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Jolanta Mazur

Editorial

Welcome to the International Journal of Management and Economics, issue num-
ber 47. The current issue contains a combination of studies in economics, finance and 
HR management.

We start this issue with a creative attempt to develop a model of trade and “quali-
ty-ladders” growth without scale effects and a discussion on the implications of general 
purpose technologies (GPTs) for international trade. The next set of three papers represent 
the finance discipline; two of which offer a behavioral finance perspective. Two following 
articles concern selected aspects of human resources management.

The first article by Iordanis Petsas “General Purpose Technologies and their Impli-
cations for International Trade” adds new insights to the GPT-trade body of knowledge, 
and therefore should be of interest to policy makers. The model developed by the author 
describes “a unique steady-state equilibrium, in which the pattern of trade in goods is 
determined by comparative advantage across industries.” Moreover, the model identifies 
additional factors determining the pattern of trade, such as population growth, and R&D 
difficulties.

The second paper by Katarzyna Sum on the “Basic Indicators of Systemic Risk in the 
EU Banking Sector. Implications for Banking Regulation” focuses on measures undertaken 
to mitigate systemic risk in the EU. The objective of this study is to assess basic indicators 
of systemic risk in the EU banking sector. The author uses three complementary meth-
ods to do so: a forward-looking stock market data analysis, an EU-stress test analysis for 
systemically important banks, and an empirical investigation of the relationship between 
banking regulation and systemic risk.

The article on the “Social Desirability Bias and Earnings Management around the 
World” by Paweł Niszczota is aimed at finding out “whether inter-country variation 
in individuals’ tendency to conform, as measured by the Lie (social desirability) scale 
used in the Eysenck Personality Questionnaire, can explain differences in the propensity 
to employ corporate earnings management“in various countries. Data analysis confirmed 
the expectation of a positive relationship between the prevalence of earnings manage-
ment in a country and the mean score of individuals from that country on the Eysenck 
Lie scale. Consequently, the author concludes that capital market pressure is a significant 
determinant of earnings management.

The paper by Marcin Rzeszutek on “Personality Traits and Susceptibility to Behavioral 
Biases among a Sample of Polish Stock Market Investors” investigates whether  susceptibility 
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to selected behavioral biases is correlated with Eysenck’s personality traits, such as impul-
sivity, venturesomeness, and empathy. The data for the survey, which was generated from 
90 frequent retail investors on the Warsaw Stock Exchange, confirms such a relationship. 
According to the research findings, venturesomeness was related to susceptibility to all 
explored behavioral biases and the higher the level of venturesomeness, the lower the 
probability of all behavioral biases.

Based on the literature, Olena Shelestis, the author of a study entitled “Risk of In-
vestments in Human Capital and Expected Worker Mobility” demonstrates that HR risk 
is a severe threat for companies that lack sufficient key competencies for managing it. 
Therefore, we welcome articles focusing on human resources management. The first ar-
ticle of the two on the topic investigates workers’ mobility expectations under the risk of 
investments in human capital in Poland in various occupational groups. The presented 
empirical analysis is based on the cross-sectional data from a nationwide survey.

The second article “Generation Gap Management in Restructured Metallurgical Enter-
prises in Poland” by Bożena Gajdzik and Jan Szymszal describes the process of declining 
employment in Polish steelworks since 1990, combined with the structural demographic 
shifts. The industry is faced with the problem of aging personnel due to difficulties in timely 
replacing experienced employees. The study is aimed at limiting the negative effects of the 
generation gap at steelworks in Poland. The authors apply generation gap management 
methodology to offer some solutions. They also use econometric models to forecast labor 
demographics in Poland’s steel industry.

I hope that the current issue will be of interest to many readers.
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Iordanis Petsas1

Department of Economics and Finance, Kania School of Management, 
University of Scranton, Scranton, PA., USA

General Purpose Technologies and their 
Implications for International Trade

Abstract

This paper develops a simple model of trade and “quality-ladders” growth without scale 
effects to study the implications of general purpose technologies (GPTs) for international 
trade. GPTs refer to a certain type of drastic innovations, such as electrification, the tran-
sistor, and the Internet, that are characterized by the pervasiveness in use, innovational 
complementarities, and technological dynamism. The model presents a two-country (Home 
and Foreign) dynamic general equilibrium framework and incorporates GPT diffusion 
within Home that exhibits endogenous Schumpeterian growth. The model analyzes the 
long-run and transitional dynamic effects of a new GPT on the pattern of trade and relative 
wages. The main findings of the paper are: 1) when the GPT diffusion across industries 
is governed by S-curve dynamics, there are two steady-state equilibria: the initial steady-
state arises before the adoption of the new GPT and the final one is reached after the GPT 
diffusion process has been completed, 2) when all industries at Home have adopted the 
new GPT, Home enjoys comparative advantage in a greater range of industries compared 
to Foreign, 3) during the transitional dynamics, Foreign gains back its competitiveness 
in some of the industries that lost its comparative advantage to Home.

Keywords: general purpose technologies, Schumpeterian growth, comparative advantage, 
scale effects, R&D races
JEL: F1, F43, O3, O4, L1, L2
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Introduction

In any given economic “era” there are major technological innovations, such as electric-
ity, the transistor, and the Internet, that have a far-reaching and prolonged impact. These 
drastic innovations induce a series of secondary incremental innovations. The introduction 
of the transistor, for example, triggered a sequence of secondary innovations, such as the 
development of the integrated circuit and the microprocessor, which are also considered 
drastic innovations. These main technological innovations are used in a wide range of 
different sectors inducing further innovations. For example, microprocessors are now used 
in many everyday products like telephones, cars, personal computers, and so forth.

