspective for the Norway labor market. The authors separated the results for white-

collar workers and blue-collar workers; hence it is observed that about 10% of white-collar workers 

change job each year while it is much lower among blue-collar workers, which is similar for small and 

large firms. For the Swedish labor market, the results are the same in which the movement is more for 

white-collar workers than for blue-collar workers as shown by Oyer (2009). Blue-collar workers change 

job less frequently than white-collar workers, which may be caused by the competition between skilled 

workers and/or because the productivity in managerial jobs could be driven by general human capital, 

so the value of long-term relationship between employers and employees may be lower. Finally, 

Lazear and Shaw (2009) investigate these effects internationally collecting data from all of the 

Scandinavian countries (Denmark, Finland, Norway, Sweden) and from Belgium, France, Germany, 

Italy, the Netherlands, and the United States. It is seen that mobility levels differ across countries, but 

mobility patterns seem relatively consistent. Firms with high wages have low turnover that may be 

because high-wage firms have more skilled workers and turnover rates are higher for the less skilled 

workers than high skilled workers. Firms with high senior workers tend to have low turnover rates than 

those with low senior workers. In the most open countries, like Denmark, these findings are stronger; 

however in Sweden the results are weak and in the opposite direction. 

Hyslop and Maré (2009) provide a more specific analysis of the relationship between job mobility 

and their annual wage changes in New Zealand, and explore the effect of firm characteristics on the 

size of wage gains of movers. The paper uses the data from Statistics New Zealand’s Linked 

Employer-Employee Database (LEED). They found that the workers who change jobs gain 0.3 percent 

per year from moving to a higher earnings premium job, but lose 1.6 percent per year transitory 

earnings relative to workers who do not move, which is due to the earnings growth trade-off for 

employees between moving to a firm with higher wages and losing their tenure-related earnings at 

their current firm. Also it is shown that older workers and workers with higher skills experience larger 

loss of earnings by moving to a job, on the other hand, while all workers gain from moving to better 

paying firms the high-skilled workers benefit relatively more. 

As a more detailed paper than Hyslop and Maré (2009); Fuller (2008) examines the mobility 

consequences on wages between and among men and women, specifically, to understand the 

relationship between “cumulative” mobility and wage dynamics. The data used in this paper is the 

National Longitudinal Survey of Youth (NLSY) for 1979, and the estimations were made according to 

multilevel regression techniques to see the effect of mobility on workers’ wages over their first 12 

years in the labor market. Differently from the previous works, the author considered more dimensions 
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to isolate their impact, such as; employers reasons for leaving, the timing of employment, and 

transitions’ association with gaps in employment as well as a nonlinear measure of workers’ levels of 

job mobility relative to others of similar experience. In order to analyze the gender effect on mobility 

and wages, Fuller (2008) stressed the impact of marriage, parenthood, and labor-force attachment on 

mobility wage outcomes. As a result, the workers who have higher levels of mobility tend to have lower 

wages, but it also depends the condition of changing the job, for example; leaving a job to take 

advantage of a better job match should lead to positive wage outcomes than in case of being fired, 

laid off, or leaving for a family-related reason. The workers who are already in good job matches have 

less to gain from mobility and the variability in job mobility among men and women results wage 

differences among workers with different mobility histories at the beginning of their careers – it is 

expected that mobility leads worse outcomes for women than men. It supports the finding of Hyslop 

and Maré (2009) by concluding that in terms of seniority, mobility has disadvantage on wages since 

the wages are tend to rise with tenure over the time for both men and women. Finally, workers with 

less attachment to labor force would experience fewer outcomes from changing employers, and 

women who are married or have children also experience less mobility-wage outcomes.  

As argued by Johnson and Kawachi (2007), most of the American older workers who changed their 

jobs moved to substantially different occupations and industries than their previous jobs. At older ages, 

workers who experienced job mobility are more likely to be self-employed, work part-time, and have 

more flexible working hours at their new jobs as well as involving less stress, less physical effort, and 

lower managerial responsibilities. However, most of them experience wage reductions in a case of 

mobility. In terms of gender differences, male job changers earned about 50% more on their new jobs 

than female job changers, which supports Fuller’s (2008) finding that mobility leads to worse outcomes 

for women than men. As mentioned by Hyslop and Maré (2009), workers with long job seniority (more 

than 10 years) experience more wage reductions than those who left shorter-term jobs, because job-

seniority leads to higher wages on their current jobs as they accumulate more firm-specific human 

capital.  

Hospido (2009) also analyzed the workers’ job histories focusing on gender differences and using 

the data to measure the mobility patterns of male and female workers in Spain. In contrast to other 

papers, the author found that the turnover rates are similar for both men and women, but while male 

workers cared more about holding a position, having a family, or living in economic poles, female 

workers preferred firm size or working part-time.   

Some studies show that voluntary job changes have a positive impact on wage growth. 

Pavlopoulos et al. (2007) argued that voluntarily job mobility has an effect on workers’ wages which 

depends on the workers’ position in the wage distribution – for the low-paid workers; voluntary job 

mobility may be a good career move. Accordingly, low-paid workers experience more job changes 

during their careers than high-paid workers in order to improve their earnings. Pavlopoulos et al. 

(2007) use data from United Kingdom and Germany and find that in the United Kingdom the 

probability of changing job is different for the low-paid and high-paid workers, and the returns to job 



 
  

 
24 

 
 

 

mobility is higher for the low-paid workers in both countries. Finally; in terms of internal job mobility, 

while the low-paid workers can benefit by changing job within the firm in the UK labor market, such 

effect was not found in the German labor market. 

Finally, looking from a different perspective, Dohmen et al. (2003) argued the upward and 

downward mobility effects for workers of a Dutch manufacturing company. The authors observed 

substantial job mobility within the firm, which turns out to be an important determinant of wages. The 

authors have also found that upward job transitions are not always associated with wage growth, but 

workers get a promotion bonus some time after the job change. On the other hand, the downward 

mobility almost never results in a wage cut but in a reduced prospect of future wage growth. 

From the literature, it can be concluded that older job seekers may experience a wage level, which 

is very much below what they earn in their current jobs or the job that they recently left. This 

discourages older workers from quitting their jobs and encourages them to apply for job offers 

matching their current seniority pay but not their current productivity. In terms of human capital, older 

workers with general human capital will experience more job openings than those with specific human 

capital, but both will have more job options than older workers, whose wages are increased by 

seniority pay. (Department of Labor, 2009) 

2.5. Research Hypotheses: The effect of age and human capital on wage 

dynamics 

2.5.1. Research Hypotheses  

As explained in the previous chapter of this dissertation, human capital plays a central role on 

explaining wage dynamics regarding seniority. Many papers show that the wages of workers tend to 

grow with seniority as their human capital accumulates (i.e. Topel, 1991; Altonji and Williams, 1997). 

Human capital explanation implicates that the seniority earnings profile will be upward sloping and the 

returns to seniority will be positive even after controlling for total labor market experience. Workers 

who have been on their jobs for a long time experience higher earnings. In this case, a standard 

earning function regression will yield a positive seniority coefficient (Abraham and Farber, 1986). 

Altonji and Shakotko (1987) related the age factor with tenure and observed an increase in wages of 

about 6.6% within 10 years of tenure. For both papers of Abraham and Farber (1986) and Altonji and 

Shakotko (1987) the return to seniority was slight although there was a wage increase in direct 

proportion to age. 

As a result of analysis, Topel (1991) concluded that the wage growth is higher than those founded 

by Abraham and Farber (1986) and Altonji and Shakotko (1987) in which 10 years of job seniority lead 

to 25% of wage growth. Altonji and Williams (1997) also proves that there is a direct proportional 

wage-age relationship taking into account the average hourly earnings. The result gives a 0.06 wage 

growth over 10 years of working life. The authors Altonji and Williams have replicated their study in 
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1998 finding the results as 10 years of tenure raises the log wage by between 0.06-0.14 for the 

preferred wage measure. 

In terms of within-job wage growth, Ruhm (1990) shows that actual wages increases only 10% to 

25% as a result of tenure premiums. Altonji and Shakotko (1987) found a similar result which gives 9% 

to 30% actual return to tenure as large as cross sectional estimates. Finally, Luchsinger et al. (2001) 

analyzed their data taking into account Topel’s and Altonji and Shakotko’s approaches. The results 

shows that within 10 years of working life the wage growth is 8% according to Topel’s approach while 

Altonji and Shakotko’s approach leads to 2.4% and 4% wage increase.  

Also Bagger et al. (2011) indicate that firm-specific human capital affects the returns to tenure 

positively; however, as pointed out by Lazear (1974), the real firm-specific components of human 

capital are unlikely to be as important as the general components. Lazear (1974) also concludes that 

wage growth depends on individual’s age as much as the amount of the time spent on the job within a 

considered period. Also researchers Mincer and Jovanovic (1981), Bartel and Borjas (1981), Borjas 

(1981), Cline (1979) and Mellow (1981) have found that job seniority has a strong positive relation with 

wage rates in a cross-section or a cross-section time series of individuals. 

Parsons (1984) also has found the evidence of a strong seniority-wage profile along with the 

explanation of specific human capital theory (Oi (1962), Becker (1962), Mincer (1974), Parsons 

(1972), Kuratani (1973), and Hashimoto (1981)), in which the growth of wages with tenure (holding 

experience constant) is attributed to the worker’s share of investments in firm-specific skills. Freeman 

(1977) and Harris and Holmstrom (1982) provide this explanation for wage growth based on an 

insurance motive. 

Along with the theoretical and empirical discussion on human capital and wages, it is a stylized fact 

in the labor economics research that in a cross-section of individuals, workers with more total years of 

labor market experience have higher earnings. Lazear (1974) argues the human capital effect on 

wage growth related with experience and age. The author says the human capital framework suggests 

that individuals increase their wealth by on-the-job training thus, within a given period; workers who 

spend less time on the job would acquire less human capital hence these workers experience less 

rapid wage growth than those who work continuously in that period. The standard explanation for this 

positive association is that general labor market experience raises workers' on-the-job productivity, 

which translates into higher earnings (there is plenty of evidence in the economics literature supporting 

this phenomenon; for example: Becker, 1964; Mincer, 1974; Brown, 1983).  

On the other hand, education is also an important variable in terms of workers’ human capital 

accumulation. According to the human capital model, schooling increases people’s skills (human 

capital). Problem solving, knowledge of engineering, economics or business, reading, writing, and 

other skills and information that people are thought in school are valuable to firms. Those useful skills, 

which are added by every additional year of education, provide higher wages to workers (Pearson 

Education, 2003). In terms of wage characteristics and its relationship to education, Lazear (1974) 

claims that individuals with more formal schooling experience a fastest wage growth. Connolly and 
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Gottschalk (2001) found that while the wage growth of college graduates is five times larger than the 

growth rate for high school graduates for females, for males, the wage growth of college graduates is 

three times larger than those of high school graduates or less. Also for both females and males, more 

educated workers experience faster wages’ growth than less educated ones while working for the 

same employer and when moving to a new employer. Also according to Li and Urmanbetova (2003), 

female workers experience 7.1% returns to education. 

Bagger et al. (2011) analyze the role of education in human capital accumulation, which includes 

also the age factor related to the number of years of educational attainment. Bagger et al. (2011) find 

that in the first 10 years of workers professional careers; the low-educated and intermediate-educated 

individuals experience a productivity rise by a total of 14%; while for individuals with more than 15 

years of schooling the productivity grows about 24%.  Hence, more educated workers have higher 

total wage growth and this reflects both more rapid human capital accumulation and higher returns to 

job search. Age is also correlated with workers’ educational level, and consequently (according with 

the human capital theory) likely to be positively associated with higher wages (Card, 1999). Therefore, 

the following hypothesis can be proposed for empirical validation: 

Taking into account the theoretical ground and empirical results stated above, we derive our  

hypotheses: 

Hypothesis 1: There is a significant and positive correlation between age and wage. 

Hypothesis 2: There is significant and positive correlation between labor market experience and 

wage. 

Hypothesis 3: There is significant and positive correlation between experience within the same 

company (tenure) and wage. 

Hypothesis 4: There is significant and positive correlation between education and wage. 

Based on the reviewed literature supporting Hypotheses 1, 2, 3 and 4, and given that the older one 

individual is, the higher his/her probability of having accumulated more professional experience or 

years of educational attainment, one will empirically test the following Hypotheses interacting age, 

education – or experience – and wage:  

Hypothesis 5: Age interacted with labor market experience is significant and positively correlated 

with wage.  

Hypothesis 6: Age interacted with tenure is significant and positively correlated with wage. 

Hypothesis 7: Age interacted with education is significant and positively correlated with wage. 

In order to have a better perspective of wage – human capital relationship among younger and 

older individuals, we recall Bagger et al. (2011) to whom aging is the most important factor in the 

determination of wage growth, since younger individuals do not have a long human capital 

(education/experience) track record. Arozamena and Centeno (2001) analyze the interaction between 
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job tenure and external labor market conditions in relationship with wages. In other words, they 

analyze how the wage-setting process may be influenced by external labor market conditions and 

returns to specific human capital accumulation as the employer-employee relationship progresses, 

which connects to the specific human capital accumulation and “internalization” of the wage setting 

progress. The authors examine the process of setting wages according with the time that workers 

have spent in their current job, and tested the results’ robustness by including years of schooling and 

age on the estimations. Arozamena and Centeno (2001) empirically demonstrate that worker’s wage is 

less cyclical for older and more educated workers.  

Based on the empirical evidence drawing above and in line with the human capital theory and, in 

order to account for those cycles, we opt for including in our regressions a non-linear (quadratic) term 

for age, so that we can understand if there is an inverse U-shape effect between age and wages. 

Moreover, we opt for breaking down our sample in different age intervals so that we can test 

Hypotheses 1 to 5 among four groups of workers within specific age cohorts: [18-29]; [30-49]; [50-64] 

and [65-85]. 

Moreover, since we aim at focusing with more detail on education, we also perform separate 

estimations testing Hypotheses 1 to 5 for highly specialized workers with different educational 

backgrounds: engineering and business sciences. Traditionally the study of higher education effect on 

earnings among graduates provides information from both sides of supply and demand in the labor 

market. In parallel with educational levels, some authors their analysis on specific types of individuals’ 

academic background. For example Wang and Wang (2002), focused on the estimation of the return 

rate for engineering graduates on different educational levels (namely: vocational industrial, industrial 

junior college, four-year university and graduate school of engineering education) compared with 

general high school graduates who are currently employed aged 24 to 55. The main finding is that, 

compared to general high school education, highly monthly income is associated with a higher level of 

engineering education which says that the monthly earning value of engineering graduates from 

higher education ins substantial and significant. Additionally, employees with a postgraduate 

qualification have been increasing and it becomes also important to understand the role played by 

those workers and wage inequalities. Lindley and Machin (2011) look to those specific workers and 

their relative wages growth in the United States and Great Britain. The authors show that highly 

educated workers’ relative supply in the labor market has been increasing and hence, their relative 

wages have strongly risen as compared to all workers and specifically workers with only a college 

degree. One reason of this result is that over the years computers have diffused into workplaces and 

postgraduate employees are strongly correlated with technical change as measured by computer 

usage and investment. Reenen (2011) has also found that there is strong evidence that the technical 

change has increased the demand for the most highly educated workers and the middle educated 

workers seeing the biggest falls in sectors more affected by information and communication 

technologies (ICT). This calls attention for the importance of assessing how different types of 

education related with technology or organizational knowledge – and presently valued by employers – 

on wages.  
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3. THE PORTUGUESE LABOR MARKET: AN OVERVIEW 

3.1 Evidence from the Portuguese Labor Force Survey 

For the present dissertation, different sources of data are used. This section analyses employment 

information obtained from INE – Statistics Portugal (Instituto Nacional de Estatística), which has wide 

information about Portuguese labor market. Statistics Portugal is a public institution, which obtains the 

information from exhaustive surveys (censuses, every item from a given population is subject to 

observation), sample surveys (data are collected from a sample representing the population under 

observation), and administrative sources (data stemming from administrative procedure are used for 

statistical purposes). The information obtained from the surveys may cover variables in quantitative or 

qualitative terms collected from organizations (public and private sector, corporations, associations, 

central and local government, etc.) and citizens. 

The employment information under analysis originates from the Labor Force Survey (LFS) 

database, using 4th Quarter of 2010 as the reference period. The LFS contains information about 

educational qualifications, age groups, and gender as well as the relationship between these 

variables. In this data set, a person aged 15 or more is considered employed during the reference 

period if he/she performed some work for a wage or salary. Table 2 shows data for employed 

population in Portugal as well as frequencies for regions (NUT I) and gender. One can observe more 

male workers than female workers in Portugal, which holds for all regions in Portugal. Additionally, in 

continental Portugal there are much more employed people than in the islands (Azores, Madeira) and 

that is directly proportional to the population. 

