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Abstract 

The growing demand for Information Technology (IT) products and processes has led to the rapid 

expansion of the IT sector. The implications for employment patterns raises the interest to investigate 

the human resource practices followed by firms in this sector. Thus, the dissertation aims to analyze the 

IT sector in Portugal from 2008 to 2012, using information provided by Quadros de Pessoal. Namely, it 

intends to explore the compensation policies applied by IT firms by estimating wage equations as a 

function of industry, firms and worker characteristics. The results suggest a positive relation between 

wages and education, tenure and firm size. There is evidence of a wage premium for a higher education 

in IT fields, and for IT related occupations. A higher level in the hierarchy is positively related with a 

reward in compensation, linked to an internal promotional system. A managerial-oriented career entails  

a compensation premium against employees technically -oriented. The interaction of job level and 

education leads to conclude that a degree in a course in IT fields does not translated directly into an 

immediate advantage for the highest level of job pyramid. Tenure and its interaction with education and 

occupation are strong features related to higher compensations, what is an evidence of an internal labor 

market playing its role in the IT sector. 

Keywords: management of IT human resources, compensation policies, multiple regression, fixed -

effects 

 

 

I. Introduction 

 

Information Technology (IT) is changing the 

means of operation and the employment 

patterns of the various industries throughout the 

world. It impact cannot be ignored and in 

response to the growing demand for IT products  

and processes, employment in the IT industry  

increased rapidly, especially in the computer and 

data processing subsector. Consequently ,  

having a pool of specialized workers in the 

development, installation and supply of IT is a 

critical factor and that can be decisive in the 

achievement of competitive advantage by a firm,  
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an industry or even a country. In Europe,  

contrary to the rest of workforce, IT specialists 

has resisted the effects of the downturn and of 

uncertainty on global labor markets during the 

economic crisis. The IT employment showed an 

average growth rate of 3% since 2006, that was 

eight times higher than the average growth rate 

for total employment over the same period,  

according to Eurostat data. This behavior raises 

the interest of researchers namely in human 

resources management field.  

We use Quadros de Pessoal data set to examine 

human resources practices in IT firms in 

Portugal. The goals are to investigate the 

definition of compensation policies, analyzing 

variables as tenure, education, job levels ,  

occupations, firm size and industry. The 

following section provides a theoretical 

framework. Section III presents the dataset’s  

structure and explains the research 

methodology. The descriptive analysis in 

Section IV discusses the evolution of firms’ and 

employees’ features aiming to provide a holistic 

view on sector under study. Section IV also 

characterize the salary structure of the sector, 

using wage regressions to inspect firms’ 

compensation policies. The final section 

concludes. 

II. Theoretical Framework 

Information Technology sector 

Information Technology (IT) is a category of 

Information and Communications Technology 

(ICT) (Zuppo, 2012) where the latter is defined 

by all the technologies used by people and 

organizations that allow access, processing and 

communication of information (Zhang et al., 

2008). IT being a subset of ICT, comprises the 

systems that support information processing but  

where telecommunications technology is 

excluded. The functions developed by IT 

workers involve technical activities as software 

development and installation and network  

administration, and managerial activities like 

planning and management of an organization’s  

technology resources and services. 

Strategic Management of IT in firms 

Most of the reviewed literature does not directly  

address companies with economic activity in 

information technology. It focuses mainly on the 

application of IT (as an artifact and as 

capabilities) to firms and relates the IT business 

value to company performance (Melville, 2004).  

Nonetheless, firms classified as IT are rich in 

acquiring IT as an artifact and in providing 

services related to IT, so it is pertinent to 

approach in this theoretical framework the IT 

business value. The most used theory that  

establishes a link between IT and sustained 

competitive advantage is the Resource-Based 

View (RBV). The theory formulated an approach 

where the capacity to use IT to empower the 

fundamental resource advantages of firms 

enables IT to be a likely source of sustained 

competitive advantage (Mata et al., 1995). 