Even though the distinction between a drastic innovation and the incremental one is 
quite important to understand the proper roles of technological innovations as engines of 
growth and trade, economists have paid relatively less attention to the former. Bresnahan 
and Trajtenberg [1995] christened these types of drastic innovations “General Purpose 
Technologies” (GPTs henceforth). A GPT is a certain type of drastic innovation which is 
characterized by the pervasiveness in use (generality of purpose), innovational comple-
mentarities, and inherent potential for technical improvement.

Several empirical studies have documented the cross-industry pattern of diffusion 
for a number of GPTs.2 In addition, a strand of empirical literature has established that 
the cross-industry diffusion pattern of GPTs is similar to the diffusion process of prod-
uct-specific innovations and it is governed by standard S-curve dynamics.3 In other words, 
the internal-influence epidemic model can provide an empirically-relevant framework 
to analyze the dynamic effects of a GPT. During this diffusion process, these drastic inno-
vations could generate growth fluctuations and even business cycles.

Second, the dynamic effects of these GPTs take a long period of time to materialize. 
For instance, David [1990] describes a phase of twenty-five years in the case of the elec-
tric dynamo. He argues that the observed productivity slowdown in the earlier stage of 
electrification and computerization was due to the adjustment process associated with 
the adoption of a new GPT. Third, these GPTs act as “engines of growth”. As a better GPT 
becomes available, it gets adopted by an increasing number of user industries and fosters 
complementary advances that raise the industry’s productivity growth. As the use of a GPT 
spreads throughout the economy, its effects become significant at the aggregate level, 
thus affecting overall productivity growth. In his presidential address to the American 
Economic Association, Jorgenson [2001] documents the role of information technology 
in the resurgence of U. S. growth in the late 1990 s.4 There is plenty of evidence that the rise 
in structural productivity growth in the late 1990 s can be traced to the introduction of 
personal computers and the acceleration in the price reduction of semiconductors, which 
constituted the necessary building blocks for the information technology revolution.5
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The growth effects of GPTs have been analyzed formally by Helpman and Trajtenberg 
[1998a]. They emphasize the lost output that occurs because the GPT does not arrive 
ready to use but requires the invention of a set of complementary components. Petsas 
[2003] analyzes the dynamic effects of GPTs within a quality-ladders model of scale-in-
variant Schumpeterian growth. He discusses the transitional dynamics and the long-run 
equilibrium. Along the transition path, the measure of industries that adopt the new GPT 
increases, consumption per capita falls, and the interest rate rises.

All the above-mentioned models use a closed economy setup that does not allow them 
to explain the effects of a drastic innovation technological innovation on international 
aspects of the economy, such as the pattern of trade, relative wages, and economic growth 
differences across countries.

Chung and Hwang [2009] examined the open-economy implications of a GPT using 
the framework developed by Helpman and Trajtenberg [1998a]. They showed that with 
the introduction of GPTs into the world economy, the developing countries temporarily 
gain competitiveness in marginal final good industries but end up losing those industries 
again as a sufficient number of intermediate goods for the new GPT are created in the 
developed countries.

However, Chung and Hwang’s model [2009] exhibits the scale effect property: if one 
incorporates population growth in these models, then the size of the economy (scale) 
increases exponentially over time, R&D resources grow exponentially, and so does the 
long-run growth rate of per-capita real output. Petsas [2010] develops a model of trade 
based on “quality-ladders” growth without scale effects and analyzes how the pattern of 
trade and the relative wage are determined in steady-state equilibrium.

The scale effects property is a consequence of the assumption that the growth rate 
of knowledge is directly proportional to the level of resources devoted to R&D. Jones 
[1995a] has argued that the scale effects property of earlier endogenous growth models 
is inconsistent with post-war time series evidence from all major advanced countries 
that shows an exponential increase in R&D resources and a more-or-less constant rate of 
per-capita GDP growth. Jones’s criticism has stimulated the development of a new class 
of models that generate growth without scale effects. However, the theoretical literature 
on trade and growth without scale effects has focused either on closed economy models 
or on structurally identical economies engaging in trade with each other.6 This paper 
develops a two-country general equilibrium framework without scale effects to determine 
the effect of the introduction of a GPT on the equilibrium relative wages and the pattern 
of trade between countries.

My approach borrows from Taylor’s work [1993] in that industries differ in production 
technologies. In his model, industries also differ in research technologies and in the set of 
technological opportunities available for each industry. In the presence of heterogeneous 
research technologies (captured by different productivity in R&D services), the pattern 
of R&D production and the pattern of goods production within each country can differ. 
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As a result, there is a case for trade between countries in R&D services. The absence of 
heterogeneity in research technologies in my model makes the removal of scale effects 
more tractable, but eliminates the need for trade in R&D services between countries.

In the present model, there are two countries that may differ in relative size: Home and 
Foreign. The population in each country grows at a common positive and exogenously 
given rate and labor is the only factor of production. There is a continuum of industries 
producing final consumption goods. Labor in each industry can be allocated between the 
two economic activities, manufacturing of high-quality goods and R&D services, which 
are used to discover new products of higher quality. As in Grossman and Helpman’s 
[1991a] version of the quality-ladders growth model, the quality of each final good can 
be improved through endogenous innovation.