 

Table 2- Employed population distributed by regions for the 4th Quarter 2010 (INE- Statistics Portugal) 

 
All Male Female 

Portugal (Total) 4948.8 2637.9 2310.8 

Continent 4716.5 2510.2 2206.3 

Azores 110.6 65.5 45.1 

Madeira 121.7 62.2 59.5 

 

INE – Statistics Portugal provide data on employment by age intervals, according with the following 

categories: 15-24, 25-34, 35-44, 45-64, and more than 64. The majority of the employed population 

consist of workers aged 45-64, with a larger percentage of male workers, as shown in Figure 4. On the 

other hand, there are fewer workers aged 15-24 and more than 64 in comparison with the overall 

Portuguese labor market.   
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Figure 4- Employed population by gender and age intervals (Statistics Portugal / 4th Quarter 2010) 

 

Moreover, in terms of educational level, the labor market involves more male workers with basic 

education degree and secondary and post-secondary education degree than female workers. There is 

higher percentage of female workers than male workers with no education degree, notwithstanding, 

university graduated female workers are more than male workers with higher education degree. In 

general, the majority of the workers in the Portuguese labor market have basic education – 1st cycle 

degree. The educational level by gender within employed population is shown in Table 3 in detail for 

the 4th Quarter of 2010.  

 

Table 3- Educational level by gender for the 4th Quarter 2010 (INE- Statistics Portugal) 

 
No level of 
education 

Basic - 1st 
cycle 

Basic - 
2nd cycle 

Basic - 
3rd cycle 

Secondary 
and post-
secondary 

Higher 
education 

Male 87.5 646.3 482.2 600 486.1 335.8 

Female 102.6 491.4 325.2 434.9 450.7 506 

Total (All Portugal) 190 1137.7 807.4 1035 936.9 841.8 

 

Additionally, Table 4 shows the educational level by age groups within employed population in 

period 4th Quarter of 2010. In the table one can observe that, at higher ages,  the number of workers 

with no level of education raises. While the workers aged 45-64 form the majority of basic 1st cycle 

education, there are fewest workers aged 15-24 for this level of education. Most of the workers aged 

35-44 have 2nd cycle degree compared with other levels of education. Younger workers aged 25-34 

are mostly graduates from secondary and post-secondary schools, but they also form the majority of 

3rd cycle education and higher education among these education levels.  

Employed Population, by gender and 
age intervals (4th Quarter 2010)

All Male Female
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Table 4- Educational level within age intervals (INE – Statistics Portugal / 4th Quarter 2010) 

 
15 - 24 
years 

25 - 34 
years 

35 - 44 
years 

45 - 64 
years 

65 and more 
years 

No level of education 1 6.7 18.4 70.9 93 

Basic - 1st cycle 7.2 39.9 167.2 746.5 176.8 

Basic - 2nd cycle 42.7 173.1 334.2 252.5 4.9 

Basic - 3rd cycle 120.3 324.7 280.8 298.4 10.9 

Secondary and post-

secondary 
113.3 346.2 262.4 207.1 7.9 

Higher education 35 328 256.6 207.2 15 

 

Separating the results obtained from Table 4 into gender results in almost the same structure for 

both male and female individuals. For both genders, there are highest amount of educated workers 

until 1st cycle within employed population. There are no non-educated female workers with less than 

35 years in the labor market; in other words, all of the observed female workers are at least 1st cycle 

graduates. Interestingly, the majority of the workers with higher education level consist of female 

workers aged 25-64 compared of male workers. The relationship between educational level, age, and 

gender is separately shown in the following figures. Figure 5 depicts male employed population by 

educational level and age groups and Figure 6 shows female employed population by educational 

level and age groups. 

 

Figure 5- Male employed population by educational level and age intervals (INE – 4th Quarter 2010) 

Male Employed Population, by educational level and age 
intervals (4th Quarter 2010)

15 - 24 years 25 - 34 years 35 - 44 years 45 - 64 years 65 and more years
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Figure 6- Female employed population by educational level and age intervals (INE – 4th Quarter 2010) 

 

3.2 Evidence from the “Quadros de Pessoal” Dataset 

Another important source of data (beyond the LFS) comes from “Quadros de Pessoal” (QP) Micro 

Data set. The following chapters of the present thesis draw on the QP database to develop the 

empirical econometric analysis addressing our research hypotheses. 

QP is a unique database gathered from mandatory information submitted yearly by private 

Portuguese firms to the Ministry of Social Security and Labor. The longitudinal matched employer-

employee data include extensive information on the mobility of firms, establishments, workers and 

business owners for the period 1986-2009. The years 1990 and 2001 are exceptions because of data 

unavailability.  

The “Quadros de Pessoal” Micro Data include yearly data for all private firms and establishments 

with at least one wage earner in the Portuguese economy; however, it does not cover public sector, 

employing entities in seasonal agriculture activities and housekeeping. There are between 140 and 

280 thousand firms, 160 and 330 thousand establishments, and over two million workers in each 

annual survey, all of which are fully linked and tracked over time through the use of a unique 

identification number, thus allowing for the recognition of both new entrants and exiting firms, as well 

as the opening and closure of subsidiary establishments. 

The data are collected each year from all employing firms, which are enforced by law to fill in a 

standardized questionnaire hence yielding an extremely high degree of coverage and reliability. The 

purpose of such a requirement is to facilitate monitoring the compliance of firms with the law. 

According to this, the data concerns three main levels of analysis: the establishment (location, 

economic activity and employment), the firm (location, economic activity and employment, sales and 

Female Employed Population, by educational level and age 
intervals (4th Quarter 2010)

15 - 24 years 25 - 34 years 35 - 44 years 45 - 64 years 65 and more years
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legal framework), and all its individual workers, including gender, age, tenure, skill, education, 

occupation, earnings and duration of work. The earnings of workers contain the gross pay for the 

normal schedule of work, seniority payments, regular and irregular benefits and overtime pay.  

Hence, the “Quadros de Pessoal” dataset carries an important place in terms of research in labor 

market and occupational dynamics due to its broadness (covers nearly the entire Portuguese private 

sector), the possibility to follow an individual’s career over time and his occupational choices for a 

period of time, and firms-individuals matches through a common identifier permits to link firms, owners 

and employees together. 

The structure of the data in the “Quadros de Pessoal” database consists firstly on the identification 

of individuals and firms across time through identification variables that will also permit linking the 

data; following this procedure, firms and individuals are characterized through demographic data: 

Individuals’ occupational status, human capital, earnings and duration of work are provided and for 

firms it gives geographical location, financial indicators and type of ownership. 

For the purpose of the current analysis, the dataset was intentionally cleansed and restricted to 

specific groups of workers in order to fit the purposes of the research and to obtain more proper 

results. First of all, observations were selected from data that have ages between 16 and 85 (including 

16 and 85) within the period 2000-2009. There are 22,285,147 observations accounting for 386321 

engineering graduates and 495212 business graduates, which will be used for empirical analysis in 

this paper.  

Figure 7 shows all observations within the age range for the current period. According to this figure, 

most of the observations possess the age between 25 and 35 while there are least records for 

individuals aged less than 19 or more than 65.  The majority of employees observed from data are 

comprised of ages 25-35 while the majority of employers’ ages are 35-50 in 2000-2009.  

 

Figure 7- Age distribution of individuals within the period 2000-2009 

Age distribution 
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Additionally, since this paper looks at the wage dynamics of workers, business owners were filtered 

out from the analysis. We opt for this methodological choice because the data do not offer information 

about wages for the great majority of business owners. The age distribution of observations excluding 

the business owners is shown in Figure 8, split by gender within 2000-2009. Accordingly, in our 

sample, it can be seen that the distribution of ages is quite similar for both male and female workers; 

however, there is a higher frequency for older male workers (aged 45-60) than older female workers.  

 

Figure 8- Age distribution of employees by gender in 2000-2009 

In terms of hourly wages, the data illustrates that the average earnings of male workers are higher 

than those of female workers, which is shown in detail in Figure 9 for the current period of time. From 

the beginning of their career, male workers are observed to experience wages growth continuously 

until their retirement ages. Interestingly, this situation is quite different for female workers; those 

workers achieve the highest amount of earnings on their 30s and, in contrast to male workers, their 

wages tend to decline until retirement. Regarding the after retirement period, it can be said that the 

average hourly wages of both male and female workers tend to increase irregularly.   

Age distribution 
(2000-2009)

MALE FEMALE
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Figure 9- Average hourly wage distribution of employees by gender in 2000-2009 

Worker ages are divided into intervals to allow us understanding the effect of youth, middle age, 

seniority, and old-age on wages, respectively. According to this interpretation, this analysis provides 

four age intervals: the group of workers aged less than 30 (18-29), aged 30-49, aged 50-64 and aged 

more than 65 (65-85). As Figure 10 shows, most of our sample is composed of the middle-aged and 

senior workers, and there are fewer individuals aged more than 64. 

 

Figure 10- Workers distribution within age intervals in 2000-2009 

 As the age distribution shows above, the data observes %15,47 of workers who are above 49 

years-old, which reveals a labor force significantly composed of senior workers. As mentioned in 

literature, in general, when a worker’s age rises, the experience of the worker would increase on a 

directly proportional way. Therefore, it is possible to argue that the number of observations with higher 

experience (more than 25 years of working life) is not so high, compared to other groups..  

Average Hourly Wage distribution 
(2000-2009)
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0.87; 1%
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 In Quadros de Pessoal, labor market experience can be measured through the spells that a worker 

has been paid-employed. In the present dissertation, this data is divided into seven categories, 

accounting for the experience level of a worker. Therefore, we have analyzed the workers with below 6 

years, 6-10 years, 11-15 years, 16-20 years, 21-25 years, 26-30 years, and 31-35 years, and more 

than 35 years of labor market experience. Figure 11 shows average hourly wages of workers with 

different labor market experience according to the respective year. It is possible to see there is no 

continuous increase of wage with the experience. This reinforces the idea that workers with more than 

20 years experience receive the higher wages/hour than less experienced workers. The highest hourly 

wage amount was received by between 26-30 years experienced workers within the year 2009. 

 

Figure 11- Average hourly wages by the number of working years of an individual (2000-2009) 

Hierarchical level can also be considered a part of workers human capital. The dataset includes 

information about 8 different hierarchical levels which are Trainees and Apprentices (1), Unqualified 

practitioners (2), semiskilled professionals (3), Qualified Professionals (4), Highly Qualified 

Professionals (5), Supervisors, Foremen, Masters (6), junior executives (7), senior managers (8). This 

information provides us the opportunity to observe the effect of workers’ hierarchical position on wages 

within companies. Figure 12 shows this effect for years 2000-2009. According with Figure 12, one can 

infer that the highest wages are earned by junior executives and senior managers. In generally, it is 

shown that hierarchical levels are directly connected to workers average wages. 

Average Hourly Wages  by labour market experience (2000-2009)
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Figure 12 – Hierarchical level and average hourly wages (2000-2009) 

As mentioned previously, education plays an important role on wage dynamics of workers. The 

Quadros de Pessoal longitudinal matched employer-employee data allows us to have information 

about the workers’ education levels. Table 5 shows the education level of all observations for the 

years 2000-2009. According to this information, it is observed that the majority of the workers have a 

basic schooling which consist of 1st, 2nd, and 3rd cycle, whereas, the small majority are Polytechnic 

Institute graduates or they have less than basic schooling.   

Table 5- Total observations per educational level in the period 2000-2009 

 Observations Mean Std. Dev. Min Max 

Less than Basic 331835 3.754 1.761 1.175 117.615 

Basic, 1st cycle (4 years) 4723196 4.159 3.088 0.001 2787.994 

Basic, 2nd cycle (6 years) 4086345 4.224 2.903 0.463 1093.88 

Basic, 3rd cycle (9 years) 4057008 5.003 5.316 0.001 1453.632 

Secondary (12 years) 3780574 6.426 5.55 0.005 1210.185 

Polytechnic Institute (15 years) 216749 10.824 7.968 1.691 463.255 

University (17 years) 1880567 12.474 10.21 1.267 1157.688 

HABIL = . 208084 4.506 6.486 1.185 1219.091 

In our sample, within the defined age intervals, we have observed that most of the young workers 

(aged less than 30) studied until secondary school and 3rd cycle, and there are fewer young workers 

with graduate degree. On the other hand, the older workers generally have schooling until the 1st 

cycle, which shows the overall education level tends to decrease with age. Figure 13 illustrates how 

the age dynamics play role on education the level of workers in detail between 2000 and 2009. 

Average Hourly Wages  by hierarchical level (2000-2009)

Trainees and Apprentices Unqualified Practitioners
Semiskilled Professionals Qualified Professionals
Highly Qualified Professionals Supervisors, Foremen, Masters
Junior Executives Senior Managers
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Figure 13- Education level of workers within and between age intervals for the period 2000-2009 

It is also possible to talk about the wages of observations within educational level and age group. 

As many studies have confirmed, higher levels of education brings with it higher wages. Figure 14 

shows that our data subscribe this conclusion, and the wages tend to grow with the increasing level of 

education. Additionally, in any level of education, observations aged between 50 and 64 experience 

higher wages than others (aged less than 50 and more than 65). Workers with a university degree 

achieve highest amount of wages in all ages than less educated ones.  

 

Figure 14- Average hourly wage distribution by educational level and age group for 2000-2009 

3.3 Engineering and Business Sciences graduates in Portugal 

The Quadros de Pessoal database collects also the information of engineering or business degree 

background, which is shown by Table 6. Until 2005, the data have possessed four different 

Education level within age intervals 
(2000-2009)

University (17 years) Polytechnical Institute (15 years)
Secondary (12 years) Basic, 3rd Cycle (9 years)
Basic, 2nd Cycle (6 years) Basic, 1st Cycle (4 years)

Average Hourly Wage Distribution, by Educational Level and 
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backgrounds as shown. However, in 2005 and after, some additions were performed in order to show 

different effects of different graduation levels such as bachelor, master, and doctorate. This will help 

monitoring the effects of education levels on wages. 

Table 6- Types of educational background of individuals in QP (2000-2009) 

Up to 2005                              2005-2009  
652 Bachelor – Engineering and related techniques 552 Bachelor – Engineering and related 

techniques 
752 Bachelor or Higher Degree – Engineering and 

related techniques  
652 Engineering and related techniques 

  752 MSc. Engineering and related 
techniques 

  852 PhD. Engineering and related 
techniques 

634 Bachelor – Commerce and Administration 534 Bachelor – Science Business 
734 Bachelor or Higher Degree - Commerce and 

Administration 
634 Science Business 

  734 MSc. Science Business 
  834 PhD. Science Business 

As the education plays an important role in terms of the hypothesis of this paper, Table 7 shows 

the distribution of engineering graduates (ENG) and business graduates (GES) among all other 

observations within the age intervals for the purpose of this thesis. According to this, we have many 

such observations for each age intervals. Although younger engineers compile the major part all 

among engineers, business graduates within age 30-49 are the biggest population among all business 

graduates. Nevertheless, the observations with other backgrounds are highest for all the age intervals. 

Table 7- The distribution of individuals according to educational background within age intervals 

(2000-2009) 

 
Age Interval 

 
AGE[18-29] AGE[30-49] AGE[50-64] AGE[65-85] 

Engineers 89082 207710 34876 2256 

Managers 138735 273715 21761 1393 

Other 5546192 10046131 2758228 164279 

Total 5774009 10527556 2814865 167928 

For the purpose of this paper, it is also possible to show the effect of educational background on 

average hourly wages within age intervals. As Figure 15 shows, the wages of engineers of business 

graduates are higher than the ones with other background in each age interval. If we compare the 

engineers among business graduates, we can say, until the age 65, engineering wages are higher 

than business graduates; however, the business graduates tend to earn more than engineers after the 

age 65.    
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Figure 15- Average hourly wages by educational background within age intervals (2000-2009) 

As mentioned earlier, the dataset contain more detailed educational background information after 

the year 2005. In order to show the effect of this difference, this paper analyses engineers and 

business graduates using the data only from 2005 and after. The Table 8 shows the total observations 

based on educational background within the age intervals. Comparing to above results obtained from 

2000-2009 data, the majority of engineers and business graduates again consist of 30-49 age groups 

and there are more business graduate workers than engineers. Even so, if we look at the most senior 

engineers vs. business graduates, the data shows there are more senior engineers (1035 

observations) than business graduates (478 observations). 

Table 8- The distribution of individuals according to educational background (considering new codes) 

within age intervals (2005-2009) 

 Age Interval 

 AGE[18-29] AGE[30-49] AGE[50-64] AGE[65-85] 

Engineers 42924 99849 13873 1035 

Managers 54157 135324 8760 478 

Other 2484509 4997135 1374854 78355 

  Total 2581590 5232308 1397487 79868 

 

For the purpose of this paper, as we have analyzed the distribution of observations in terms of 

educational background, it is crucial to also have an idea about the wage distribution among engineers 

and business graduates for data set observed in 2005 and after. The data in 2000-2009 showed 

engineers always had higher average hourly wages except the age range 65-85 where business 

graduates earn more. As shown in Figure 16, the results are different than above for 2000-2009. After 

2005, the engineers have higher wages between ages 18-49 where business graduates start earning 

higher after age 50. This concludes senior business graduates tend to earn higher than senior 

engineers in 2005 and after. It also shows that in every age range, the trend to earn higher is more for 

Average Hourly Wages  by educational 
background within age intervals (2000-2009)

ENG 

GES

OTHER
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workers with engineering and/or business degree than other individuals for both analysis made in 

period 2000-2009 and 2005-2009. 