Resource-Based View theory applied to IT 

The RBV theory states that to reach success, an 

organization needs to develop resources that  

provide a sustainable and competitive 

advantage. RBV allows to analyze the efficiency 

and competitive advantage implications of 

specific firm resources like entrepreneurship,  

culture, organizational routines and also IT. To 

provide a sustainable and competitive 

advantage the resources must be valuable, rare,  

difficult to imitate and irreplaceable (Barney,  

1991). Makadok (2001) and Grant (1991) 

suggest that firms create competitive advantage 
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by assembling the resources in order to create 

organizational capabilities. These firm-specific  

capabilities incorporated in organizational 

processes are responsible for increasing 

economic returns and beating competition 

(Makadok, 2001). Information Systems adopted 

this capability notion of resources establishing a 

connection between the value of IT resources 

and the value of IT capabilities. Informat ion 

System scholars argue that rivals can easily 

replicate investments in IT resources (purchase 

the same software for instance) so resources by 

themselves are not a source of sustained 

competitive advantage. Rather firms should use 

their IT resources to leverage IT investments and 

create unique IT capabilities that improve firm’s  

performance. The resources of the firm can be 

seen as capital, and distinguished between 

physical, human or organizational capital 

(Barney, 1991). The first two contain 

components of IT resources: organizational 

capital is related with social structures of the firm;  

physical capital resources are related to plant,  

equipment facilities location, raw materials,  

physical technologies of which the technological 

IT resources are part. Human capital resources 

comprise the training, experience, relationships 

and insight of firm’s employees (Barney, 1991).  

They are named human IT resources for IT 

sector specifically and has two dimension 

(Capon and Glazer, 1987; Copeland and 

McKenney, 1988): technical IT skills – 

programming, systems analysis and design,  

competencies in emergent technologies – and 

managerial IT skills – abilities such as effect ive 

management of IT functions, coordination and 

interaction with user community, and project  

management and leadership skills.  

Mata et al. (1995) study, through RBV lens, how 

information technologies in a firm provide 

sustained competitive advantage and conclude 

that only IT managerial skills may provide 

sustained competitive advantage. It is the ability 

of IT managers to manage the different  

employees of the firm and to work with managers  

of other firms that draw the difference between 

firms that create sustained competitive 

advantage and those that do not. Mata et al. 

(1995) states that technical skills are responsible 

for a firm to gain competitive parity in IT, but by 

themselves they just can provide temporary  

competitive advantage. Nonetheless managerial 

IT skills can only be used to leverage a firm’s  

technical IT skills if the latter exists in firm. The 

RBV of a firm suggests for IT sector the search 

for resources of sustainable competitive 

advantage must pay more attention on the 

process of organizing and managing IT within a 

firm and focus less on technical IT component. 

Human IT Resources 

In the context of IT firms, Igbaria et al. (1991) 

show that IT professionals can follow a 

managerial-oriented career or a technical-

oriented career. Ang and Slaughter (2004) 

replicate and extend the results of Igbaria et al. 

(2011) and establish a link between IT human 

capital and the Internal Labor Market (ILM) 

models – industrial and craft – based on entry  

patterns and job attributes. The authors  

concluded that managerial-oriented IT jobs 

follow an industrial ILM strategy and technical-

oriented IT jobs follow a craft ILM strategy. 

Managerial-oriented IT jobs have lower turnover 

and higher expected tenure while technical jobs 

behave in opposite way, higher turnover and 

lower expected tenure. 

According Osterman (1982), an industrial model 

assumes that work is organized into a series of 

defined jobs, clear work and responsibilities  

rules assigned to each classification, wages are 
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attached to the jobs, seniority limits promotions,  

and no overall job security is guarantee; in craft  

model workers have more market power and 

greater mobility, and they are more loyal to the 

skill or profession than to the firm, skills acquired 

are not firm specific but occupation specific, and 

jobs do not suppose lengthy job ladders. 