The arrival of innovations in each industry is governed by a memoryless Poisson pro-
cess whose intensity depends positively on R&D investments and negatively on the rate of 
difficulty of conducting R&D. In order to remove the scale effects property, I consider the 
permanent effects of growth (PEG) specification that it has been proposed by Dinopoulos 
and Thompson [1996]. According to this specification, R&D becomes more difficult over 
time and the degree of R&D difficulty is proportional to the size of the world market.

The analysis in this model generates new findings. The model identifies a unique 
steady-state equilibrium in the presence of the new GPT, in which the pattern of trade 
in goods is determined by comparative advantage across industries. In addition and 
in contrast to earlier work, the model predicts that the pattern of trade is determined by 
additional factors such as population growth and the R&D difficulty parameter. In contrast 
to the previous work, factor price equalization is not a property of the equilibrium and 
there is no trade in R&D services (Proposition 1). With the introduction of a new GPT 
in the Home country, there are two steady-state equilibria. The industries using the new 
GPT become more productive making the final goods producers in these industries gain 
competitiveness (Proposition 2). However, based on the transitional dynamics, the model 
shows that exists a negative-sloping globally stable-saddle-path. During the transitional 
dynamics, final goods producers in Foreign start engaging in more R&D and gain back 
their competitiveness (in both R&D and production) in some of the industries that lost 
its comparative advantage to Home. (Proposition 3).

The remaining paper is organized as follows. Next section outlines the features of the 
model. Following section describes the steady state equilibrium of the model and the next 
one deals with the transitional dynamics. Final section concludes this paper by summarizing 
the key findings along with policy implications and suggesting possible extensions. The 
algebraic details and proofs of all propositions in this paper are relegated to the Appendix.
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The Model

This section develops a two-country, dynamic, general-equilibrium model with the 
following features. Each country engages in two activities: the production of final con-
sumption goods and research and development. Each of the two economies is populated 
by a continuum of industries indexed by θ∈[0,1] . A single primary factor, labor, is used 
in both goods and R&D production for any industry. In each industry θ  firms are dis-
tinguished by the quality j of the products they produce. Higher values of j denote higher 
quality and j is restricted to taking on integer values. At time t=0, the state-of-the-art 
quality product in each industry is j=0 , that is, some firm in each industry knows how 
to produce a  j=0 quality product and no firm knows how to produce any higher quality 
product. The firm that knows how to produce the state-of-the-art quality product in each 
industry is the global leader for that particular industry. At the same time, challengers 
in both countries engage in R&D to discover the next higher-quality product that would 
replace the global leader in each industry. If the state-of-the-art quality in an industry is 
j, then the next winner of an R&D race becomes the sole global producer of a j+1 quality 
product. Thus, over time, products improve as innovations such as push each industry 
up its “quality ladder,” as in Grossman and Helpman [1991a].

I assume for simplicity, that all firms in the global economy know how to produce 
all products that are at least one step below the state-of-the-art quality product in each 
industry. This assumption, which is standard in most quality-ladders growth models, 
prevents the incumbent monopolist from engaging in further R&D, which is also standard 
assumption in most quality-ladder models.

For clarity, I adopt the following conventions regarding notation. Henceforth, super-
scripts “h” and “f ” identify functions and variables of “Home” and “Foreign” countries, 
respectively. Functions and variables without superscripts are related to the global economy, 
while functions and variables with subscripts are related to activities and firms within 
an industry.

Introduction and Diffusion of a New GPT
The introduction of a new GPT and its diffusion path is modeled as follows: The world 

economy has achieved a steady-state equilibrium, manufacturing final consumption goods 
with an old GPT. I begin the analysis at time t = t0, when a new GPT arrives at Home 
unexpectedly. Firms in each industry start adopting the new GPT at an exogenous rate.

At Home, at each point in time, a fraction of industries, η, uses the new GPT and 
a fraction of industries, (1−η), does not use the new GPT. For example, if the old GPT 
is the steam power and the new GPT is electricity, η industries use electricity in their 
production and (1−η) industries use steam power in their production.7
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I use the epidemic model to describe the diffusion of a new GPT across the continuum 
of industries.8 Its form can be described by the following differential equation,

 
!η
η
= δ(1−η) , (1)

where !η= ∂η ∂t  denotes the rate of change in the fraction of industries that use the new 
GPT and δ > 0 is the rate of diffusion. Equation (1) states that the number of new adoptions 
during the time interval dt, !η , is equal to the number of remaining potential adopters, 
(1−η), multiplied by the probability of adoption, which is the product of the fraction of 
industries that have already adopted the new GPT, η, and the parameter δ, which depends 
upon factors such as the attractiveness of the innovation and the frequency of adoption, 
both of which are assumed to be exogenous.

The solution to equation (1) expresses the measure of industries that have adopted 
the new GPT as a function of time and yields the equation of the sigmoid (S-shaped) 
logistic curve:

 η= 1
[1+ e−(ϕ+δt )]

, (2)

where ϕ  is the constant of integration. Notice that for t→∞ , equation (2) implies that 
all industries located at Home have adopted the new GPT.9

Household Behavior

Let Ni(t)  be country i’s population at time t. I assume that each country’s population 
is growing at a common constant, exogenously given rate gN = !N

i(t) Ni(t) > 0. In each 
country there is a continuum of identical dynastic families that provide labor services 
in exchange for wages, and save by holding assets of firms engaged in R&D. Each indi-
vidual member of a household is endowed with one unit of labor, which is inelastically 
supplied. I normalize the measure of families in each country at time 0 to equal unity. 
Thus, the population of workers at time t in country i is N(t)i = egNt.