 

Figure 16- Average Hourly Wages by educational background (considering new codes) within age 

intervals (2005-2009) 
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4. EMPIRICAL ANALYSIS 

4.1. Sample and Descriptive Statistics  

 In this section, we present the descriptive statistics of the main variables to be used on the 

econometric analysis. We start by describing the variables for the whole data used in this paper for 

male observations since most of the papers have used male observations in their analysis as 

mentioned in literature review (Abraham and Farber (1986), Altonji and Shakotko (1987), Topel (1991) 

etc.). Also it is important to mention that the same descriptive are done for female observations as well 

which is shown in Annex.  

 Hence, Table 9 shows the descriptive statistics of the main variables for the years 2000-2009 

taking into account male observations. We can note that most of the observations account for 

approximately middle-aged workers. Also, for the most part, the data include observations of 

individuals with approximately 3.3 years tenure (working time of a worker within the same company), 

11 years of labor market experience and the average hourly wage for these observations is 6.3 Euros.  

 As previously explained, the variable “Education” goes up to a maximum of 17 years, split into the 

following seven categories: Less than Basic, Basic-1st cycle (4 years), Basic-2nd cycle (6 years), 

Basic-3rd cycle (9 years), Secondary (12 years), Polytechnic Institute (15 years), and University (17 

years) education. Table 9 shows that the average education level for all the male observations is 8 

years. Moreover, as mentioned before, we consider 8 different hierarchical level considered as 

Trainees and Apprentices (1), Unqualified practitioners (2), semiskilled professionals (3), Qualified 

Professionals (4), Highly Qualified Professionals (5), Supervisors, Foremen, Masters (6), junior 

executives (7), senior managers (8). The statistics below (Table 9) show that the average hierarchical 

level for all the male observations is 4, which mean that we have mainly qualified professionals in our 

final data set. Taking into account individuals’ educational background (as engineers or managers), 

the data show 2% engineering graduates and 1.6% business graduates among all the observations.  

Table 9 – Descriptive Statistics of main variables for male observations (2000-2009) 

Variable Obs Mean Std. Dev. 

AGE (in years) 10131289 37.556 11.437 

Tenure (in years) 10131289 3.291 9.642 

Experience in paid employment (in years) 10131289 11.003 8.326 

Wage (€/hour) 10131289 6.257 6.632 

Educational Level (in years) 10131289 8.015 4.061 

Hierarchical level 10131289 4.013 1.599 

Educational background (Engineers) 10131289 0.957 0.204 

Educational background (Managers) 10131289 0.025 0.157 

Educational background (Others) 10131289 0.018 0.133 
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 The next tables present values for the main categories analyzed in our sample: engineers and 

managers. In these statistics, the education level is not considered since both groups of observations 

are highly educated and, therefore, educational level is not a significant variable for these groups. 

Table 10 presents descriptive statistics for the engineers’ sample. As seen below, this sample consists 

male observations with an average age of 37. Also, the data is dominated by observations on 

engineers, with approximately 3.3 years tenure (working time of a worker within the same company), 

9.3 years of labor market experience and an average wage/hour of 15 Euros. Most of these engineers 

work in a company as supervisors, Foremen, Masters, and/or junior executives, as shown below 

(Table 10). 

Table 10 – Descriptive Statistics of main variables for engineering sample of male observations (2000-
2009) 

Variable Obs. Mean Std. Dev. 

AGE (in years) 255595 37.120 9.700 

Tenure (in years) 255595 3.324 4.286 

Experience in paid employment (in years) 255595 9.324 7.334 

Wage (€/hour) 255595 15.322 11.256 

Hierarchical level 255595 6.896 1.503 

Educational background (Engineers) 255595 1.000 0.000 
 

 Finally, Table 11 presents the descriptive statistics for managers. As seen below, we can say that 

the observations consist of an age average of 35. Also, the data mostly accounts for manager 

observations with approximately 3.4 years tenure (working time of a worker within the same company), 

9.1 years of labor market experience with average hourly wages of 15.3 Euros. Most of these 

managers work in the company as supervisors, Foremen, Masters as the hierarchical level is 6.3 on 

average. 

Table 11 – Descriptive statistics of main variables for manager sample of male observations (2000-
2009) 

Variable Obs. Mean Std. Dev. 

AGE (in years) 183056 35.108 8.485 

Tenure (in years) 183056 3.380 6.696 

Experience in paid employment (in years) 183056 9.067 6.712 

Wage (€/hour) 183056 15.289 12.289 

Hierarchical level 183056 6.295 1.730 

Educational background (Managers) 183056 1.000 0.000 
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4.2. Methods 

4.2.1. The Basic Wage Model 

As explained above, the theoretical, empirical and methodological issues developed in the context 

of the present thesis draws on three key papers: Abraham and Farber (1986), Altonji and Shakotko 

(1987), and Topel (1991). Therefore, we attempt to use a validated empirical strategy and model 

following the approaches of these papers. Table 12 presents a general comparison of the variables 

commonly used, in order to provide an overview of the human capital effect on wages. 

Table 12 – The comparison table of model variables used in main papers in order to find the wage 

effect 

Variables 
Available for the 

present thesis 
(Kavvas, 2013) 

Abraham 
& Farber 

(1986) 

Altonji & 
Shakotko 

(1986) 

Topel 
(1991) 

Log Average hourly wage X    
Log real wage X  X X 
Ln hourly wages X X   
Tenure / seniority X X X X 
No. years person i held job j / completed 
length of the current job 

X X X  

Old job X  X  
Labor market experience X X X X 
Education level X    
Average return to labor market experience X X  X 
Average return to tenure X X  X 
Average return to education level X    

 

The basic wage model is used by most studies investigating returns to seniority, such as Altonji 

and Shakotko, Topel, and Altonji and Williams. In this paper, the wage model is prepared based on 

the basic wage model of Topel (1991) as following:  

log 푤 = 훽 푡 + 훽 퐸푥푝 + 훽 푇 + 훽 퐸푑푢푐 + 휀                                                 (1) 

where log 푤  denotes the log average hourly wage of person i in job j in period t, 푇  is tenure 

(seniority) with the current employer,	퐸푥푝  is total labor market experience, and 퐸푑푢푐  represents 

the years of schooling (education level). The parameters 훽 , 훽 , and 훽  represent the average returns 

to labor market experience, tenure, and education level, respectively, and are accepted as parameters 

of interest in this paper. 

The error term of model is decomposed as: 

휀 = 휙 + 휇 + 휐                                                                                                               (2) 
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where 휙  is a fixed job match specific error component (some measure of “match quality” that is 

correlated with seniority, experience, and education), 휇  is a fixed individual specific error component, 

and 휐  accounts for market wide random shocks as well as the measurement errors in the wage. 

Topel interprets the wage equation as 훽  represents the return on person’s general human capital 

that accumulates with experience, and 훽  represents the return on accumulated job-specific capital 

which would be lost in case of ending a job.  In our model, additionally, 훽  is the partial effect of 

schooling on wages and 훽  is an economy wide trend in wages. In order to estimate these 

parameters, many studies have used OLS estimator – i.e. Altonji and Shakotko, Topel – and the 

returns to tenure is found large.  

4.2.2. Ordinary Least Squares  

As explained above many studies have used OLS estimator in their analysis, this paper also uses 

OLS Estimator in order to estimate the effect of human capital on wages. Ordinary least squares 

(OLS) or linear least squares is an estimating method in order to predict the unknown parameters in a 

linear regression model. The aim of this estimation is to minimize the sum of squared vertical 

distances between the observed responses in the dataset and the responses predicted by the linear 

approximation. 

Therefore, we can continue the above basic model by applying OLS estimation as below: 

휑 = 푋 푏 + 푇 푏 + 푢                                                                                                       (3) 

In light of (3), least squares applied to (1) will yield biased estimates 훽  and 훽  since 퐸훽 = 훽 + 푏  

and 퐸훽 = 훽 + 푏 . It is tempting to argue that job quality, 휑, and tenure are positively related (푏 > 0). 

This argument ignores the fact that persons who change jobs gain, on average, from their move, and 

they are included in the data at low job tenures. In fact, the basic theory of search and matching 

implies that 푏 < 0 − 푎 comparison of wages of workers with different job tenures will understate the 

returns to seniority. 

If the true values of 훽  and 훽  are zero, an optimal job-changing policy is to accept any offer that 

exceeds the wage on the current job. Thus high-wage jobs survive because they are less likely to be 

dominated by an alternative offer. Under this condition, the current wage of any individual is the 

maximum offer received since entering the market. The expected value of this maximum clearly rises 

with experience since number of offers sampled increases, thus 푏 > 0. 

If 훽 > 0, acceptable new job offers must compensate workers for the foregone returns to tenure on 

the current job, so there is less mobility than when 훽 = 0. With 훽 > 0, some otherwise acceptable 

offers have been rejected. Inclusion of the marginal workers reduces the average wage of “stayers”. 

Further, persons who change jobs require higher average wage offers to induce their move. Both 

these selection effect imply 

퐸(푦|푋, 푇 + 1) − 	퐸(푦|푋, 푇) < 훽                                                                                            (4) 
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so the least squares applied to (1) must underestimate the returns to seniority. Thus, a basic matching 

technology with rising within-job wage profiles implies 푏 > 0 but 푏 < 0. Yet the notion that “good jobs 

survive” still holds. If we consider 푋  as experience at the start of a job, then 푋 = 푋 + 	푇,                                           

therefore, (3) is equivalent to 

휑 = 푋 푏 + 푇(푏 + 푏 )                                                                                                               (5) 

thus the durability of high-wage jobs means that 푏 + 푏 > 0, so the sum of the returns to experience 

and tenure will be biased up in a wage regression. 

4.3. Empirical Results 

4.3.1. Estimations for All Sample by Group 

In order to analyze the probability of wage changes with human capital effect, the results from the 

OLS estimations are described and discussed in this section. The estimations are done exclusively for 

male observations as in most of the papers (i.e. Abraham and Farber (1986), Altonji and Shakotko 

(1987), and Topel (1991)) the male individuals were taken into account1. This paper looks specifically 

at three different groups: a first estimation including all individuals of data set, a second estimation 

exclusively composed of Engineers, and, finally, a third estimation includes only Managers.  

The OLS estimations of this section encompass different categories. Firstly, the sample is analyzed 

for the three mentioned groups (i.e., “All”, “Engineers”, “Managers”) taking into account the 

observations for all ages  (18-85; including 18 and 85). The remaining estimates are account for 

individuals fitting four different age categories (Age [18-29], Age [30-49], Age [50-64], Age [65-85]), in 

order to estimate the more detailed age affect on wages and human capital. As previously mentioned, 

we exclude the observations of individuals aged under 18 and over 85 years (which are residual in the 

data) and the business owners, since most of them do not provide information on earnings. 

For the purpose of the present analysis, four main independent variables, related to the human 

capital, are considered of the interest. The first variable of interest is tenure (seniority), which shows 

the period (in years) that an individual has worked for the same firm. The second variable is the 

experience of an individual as paid-employee, which is also constructed taking into account the 

number of years in that occupation. The educational level of an individual is also included as another 

independent variable of this analysis. And finally, the last variable is workers’ hierarchical levels within 

the company. 
                                                             
 

 

1 This methodological choice has to do with the fact that, in general, the literature shows importante diferences between 
male and female workers behaviors and idiossincracies in the labor market. Researchers frequently opt for separate 
estimations by gender, to prevent results to be biased by those specific characteristics. Even though we focus on a sample 
of male workers, additional information and results on female workers is included in Annex. 
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The estimations are performed for the period between 2000 and 2009. As explained previously 

2001 is excluded since there are no data available for this year. Additionally, all the models performed 

with OLS estimations control for year and the industry. For this purpose dummy variables for each 

year (2000-2009) and for each Classification of Economic Activities at the two-digit level in Portugal 

are included, which is important to calibrate our model and account for specificities at the industry and 

macroeconomic dynamics. 

 The first estimation includes all individuals in the sample; the second estimation only includes 

engineers, and the third is restricted to managers. As justified before, all of these models are 

performed for male individuals. 

 The estimated coefficients (Table 13) show that remaining in the same company (tenure) interacted 

to age strongly increases the likelihood of an individual to earn higher wages which has also been 

found by the three main paper of this analysis explained in section 2 (Abraham and Farber, 1986; 

Altonji and Shakotko, 1987 and Topel, 1991). These results hold for the engineers and manager 

sample as well. However, tenure in years has a negative and significant effect on the all sample 

without any educational background restriction. The same applies to managers, however, there is no 

significant effect observed for the engineers.  

 Considering the entire sample, it is shown that individuals positioned in higher hierarchical levels 

within the firm, are the ones with higher probability to earn higher wages. For the sample restricted to 

engineers or managers, the hierarchy effect is also positive and significant to the probability of earning 

more wages.  

 Along with hierarchical levels, years of working experience as paid-employed strongly increase the 

likelihood of having higher wages. This result shows that individuals with longer labor market 

experience tend to earn more than the others. This finds plenty of support in the literature, as 

discussed in section 2.3 (i.e., Lazear, 1974; Altonji and Shakotko, 1987 and Topel, 1991), which is 

mostly explained by human capital accumulation. The same effect (experience as paid-employed has 

a positive and significant impact on an individual’s wage) holds both for engineers and managers. On 

the other hand, age interacted with the industry experience has negative impact on all of the three 

different groups, yet this effect is still significant for all of the samples. 

 Education, conceptualized as a proxy for human capital, has been found a crucial factor on 

people’s earnings by many authors (Card (1999), Bagger et al. (2011), Groot and Oosterbeek (1994) 

etc.). Our results also show that workers’ educational level interacted to ages has a positive and 

significant effect on their likelihood of receiving a higher salary. According to that, individuals with 

higher levels of education tend to earn more than other individuals while they grow older; which is also 

supported among engineers and managers. Taking into account only the workers’ educational level, 
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the same effect applies to the all sample; however, this effect turns into negative for the engineer 

sample, and, moreover, it becomes no significant for managers. 

 It is interesting to observe that, for the first estimation, changing firms during a career has   a 

negative impact on individuals’ wages. This finding also suggests that the probability to earn more is 

higher when the tenure increases. However, the same result is not observed for engineers and 

managers samples where firms’ transitions are not statistically significant. Probably the effect is being 

captured by other academic backgrounds than engineering and management. 

 For these three initial models, an increase in age is positive and significantly related to the 

probability of earning more. In general, while an individual gets older, his/her human capital 

accumulates, which indirectly supports the human capital effect on wages. When we look into the 

separated samples as engineers and managers, we observe the same result that individuals’ wages 

become higher as age increases. It is important to mention that following estimates done in next 

sections are specifically run for individuals pertaining to specific age groups with the same variables. 

 Remaining in the same industry during the career also increases the probability of having higher 

wages. Therefore, if individuals work for the same industry for many years, they tend to earn more 

than if they would change the industry they would work. As we control the Classification of Economic 

Activities in Portugal by having them as dummies in the estimations, it also supports this finding. Being 

engineer or manager also has positive and significant effect on the probability of earning higher 

wages. 
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Table 13 - Wage differentials related to human capital and labor market differences in Portugal for 
engineers and manager, OLS regression results, coefficients, 2000-2009 

EXPLANATORY VARIABLES Estimation I Estimation II Estimation III 

ALL SAMPLE ENGINEERS MANAGERS 
Tenure (Experience within same firm, in years) -0.001*** -0.001 -0.005*** 

[0.000] [0.001] [0.001] 
Hierarchical level in actual firm (8 levels) 0.131*** 0.111*** 0.147*** 

[0.000] [0.001] [0.001] 
Experience in paid employment (in years) 0.015*** 0.060*** 0.041*** 

[0.000] [0.001] [0.001] 
Educational Level (in years) 0.007*** -0.048*** 0.011 

[0.000] [0.006] [0.007] 
Experience in several firms (No. Firms) -0.006*** 0.006*** 0.033*** 

[0.000] [0.001] [0.001] 
AGE (in years) 0.008*** 0.017*** 0.015*** 

[0.000] [0.003] [0.003] 
Experience within same industry (in years) 0.000*** 0.002*** 0.001*** 

[0.000] [0.000] [0.000] 
No. Employees in actual firm 0.000*** -0.000*** -0.000*** 

[0.000] [0.000] [0.000] 
Sales Volume in millions (in actual firm) 0.000*** 0.000*** 0.000*** 

[0.000] [0.000] [0.000] 
Foreign initial capital (% total initial capital) 0.002*** 0.002*** 0.003*** 

[0.000] [0.000] [0.000] 
Age interacted with tenure 0.000*** 0.000*** 0.000*** 

[0.000] [0.000] [0.000] 
Age interacted with labor market experience -0.000*** -0.001*** -0.001*** 

[0.000] [0.000] [0.000] 
Age interacted with years of education 0.001*** 0.003*** 0.002*** 

[0.000] [0.000] [0.000] 
Constant 0.494*** 0.610*** -0.334*** 

[0.002] [0.094] [0.120] 
Observations 9,686,229 233,340 172,915 
R-squared 0.585 0.499 0.490 
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 

 When we look to the first estimation, as expected, the number of employees has a positively 

significant effect on earning more. According to that, individuals who work in a larger firm in terms of 

number of employees, have higher wages than the ones who work in smaller companies. Surprisingly, 

this result is not valid for second and third estimations where it has negative impact on the probability 

of wage increase when it comes to be an engineer or manager.  