The IT professionals who are more 

management-oriented should be subject to an 

industrial strategy. They possess a high level of 

organizational specific knowledge and are 

characterized by high requirement for education,  

length of time for proficiency, level of skill 

specificity, importance of personality, merit and 

extent of control. Usually this kind of workers are 

promoted from within the organization to higher 

responsibility positions (O’Bryen and Pick, 

1995). The IT professional who are more 

technical-oriented should follow a craft strategy, 

since they require less organization specific  

skills and have lower required levels of 

education, length of time for proficiency and 

extent of control. Usually, the firm prefers to hire 

this kind of professionals from External Labor 

Market (Slaughter and Ang, 1996).  

III. Data and Research Methodology 

 Dataset: Quadros de Pessoal 

We use a Portuguese dataset – Quadros de 

Pessoal (QP) – which contains personnel 

records, selecting the period between 2008 and 

2012. QP is an annual mandatory survey 

conducted by the Portuguese Ministry of Labour 

and Social Security. This national survey covers  

all firms in the private sector with at least one 

salaried worker and excludes military, public  

administration and self-employed employees.  

QP provides a matched employer-employee 

dataset with information about the firm, the 

establishment and the employee. 

Methodology: The multiple regression model 

We use the multiple regression to relate wage 

with industry, firm and worker level variables  

provided by QP as it allows us to hold all  

explanatory variables and control the variation of 

just one. This is important both for testing 

economic theories and for evaluating policy 

effects when the researcher rely on 

nonexperimental data. We use the ordinary least  

squares (OLS) method to estimate parameters  

in the regression The general multiple regression 

models can be written as the following equation 

1: 

𝑦 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + ⋯ + 𝛽𝑘 𝑥𝑘 + 𝑢       (1) 

where 𝑦 is the dependent or explained variable 

– wages in logarithm – and 𝑥𝑘 are the 

independent or explanatory variables – selected 

from QP; 𝛽0 is the intercept and 𝛽𝑘  are the 

coefficients or parameters associated with 𝑥𝑘; 

the term 𝑢 refers to error term, responsible for 

unobserved part of equation, which contain all  

factors other than 𝑥𝑘 that affect 𝑦. The 𝛽𝑘  

coefficients can be interpreted as the percentage 

change that each variable causes on wages (for 

large values, the coefficients have to be 

transformed with the exponential). The aim is to 

provide an understanding of the salary structure 

of Information Technology (IT) sector in Portugal 

by analyzing gender, age, demographic  

information, human capital variables in IT firms 

with different sizes. 

Variables 

The information contained in the QP allows to 

define a set of explanatory variables related with 

demographic and human capital variables to be 

include in the wage regressions (Table 1).  
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Table 1 - Explanatory variables used in the regression 

model. 

Variable Description 

Gender Worker gender  

Age (years) Worker Age 

Age2 (years) Worker Age squared 

Lisbon If the f irm is in the district of 
Lisbon 

Industry IT economic activity developed 
by the f irm 

Firm size Dimension of the f irm measured 
by the number of employees 

Tenure Length of the employment 

relationship in the same firm 
Education Level of education of a w orker 

Job level Hierarchy level occupied by 
w orker inside the f irm 

Occupation IT If w orker has an occupation 

specialized in IT 

Occupation IT Detailed IT occupations  

 

For the variable industry we define four 

dummies: Publishing data and software (CAE 

58), computer programming, consulting and 

facilities management activities (CAE 62), data 

processing, hosting and web portals (CAE 63) 

and IT repair industry (CAE 95). The variable 

firm size is divided into micro, small, medium and 

large firms. 

For tenure we have a time period lower than one 

year, between 1 to 3 years, 4 to 10 years and 

higher than 10 years. Education can be basic, 

secondary, tertiary no specialized in IT fields  

(tertiary no IT) and tertiary specialized in IT fields  

(tertiary IT). 

Job level is an hierarchic pyramid with level 1 for 

top managers, levels 2 and 3 for intermediate 

managers and supervisor, level 4 for highly -

skilled professionals, level 5 for skilled, levels 6, 

7 and 8 for semi-, non- skilled and trainees.  