Each household in country i maximizes the discounted utility10

 U = e−(ρ−gN )t logu(t)dt
0

∞

∫ , (3)

where ρ  > 0 is the constant subjective discount rate. In order for U to be bounded, I assume 
that the effective discount rate is positive (i.e., ρ− gN > 0). Expression log u(t) captures 
the per capita utility at time t, which is defined as follows:

 logu(t)≡ log[ λ jq(j,θ, t)]
j
∑ dθ

0

1

∫ . (4)
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In equation (4), q(j, θ, t) denotes the quantity consumed of a final product of quality j 
(i.e., the product that has experienced j quality improvements) in industry θ∈[0,1]  at time t. 
Parameter λ > 1 measures the size of quality improvements (i.e., the size of innovations).

At each point in time t, each household allocates its income to maximize (4) given 
the prevailing market prices. Solving this optimal control problem yields a unit elastic 
demand function for the product in each industry with the lowest quality-adjusted price

 qi(j,θ, t)= ci(t)Ni(t)
pi(t) , (5)

where ci(t)  is country i’s per capita consumption expenditure, and p(t)  is the market price 
of the good considered. Because goods within each industry adjusted for quality are by 
assumption identical, only the good with the lowest quality-adjusted price in each industry 
is consumed. The quantity demanded of all other goods is zero. The global demand for 
a particular product is given by aggregating equation (5) across the two countries to obtain

 q(j,θ, t)= qi(j,θ, t)
i=h,f
∑ . (6)

Given this static demand behavior, the intertemporal maximization problem of country 
i’s representative household is equivalent to

 max
ci (t)

e−(ρ−gN )t logci(t)
0

∞

∫ dt , (7)

subject to the intertemporal budget constraint !ai(t)= ri(t)a(t)+wi(t)− ci(t)− gNa
i, where 

ai(t)  denotes the per capita financial assets in country i, wi(t) is the wage income of the 
representative household member in country i, and ri(t) is country i’s instantaneous rate 
of return at time t. The solution to this maximization problem obeys the well-known 
differential equation

 
!ci(t)
ci(t)

= ri(t)−ρ, (8)

Equation (8) implies that a constant per-capita consumption expenditure is optimal 
when the instantaneous interest rate in each country equals the consumer’s subjective 
discount rate ρ. I normalize total consumer spending to equal a constant value E at each 
point in time, and I choose for simplicity

 E=1. (9)

This normalization implies that the value of output equals one at each point in time 
and combined with the differential equation for consumption expenditure per capita it 
implies that the nominal interest rate r equals the subjective discount rate

 r(t)=ρ  for all t. (10)
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Product Markets
In each country firms can hire labor to produce any final consumption good θ∈[0,1]. 

Let Li(θ, t) and Qς
i (θ, t) respectively denote the amounts of labor devoted in manufacturing 

of final consumption good θ  in country i and the output of final consumption good θ  
in country i produced with the aid of the ς ∈ 0,1{ } GPT. Then the production function of 
the final consumption good θ  in country i is given by the following equation

 Qς
i (θ, t)= Li(θ, t)

αQ
i (θ)γ ς

, (11)

where αQ
i (θ)  is the unit labor requirement associated with the final consumption good 

θ  in country i and γ ς  captures the productivity gains associated with the new GPT and 
equals to

 γ ς =
γ 1=γ≺1 ∀θ∈[0,η]
γ 0=1 ∀θ∈[η,1]

⎧
⎨
⎪

⎩⎪
. (12)

I assume that each vertically differentiated good must be manufactured in the country 
in which the most recent product improvement has taken place. That is, I rule out inter-
national licensing and multinational corporations.11

Following Dornbusch et al. [1977], the relative labor unit requirement for each good 
θ  is given by

 A(θ)≡
αQ

f (θ)
αQ

h (θ)  ′A (θ)  < 0 (A.1)

The relative unit labor requirement function in (A.1) is by assumption continuous, 
and decreasing in θ .

The assumptions that goods within an industry are identical when adjusted for quality 
and Bertrand price competition in product markets imply that the monopolist in each 
industry engages in limit pricing. The assumption that the technology of all inferior quality 
products is public knowledge imply that the quality leader charges a single price, which 
is λ  times the lowest manufacturing cost between the two countries:

 p= λmin αQ
h{ (θ)wh ,αQ

f (θ)wf }. (13)

I assume that if for any industry θ , its manufacturing unit cost is lower in Foreign 
than in Home, wfαQ

f (θ)  < whαQ
h (θ) , then wfαQ

f (θ)  < whαQ
h (θ)γ  also holds.

I also assume that the wage of home labor, wh , is greater than the wage of foreign 
labor, wf . That is, the home relative wage, ω , is greater than one12
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 ω =w
h

wf  > 1. (14)

The last two assumptions imply that the price of every top quality good is equal to

 p=λαQ
f (θ)wf . (15)

It follows that the stream of profits of the incumbent monopolist that uses the ς ∈ 0,1{ }  
GPT and produces the state-of-the-art quality product in Home will be equal to

 πς
h(θ, t)=[λwfαQ

f (θ)−whaQ
h (θ)γ ς]q= 1−

ωαQ
h (θ)γ ς

λαQ
f (θ)

⎛

⎝⎜
⎞

⎠⎟
N(t), (16)

while the stream of profits of the incumbent monopolist that produces the state-of-
the-art quality product in Foreign will be equal to

 πf (θ, t)=[λαQ
f (θ)−wfaQ

f (θ)]q= (λ−1)
λ

N(t), (17)

where N(t)=[Nh(t)+Nf (t)]  is the size of world population and the world expenditure 
on final consumption goods.