 
  

 
51 

 
 

 

 On the other hand, for all of the three estimations, both sales volume (expressed in millions of 

Euro) and percentage of foreign initial capital of the actual firm increases the amount of money an 

individual receives monthly. Basically, the higher the firm sales figures, the higher gets the wage paid 

to its employees. There is positive and significant effect for the entire sample, as well as for the 

sample restricted to engineers and for the managers only. The same applies when we measure how 

much a company is international or national. Definitely, the results show that working in a global 

company has a positive and significant effect on the probability of earning more, for all the three 

estimations.  

 It is important to mention that – even out of the reach of the present research – these estimations 

are also performed for the female workers’ sample in order to account for the gender effect of the 

explanatory variables on wages. Those results are shown on Table A.1 in the Appendices section.  

4.3.2. Estimations for AGE [18-29] by Group 

 As explained above, after running the estimates for the three sample groups (all, engineers, and 

managers), in this section, we present similar models for the specific group age between 18 and 29 

(included 18 and 29) for male observations2.  

 Table 14 shows that, age interacted to tenure has a significant effect on probability of having higher 

wages for the individuals aged between 18 and 29 for all of the three groups. Taking into account only 

the tenure factor, the results show that it is negatively related to individuals’ wages; yet, there is no 

significant effect for both the entire sample and the managers’ sample. This happens because 

younger individuals had no sufficient time to spend longer spells within the same company or within 

the labor market in general. On the other hand, this effect is only significant and positively related to 

wages for engineers. This means that younger individuals who work for the same company more than 

one year are more likely to earn higher after some years. 

  

 

                                                             
 

 

2 We have also run the similar models for female observations within the same age range and results are shown on Table 
A.2 in the Appendices section. 
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Table 14 - Wage differentials related to human capital and labor market differences in Portugal for 
engineer and manager observations aged [18-29], OLS regression results, coefficients, 2000-2009 

EXPLANATORY VARIABLES Estimation IV Estimation V Estimation VI 

ALL SAMPLE ENGINEERS MANAGERS 
Tenure (Experience within same firm, in years) -0.000 0.021* -0.005 

[0.000] [0.013] [0.008] 
Hierarchical level in actual firm (8 levels) 0.084*** 0.069*** 0.095*** 

[0.000] [0.001] [0.001] 
Experience in paid employment (in years) -0.018*** -0.121*** -0.083*** 

[0.001] [0.017] [0.017] 
Educational Level (in years) -0.070*** 0.131*** 0.137*** 

[0.001] [0.033] [0.036] 
Experience in several firms (No. Firms) 0.006*** -0.002 0.022*** 

[0.000] [0.003] [0.003] 
AGE (in years) 0.008*** 0.299*** 0.116*** 

[0.001] [0.029] [0.032] 
Experience within same industry (in years) 0.000*** 0.000 0.001* 

[0.000] [0.001] [0.000] 
No. Employees in actual firm 0.000*** -0.000*** -0.000 

[0.000] [0.000] [0.000] 
Sales Volume in millions (in actual firm) 0.000*** 0.000*** 0.000*** 

[0.000] [0.000] [0.000] 
Foreign initial capital (% total initial capital) 0.002*** 0.002*** 0.003*** 

[0.000] [0.000] [0.000] 
Age interacted with tenure 0.000 -0.001 0.000 

[0.000] [0.000] [0.000] 
Age interacted with labor market experience 0.001*** 0.006*** 0.004*** 

[0.000] [0.001] [0.001] 
Age interacted with years of education 0.004*** -0.004*** -0.002 

[0.000] [0.001] [0.001] 
Constant 0.978*** -4.173*** -2.148*** 

[0.012] [0.602] [0.654] 
Observations 2,748,083 55,332 47,090 
R-squared 0.448 0.353 0.354 
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 

 

 Within 18-29 aged individuals, an age increase shows a positive impact on wage increase. This 

effect is significant for all of the three samples. This means these individuals tend to earn higher while 

they grow older with time as they would earn experience in labor market, which applies also to both 

engineers and managers.  

  It is observed that the individuals, with no educational background restriction, tend to earn higher 

wages if they are positioned in higher hierarchical level within the firm. The same happens to 
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engineers and managers, since hierarchical level also has positive and significant effect on individuals’ 

wage growth; however, this effect is stronger for managers than engineers. 

 On the other hand, individuals’ experience as paid-employed is another important factor affecting 

the wages’ growth positively when it is interacted with the age. This effect is significant for the three 

samples, which shows longer labor market experience allows an increase on wages; however, this 

effect is strongest for the engineers’ sample than for the other two groups. Analyzing only the labor 

market experience shows this effect has a negative impact on individuals’ wages also for both 

engineers and managers. 

 Along with labor market experience, the wages of individuals also show an increasing profile as 

their education level increase with the time. Accordingly, it is more likely that individuals who have 

higher educational degree as background earn more than those without higher education courses 

while they grow older. The same applies for the engineers and managers regarding additional master 

or doctorate degrees, yet, this effect is strongest for engineers. 

 For the mentioned age interval, results show that changing firms during the professional career 

significantly increase individuals’ wages as these individuals are in the beginning of their career. The 

same applies to business graduates since they tend to earn more in case of company transitions, 

which would support the idea that better job matches occur. However, there is no such effect when 

observing the sample restricted to engineers.  

 Younger individuals have higher earnings when they remain within the same industry. The 

regressions show this effect is significant and positively related to the likelihood of earning more. 

However, the effect is less significant for the sample restricted to managers and there is no significant 

effect when analyzing the engineers’ sample. 

 In addition, firm characteristics are also taken into account. Number of employees within the firm 

where individuals work (larger firms), has a positive and significant effect on the probability of having 

higher salaries. This effect is strongly related to wages when we have no restrictions on educational 

background of individuals; however, when the engineers sample is considered, there is a negative 

impact on wage increases, which is an interesting finding because it suggests engineers working in 

larger firms earn less than engineers engaged in smaller firms. Furthermore, there is no significant 

effect on firm size and wage growth for managers.  

 Regarding other firms’ characteristics, the results show both sales volume and the percentage of 

foreign initial capital of the firm is positively associated with an increase in earnings. The same also 

applies when the samples are restricted to engineers and managers only. This suggests that 

individuals aged between 18 and 29, who work in more companies with higher turnover, always 
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receive higher wages than their counterparts. Additionally, working in a more global company also 

increases the probability of individuals to earn more, for the three estimations, independently of their 

educational background.  

4.3.3. Estimations for AGE [30-49] by Group 

 In this section, we present similar models for the specific aged group between 30 and 49 (30 and 

49 included) for male observations as represented below (Table 15). 3   

 When we look specifically at the individuals aged 30-49, the age interacted tenure effect is still 

positive and significant for all individuals as. The same applies for engineers and managers where 

tenure only has a positive effect on the wage increase when it is interacted with ages. On the other 

hand, when age is not considered within the tenure, this effect is negatively related on individuals’ 

earnings also for engineers and business graduates.   

 In line with the precedent estimations (Estimation I, II, and III), the likelihood of individuals earning 

higher wages is still affected by their hierarchical level within the firm. Accordingly, for all these three 

models restricted to the observations aged 30-49, there is a positive and significant relationship 

between the hierarchical level and wages. Within the same firm, the individuals with higher hierarchical 

levels gain more than the ones with low hierarchical levels, without depending to their educational 

background. 

 Similarly to the results obtained by our previous estimations, when restricting the sample to 

workers aged 30-49, the labor market experience as paid-employed has a slight positive and 

significant effect on wage increase. Still with the experience they receive during their career in these 

ages, individuals tend to earn higher wages. The same applies when we look separately at the two 

other samples focusing on engineers and managers.  

 Regarding the education level effect for the 30-49 years old workers, we can conclude that there is 

significant effect on the likelihood of receiving higher wages. Therefore, the most educated individuals 

tend to earn more than the ones with less education, when we consider the entire sample. This finding 

is supported by the positive and significant results for the two separate estimates, on engineers and 

managers. 

                                                             
 

 

3 The same as above two estimations, we have also run the similar models for female observations within the same age 
range [30-49] in which the results are shown under Table A.3 in the Appendices section. 
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Table 15 - Wage differentials related to human capital and labor market differences in Portugal for 

engineer and manager observations aged [30-49], OLS regression results, coefficients, 2000-2009 

EXPLANATORY VARIABLES Estimation VII Estimation VIII Estimation IX 

ALL SAMPLE ENGINEERS MANAGERS 
Tenure (Experience within same firm, in years) -0.001*** -0.004** -0.004** 

[0.000] [0.002] [0.001] 
Hierarchical level in actual firm (8 levels) 0.147*** 0.121*** 0.167*** 

[0.000] [0.001] [0.001] 
Experience in paid employment (in years) 0.014*** 0.084*** 0.074*** 

[0.000] [0.002] [0.003] 
Educational Level (in years) 0.013*** -0.082*** -0.026 

[0.000] [0.012] [0.016] 
Experience in several firms (No. Firms) -0.003*** 0.007*** 0.036*** 

[0.000] [0.001] [0.001] 
AGE (in years) 0.010*** -0.001 -0.025*** 

[0.000] [0.007] [0.009] 
Experience within same industry (in years) 0.001*** 0.001*** 0.002*** 

[0.000] [0.000] [0.000] 
No. Employees in actual firm 0.000*** -0.000*** -0.000*** 

[0.000] [0.000] [0.000] 
Sales Volume in millions (in actual firm) 0.000*** 0.000*** 0.000*** 

[0.000] [0.000] [0.000] 
Foreign initial capital (% total initial capital) 0.003*** 0.003*** 0.003*** 

[0.000] [0.000] [0.000] 
Age interacted with tenure 0.000*** 0.000*** 0.000** 

[0.000] [0.000] [0.000] 
Age interacted with labor market experience -0.000*** -0.001*** -0.002*** 

[0.000] [0.000] [0.000] 
Age interacted with years of education 0.001*** 0.004*** 0.003*** 

[0.000] [0.000] [0.000] 
Constant 0.366*** 1.049*** 0.399 

[0.009] [0.212] [0.293] 
Observations 5,230,152 146,462 111,938 
R-squared 0.593 0.417 0.418 
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 

 

 As found in the previous estimations, changing firms during a career has also a negative and 

significant impact on individuals’ wages when the sample is restricted to 30-49 aged observations. 

This finding supports the finding that wages increase with tenure. However, for engineers and 

managers, changing firms increase the probability of earning more. Such result for managers makes 

sense comparing to what we found while analyzing the tenure effect. However, surprisingly, this 

finding creates conflicting findings for engineers, since both changing firm and tenure effect seem to 
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be positive and significant. That may be due to the fact that individuals change their firm for a better 

earning job, with higher hierarchical positions during this specific period in their career. 

 As mentioned before, age is expected to show a non-linear relationship to wage. It is observed that 

age have a significant and positive effect on wage for individuals focusing on workers aged 30-49. For 

this age range, it is still possible to say the finding supports the human capital effect on wages since 

human capital accumulates while an individual gets older. However, this effect is no significant for 

younger engineers in the sample while the same applies for the older business graduates. 

 There is a positive and significant effect on the likelihood of earning more when an individual 

remains within the same industry. This result does not change when we perform the model for only 

engineers or managers. Still, if they would work for the same industry during their business life, they 

would earn more than if they would change to another industry. 

 When observing this effect and looking at firm characteristics, we find that, for the complete 

sample, the number of employees within a firm increases the probability of having higher wages. 

Therefore, individuals who work for a large company in terms of number of personnel, receive more 

than their counterparts. Again, for the 30-49 years old workers, this effect is negative and significant 

on wage growth when the models are restricted to engineers and managers. On the other hand, both 

sales volume of the firm and the initial capital foreigner percentage have positive and significant effect 

on all these three models for 30-49 aged male observations category. It is observable that this finding 

does not change for the middle-aged workers and firm characteristics basically show the same 

outcome regardless of the age category. 

4.3.4. Estimations for AGE [50-64] by Group 

 In this section, we present the estimations for the effect of the same variables on wage growth for 

the specific group aged between 50-64 (included 50 and 64), which is a relevant group since this 

thesis aims at focusing on more senior individuals. 4 

 The effect of tenure for this age range category shows the same trend as the previous estimations 

for the all sample. According to that, there is a significant and positive effect of tenure interacted to age 

on the probability of earning more, meaning that on those ages individuals tend to grow their wages 

                                                             
 

 

4 These estimations, again, are performed taking into account the male observations. The similar models are 
performed for female observations within the same age range and results are shown in Table A.4 in the 
Appendices section. 
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once their tenure increases within the same firm. This effect then shows different results for the two 

separated samples’ estimations. It is interesting to observe that being an engineer or manager is not 

significantly related to tenure when aged 50-64.  

 Experience – another human capital component – shows a positive and significant effect on wage 

growth within this age range when it is not interacted with the age. These results are different for 

engineers and managers. Accordingly, being an engineer only becomes significant when the 

experience is considered together with the age interacted. The same applies also for managers.  

 When we analyze the 50-64 aged category individuals, we found that educational level of an 

individual is positively significant on the probability of earning more. Therefore, as in previous 

estimations, the more educated individuals earn more in the labor market. These results, again, 

supported the same significant effect for managers. However, there is no significant effect of 

educational level for engineers even though it is considered with the age factor. 

 As for the previous estimates, among the models performed for male workers aged 50-64, the 

hierarchical level effect also does not show a difference on the likelihood of earning a higher wage. 

Again, for this age category, the hierarchical level has a positive and significant effect on the all 

sample, as well as on the samples for engineers or managers. 

 We find that changing firms frequently during a career still shows negative and significant effect on 

wage growth within this age range. This again supports the findings regarding the tenure effect. 

However, resembling the previous models, results are different for engineers and managers, to whom 

which changing firms increase the average hourly wages. A possible explanation for this may have to 

do with the fact job changes associate with better employer-employee job matches. 
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Table 16 - Wage differentials related to human capital and labor market differences in Portugal for 

engineer and manager observations aged [50-64], OLS regression results, coefficients, 2000-2009 

EXPLANATORY VARIABLES Estimation X Estimation XI Estimation XII 

ALL SAMPLE ENGINEERS MANAGERS 
Tenure (Experience within same firm, in years) -0.001* -0.006 -0.000 

[0.000] [0.006] [0.026] 
Hierarchical level in actual firm (8 levels) 0.166*** 0.198*** 0.239*** 

[0.000] [0.003] [0.004] 
Experience in paid employment (in years) 0.012*** -0.000 -0.054*** 

[0.000] [0.005] [0.008] 
Educational Level (in years) 0.046*** 0.051 0.225** 

[0.001] [0.070] [0.104] 
Experience in several firms (No. Firms) -0.014*** 0.003 -0.005 

[0.000] [0.002] [0.004] 
AGE (in years) 0.058*** 0.091*** 0.162*** 

[0.002] [0.031] [0.049] 
Experience within same industry (in years) 0.001*** 0.002*** -0.005 

[0.000] [0.001] [0.004] 
No. Employees in actual firm 0.000*** -0.000*** -0.000 

[0.000] [0.000] [0.000] 
Sales Volume in millions (in actual firm) 0.000*** 0.000*** 0.000*** 

[0.000] [0.000] [0.000] 
Foreign initial capital (% total initial capital) 0.002*** 0.002*** 0.004*** 

[0.000] [0.000] [0.000] 
Age interacted with tenure 0.000** 0.000 0.000 

[0.000] [0.000] [0.000] 
Age interacted with labor market experience -0.000*** 0.000*** 0.001*** 

[0.000] [0.000] [0.000] 
Age interacted with years of education -0.000 0.000 -0.002 

[0.000] [0.001] [0.002] 
Constant -1.049*** -2.372* -5.875*** 

[0.064] [1.319] [2.008] 
Observations 1,607,424 29,570 13,002 
R-squared 0.618 0.387 0.345 
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 

 

 Regarding the increasing age profiles within 50-64 aged individuals, there is a positive significant 

effect on individuals’ wage. This shows that an increase of individuals’ ages will affect the wages 

positively and more aged individuals will earn more for all the three samples. 

 In terms of industry changes during a career, the effect is positive and significant when it is about 

the all sample for the 50-64 aged individuals, which means the wages tend to increase when the 
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individual remains on his career within the same industry. This effect is similar when the sample is 

restricted to engineers. However, for the manager sample the results are different. Firstly, the industry 

variable does not have a significant effect on individuals’ wages; secondly, it is negative, which means 

they could earn higher wages when changing industry. 