Occupation IT refers to employees who performs 

task in IT field as CIO, programmers and 

systems workers, technicians and IT 

consultants. 

IV. Results 

Descriptive analysis 

The descriptive analysis shows how the number 

of IT firms decreased accompanied by an 

increase of firm size. The sector is strongly  

dominated by males, with tertiary level of 

education, where 40% of the workers possess a 

degree in IT field related degree. The workforce 

is highly qualified since about 75% of it occupies 

management and highly skilled positions.  

Concerning occupations, the statistics show that  

more than 60% of the employees in the sector 

perform specific IT tasks, where more than 40% 

are programmers and systems analysts.  

Wage regression results 

The wage regression results for a base 

specification are described below. The control 

group is a male, located in a district other than 

Lisbon, employed by a micro firm which operates 

in data processing, hosting and web portals  

(CAE 63), basic level of education and 

experience in the firm between 1 and 3 years.  

The regression explain 41.9% of logarithmic  

wages variation, where all coefficients are 

significant. The results show that some form of 

gender wage gap is present: females receive 

lower wages (-18%) when compared to men.  

Workers employed in a firm located in the district 

of Lisbon are likely to receive higher wages 

(15%). The larger the size of the firm, the higher 

the worker wage, relative to a worker in a micro-

firm (less than ten employees): more 25% in 

small firms, 47% in medium, and 49% in large 

firms. Comparing compensations in data 

processing and web portals (CAE 63) industry,  

employees in publishing data and software (CAE 

58) firms receive on average more 19.4%. 

Publishing data and software (CAE 58) is the 
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industry paying higher wages in the IT sector. 

Workers employed in firms belonging to 

computer programming, consulting and facilities 

management activities (CAE 62), receive more 

14.3% than the control industry (CAE 63).  

Employees in firms that belong to the IT repair 

industry (CAE 95) earns on average less 7.3% 

relatively to firms in CAE 63.  

The positive coefficients for education show that  

general human capital is highly valuated in the IT 

sector. Workers with the secondary level of 

education receive more 31% when compared 

with basic education, while tertiary level receive 

more 83%. Tenure is also rewarded. On average 

new workers in the company receive less 11.7% 

than a worker with a seniority between 1 and 3 

years. Older workers earn on average more 

13.3% if they have 4 to 10 years of experience,  

and 28.7% if they have been employed at the 

firm for more than 10 years.  

Wage regression results: Education 

Education is unfolded into four dummies, being 

the control group workers with basic education.  

All the parameters are statistically significant.  

Results show a premium for workers with tertiary  

background in information technology education.  

Against employees with basic school level it was 

expected that a worker with tertiary schooling 

would receive a higher wage (positive coefficient  

of 0.607). However, what is interesting is the 

comparison of positive variations for tertiary  

education specialized in IT and not specialized:   

the first group presented a wage premium of 

88%, against the 75% belonging to professionals  

without IT studies, holding all other independent  

variables fixed. This can be explained by the fact  

that human resources with academic knowledge 

in the core activity of the organization provide 

competitive advantage, since higher levels of IT 

education are positively related with the firm 

performance (Bharadwaj, 2000). 

Wage regression results: Job Level 

An employee in the three top levels of job 

hierarchy earns on average more 24% than an 

employee assigned to technical levels, holding 

other all factor constant. When investigating the 

wages differences over the hierarchy through 

model 2 we use skilled professionals as the 

comparison group. Estimated parameters show 

a wage detriment of 5% for employees with low 

skill level abilities and a wage premium of 53% 

for workers in the top of hierarchy. We find that  

workers in high-skilled layer (0.306 log points) 

receive, on average, a higher compensation than 

supervisors and intermediate managers (0.286 

log points). These highly-skilled workers  

possess strong specific sector knowledge. 