R&D Races

Labor is the only input engaged in R&D in any industry θ∈[0,1] . Let LR
i (θ, t)  and 

Ri(θ, t)  respectively denote the amounts of labor devoted in R&D services in industry θ  
in country i and the output of R&D services in industry θ  in country i. The production 
function of R&D services in industry θ  in country i exhibits constant returns and is given 
by the following equation13

 Ri(θ, t)= LR
i (θ, t)
αR

, (18)

where αR  is the unit labor requirement in the production of R&D services. Note that 
the absence of a superscript and the absence of the industry index θ  in the unit labor 
requirement imply that they are the same across countries, industries and goods of different 
quality levels. The absence of heterogeneous research technologies allows me to focus on 
the implications of assumption (A.1) on the properties of the model.14

In each industry θ  there are global, sequential and stochastic R&D races that result in the 
discovery of higher-quality final products. A challenger firm k that is located in country 
i∈ h,f}{  targeting a quality leader in country i∈ h,f}{  engages in R&D in industry θ  
and discovers the next higher-quality product with instantaneous probability Ik

i (θ, t)dt , 
where dt is an infinitesimal interval of time and
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 Ik
i(θ, t)= Rk

i (θ, t)
X(t) , (19)

where Rk
i (θ, t)  denotes firm k’s R&D outlays and X (t) captures the difficulty of R&D 

in industry θ  at time t. I assume that the returns to R&D investments are independently 
distributed across challengers, countries, industries, and over time. Therefore, the indus-
try-wide probability of innovation can be obtained from equation (19) by summing up 
the levels of R&D across all challengers in that country. That is,

 Ii(θ, t)= Ik
i (θ, t)= Ri(θ, t)

X(t)k
∑ , (20)

where Ri(θ, t) denotes total R&D services in industry θ  in country i. Variable Ii(θ, t) is 
the effective R&D.15 The arrival of innovations in each industry follows a memoryless 
Poisson process with intensity I(θ, t)= Ri(θ, t) X(t)

i
∑  which equals the global rate of 

innovation in a typical industry. The function X (t) has been introduced in the endogenous 
growth literature after Jone’s [1995a] empirical criticism of R&D based growth models 
generating scale effects.

A recent body of theoretical literature has developed models of Schumpeterian growth 
without scale effects.16 Two alternative specifications have offered possible solutions to the 
scale-effects property. The first specification proposed by Dinopoulos and Thompson 
[1996] removes the scale-effects property by assuming that the level of R&D difficulty is 
proportional to the market size measured by the level of population,

 X(t) = kN(t), (21)

where k > 0 is a parameter.
This specification captures the notion that it is more difficult to introduce new products 

and replace old ones in a larger market.17 The model that results form this specification 
is called the permanent effects of growth (PEG) model because policies such as an R&D 
subsidy and tariffs can alter the per-capita long-run growth rate.18

Consider now the stock-market valuation of temporary monopoly profits. Consumer 
savings are channeled to firms engaging in R&D through the stock market. The assump-
tion of a continuum of industries allows consumers to diversify the industry-specific risk 
completely and earn the market interest rate. At each instant in time, each challenger issues 
a flow of securities that promise to pay the flow of monopoly profits if the firm wins the 
R&D race and zero otherwise.19 Consider now the stock-market valuation of the incumbent 
firm in each industry. Let Vς

i (t) denote the expected global discounted profits of a success-
ful innovator at time t in country i, when the global monopolist uses the ς ∈ 0,1{ } GPT 
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and charges a price p for the state-of-the-art quality product. Because each global quality 
leader is targeted by challengers from both countries who engage in R&D to discover the 
next higher-quality product, a shareholder faces a capital loss Vς

i (t)  if further innovation 
occurs. The event that the next innovation will arrive occurs with instantaneous probability 
Idt, whereas the event that no innovation will arrive occurs with instantaneous probability 
1-Idt. Over a time interval dt, the shareholder of an incumbent’s stock receives a dividend 
π(t)dt and the value of the incumbent appreciates by dVς

i (t)=[∂Vς
i (t) ∂t]dt = !Vς

i (t)dt . 
Perfect international capital mobility implies that rh = rf = r . The absence of profitable 
arbitrage opportunities requires the expected rate of return on stock issued by a successful 
innovator to be equal to the riskless rate of return r; that is,

 
!Vς
i (θ, t)

Vς
i (θ, t)

[1− I(θ, t)dt]dt+
πς
i (θ, t)

Vς
i (θ, t)

dt−
[Vς

i (θ, t)−0]
Vς

i (θ, t)
I(θ, t)dt = rdt . (22)

Taking limits in equation (22) as dt→ 0  and rearranging terms appropriately gives 
the following expression for the value of monopoly profits

 Vς
i (θ, t)=

πς
i (θ, t)

ρ+ I(θ, t)−
!Vς
i (θ, t)

Vς
i (θ, t)

. (23)

A typical challenger k located in country i chooses the level of R&D investment 
Rk

i (θ, t)  to maximize the expected discounted profits

 Vς
i (θ, t)Rk

i (θ, t)
X(t)

dt−wiαRRk
i (θ, t)dt , (24)

where Ik
i dt =[Rk

i (θ, t) X(t)]dt  is the instantaneous probability of discovering the next high-
er-quality product and wiαRRk

i (θ, t)  is the R&D cost of challenger k located in country i.
Free entry into each R&D race drives the expected discounted profits of each challenger 

down to zero and yields the following zero profit condition:

 Vς
i (t)= wiαRX(t). (25)

The pattern of R&D production across the two countries can be determined by uti-
lizing equations (23) and (25). Combining these equations and evaluating them at the 
margin I can obtain the R&D schedule (i.e., the schedule of relative labor productivities 
in goods) as follows

 ω=RD(!θ)=
αQ

f (!θ)
αQ

h (!θ)γ ς

, (26)
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where RD(!θ) is continuous and decreasing in  !θ . For low values of θ , Home has higher 
relative labor productivity than Foreign, and thus it earns higher wage. Therefore, Home 
has comparative advantage in producing and conducting R&D the final goods with lower 
θ  and Foreign has comparative advantage in producing and conducting R&D the final 
goods with higher θ . The R&D schedule can be depicted in Figure 1.

Lemma 1: Under assumption (A.1) and for any given value of the relative wage, 
ω∈ αQ

f (1) αQ
h (1),αQ

f (0) αQ
h (0)( ), there exists an industry !θ  defined by equation (26) such  

that
(a) firms are indifferent between conducting R&D in Foreign or in Home,
(b) for each industry θ∈[0, !θ), only Home conducts R&D,
(c) for each industry θ∈(!θ,1], only Foreign conducts R&D.

The results in Lemma 1 are based on the zero-profit conditions in the R&D sector. 
Dornbusch et al. [1977] derive the same results found in Lemma 1 under the assump-
tion of perfect competition in all markets. In the present model, if in industryθ , R&D 
is undertaken by Home, then the zero profit conditions for R&D imply that Foreign has 
negative profits in this particular industry (see equations (23) and (25)). Since firms located 
in the Home country have higher discount profits than foreign firms for the goods in the 
range θ∈[0, !θ), this prevents challengers from the Foreign country to finance their R&D 
costs in the range of industries θ∈[0, !θ] and thus choose not to engage in R&D (since 
this would yield negative profits). The reverse is true for those industries that Foreign 
undertakes R&D. Home has negative profits in the industriesθ∈(!θ,1], so it does not pay 
off to engage in R&D in those industries. Thus, both countries will develop and sustain 
their comparative advantage in the industries they conduct their R&D.

Labor Markets
Consider first the Home labor market. All workers are employed by firms in either 

production or R&D activities. Taking into account that each industry leader charges the 
same price p and that consumers only buy goods from industry leaders in equilibrium, 
it follows from (11) that employment of labor in the production of goods using the new 
GPT in Home is Qh(θ, t)αQ

h γ
0

η

∫ dθ, while employment of labor in the production of goods 

using the old GPT is Qh(θ, t)αQ
h

η

!θ

∫ dθ . Solving equation (18) for each industry leader’s 
R&D employment LR

h (θ, t)  and then integrating across industries, total R&D employment 

by industry leaders in the home country is Rh

0

!θ

∫ (θ, t)αRdθ . Thus, the full employment 
of labor condition for the home country at time t is given by
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 Nh(t)= Qh(θ, t)αQ
h (θ)γdθ

0

η

∫ + Qh(θ, t)αQ
h

η

!θ

∫ dθ+ Rh(θ, t)αR dθ0

!θ

∫ . (27)

The full employment of labor condition for the foreign country at time t is given by

 Nf (t)= Qf (θ, t)αQ
f (θ)dθ

!θ

1

∫ + Rf (θ, t)αR dθ!θ

1

∫ . (28)

Equations (27) and (28) complete the description of the model.

Steady-State Equilibrium

In this section I derive the steady-state equilibrium. Assuming that the relative wage, 
ω , is constant over time at the steady-state equilibrium, equation (25) implies that 
!Vς
i (θ, t) Vς

i (θ, t)= !X(t) X(t)=gN . That is, the expected global discounted profits of a suc-
cessful innovator at time t in country i, Vς

i (t), and the level of R&D difficulty, X(t), grow 
at the constant rate of population growth, gN . Combining equations (23) and (25) after 
taking into account equations (16) and (17), I obtain the following zero profit conditions 
for Home and Foreign respectively for each industry:

 
1−

ωαQ
h (θ)γ

λαQ
f (θ)

⎛

⎝⎜
⎞

⎠⎟

ρ+ I(θ, t)− gN

=whαRk  ∀θ∈[0,η]  (29)

 
1−

ωαQ
h (θ)

λαQ
f (θ)

⎛

⎝⎜
⎞

⎠⎟

ρ+ I(θ, t)− gN

=whαRk  ∀θ∈[η, !θ)  (30)

 

(λ−1)
λ

ρ+ I(t)− gN

= wfαRk . ∀θ∈(!θ,1]  (31)

Utilizing equations (29)–(31), one can rank the level of global R&D investment between 
Home and Foreign. Notice that the level of global R&D investment, I, does not depend 
on θ  for θ∈(!θ,1]. On contrast, the level of global R&D investment, I, depends on θ  for 
θ∈[0, !θ). As Home conducts R&D in more industries, the level of global R&D investment 
increases.
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Integrating equation (29) over [0,η], equation (30) over [η, !θ), and equation (31) over 
(!θ,1]  I obtain the following zero profit conditions for Home and Foreign, respectively at 
the economy-wide level:

 η− ωγ
λ

αQ
h (θ)

αQ
f (θ)0

η

∫ dθ
⎛

⎝⎜
⎞

⎠⎟
=whωαRk[ρ+ I(θ, t)− gN]η  (32)