 When we talk about the effect of characteristics of firms’ on individuals wages, we can analyze it 

into three categories as presented in table: number of employees in actual firm, sales volume in 

millions, and percentage of the foreign initial capital. Regarding the number of employees within the 

firm of the individual, the effect is positive and significant for the all sample which means working in a 

bigger firm in terms of number of stuff increases the likelihood of earning more. However, this effect is 

negative and significant when the model is run just for the engineer sample. Also, there is no such 

significant effect for managers’ sample within 50-64 aged individuals. 

 On the other hand, both sales volume of the firm and the percentage of foreign initial capital f have 

positive and significant effect on probability of having higher wages for all three models. This means 

while the profit of the firm an individual works increases, the wages also increase when we consider 

the observations just for ages between 50 and 64. This result applies to the models restricted to 

engineers and managers only. Also, working in more global firms brings more wage increases than 

working in more local firms. 

4.3.5. Estimations for AGE [65-85] by Group 

 Finally, we now present the estimations for the effect of the same variables on wage growth effect 

for the specific aged group between 65-85 (included 65 and 85), as the highest age range we consider 

in our analysis.5 

 

 

                                                             
 

 

5 These estimations, once again, are performed taking into account the male observations. Similar models are 
performed for female observations within the same age range and results are shown under Table A.5 in the 
Appendixes section. 
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 Table 17 - Wage differentials related to human capital and labor market differences in 

Portugal for engineer and manager observations aged [65-85], OLS regression results, coefficients, 

2000-2009 

EXPLANATORY VARIABLES Estimation XIII Estimation XIV Estimation XV 

ALL SAMPLE ENGINEERS MANAGERS 
Tenure (Experience within same firm, in years) -0.031*** 0.056 0.148 

[0.005] [0.200] [0.100] 
Hierarchical level in actual firm (8 levels) 0.151*** 0.132*** 0.233*** 

[0.001] [0.013] [0.014] 
Experience in paid employment (in years) 0.022*** 0.076*** -0.004 

[0.002] [0.018] [0.023] 
Educational Level (in years) 0.109*** 0.374 -0.331 

[0.005] [0.487] [0.428] 
Experience in several firms (No. Firms) -0.008*** -0.067*** 0.034 

[0.001] [0.014] [0.022] 
AGE (in years) -0.097*** -0.332** -0.266* 

[0.008] [0.149] [0.143] 
Experience within same industry (in years) 0.007*** 0.064 0.060** 

[0.001] [0.165] [0.030] 
No. Employees in actual firm 0.000*** 0.000*** 0.000** 

[0.000] [0.000] [0.000] 
Sales Volume in millions (in actual firm) 0.000*** 0.000*** 0.000*** 

[0.000] [0.000] [0.000] 
Foreign initial capital (% total initial capital) 0.002*** 0.004*** 0.005*** 

[0.000] [0.001] [0.001] 
Age interacted with tenure 0.000*** -0.001 -0.003* 

[0.000] [0.002] [0.002] 
Age interacted with labor market experience -0.000*** -0.001*** 0.000 

[0.000] [0.000] [0.000] 
Age interacted with years of education -0.001*** -0.005 0.004 

[0.000] [0.007] [0.006] 
Constant 3.997*** 10.253 13.232* 

[0.292] [8.619] [7.959] 
Observations 100,570 1,976 885 
R-squared 0.502 0.440 0.388 
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 

 

 The results are different for many variables than the ones from previous age groups since these 

aged individuals are facing the end of their professional careers. Results show that the tenure effect is 

negative and significantly related to wage growth for the all sample, which means working long years 

for the same firm during the career would decrease the wages after the ages 65. Yet, there is no 

significant effect when the models are restricted to engineers and managers sample. This would lead 
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individuals to retire from the labor market. However, age interacted tenure has a positive and 

significant effect on individuals’ wage increase which is also shown for managers, yet, this effect is 

less significant, while being an engineer, again, is not significant. 

 Although the tenure shows a different tendency for this aged group of observations, the hierarchical 

level effect seems to be the same as previous estimates. With reference to this variable, there is a 

positive and significant effect on probability of earning more for all of these three estimations. The 

individuals tend to earn more when their hierarchical level increases. 

 In terms of experience effect among these older individuals, the results remain the same for all 

sample estimations, showing a significant and positive effect on wage growth. This means when these 

aged individuals gain more experience, they tend to earn higher wages. Apparently, being an engineer 

would give the same result; however, for the managers’ sample, the results are different. Being a 

manager at these ages has no significant impact on wage growth and it is negatively related to the 

individuals’ wages. 

 As well as the experience effect, the education effect also moves in the same direction than 

previous estimations when we considered the all sample. There is a positive and significant effect on 

the probability of earning more. However, these results are different when the models are restricted to 

the individuals’ educational background as engineer and manager. First of all, there is no such 

significant education effect for both of these samples. Secondly, at these ages, while there is a 

positive relationship with wages for engineers, being a manager is negatively correlated with the 

individuals’ wages when taking into account the educational level. 

 It is interesting to observe that the age effect shows completely different profile when the estimates 

are performed for individuals aged 65-85. For all of the three estimations, the age effect is negative 

and significant to the probability of having higher wages. This will strongly support the inverse U-shape 

wage-age profile which is also found by Myck (2007) and Ours and Stoeldraijer (2010): the wages 

change when individuals grow older and this situations affects their behavior on the labor market 

including the retirement decision. 

 Regarding the firm changes during the career at these ages, the effect is negative and significant 

with the likelihood of earning more wages for the all sample, which is the same as previous age 

grouped estimations. It is observed that the result is the same when the sample is restricted to 

engineers; however, there is positive effect on wage growth when the estimations are performed for 

the managers’ sample only. Yet, this effect is less significant which does not strongly support the wage 

growth. 
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 In terms of industry changes, the effect of working within the same industry, within these aged 

individuals, is positive and significantly related to the higher wages for the all sample estimations. 

According to that, if an individual remains in the same industry during the career, he tends to earn 

higher than if he would change industries frequently. The same applies when the estimates are 

restricted to managers only. However, being an engineer has no significant industry effect on 

individuals’ wages, yet, this effect is positively related. 

 Referring to firm characteristics’ effects, the analysis shows that all three variables (number of 

employees in actual firm, sales volume in millions, and the percentage of foreign initial capital) have a 

positive and significant effect on all three estimations within the 65-85 aged individuals. Therefore, it is 

possible to say if individuals work in larger companies they tend to have higher wages than others, no 

matter what their educational background is. Also, firms with higher turnover (i.e., higher sales volume) 

pay higher salaries to their workers.. On the other hand, the global structure of a firm – looking the 

percentage of foreign initial capital of a firm – also increases the likelihood of earning more for these 

aged individuals, as it is also observed in all previous estimations. 

4.3.6. Discussion of Results for all age intervals 

 In this section of the paper, the results of the paper and analysis are explained resorting to the 

available data from the “Quadros de Pessoal” longitudinal database. As shown above, the statistical 

analysis was undertaken in this dissertation using the Ordinary Least Squares estimation method. For 

this purpose, this paper focuses on male individuals as many of the previous estimations were done 

for the male workers such as Ruhm (1990), Sulis (2009), Abraham and Farber (1986), Altonji and 

Shakotko (1987), and Topel (1991). The estimations are also performed for the female observations 

but these results are shown as appendixes. 

 The analysis has focused on the human capital effect on wages taking into account tenure/seniority 

within the same firm, labor market experience as paid employee, education level, and hierarchical 

level as the main independent variables. Also, diverse control variables have been added to the 

models concerning the individuals’ demographic characteristics focusing on age, the individuals’ 

industry and firm decisions, and also some of the firms’ demographic and financial indicators as 

number of employees in actual firm, sales volume of the firm in millions, and the foreign initial capital. 

 The estimations were performed for different group of observations. In order to cover the 

hypothesis, firstly, the entire sample was considered without any educational background restrictions. 

Later, for the purpose of propositions, the estimations were done for the separate models where it the 

analysis was restricted to engineers and managers only. These three estimations were then analyzed 

within different age ranges: 18-29, 30-49, 50-64, and 65-85 years old, as explained previously while 

describing the data. 
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 As an important independent variable of the model, tenure shows different effects on all of these 

estimations. For the all sample, age interacted with tenure shows a positive and significant effect on 

probability of earning higher wages when estimated all data without age range, within the 30-49 age 

interval, 50-64 age interval and 65-85 age interval. However, within the 18-29 aged individuals this 

effect no significant with wages growth, which shows since there individuals are new in labor market, 

the individuals tend not to earn higher while their tenure increases. The same applies for both 

engineers and managers. Being an engineer becomes not significant before 30 years of age and after 

55 years of age.  On the other hand, tenure effect is only significant when interacted to age for the 

managers more than 30 years; yet, the effect is not very strong after 65 years old. 

 In all models, hierarchical level shows a positive and significant impact on likelihood of having 

higher wages. Accordingly, while a hierarchical level of an individual within a firm increases, the wages 

tend to grow no matter what the age of individual is. This effect is the same for engineers and 

managers sample where their wages increase with an advanced hierarchical level within firm.   

 As well as hierarchical level, with an increase of the level of labor market experience in paid 

employment, the individuals tend to earn higher wages when analyzing the all sample for all age 

categories except the ones aged between 18 and 29 which shows the opposite effect. Therefore, for 

this age range, age interacted to experience has significant effect on likelihood of earning more. The 

same applies to engineers and managers aged 18-29 and 55-64, interestingly. However, experience 

as paid-employed is not significant and is negatively related with the probability of earning more for 

managers aged 65 and more also for engineers aged 55-64, while for the younger ages, more 

experienced managers tend to have higher wages. 

 Across the entire analysis, a significant effect of individuals’ education level upon the average 

hourly wages has been observed for the entire sample in all of the age categories except individuals 

aged 18-29, where only age interacted education level becomes significant on wage growth. 

Therefore, while the education level of individuals – without any educational background restriction – 

increases, they simultaneously earn higher wages which is in line with previous studies done by Card 

(1999), Bagger et al. (2011), Dickson (2009) and so on. On the other hand, looking into the different 

educational backgrounds as engineers and managers; this finding is supported since these highly 

educated individuals tend to have better salaries up to 65 ages. After the age 65, education effect 

becomes no significant for engineers and managers; yet, this effect is negatively related to wages for 

managers. 

 Concerning individuals’ firm changing decisions, results indicate that it has a negative effect on the 

probability of receiving higher salaries for the all sample within entire age categories except the 

individuals aged between 18 and 29 tend to earn more due to a firm substitution made on these ages. 

Changing firms frequently would affect the wage growth of individuals’ negatively without being 
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dependent on their educational background up to 30 ages. Taking into account their educational 

background as engineers and managers, the results show that up to 50 ages there is a significant and 

positive effect, between 50-65 years no significant effect is observed upon the wage growth, 

additionally, there is no significant effect for engineers aged less than 30 years. 

 On the other hand, if the individuals remain within the same industry during their career they would 

face wage increases which is found for all four estimates performed taking into account the all sample.  

This means without any restriction of educational background or any specific age range, the 

individuals earn more across time in case they remain the industry they are working for. When it is 

restricted to the engineers, the results indicate this effect is positive and significant between 30 and 65 

years, however, later on there is no significant effect on wages of individuals as well as when they are 

aged less than 30 years. These results are different for managers in all age ranges except the ages 

between 50-64, has no significant effect on wages, and yet, the probability of earning more is less for 

individuals aged less than 30 and 65 and more. 

 As previously mentioned, the age effect has shown a significant impact on individuals’ wages 

growth when we analyze the entire sample for all the age ranges except more than 65 years of 

individuals where this effect turns into a negatively significant effect. Looking into engineers and 

managers, it is observed that there is a positive and significant effect on wage growth, except, due to 

the fact of latent retirement; the individuals aged more than 65 tend to receive less when they grow 

older. Furthermore, the age factor does not affect the wages of engineers aged between 30 and 49, 

and has a negative impact on business graduates aged between 30 and 49.  

 The analysis recurs to diverse control variables in the estimations, being few of them related with 

firms’ demographic and financial indicators. It is observed that individuals working in a larger firm, with 

higher number of employees, tend to earn more than the ones who work in a smaller company. These 

results are valid for the all sample for all the age ranges, for 65 years or more engineers, and for less 

than 30 years and more than 65 years managers. However, the engineers aged less than 65 years, 

interestingly, earn less in case of working in a larger company, which applies as well to managers 

sample except that for this group of individuals there is no significant effect between ages 50 and 64. 

On the other hand, sales volume and the percentage of foreign initial capital in the firm always have 

positive and significant effect on individuals’ earnings. This means individuals earn more when they 

work in more competitive and more global firms rather than their counterparts. 
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5. CONCLUSIONS 

The idea that the wages rise with seniority or age is one of the most important predictions of human 

capital theory. The literature provides evidence to this prediction saying that workers’ wages tend to 

rise with age/seniority. It also provides different dimensions into wage dynamics by analyzing the 

effects of human capital accumulation, education, labor market experience, establishment 

characteristics, and job mobility. It is proved by many papers that, as well as seniority, the schooling is 

also an important component on wages growth which says higher education brings with it higher 

wages.  At the same time, since the labor market experience is directly proportional with seniority, 

experience is considered to have a positive effect on wages. These findings support the theory of 

human capital, since workers’ human capital increases with experience, education, as well as 

seniority. Additionally, there have been many studies working on the effect of different firm 

characteristics on wages, related to seniority. The general finding is that firms with different 

characteristics that use seniority-based pay scheme (deferred-payment contract) tend to have higher 

future wages. Finally, job mobility may also affects wages, since better job matches between workers 

and firms results in wage increases, and wages may decrease with a loss of specific human capital 

related to job tenure. 

This thesis examines whether the workers’ wages tend to grow with seniority and/or age, which is 

the fundamental foundation of the human capital theory. The analysis is based on secondary data 

collected from a longitudinal Portuguese matched employer-employee micro data – “Quadros de 

Pessoal” within the period 2000-2009, to estimate the average returns to job seniority, age, and 

education among engineers and business graduates. It is observed that wages tend to rise with age in 

Portuguese labor market. Education also plays role on wages growth, and higher educated workers 

experience higher wages over the given period. 

The analyses were performed for the three groups of individuals: all individuals, only engineers, 

and only managers. Wage equations and the OLS model were used to perform estimations on wage 

growth behavior affected by all independent and control variables for each of the groups of individuals. 

Results consistently show that the human capital accumulation do have a positive effect on the 

likelihood of having higher wages, hence confirming the preliminary analysis from the descriptive 

sections of this study, as well the previous studies (i.e. Becker’s (1975), Altonji and Shakotko (1987), 

Topel (1991), Dong et al. (2007)). 

It is seen that tenure is an important factor of individuals’ wage growth in the labor market which 

supports the main focused articles in this paper (Abraham and Farber (1986), Altonji and Shakotko 

(1987), and Topel (1991)) as explained in literature review. However this result is valid for the 

individuals up to 65 years and after that age, this shows completely different approach where it 

decreases the wages of individuals instead. Also there is no significant age interacted tenure effect 
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observed for the individuals aged between 18 and 29 also for engineers and managers. When the 

effects are estimated for engineers, it is observed that tenure is likely to increase individuals’ wages 

between 30 and 50 years of age and this effect becomes no significant for individuals aged less than 

30 and more than 50 years. On the other hand, looking specifically to managers, it can be said there is 

a significant effect between 30 and 50 years, yet the probability of having higher wages slightly 

decreases after 65 years old and this effect becomes no significant for managers aged between 55 

and 64 and for managers aged less than 30 as well.  

Together interacted to the tenure, the age effect is also observed as a control variable in this paper. 

Therefore, an age increase, as expected, would lead higher earnings to individuals as while 

individuals get older their human capital accumulates. This profile follows a curved path down 

observing less than 30 and more than 65 years individuals by influencing in a negative way, which 

supports the inverted U-shape profile. 

Regarding the other variables of interest, it is observed that in all of the groups of individuals; the 

wages tend to increase with their hierarchical level within the firm increases. The same applies when 

we observed workers’ labor market experience within the actual firm, where individuals’ experience 

impacts positively on wages, which supports the findings in literature review of this paper (i.e. Burdett 

and Coles (2010), Altonji and Shakotko (1987), Topel (1991), Altonji and Williams (1998)) . An 

exception was verified with the managers’ sample estimation since experience has no significant effect 

for the individuals aged 65 or more and engineers aged between 55 and 64. 

On the other hand, education is also an important component in terms of worker’s human capital 

accumulation, which plays a central role in modern labor markets. Many previous authors find that 

each additional year of education provides higher wages to workers (i.e., Card (1999), Bagger et al. 