Wage regression results: Occupation 

Employees with IT specific occupations receive 

a compensation on average 8.5% superior to 

employees with occupations not directly related 

to IT. CIOs get the higher monetary  

compensation, about 64% of premium, as this 

occupation is associated with a managerial task. 

The CIO position requires large responsibilities  

and strategic vision for the firm, while leading the 

specialized workforce. The remaining estimated 

parameters in model 4 display increases in 

payment for consultants (23%) and for 

programmers and systems professionals (12%).  

Technicians receive a wage penalization of 4% 

when compared with no IT occupation. 

Interactions 

The next regressions investigate variables that  

provide firm advantage and are responsible for 

specific IT knowledge and ability. Therefore, job 
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level, education in IT courses and IT occupations 

regressors. 

The interaction between education and the job 

ladder uses as control group the professionals  

with basic level of education classified as skilled. 

The results show that the advantage of 

secondary schooling compared with basic 

education is associated to higher wages only at 

the bottom of the hierarchy. Tertiary (no IT) 

provides a wage premium along the hierarchy,  

especially for the intermediate managers and 

supervisors. Tertiary IT only entails a wage 

advantage for the lower levels, being not  

significant to the intermediate managers and 

negative the top managers. Clearly, the 

educational specialization in IT fields does not  

translated directly into an immediate advantage 

at the top of the hierarchy. 

The interaction between tenure and occupation 

uses workers with experience of 1 to 3 years and 

who does not develop an IT task as the base 

group. The positive coefficients associated to the 

new employees entail a wage premium for those 

with tenure less than one year. This wage 

premium can be interpreted as a motivational 

measure to promote effort and good 

performance from these IT workers. The table 

shows significant and negative values to higher 

tenure, translated as wage penalizations. The 

negative behavior can be due to unobservable 

differences in workers characteristics. The IT 

sector is a recent and highly changing industry,  

subject to substantial technological innovations.  

It is therefore expected that the abilities and 

knowledge of senior professionals become 

quickly obsolete. 

The interaction between tenure and occupation 

defines as comparison group the workers with 

experience of 1 to 3 years, with basic level of 

education. For the dummy education tertiary IT,  

all the coefficients are significant, reflecting that  

specialized knowledge in IT courses is rewarded 

over the employment relationship. From the two 

tables, we conclude that tenure and its 

interactions with education and occupations are 

strong features that allows the workforce to 

receive higher wages in IT sector. The workers ’ 

wage is set by employers who administrates the 

rules that govern the price of labor, is an 

evidence of an internal labor market playing its 

role in the IT sector. 

Fixed-effects estimation 

After the analysis of the wage level regressions,  

a fixed-effects model was applied to explore a 

within estimator that solves part of the estimation 

biases present in the pooled cross section 

models. This estimation model takes the name 

of fixed effect or within estimation. The fixed 

effect of each observation, a worker, captures 

the part of her ability that is constant across time, 

but unobserved to the researcher. We take an 

exploratory approach, given that the full  

development of the fixe-effects model would 

imply extending the applied part of this work  

(descriptive statistics included) beyond the 

scope of the present research. 

Relatively to the firm size, a change to a large 

firm is rewarded with a wage increase of 11.5%, 

on average. Large firms offer wage premiums as 

an effort to retain the more competent  

individuals. For the industry, a move to 

Publishing of computer games and software  

(CAE 58) activities entails a lower wage of 2.6%. 

Considering the previous discussion about this 

variable, this calls for further investigation. The 

coefficients for the remaining CAEs are 

statistically non-significant. 
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The age coefficients show the same quadratic  

form as before. Education levels are non-

significant, what was expected whereas there 

are few observations of individuals changing 

their educational level. The coefficients for 

tenure show two significant and negative values 

for a tenure less than one year and tenure higher 

than ten years. The first, for new workers, is not  

surprising given the stepper wage tenure profi le 

at the beginning of the employment relationship,  

when the workers are still in the first steps of the 

specific human capital accumulation. For longer 

careers, the lower human capital accumulation,  

the quick technological change observed in the 

IT sector and the difficulty for a worker to adapt  

to it can provide part of the explanation. 