 !θ− η− ω
λ

αQ
h (θ)

αQ
f (θ)η

!θ

∫ dθ
⎛

⎝⎜
⎞

⎠⎟
=whωαRk[ρ+ I(θ, t)− gN](!θ− η)  (33)

 (λ−1)
λ

=wfαRk[ρ+ I(θ, t)− gN], (34)

Substitution of equations (5) and (13) into the first integral of equation (27) yields the 
demand for manufacturing labor in Home

 
γN(t)
λwf

αQ
h (θ)

αQ
f (θ)0

η

∫ dθ . (35)

Combining equations (18), (20), and (21), one can obtain the demand for R&D labor 
in Home

 kN(t)αR Ih
0

!θ

∫ (θ, t)dθ . (36)

Given that there is a large number of independent industries, the law of large numbers 
implies that the integral in equation (33) can be written as follows:

 I
0

!θ

∫ (θ, t)dθ= !θI(t). (37)

where I(t)= I(θ, t)dθ
0

1

∫  is the average “effective-R&D” of the world economy.
Substituting equations (35) and (37) (after taking into account equation (34)) into 

Home’s full employment of labor condition (equation 27) yields the resource condition

 Nh(t)= 1
λwf γ

αQ
h (θ)

αQ
f (θ)0

η

∫ dθ+
αQ

h (θ)
αQ

f (θ)η

!θ

∫ dθ
⎛

⎝⎜
⎞

⎠⎟
+ kαR

!θI(t), (38)

where Nh(t)≡Nh(t) N(t) is Home’s population size relative to the world population size.
Similar substitutions yield the resource condition for the foreign country:
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 Nf (t)= (1−
!θ)

λwf + kαR (1− !θ)I(t) , (39)

where Nf (t)≡Nf (t) N(t) is the foreign country’s population relative to the world population.
The above resource conditions described by equations (38) and (39) hold at each instant 

in time because, by assumption, factor markets clear instantaneously in both countries.
Equations (32), (33), (34), along with equations (38) and (39) yield a second schedule 

in (θ,ω)  space, the mutual resource schedule20

 ω=MR(!θ)=

Nf

(1− !θ)
+kαR (ρ− gN)

⎛
⎝⎜

⎞
⎠⎟
!θ

Nh + !θkαR (ρ− gN)
. (40)

The mutual resource schedule states that the relative wage ω , which clears labor 
markets in both countries, is an increasing function of the range of goods !θ  produced 
in Home. If the range of goods produced by Home increases, Home’s relative demand for 
labor (both in manufacturing and R&D) increases. The excess demand for labor drives 
the level of the relative wage higher.

The mutual resource condition (MR) can be depicted in Figure 1. The vertical axis 
measures the home country’s relative wage, ω , and the horizontal axis reflects the meas-
ure of industries, θ . The intersection of the downward sloping RD ( !θ ) schedule and the 
upward sloping MR ( !θ ) schedule at point E determines the steady-state equilibrium relative 
wage, ω , and the marginal industry !θ  in which both countries undertake production 
in goods and R&D services.21

Therefore, I arrive at:

Proposition 1: For sufficiently large Nf Nh , there exists a unique steady-state equilibrium 
such that
(a) Home’s relative wage, ω , is greater than one,
(b) Home has a sustained comparative advantage in the range of industries θ∈[0, !θ). In 

each industry θ∈[0, !θ) , only Home conducts R&D, produces, and exports the state of 
the-art product,

(c) Foreign has a sustained comparative advantage in the range of industries θ∈(!θ,1]. In 
each industry θ∈(!θ,1] , only Foreign conducts R&D, produces, and exports the state of 
the-art product.

(d) Home uses the new GPT in the range of industries θ∈[0,η]  and uses the old GPT in the 
range of industries θ∈[η, !θ].
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The results from this proposition can be found in other models. The static continuum 
Ricardian model developed by Dornbusch et al. [1977] and the dynamic learning-by-do-
ing model introduced by Krugman [1987] produce similar features with the equilibrium 
depicted in Figure 1.

Figure 1 illustrates the steady-state equilibrium in the presence of the new GPT. The 
pattern of trade in goods is determined by comparative advantage across industries. In 
addition and in contrast to earlier work, the model predicts that the pattern of trade is 
determined by additional factors such as population growth and the R&D difficulty param-
eter. Moreover, the absence of heterogeneity in research technologies results in no trade 
in R&D services. Taylor [1993], has introduced heterogeneity in research technologies 
and result in an equilibrium with trade in R&D services. Finally, factor price equalization 
is not a property of the equilibrium depicted in Figure 1.

Proposition 2: If η is governed by S-curve dynamics, there are two steady-state equilibria: the 
initial steady-state equilibrium arises before the adoption of the new GPT, where η = 0, and 
the final steady-state equilibrium is reached after the diffusion process of the new GPT has 
been completed, where η = 1. At the final steady-state equilibrium: Home produces, conducts 
R&D, and exports more goods, !θ(1)> !θ(0), Home’s relative wage is higher, ω(1) > ω(0).