(2011), Dickson (2009), Lindley and Machin (2011), as discussed in the literature review chapter). This 

study also shows strong evidence on individuals’ wages growth when their educational level 

increases. This finding is also valid specifically for the engineers and managers samples, for each age 

ranges, except there is no such effect for the managers aged 65 or more and engineers aged 55 or 

more. This shows that among engineers and managers, having higher educational level (such as 

master or doctorate degree) will increase the probability of having higher earnings until the retirement 

age. 

Firm and industry changing decisions are also observed for all these three groups of individuals in 

order to have a wider perspective to the Portuguese labor market. Switching firms have a negative 

effect on wage growth for all individuals without educational background restrictions, except for this 

effect become positive when less than 30 years of individuals are observed. This means, at younger 

ages, a firm change increases the wages, which means a better job match has occurred. This effect is 

positive when we consider engineers and managers, which also may be due to better job matches. An 
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exception occurs for engineers aged less than 30 years and for engineers and managers aged 

between 50-64 years,, where there is no significant effect on wages; yet, this effect is negative for 

engineers aged more than 65. On the other hand, it is observed that remaining within the same 

industry over a career raises the probability of earning more with the time for all three groups of 

individuals. Considering the engineers and managers sample separately, there is no such effect for 

engineers aged less than 30 years and 65 and more while the same applies for managers aged 

between 50 and 64. 

Finally, firms’ demographic and financial indicators are also examined in order to see if there is an 

effect on wage profiles of individuals. The available data provides us to monitor this effect by looking 

into the firms’ sales volume and the percentage of the foreign initial capital of firms. The sales volume 

gives us an idea on the firms’ dynamics, which yields the conclusion that individuals (considering all 

three groups of sample) have higher wages when working with more companies with higher sales 

turnovers, within every age interval group. Another significant indicator – the percentage of the foreign 

initial capital – allows us to analyze the effect of working in a more global company on wage growth. 

The results indicate this will increase the probability of earning more for all three groups of individuals 

in all age categories. 

Table 18 shows, in a systematic way, the main results and hypotheses. In general age has a 

positive impact on wages, confirming our H1. However we verify an inverse-U effect since wages 

decrease at higher ages. Experience in paid employment has a general positive effect on wages, thus 

confirming H2. However, we find a cyclical effect since it becomes negative for younger individuals 

aged 18-29 years old. When interacting age with paid-employment experience we obtain the opposite 

signals. Tenure is also positive when estimated alone, without interactions, thus confirming our H3. It 

appears negative on Table 18 because H6 (age interacted with tenure) is capturing the effect. Tenure 

is highly correlated with age and both are positively associated with wages. 

Education has also a positive effect on wages when considering all ages, thus confirming H4. 

Education has mixed effects for different age cohorts (it is negative for all individuals up to 29 years, 

but positive after that age). There are also some differences between engineers and managers 

Aged 30-49 years, particularly because it is negative for engineers and non-significant for 

managers. When interacting education with age, there is a positive effect on wages, thus confirming 

our H7 and showing that education is, in fact, important. Again, there is a negative effect for older 

individuals (over 65 years) and younger engineers aged 18-29 years. The result for engineers may be 

connected with the fact young individuals with an engineering degree that get involved on a MSc or 

PhD course, postpone their entry in the labor market, opt for part-time work or attempt to obtain extra 

education in order to find a better job match in the labor market.  
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Table 18 - Summary of Results and Hypotheses, disaggregated by educational background and age interval 

  All Ages  [18-29]  [30-49]  [50-64]  [65-85] 

   I II III  IV V VI  VII VIII IX  X XI XII  XIII XIV XV 

  EXPLANATORY VARIABLES  ALL ENG MNG  ALL ENG MNG  ALL ENG MNG  ALL ENG MNG  ALL ENG MNG 

H1 AGE (in years) + 

*** 

+ 

*** 

+ 

*** 

 + 

*** 

+ 

*** 

+ 

*** 

 + 

*** 

 - 

*** 

 + 

*** 

+ 

*** 

+ 

*** 

 - 

*** 

- 

** 

- 

* 

H2 Paid employment 

experience (in years) 

+ 

*** 

+ 

*** 

+ 

*** 

 - 

*** 

- 

*** 

- 

*** 

 + 

*** 

+ 

*** 

+ 

*** 

 + 

*** 

 - 

*** 

 + 

*** 

+ 

*** 

 

H3 Tenure (Experience within 

same firm, in years) 

- 

*** 

 - 

*** 

  + 

* 

  - 

*** 

- 

** 

- 

** 

 - 

* 

   - 

*** 

  

H4 Educational Level (in years) + 

*** 

- 

*** 

  - 

*** 

+ 

*** 

+ 

*** 

 + 

*** 

- 

*** 

  + 

*** 

 + **  + 

*** 

  

H5 Age interacted with paid 

employment experience 

- 

*** 

- 

*** 

- 

*** 

 + 

*** 

+ 

*** 

+ 

*** 

 - 

*** 

- 

*** 

- 

*** 

 - 

*** 

+ 

*** 

+ 

*** 

 - 

*** 

- 

*** 

 

H6 Age interacted with tenure + 

*** 

+ 

*** 

+ 

*** 

     + 

*** 

+ 

*** 

+  

** 

 +  

** 

   + 

*** 

 - 

* 

H7 Age interacted with years 

of education 

+ 

*** 

+ 

*** 

+ 

*** 

 + 

*** 

- 

*** 

  + 

*** 

+ 

*** 

+ 

*** 

     - 

*** 
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To the best of our knowledge, this thesis constitutes one of the very first attempts to approach 

differences in human capital among engineers and managers and its effect on their wage growth. The 

descriptive and explanatory nature of this work can be extended by using different econometric 

approaches, such as individual and firm-specific fixed effects or Instrumental Variables (IV), since the 

“Quadros de Pessoal” database provides many empirical research opportunities to account for various 

econometric problems such as, for example, endogeneity. It would be important to account for 

differences in degree levels for engineers and managers such as master and doctorate and also to 

account for these individuals’ human capital accumulation across time. The effect of having an 

additional degree on their wages could have also been analyzed. In future research, it would be also 

interesting to apply these models through comparative analysis between Portugal and different 

countries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
  

 
70 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
  

 
71 

 

 

REFERENCES 

Abowd, John M.; Haltiwanger, J.; Lane, J. (2009) - Wage Structure and Labor Mobility in the United 

States, National Bureau of Economic Research, The Structure of Wages: An International 

Comparison, Vol. 978-0-226-47050-4, pp. 81-100. 

Abraham, Katherine G.; Farber, Henry S. (1986) - Job Duration, Seniority and Earnings, NBER 

Working Papers Series, No. 1819. 

Acemoglu, D.; Autor, D. (2011) - Skills, Tasks and Technologies: Implications for Employment and 

Earnings, Handbook of Labor Economics, Vol. 4, Part B, pp. 1043-1171. 

Alda, H.; Bellmann, L.; Gartner, H. (2009) - Wage Structure and Labor Mobility in the West German 

Private Sector 1993-2000, National Bureau of Economic Research, The Structure of Wages: An 

International Comparison, Vol. 978-0-226-47050-4, pp. 261-313. 

Altonji, Joseph G.; Shakotko, Robert A. (1987) - Do wages rise with job seniority?, The Review of 

Economic Studies, Vol. 54, Issue 3, pp. 437-459. 

Altonji, Joseph G.; Williams, N. (1997) - Do wages rise with job seniority? A Reassessment, NBER 

Working Papers Series, No. 6010. 

Altonji, Joseph G.; Williams, N. (1998) - The effects of labor market experience, job seniority, and job 

mobility on wage growth, Research in Labor Economics, Vol. 17, pp. 233-276. 

Altonji, Joseph G.; Williams, N. (2005) - Do Wages Rise with Job Seniority? A Reassessment, 

Industrial and Labor Relations Review, Vol. 58, No. 3, Article 4. 

Altug, S.; Miller, Robert A. (1998) - The Effect of Work Experience on Female Wages and Labor 

Supply, The Review of Economic Studies, Vol. 65, No. 1, pp. 45-85. 

Arozamena, Leandro & Centeno, Mario. (2006) - "Tenure, business cycle and the wage-setting 

process," European Economic Review, Elsevier, vol. 50(2), pages 401-424, February  

Bagger, J.; Fontaine, F.; Postel-Vinay, F.; Robin, J. (2011) - Tenure, Experience, Human Capital and 

Wages: A Tractable Equilibrium Search Model of Wage Dynamics, Mimeo, University of Bristol, 

Department of Economics. 

Bartel, A. P.; Borjas, G.J. (1981) – Wage Growth and Job Turnover: An Empirical Analysis, in Rosen 

S. (ed.) Studies in Labor Markets (New York: National Bureau of Economic Research). 

Barth, E. (1997) - Firm-Specific Seniority and Wages, Journal of Labor Economics, Vol. 15, No. 3, 

pp. 495-506. 

Bayo-Moriones, A.; Galdon-Sanchez, Jose E. (2009) - Is Seniority-Based Pay used as a Motivational 

Device? Evidence from Plant Level Data, Discussion Paper Series Centre for Economic Policy 

Research London, pp. 1-34. 

Becker, Gary S. (1964) – Human Capital New York, National Bureau of Economic Research. 

Becker, Gary S. (1975) – Human Capital: A Theoretical and Empirical Analysis, with Special 

Reference to Education, 2nd ed., National Bureau of Economic Research. 

Borghans, L.; Kriechel, B. (2009) - Wage Structure and Labor Mobility in the Netherlands, 1999-

2003, National Bureau of Economic Research, The Structure of Wages: An International 

Comparison, Vol. 978-0-226-47050-4, pp. 125-148. 



 
  

 
72 

 

 

Borjas, G. J. (1981) – Mobility and Lifetime Wages, Industrial and Labor Relations Review, 34, 365-

376. 

Börsch-Supan, A., et al. (2005) – Health, Ageing and Retirement in Europe. First Results from the 

Survey of Health, Ageing and Retirement in Europe. Mannheim Research Institute for the 

Economics of Aging (MEA). Mannheim. 

Brown, J. N. (1983) – Are Those Paid More Really No More Productive? Measuring The Relative 

Importance of Tenure Versus On-The-Job Training in Explaining Wage Growth, Working Paper 

No. 169, Industrial Relations Section, Princeton University. 

Burdett, K.; Coles, M. (2010) - Tenure and Experience Effects on Wages: A Theory, CESifo Working 

Paper Series No. 3203. 

Card, D. (1999) - The Casual Effect of Education on Earnings, Labor Economics, Vol. 3. 

Christopoulou, R.; Jimeno, Juan F.; Lamo, A. (2010) - Changes in Wage Structure in EU Countries, 

European Central Bank, Wage Dynamics Network, Working Paper Series, No. 1119. 

Cline, H. (1979) – The Effect of the Job and Job Mobility on the Wage, Discussion Paper 79-8, 

Department of Economics, University of Rochester. 

Connolly, H.; Gottschalk, P. (2001) - Returns to Tenure and Experience Revisited--Do Less 

Educated Workers Gain Less from Work Experience?, Northwestern University/University of 

Chicago Joint Center for Poverty Research (JCPR) Working Papers, No 224. 

Department of Labor (2009) - Seniority Pay, Promotions, and Older Job Seekers, Department of 

Labor, Workforce 2020, Ageing Workforce. 

Dickson, M. (2009) - The Causal Effect of Education on Wages Revisited, Institute for the Study of 

Labor (IZA) Bonn, Discussion Paper No. 4419. 

Dohmen, Thomas J. (2003) - Performance, Seniority and Wages: Formal Salary Systems and 

Individual Earnings Profiles, Institute for the Study of Labor (IZA) Bonn, Labour Economics, 11 

(6) (2004), pp. 741–763. 

Dohmen, Thomas J.; Kriechel, B.; Pfann, Gerard A. (2003) - Monkey Bars and Ladders: The 

Importance of Lateral and Vertical Job Mobility in Internal Labor Market Careers, Journal of 

Population Economics, 17, pp. 193-228. 

Dong, Xiao-Yuan; Jones, Derek C.; Kato, T. (2007) - Earnings-Tenure Profiles: Tests of Agency and 

Human Capital Theories Using Individual Performance Data, Institute for the Study of Labor 

(IZA) Bonn, Discussion Paper No. 3122. 

Dustmann, C.; Meghir, C. (2003) - Wages, Experience and Seniority, Institute for Fiscal Studies, 

University College London, and CEPR. 

Dustmann, C.; Pereira, Sonia C. (2008) - Wage Growth and Job Mobility in the United Kingdom and 

Germany, Industrial & Labor Relations Review, Vol. 61, No. 3, Article 6. 

 Dustmann, C.; Rajah, N.; van Soest, A. (2002) - Class Size, Education, and Wages (the effects of 

class size on the decision to stay on in full time schooling at the age of 16 and on wages at later 

stages in life), Institute for the Study of Labor (IZA) Bonn, Discussion Paper No. 501. 

Eriksson, T.; Westergaard-Nielsen, N. (2009) - Wage and Labor Mobility in Denmark, 1980–2000, 

National Bureau of Economic Research, Vol. 978-0-226-47050-4, pp. 101-123. 



 
  

 
73 

 

 

Flabbi, L.; Ichino, A. (2000) - Productivity, seniority and wages: new evidence from personnel data, 

Labor Economics, Vol. 8, pp. 359-387. 

Freeman, S. (1977), Wage Trends as Performance Displays Productivity: A Model and Application to 

Academic Early Retirement, Bell Journal of Economics, 8, 419-443. 

Fuller, S. (2008) - Job Mobility and Wage Trajectories for Men and Women in the United States, 

American Sociological Review, Vol. 73, pp.158-183. 

Groot, W.; Oosterbeek, H. (1994) - Earnings Effects of Different Components of Schooling; Human 

Capital Versus Screening, The Review of Economics and Statistics, Vol. 76, No. 2, pp. 317-321. 

Haan, P. and Steiner, V. (2006), Labor Market Effects of the German Tax Reform 2000, in C. Dreger, 

H. P. Galler and U. Walwei, eds, ‘Determinants of Employment’, Nomos, Baden-Baden, pp. 

101-117. 

Harris, M. ; Holmstrom, B. (1982) – Ability, Performance, and Wage Differentials, Review of 

Economic Studies, 49, 315-333. 

Hashimoto, M. (1981) – Firm-Specific Human Capital as a Shared Investment, American Economic 

Review, 71, 475-482. 

Hospido, L. (2009) - Gender Differences In Wage Growth And Job Mobility of Young Workers in 

Spain, Investigaciones Económicas. Vol. XXXIII (1), pp. 5-37. 

Hunnes, A.; Moen, J.; Salvanes, Kjell G. (2009) - Wage Structure and Labor Mobility in Norway, 

1980–97, National Bureau of Economic Research, The Structure of Wages: An International 

Comparison, Vol. 978-0-226-47050-4, pp. 315-372. 

Hutchens, Robert M. (1989) - Seniority, Wages and Productivity: A Turbulent Decade, The Journal of 

Economic Perspectives, Vol. 3, No. 4, pp. 49-64.  

Hyslop, Dean R.; Maré, David C. (2009) - Job Mobility and Wage Dynamics, Statistics New Zealand, 

ISBN 978-0-478-31580-6. 

Johnson, Richard W.; Kawachi, J. (2007) - Job Changes at Older Ages: Effects on Wages, Benefits, 

and Other Job Attributes, The Urban Institute, The Retirement Project Discussion Paper 07-03, 

Washington D.C. 

Kuratani, M. (1973) – Schooling, Human Capital and Labor Turnover, Ph.D. Dissertation, Columbia 

University. 

Lazear, E. (1974) - Age, Experience, and Wage Growth, NBER Working Papers Series, No. 51. 

Lazear, E. (1979) - Why is there mandatory retirement?, The Jornal of Political Economy, Vol. 87, 

No. 6, pp. 1261-1284. 

Lazear, Edward P.; Shaw, Kathryn L. (2009) - Wage Structure, Raises and Mobility: An Introduction 

to International Comparisons of the Structure of Wages Within and Across Firms, National 

Bureau of Economic Research, The Structure of Wages: An International Comparison, Vol. 978-

0-226-47050-4, pp. 1-57. 

Li, H.; Urmanbetova, A. (2003) - The Causal Effect of Education on Wages: Evidence from China’s 

Rural Industry, School of Economics, Georgia Institute of Technology. 

Lindley, J.; Machin, S. (2011) - Rising Wage Inequality and Postgraduate Education, Institute for the 

Study of Labor (IZA) Bonn, Discussion Paper No. 5981. 



 
  

 
74 

 

 

Luchsinger, C.; Wild, J.; Lalive, R. (2001) - Do wages rise with job seniority? The Swiss Case, 

Centre for Energy Policy and Economics (CEPE) working paper No. 7. 

Mellow, W. (1981) – Employer Size, Unionism, and Wages, Office of Research and Evaluation, U.S. 

Bureau of Labor Statistics. 

Mincer, J. (1974) – Schooling Experience, and Earnings, New York: Columbia University Press. 

Mincer, J.; Jovanovic, B. (1981), Labor Mobility and Wages, in S. Rosen (Ed.) Studies in Labor 

Markets, New York: National Bureau of Economic Research. 