Occupation displays negative values linked to 

programmers and systems professionals. We 

believe that the key for this behavior lies on two 

reasons. First, a worker who moves to a specific  

IT occupation, comes from an occupation 

(maybe in a different sector) other than IT where 

she is better payed; or she is allocated to a 

specialized IT tasks, where she has no skill and 

lack of know-how, what leads to a penalty in 

compensation. We would need to analyze the 

specific occupational transitions and the 

associated career progression to further inform 

the interpretation of the results. 

Concerning job levels, a worker who moves to a 

highly-skilled position is compensated with 5.5% 

of wage premium on average. A similar premium 

is associated with the intermediate manager 

level. The results can be read as promotions as 

the coefficients capture the transition of workers  

to a specific job level and assuming that most 

transitions are moves upward in the job 

hierarchy. The rise to the highest level of the 

hierarchy – top manager – is translated into a 

6.9% wage premium. A job level linked to 

specialized or management positions brings 

awards since they need knowledge, abilities  

and/or ask for greater responsibility. The 

transition to the lowest job level – semi-, non-

sk illed and trainee – entails a negative wage 

premium and is probably associated with a 

demotion.   

V. Conclusion and Future Research 

The work studies the compensation policies in 

the IT sector in Portugal between 2008 to 

2012using the QP data set. QP is particularly  

well suited to analyze the worker’s professional 

progression since it allows tracking individuals  

and firms over time. During the period, IT firms 

decreased their number, but increased their 

average size. The sector is strongly dominated 

by males, with tertiary level of education,  

especially with degree in an IT related field. The 

workforce is highly qualified, where three 

quarters occupy management and highly skilled 

positions. More than 60% of the employees in 

the sector perform specific IT tasks, where more 

than 40% are programmers and systems 

analysts. 

The results from the wage regressions shows 

that a managerial-oriented job receive high wage 

premiums. The same is true for workers in IT 

occupations, namely for CIOs and consultants.  

Education specialized in IT presents a positive 

relationship with wages, which hold a higher 

premium for workers with IT tertiary schooling 

background. Large firms entails higher 

compensations, probably due to the complexity 

of these firms and as an incentive to capture 

qualified workforce. Industries also provide 

distinct wage premiums, which are higher or 

lower depending on the degree of specialization 

required. 
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Results also show that tenure and its interaction 

with education and occupations are strong 

features that allows the workforce to receive 

higher wages in the IT sector. These results  

suggest that an internal labor market plays its 

role in the IT sector and shows that future 

developments should consider the detailed 

information on the workers progression within 

and across firms. That would allow to investigate 

the strength of the internal labor markets and the 

role of the different forms of human capital 

accumulation 

The work developed can be extended to study IT 

professional in industries other than IT. It would 

be interesting to contrast with the results  

obtained in the IT industry, where there is a 

natural match between the industry and workers ’ 

skills. The introduction of a previous step in the 

estimation, with a probabilistic model for the 

employment in the IT would be interesting by 

itself and would also provide a way to control for 

the selection into the IT industry that we imposed 

to pursue our study, improving the identification 

of the parameters of the model. Furthermore, the 

value of the IT skills can be studied by observing 

the displacement of workers when firms exit the 

market, assuming that this event can be 

considered exogenous to the worker’s skills and 

performance. To further develop the longitudinal 

fixed effects model is also an avenue for future 

research, requiring a closer look at the workers ’ 

transitions across the different dimensions 

analyzed in the dissertation and to consider 

multiple fixed effect, namely firm fixed effects. 

A highly specialized sector as the IT industry,  

with its rapid expansion and being at the front of 

the technological change, provides a promising 

ground for future research. The research results  

discussed in this dissertation suggest that the IT 

sector strongly rewards IT skills and their 

development. The increase in the demand of IT 

professionals across the economy and the male 

dominance of the sector and the profession calls 

for specific policies aiming to foster the increase 

in the supply of IT skills.  
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