Myck, M. (2007) - Wages and Ageing: Is there Evidence for the “Inverse-U” Profile?, DIW Berlin, 

Oxford Bulletin of Economics and Statistics, Department of Economics, University of Oxford, 

vol. 72(3), pages 282-306, 06.  

OI, W.Y. (1962) – Labor as a Quasi-Fixed Factor, Journal of Political Economy 70, 538-555. 

Oyer, P. (2009) - Wage Structure and Labor Mobility in Sweden, 1970-90, National Bureau of 

Economic Research, The Structure of Wages: An International Comparison, Vol. 978-0-226-

47050-4, pp. 419-447. 

Parsons, D.O. (1972) – Specific Human Capital: An Application to Quit Rates and Layoff Rates, 

Journal of Politica Economy, 80, 1120-1143. 

Parsons, D.O. (1984) – The Employment Relationship: Job Attachment, Work Effort, and the Nature 

of Contracts, in Ashenfelter O. and Layard R. (eds.) Handbook of Labor Economics 

(forthcoming). 

Pavlopoulos, D.; Fouarge, D.; Muffels, R.; Vermunt, Jeroen K. (2007) - Labor Market and Income 

Inequality, Job Mobility and Wage Mobility of High- and Low-Paid Workers, Schmollers 

Jahrbuch, Vol. 127, pp. 47-58. 

Pencavel, J. (1997) - Changes in Male Work Behavior and Wages, Department of Economics, 

Stanford University. 

Psacharopoulos, G.; Patrinos, Harry A. (2002) - Returns to Investment in Education: A Further 

Update, Education Economics, Taylor and Francis Journals, vol. 12(2), pages 111-134. 

Ruhm, Christopher J. (1990) - Do Earnings Increase with Job Seniority?, The Review of Economics 

and Statistics, Vol. 72 (1), pp. 143-147. 

Sulis, G. (2009) - Wage Returns to Experience and Tenure for Young Men in Italy, Centre for North 

South Economic Research, University of Cagliari and Sassari, Sardinia, Working Paper 

CRENoS, No. 200903. 

Topel, R. (1991) - Specific Capital, Mobility and Wages: Wages Rise with Job Seniority, The Journal 

of Political Economy, Volume 99, Issue 1, pp. 145-176. 

Van Ours, Jan C.; Stoeldraijer, L. (2010) - Age, Wage and Productivity (an analysis of the 

relationship between age, wage and productivity), Institute for the Study of Labor (IZA) Bonn, 

Discussion Paper No. 4765. 

Van Reenen, J. (2011) - Wage inequality, technology and trade: 21st century evidence, Labor 

Economics, Vol. 18, pp. 730-741. 

Wang, Dan-Shang; Wang, Ben-Jeng (2002) - The effects of engineering education on earnings in 

Taiwan, World Transactions on Engineering and Technology Education. Vol. 1, No. 1 



 
  

 
75 

 

 

Zwick, T. (2008) - The employment consequences of seniority wages, Institute for the Study of Labor 

(IZA) Bonn, Discussion Paper No. 935. 

Zwick, T. (2010) - Why pay seniority wages?, Ludwig-Maximilians-University (LMU) Munich School 

of Management, Germany, and Centre for European Economic Research (ZEW), Mannheim, 

Germany. 

Zwick, T. (2011) - Seniority wages and establishment characteristics, Labor Economics, Vol. 18, 

Issue 6, pp. 853-861. 

 

Web Sites Consulted: 

Deferred Compensation (2012), available in http://en.wikipedia.org/wiki/Deferred_compensation. 

INE – Statistics Portugal / Instituto Nacional de Estatística, available in www.ine.pt/.  
OECD (2000-2010) – Organisation for Economic Co-Operation and Development, available in 

http://stats.oecd.org/. 

Pearson Education (2003) – Wages Rise with Education, available in 

http://wps.aw.com/bp_perloff_microecon_6/180/46080/11796731.cw/content/index.html. 
STATA – Data Analysis and Statistical Software, available in http://www.stata.com/. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
  

 
76 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
  

 
77 

 

 

APPENDICES 

 

Appendix A – Methodological Empirical Approaches 

This paper focuses on three main authors’ work on the way of creating hypothesis in order to better 

understand what could be performed previously. Therefore, in this chapter, the papers of Abraham 

and Farber (1986), Altonji and Shakotko (1987), and Topel (1991) will be examined more detailed and 

the hypothesis will be created accordingly. 

All of these papers focused on human capital in order to analyse the seniority effect on wages. 

According to Abraham and Farber (1986), who analyzed the return to seniority in excess of human 

capital, the earnings functions are estimated including a measure of the completed job durations in 

order to distinguish the hypothesis regarding seniority and experience. Altonji and Shakotko (1987), on 

the other hand, analyzed for the evidence of the fact that tenure is likely related to individual and job 

characteristics, which is the human capital factor, that affect the wage. Finally, Topel (1991) also 

analyzed the wage rise with job seniority taking into account specific capital, and mobility.  

  First of all, the same data set was used in all above mentioned three papers which is Michigan 

Panel Study of Income Dynamics (PSID), however, while Abraham and Farber (1986) and Altonji and 

Shakotko (1987) have used the 1968-1981 waves, Topel (1991) has used 1968-1983 waves of the 

data which is wider. Additionally, all of these three groups have focused on male household heads 

between the ages of 18 and 60 (inclusive). Even though they used the same data set, Abraham and 

Farber (1986) analyzed 1048 jobs held by 748 individuals represented in the nonunion professional, 

technical and managerial sample, 1623 jobs held by 958 individuals represented in the nonunion blue 

collar sample, and 2857 jobs held by 1581 individuals represented in the full nonunion sample while 

Altonji and Shakotko (1987) had 15138 observations on 2163 individuals and 4334 job matches. On 

the other hand, the data analyzed by Topel (1991) consists of 13,128 job-years on 1,540 individuals 

and 3,228 jobs.   

This will give the results that workers with longer job durations earn significantly higher in every 

year of the job than workers with short job durations. Secondly, controlling the completed job durations 

gives an advantage of eliminating the most return to seniority found in standard cross-section models. 

Finally, they found an evidence for blue collar workers (no evidence for white collar workers) that some 

of the return labor market experience is due to sorting of workers into better jobs over time.  

Altonji and Shakotko (1987) They use a simple instrumental variables approach in order to deal 

with the “heterogeneity bias” in analysis of the effects of seniority on wages by using the variation of 

tenure over a given job match to identify this effect.  They have implemented the instrumental 

variables approach estimating the wage-tenure profile for a sample of male heads of household from 

the Panel Study of Income Dynamics 1968-1981.  
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Finally, Topel (1991) This evidence if found based on a two-stage estimation procedure where 

within-job wage growth combines the returns to general and job-specific experience. Therefore, the 

first stage estimates the wage growth determinants but it is unable to distinguish the returns to general 

market experience and job-specific seniority. The second stage is a cross-sectional wages comparison 

of workers who started new jobs at different points in their careers. 

The Model: 

This paper supposes that the earnings of a particular worker on a particular job at a point in time 

can be written as below: 

 

(1) 푙푛푊 	= 	훽 푆 	+ 훽 퐸푋푃 	+ 휇 + ƞ  

 

where 

W = hourly earnings, 

S = current seniority (tenure), 

EXP = pre—job experience, 

µ= a person/job specific error term representing the excess of earnings enjoyed by this person on this    

job over and above the earnings that could be expected by a randomly selected person/job 

combination, 

ƞ = is a person/job/time—period specific error term, 

i = index of individuals, 

j = index of jobs, 

t = index of years within jobs, and 

β’s = parameters of interest 

In this formulation, µij captures the net influence of three unobservable on hourly earnings: 

unobserved person quality, unobserved job quality and unobserved match quality. The error µij is 

assumed to be fixed over the course of a job and may be correlated with S and EXP. The error ƞijt is 

assumed to be orthogonal to S, EXP and µ. 

The earnings function contained in equation (1) as ordinarily implemented in a cross—section is 

rewritten as 

(2) 푙푛푊 	=	훽 푆 	+ 훽 퐸푋푃 	+ ѵ  

The error term (ѵ ) is defined in terms of the underlying stochastic structure as 

(3) ѵ 	= 	휇 + ƞ  

Thus, the person/job specific component of the error (휇 ) is omitted from the equation.  

The estimated values of 훽  and 훽  are affected by 휇  from equation (2) depending on the 

correlations between 휇  and the variables 푆  and 퐸푋푃 . In a cross—section of workers, those with 
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high current seniority are more likely to be in long jobs, so that observed seniority and completed job 

duration will be positively correlated; hence there will be a positive correlation between observed 

seniority and 휇 . One would therefore expect 훽  estimated from equation (2) to be an upward biased 

estimate of 훽 . In addition, because those workers with more pre-job experience have had more 

chances to find a good job or good match and because good jobs or good matches are likely to pay 

higher wages, there will be a positive correlation in a cross—section between 휇   and 퐸푋푃 . This 

means that 훽  estimated from equation (2) is likely to be an upward biased estimate of 훽 , the returns 

to experience per se. 

It is supposed that the completed duration of jobs is positively correlated with 휇  so that the 

following relationship holds: 

(4) 퐷 	= 훾휇 + 휀 	

where 퐷  is the completed length of the current job, 휇  is as defined above, 훾 is a parameter which 

summarizes the relationship between 퐷  and 휇 , and 휀  captures the variation in completed job 

duration that cannot be linked to the earnings advantage associated with worker, job and/or match 

quality. 

Suppose further that workers with more pre—job experience are likely to have found better jobs 

and/or better matches. One simple approximation to such a relationship is 

(5) 휇 = 	훼퐸푋푃 	+	휑 	

where 휇 and 퐸푋푃 are as defined above, 훼 is a parameter that summarizes the relationship between 

휇 and 퐸푋푃 and 휑  is the variation in 휇 not systematically related to 퐸푋푃. 

If each year of any given job is equally likely to be represented in the cross—section sample of 

observations used to estimate the earnings function, then on average the observed seniority on the 

job will be halfway through the job. More formally, 

(6) 퐸(푆 ) 	= 	1/2퐷  

and 

(7) 푆 	= 	1/2퐷 	+	휀  

where Is a random variable with zero mean. The distribution of will vary depending upon the 

completed length of the job. 

Applying the standard bias formula to the seniority coefficient in equation (2) estimated from cross-

sectional data and simplifying yields 

(8) 퐸(훽 ) − 훽 = (1/2) × (1/퐷퐸푇 ) × 훾 × 푣푎푟(퐸푋푃 ) × 푣푎푟(휑 ) 

which is positive provided 훾 (the coefficient summarizing the relationship between D and 휇) is 

positive. 



 
  

 
80 

 

 

The expected value of the pre—job experience coefficient in equation (2) estimated from cross—

sectional data exceeds 훽 , the return to experience per se. The difference between the two is 

(9) 퐸(훽 ) − 훽 = (1/퐷퐸푇 ) × [훼� × 푣푎푟(퐸푋푃 ) × {(�푣푎푟(푆 )	— 	1/4 × 푣푎푟(퐷 )	+ 	1/4 × 푣푎푟(휀 )}] 

which is also positive so long as 푎 (the coefficient summarizing the relationship between 퐸푋푃  and 

휇 ) is positive. 

Augmenting equation (2) by adding 퐷  as an explanatory variable in a cross-section yields the 

following specification: 

(10) 푙푛푊 	= 	훽 푆 +	훽 퐸푋푃 + 훽 퐷 + 휔 	

where 휔 is the estimating equation error. Using the relationships in equations (3) and (4), this error 

is 

(11) 휔 =	−(1/훾) × 휀 + 	ƞ  

The difference between the experience coefficient in the augmented equation (10) Model estimated 

using a cross-section and 훽  equals 

(12) 퐸(훽 ) − 훽 = (1/퐷퐸푇 ) × 푎 × 푣푎푟(퐸푋푃 ) × 푣푎푟(훽 ) × {푣푎푟(푆 ) − 1/4× 푣푎푟(퐷 )} 

This is still positive so long as 푎 is positive, though comparison of equation (12) against equation 

(9) reveals that introducing 퐷  into the earnings equation reduces the difference. The expected value 

of the search component in 훽  falls to zero as 푣푎푟(훽 ) falls to zero, that is, as 퐷  becomes a better 

proxy for 휇 . 

The condition 

(13) 푐표푣(퐷 , 휀 )/푣푎푟(퐷 ) 	> 	푐표푣(퐸푋푃 , 휀 )/푐표푣(퐸푋푃 ,퐷 )	

is sufficient for the experience coefficient in the standard cross-section earnings equation to be an 

upward biased estimate of the returns to experience per se and for introducing completed job duration 

into the earnings equation to reduce but not eliminate this bias. 

In a more general specification in which earnings increments associated with unobserved individual 

characteristics have a different relationship to job duration than those attributable to job/match 

characteristics, equation (4) is rewritten as 

(14) 퐷 	= 	훾 휇 + 훾 휃 + 휀 	

where 휇  is the earnings increment attributable to unobserved individual differences,	휃  is the 

earnings increment attributable to unobserved job/match characteristics,	휀  captures the variation in 

completed job duration that cannot be linked to the earnings advantage associated with either worker 

or job/match heterogeneity, i index individuals, and j indexes jobs. The parameters 훾  and 훾  represent 

the relationships of individual, and job/match characteristics respectively with job duration, and they 

are both assumed to be positive. 
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With regard to the estimated effect of experience, as long as the condition 

(15) 푣푎푟 휀 + 훾 (훾 − 훾 	) × 푣푎푟(휇 ) 	≥ 0 

is satisfied, the experience coefficient in the standard cross-section earnings function is an upward 

biased estimate of 훽  and introducing completed job duration into the model reduces the upward bias. 

They have found that, for an average worker, there is small return to seniority in excess of the 

return to general labor market experience. For both nonunion professional, technical and managerial 

sample and the nonunion blue collar sample, the point estimate of the seniority coefficient when 

controlling the job duration gives the true return to seniority as of 0.5 percent per year. Another result 

obtained by Abraham and Farber (1986) is that the labor market experience plays different role for 

professional, technical and managerial workers than for blue collar workers. However, there is no 

evidence for nonunion professional, technical and managerial workers match themselves with better 

jobs over the job duration, therefore using job duration as control variable does not affect the relatively 

large estimated return to labor market experience. In contrast, for blue collar workers, controlling the 

job duration lowers the already low-estimated labor market experience by 20 to 30 percent. 

Altonji and Shakotko (1987):   

The Model: 

Assume that the wage of individual i in job j at period t is determined by the following equation. 

푊 = 푏 푋 + 푏 푇 + 푏 푇 + 푏 푂퐿퐷퐽푂퐵 + 휀                       (1) 

휀 = 휀 + 휀 + 	ƞ                                                                         (2) 

The variable 푊  is the log of the real wage. 푋  is a vector of characteristics of the person and the 

job and includes labor market experience. The tenure measures 푇  and 푇  are the level and the 

square of the number of years person i has held the job j as of time t, and 푂퐿퐷퐽푂퐵  is 1 if 푇 > 1 and 

0 otherwise. They include 푂퐿퐷퐽푂퐵  so that the wage response to the first year of tenure is not 

restricted by the quadratic specification of the tenure profile. The variable 	휀  is the error term which 

consists of a fixed individual effect 휀 , a fixed job match effect 휀 , and a transitory component 	ƞ .  

The instrumental variables estimator: 

The principal instrumental variables to be correlated 푇 , 푇  and 푂퐿퐷퐽푂퐵  are the deviations of 

the tenure variables around their means for the sample observations on a given job match. The appeal 

of these instrumental variables is that they are uncorrelated by construction with both the individual 

specific error component of the wage equation and with the permanent job match component. 

Let 푇  be the mean of tenure for individual i over the sample observations on the individual i in job 

j. Define 푇  to be the deviation of 푇   from the job mean, with 푇 = 	푇 −	푇 . Let (푇 ) = 	푇 −

	(푇 ) 	 and 푂퐿퐷퐽푂퐵 =	푂퐿퐷퐽푂퐵 −	푂퐿퐷퐽푂퐵 . 
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The main finding of Altonji and Shakotko (1987) is that the instrumental variables estimates of the 

wage equation indicate that tenure has a modest effect (with effects of general labor market 

experience and secular wage growth held constant) on wage growth. It is found that wages rise by 

about 5% in the first year on the job and slightly thereafter. The preferred estimates indicate that 10 

years of tenure lead to a wage increase of 6.6%, with much of this occurring in the first years on the 

job. Also, general labor market experience has an effect on the most of the wage growth during a 

career. This wage growth with general experience arises both from general skill accumulation, that is 

stressed human capital theory, and from labor market search, which is stressed in search and job 

matching models. In their analysis, they have concluded that the instrumental variables estimates of 

the tenure-wage profiles are much flatter and the experience slops are steeper than estimates based 

upon least squares. Also, both the individual specific and match specific error components of the wage 

have negative effects on quits, layoffs and separations, which tends to confirm a role for heterogeneity 

bias in least squares estimates of the wage equation. 

Topel (1991):  

A prototype model: 

A prototype model of wage determination is 

푦 = 푋 훽 + 푇 훽 + 휖                    (1) 

where  푦  donates the (log) wage for individual i on job j at time t, 푋  is total labor market 

experience, and 푇  is current job tenure (seniority). Parameters 훽  and 훽  represent average returns 

to an additional year of either experience or tenure, respectively, and are the parameters of interest for 

the remainder of the paper. 

The most popular interpretation of (1) is that 훽  represents the return on general human capital that 

accumulates with experience, while 훽  represents the return on accumulated job-specific capital that 

would be lost if a job were to end. 

Biases in estimating these returns are generated by covariance between the regressors and the 

unobservables, 휖; 

휖 = 휑 + 휇 + 휗                       (2) 

where 휑  represents the stochastic component of wages that may be specific to a worker-firm 

pair, and 휇  is a person specific effect that accounts for unobserved difference in earning capacity 

across individuals. The 휗  account for marketwide random shocks as well as measurement error that 

is known to plague survey data. 

It will generate bias in estimating (1) if 휑 is correlated with experience or job tenure; 

휑 = 푋 푏 + 푇 푏 + 푢                 (3) 

In light of (3), least squares applied to (1) will yield biased estimates 훽  and 훽  since 퐸훽 = 훽 + 푏  

and 퐸훽 = 훽 + 푏 . It is tempting to argue that job quality, 휑, and tenure are positively related (푏 > 0). 
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This argument ignores the fact that persons who change jobs gain, on average, from their move, and 

they are included in the data at low job tenures. In fact, the basic theory of search and matching 

implies that 푏 < 0 − 푎 comparison of wages of workers with different job tenures will understate the 

returns to seniority. 

If the true values of 훽  and 훽  are zero, an optimal job-changing policy is to accept any offer that 

exceeds the wage on the current job. Thus high-wage jobs survive because they are less likely to be 

dominated by an alternative offer. Under this condition, the current wage of any individual is the 

maximum offer received since entering the market. The expected value of this maximum clearly rises 

with experience since number of offers sampled increases, thus 푏 > 0. 

If 훽 > 0, acceptable new job offers must compensate workers for the foregone returns to tenure on 

the current job, so there is less mobility than when 훽 = 0. With 훽 > 0, some otherwise acceptable 

offers have been rejected. Inclusion of the marginal workers reduces the average wage of “stayers”. 

Further, persons who change jobs require higher average wage offers to induce their move. A basic 

matching technology with rising within-job wage profiles implies 푏 > 0 but 푏 < 0. Yet the notion that 

“good jobs survive” still holds. 

A two-stage estimation procedure 

Panel data from sources such as PSID provide information on wages at different stages of a single 

job, as well as on the different jobs for a single individual. Given this, within-job wage growth is studied 

from the first differences of (1) for persons who do not change jobs, which eliminates fixed job and 

individual effects: 

푦 − 푦 = 훽 + 훽 + 휖 − 휖               (4) 

since ∆푋 = ∆푇 = 1 between periods of a single job. If 휖 − 휖  has mean zero, then least 

squares applied to (4) will yield a consistent estimate of average within-job wage growth, 훽 + 훽 . 

Given an estimate of 훽  is obtained from initial wages on new jobs: 

푦 = 푋 훽 + 휑 + 휇 + 휗               (5) 

where 푋  is initial experience on the job. The error term in (5) is nonrandom because only 

acceptable new job offers are observed. For example, 휑 and 푋  are positively correlated if expected 

match quality rises with time in the market. 

A more robust alternative is simply to note the selection bias implicit in (5) and to treat (훽 + 훽 ) −

	훽  as an estimate of the return to seniority. More generally, since 푋 ≡ 푋 + 푇, model (1) is rewritten as 

푦 = 푋 훽 + 푇퐵 + 휖         (6) 

where 퐵 ≡ 훽1 +훽2. With (6), a two step model is given by the first differences of within-job wage 

growth (4) and 

푦 − 푇퐵 = 푋 훽 + 푒      (7) 
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where 퐵 ≡ 훽 + 훽  is the consistent first step estimator of the sum of the returns to experience and 

tenure, derived from (4), and 푒 = 휖 + 푇(퐵 − 퐵). As a second-step model, equation (7) is preferable to 

(5) because it makes use of data from all periods of all jobs. 

When the least squares is applied to (4) and (7), some algebra establishes that these are 

퐸훽 = 훽 + 푏 + 훾 (푏 + 푏 )                (8a) 

and 

퐸훽 = 훽 − 푏 − 훾 (푏 + 푏 )             (8b) 

where 훾  is the least-squares coefficient from a regression of tenure on initial experience, 푋 . 

Equations (8a) and (8b) indicate that the two-step procedure yields biased estimators of the returns 

to market experience and job tenure. The biases are equivalent, but of opposite signs, because the 

sum 훽 + 훽  is consistently estimated for the first-step model. The two-step model establishes a lower 

bound on the average return to seniority.  

It is found that 10 years of current job seniority raise the wage of the typical male worker in the by 

over 25%. Overall, the evidence implies that accumulation of specific capital is an important ingredient 

of typical employment relationship and of life cycle earnings. 

As stated above these three papers prove there is evidence that the wages do rise with seniority in 

a relation to general labor market experience and human capital. These three papers, hence, are 

origin of our below mentioned hypothesis. 
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Appendix B – Descriptive Statistics for Female Observations 

 

Table A 1 - Descriptive Statistics of main variables for female observations (2000-2009) 

Variable Obs Mean Std. Dev. 

AGE (in years) 8216079 36.344 10.723 

Tenure (in years) 8216079 3.558 20.683 

Experience in paid employment (in years) 8216079 9.753 7.507 

Wage (€/hour) 8216079 5.045 4.412 

Educational Level (in years) 8216079 8.887 4.345 

Hierarchical level 8216079 3.730 1.632 

Educational background (Engineers) 8216079 0.962 0.191 

Educational background (Managers) 8216079 0.008 0.091 

Educational background (Others) 8216079 0.030 0.169 

 

Table A 2 - Descriptive Statistics of main variables for engineering sample of female observations 
(2000-2009) 

Variable Obs. Mean Std. Dev. 

AGE (in years) 69246 33.347 7.057 

Tenure (in years) 69246 3.123 4.290 

Experience in paid employment (in years) 69246 6.706 5.412 

Wage (€/hour) 69246 10.909 7.671 

Hierarchical level 69246 6.460 1.720 

Educational background (Engineers) 69246 1.000 0.000 

 

Table A 3 - Descriptive statistics of main variables for manager sample of female observations (2000-
2009) 

Variable Obs. Mean Std. Dev. 

AGE (in years) 242480 32.904 6.897 

Tenure (in years) 242480 3.331 4.255 

Experience in paid employment (in years) 242480 7.810 5.704 

Wage (€/hour) 242480 10.667 7.331 

Hierarchical level 242480 5.741 1.791 

Educational background (Managers) 242480 1.000 0.000 
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Appendix C – Results for female workers 

 

Table A 4 - Wage differentials related to human capital and labor market differences in Portugal for 
engineer and manager female observations, OLS regression results, coefficients, 2000-2009 

EXPLANATORY VARIABLES 
Estimation XIII Estimation XIV Estimation XV 

ALL SAMPLE ENGINEERS MANAGERS 
Tenure (Experience within same firm, in years) -0.000*** -0.012*** -0.010*** 

[0.000] [0.003] [0.001] 
Hierarchical level in actual firm (8 levels) 0.112*** 0.101*** 0.123*** 

[0.000] [0.001] [0.001] 
Experience in paid employment (in years) 0.005*** 0.076*** 0.048*** 

[0.000] [0.002] [0.001] 
Educational Level (in years) 0.019*** 0.038*** 0.034*** 

[0.000] [0.013] [0.006] 
Experience in several firms (No. Firms) -0.010*** 0.004* 0.015*** 

[0.000] [0.002] [0.001] 
AGE (in years) 0.007*** 0.019*** 0.005* 

[0.000] [0.007] [0.003] 
Experience within same industry (in years) 0.000*** 0.003*** 0.001*** 

[0.000] [0.001] [0.000] 
No. employees in actual firm 0.000*** -0.000*** 0.000*** 

[0.000] [0.000] [0.000] 
Sales Volume in millions (in actual firm) 0.000*** 0.000*** 0.000*** 

[0.000] [0.000] [0.000] 
Foreign initial capital (% total initial capital) 0.002*** 0.003*** 0.003*** 

[0.000] [0.000] [0.000] 
Age interacted with tenure 0.000*** 0.000*** 0.000*** 

[0.000] [0.000] [0.000] 
Age interacted with labor market experience 0.000*** -0.001*** -0.001*** 

[0.000] [0.000] [0.000] 
Age interacted with years of education 0.001*** 0.001* 0.001*** 

[0.000] [0.000] [0.000] 
Constant 0.429*** -0.223 -0.183* 

[0.002] [0.216] [0.096] 
Observations 7,872,938 64,021 229,403 
R-squared 0.628 0.514 0.495 
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 
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Table A 5 - Wage differentials related to human capital and labor market differences in Portugal for 
engineer and manager female observations aged [18-29], OLS regression results, coefficients, 2000-

2009 

EXPLANATORY VARIABLES 
Estimation XIV Estimation 

XV Estimation XVI 

ALL SAMPLE ENGINEERS MANAGERS 
Tenure (Experience within same firm, in years) -0.000* 0.037 0.007 

[0.000] [0.025] [0.007] 
Hierarchical level in actual firm (8 levels) 0.082*** 0.073*** 0.090*** 

[0.000] [0.001] [0.001] 
Experience in paid employment (in years) -0.028*** -0.126*** -0.086*** 

[0.001] [0.029] [0.012] 
Educational Level (in years) -0.063*** 0.206*** 0.085*** 

[0.000] [0.054] [0.025] 
Experience in several firms (No. Firms) -0.001*** 0.001 0.005** 

[0.000] [0.005] [0.002] 
AGE (in years) -0.008*** 0.265*** 0.092*** 

[0.001] [0.046] [0.023] 
Experience within same industry (in years) 0.000*** -0.003* -0.000 

[0.000] [0.002] [0.000] 
No. employees in actual firm 0.000*** -0.000 0.000*** 

[0.000] [0.000] [0.000] 
Sales Volume in millions (in actual firm) 0.000*** 0.000*** 0.000*** 

[0.000] [0.000] [0.000] 
Foreign initial capital (% total initial capital) 0.002*** 0.002*** 0.002*** 

[0.000] [0.000] [0.000] 
Age interacted with tenure 0.000*** -0.001 -0.000 

[0.000] [0.001] [0.000] 
Age interacted with labor market experience 0.001*** 0.006*** 0.004*** 

[0.000] [0.001] [0.000] 
Age interacted with years of education 0.004*** -0.006*** -0.000 

[0.000] [0.002] [0.001] 
Constant 1.124*** -4.547*** -1.337*** 

[0.012] [0.967] [0.463] 
Observations 2,416,604 21,403 79,371 
R-squared 0.556 0.362 0.373 

Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 
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Table A 6 - Wage differentials related to human capital and labor market differences in Portugal for 
engineer and manager female observations aged [30-49], OLS regression results, coefficients, 2000-

2009 

EXPLANATORY VARIABLES 
Estimation XVI Estimation XVII Estimation XVIII 

ALL SAMPLE ENGINEERS MANAGERS 
Tenure (Experience within same firm, in 
years) 

-0.000 -0.005 -0.010*** 
[0.000] [0.004] [0.002] 

Hierarchical level in actual firm (8 levels) 0.126*** 0.116*** 0.141*** 
[0.000] [0.001] [0.001] 

Experience in paid employment (in years) 0.005*** 0.078*** 0.059*** 
[0.000] [0.004] [0.002] 

Educational Level (in years) 0.024*** 0.070** 0.014 
[0.000] [0.028] [0.012] 

Experience in several firms (No. Firms) -0.009*** 0.004* 0.019*** 
[0.000] [0.002] [0.001] 

AGE (in years) 0.013*** 0.043*** -0.020*** 
[0.000] [0.015] [0.007] 

Experience within same industry (in years) 0.000*** 0.002*** 0.001* 
[0.000] [0.001] [0.000] 

No. employees in actual firm 0.000*** -0.000*** 0.000*** 
[0.000] [0.000] [0.000] 

Sales Volume in millions (in actual firm) 0.000*** 0.000*** 0.000*** 
[0.000] [0.000] [0.000] 

Foreign initial capital (% total initial capital) 0.002*** 0.003*** 0.003*** 
[0.000] [0.000] [0.000] 

Age interacted with tenure 0.000*** 0.000 0.000*** 
[0.000] [0.000] [0.000] 

Age interacted with labor market 
experience 

0.000*** -0.001*** -0.001*** 
[0.000] [0.000] [0.000] 

Age interacted with years of education 0.001*** -0.000 0.002*** 
[0.000] [0.001] [0.000] 

Constant 0.249*** -1.027** 0.228 
[0.009] [0.492] [0.220] 

Observations 4,404,063 40,306 142,186 
R-squared 0.653 0.463 0.451 
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 
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Table A 7 - Wage differentials related to human capital and labor market differences in Portugal for 
engineer and manager female observations aged [50-64], OLS regression results, coefficients, 2000-

2009 

EXPLANATORY VARIABLES 
Estimation XIX Estimation XX Estimation XXI 

ALL SAMPLE ENGINEERS MANAGERS 
Tenure (Experience within same firm, in 
years) 

-0.001*** -0.156** -0.113*** 
[0.000] [0.063] [0.042] 

Hierarchical level in actual firm (8 levels) 0.131*** 0.207*** 0.195*** 
[0.000] [0.008] [0.003] 

Experience in paid employment (in years) 0.002*** 0.065*** -0.005 
[0.000] [0.017] [0.010] 

Educational Level (in years) 0.089*** -0.122 0.182 
[0.001] [0.257] [0.122] 

Experience in several firms (No. Firms) -0.019*** 0.022** -0.001 
[0.000] [0.010] [0.005] 

AGE (in years) 0.039*** 0.065 0.164*** 
[0.003] [0.113] [0.057] 

Experience within same industry (in years) 0.001*** 0.008** 0.031 
[0.000] [0.003] [0.021] 

No. employees in actual firm 0.000*** -0.000** -0.000 
[0.000] [0.000] [0.000] 

Sales Volume in millions (in actual firm) 0.000*** 0.000*** 0.000*** 
[0.000] [0.000] [0.000] 

Foreign initial capital (% total initial capital) 0.002*** 0.001*** 0.003*** 
[0.000] [0.000] [0.000] 

Age interacted with tenure 0.000*** 0.003*** 0.002*** 
[0.000] [0.001] [0.001] 

Age interacted with labor market experience 0.000*** -0.001*** 0.000 
[0.000] [0.000] [0.000] 

Age interacted with years of education -0.001*** 0.004 -0.002 
[0.000] [0.005] [0.002] 

Constant -0.639*** -0.929 -4.865** 
[0.072] [4.785] [2.309] 

Observations 997,791 2,205 7,395 
R-squared 0.644 0.546 0.486 
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 
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Table A 8 - Wage differentials related to human capital and labor market differences in Portugal for 
engineer and manager female observations aged [65-85], OLS regression results, coefficients, 2000-

2009 

EXPLANATORY VARIABLES 
Estimation XXII Estimation XXIII Estimation XXIV 

ALL SAMPLE ENGINEERS MANAGERS 
Tenure (Experience within same firm, in 
years) 

-0.037*** -0.451 0.194 
[0.007] [0.501] [0.134] 

Hierarchical level in actual firm (8 levels) 0.130*** -0.026 0.185*** 
[0.001] [0.061] [0.014] 

Experience in paid employment (in years) 0.029*** 0.359*** -0.002 
[0.002] [0.123] [0.022] 

Educational Level (in years) 0.031*** -0.782 0.176 
[0.006] [4.670] [0.353] 

Experience in several firms (No. Firms) -0.019*** 0.003 0.018 
[0.002] [0.084] [0.021] 

AGE (in years) -0.044*** -0.404 -0.133 
[0.009] [1.171] [0.136] 

Experience within same industry (in years) -0.000   
[0.000]   

No. employees in actual firm 0.000*** -0.000 0.000** 
[0.000] [0.000] [0.000] 

Sales Volume in millions (in actual firm) 0.000*** 0.000 0.000 
[0.000] [0.000] [0.000] 

Foreign initial capital (% total initial capital) 0.002*** 0.012*** 0.001 
[0.000] [0.004] [0.001] 

Age interacted with tenure 0.001*** 0.007 -0.003* 
[0.000] [0.007] [0.002] 

Age interacted with labor market experience -0.000*** -0.005*** 0.000 
[0.000] [0.002] [0.000] 

Age interacted with years of education -0.000 0.014 -0.002 
[0.000] [0.064] [0.005] 

Constant 2.299*** 20.142 3.778 
[0.337] [80.951] [6.985] 

Observations 54,480 107 451 
R-squared 0.539 0.590 0.558 
Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 

 

 

 