These comparative steady-state properties can be illustrated with the help of Figure 2. 
Before the introduction of the new GPT in Home, the world economy is in a steady state 
(point A) where η= 0 , with Home exporting the range of goods !θ(0), and with its rel-
ative wage given by ω(0) . The new GPT arrives in the world economy at time t = 0 with 
a given measure of industries η  > 0. Thus, at time t = 0, a portion of the RD schedule 
jumps upward for those industries that are using the new GPT, since these industries are 
now more productive due to new GPT. An increase in the measure of industries that adopt 
the new GPT makes the RD schedule in Figure 2 shift upward from RD (where η= 0) 
to RDʹ (where η=1) resulting in higher relative wage and in higher comparative advantage 
for Home. In other words, when all industries at Home have adopted the new GPT, final 
goods producers in Home gain competitiveness. The new steady state is at point B, where 
η=1, with Home exporting the range of goods ! ′′θ  and with its relative wage given by ′′ω .
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FIGURE 1. Steady-State Equilibrium before the introduction of the new GPT

S o u r c e :  own elaboration.

FIGURE 2. Steady-State Equilibria 
Point A: No industry has adopted the new GPT 
Point B: All industries have adopted the new GPT

S o u r c e :  own elaboration.
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Transitional Dynamics

In this section I analyze the transitional dynamics of the model. I use the time-elim-
ination method described by Mulligan and Sala-i-Martin [1992].22 The equation that 
governs the GPT diffusion (1) together with equations (20) and (22) (which hold at each 
instant of time) enable me to construct a system of two differential equations that govern 
the evolution of !θ  and η . By proper substitutions, I obtain:

 
1−

ωαQ
h (θ)γ

λαQ
f (θ)

⎛

⎝⎜
⎞

⎠⎟

ρ+ I(θ, t)− (gwh + gN)
=whαRk  ∀θ∈[0,η]  (41)

 
1−

ωαQ
h (θ)

λαQ
f (θ)

⎛

⎝⎜
⎞

⎠⎟

ρ+ I(θ, t)− (gwh + gN)
=whαRk  ∀θ∈[η, !θ]  (42)

 

(λ−1)
λ

ρ+ I(θ, t)− (gwf + gN)
= wfαRk  ∀θ∈[!θ,1]  (43)

Integrating equations (41)–(43), I obtain:

 η− ωγ
λ

αQ
h (θ)

αQ
f (θ)0

η

∫ dθ
⎛

⎝⎜
⎞

⎠⎟
=whωαRk[ρ+ I(θ, t)− gwh + gN]η  (44)

 !θ− η− ω
λ

αQ
h (θ)

αQ
f (θ)η

!θ

∫ dθ
⎛

⎝⎜
⎞

⎠⎟
=whωαRk[ρ+ I(θ, t)− gwh − gN](!θ− η) (45)

 (λ−1)
λ

=wfαRk[ρ+ I(θ, t)− gwf − gN], (46)

Manipulating equations (44) and (45), yields:

 
αQ

h (θ)
αQ

f (θ)
dθ= (

!θ− η)γ
ηη

!θ

∫
αQ

h (θ)
αQ

f (θ)
dθ

0

η

∫  (47)

Taking logs and differentiate in equation (47) yields:
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!"θ
!θ
=

ηαQ
h (η)(!θ− η)(A1(η)+A2(!θ,η))−A1(η)A2(!θ,η)αQ

f (η)!θ( )αQ
f (!θ)δ(1−η)

!θA1(η)αQ
f (η)[αQ

h (!θ)(!θ− η)−αQ
f (!θ)A2(!θ,η)]

 (48)

where

A1(η)=
αQ

h (y)
αQ

f (y)0

η

∫ dy  and A2(!θ,η)=
αQ

h (y)
αQ

f (y)
dy

η

!θ

∫

Equations (48) and (1) determine the evolution of the two endogenous variables of 
the model, the range of goods Home exports, !θ , and the number of industries at Home 
that have adopted the new GPT, η.

Equation (48) is equal to zero, when η = 1, or when the following condition is satisfied:

 ηαQ
h (η)(!θ− η)(A1(η)+A2(!θ,η))−A1(η)A2(!θ,η)αQ

f (η)!θ( )=0  (49)

By totally differentiating equation (49), after rearranging I obtain d!θ dη  < 0.
Thus, !θ= 0  defines a downward-sloping curve in Figure 3. Starting from any point on 

this curve, an increase in η leads to  !"θ  > 0 and a decrease in η leads to  !"θ < 0. The right-hand 
side of equation (1) is independent of !θ, and therefore the !η= 0 locus is a vertical line. 
Starting from any point on this line, decrease in η leads to  !η  > 0. The area to the left of the 
vertical line (i.e., locus !η= 0 ) identifies a region in which the potential number of adopters 
is greater than one. Therefore, this region is not feasible. There exists a downward-sloping 
saddlepath going through the balanced-growth equilibrium point B. Thus, I arrive at:

Proposition 3. Assume that ∂!"θ ∂!θ  < δ . Then, there exists a negative-sloping globally 
stable-saddle-path going through the final balanced-growth equilibrium point B. Along the 
saddle path, both the measure of industries that adopt the new GPT, η, and home’s relative 
wage, ω, increase.

The analysis is predicated on the assumption of perfect foresight.23 When the new GPT 
arrives, the range of goods Home exports, !θ , jumps upward instantaneously to  ! ′θ  (point ′A   
in Figure 3). This jump increases Home’s relative wage since there is more intense com-
petition for workers at Home in order to produce more goods. The higher values of !θ  
and ω  lower the discounted expected monopoly profits at Home (see assumption (A.1) 
and equations (41)–(43)) and raise the discounted expected monopoly profits at Foreign. 
As a result, Foreign starts engaging in more R&D and gains back its competitiveness 
(in both R&D and production) in some of the industries that lost comparative advantage 
to Home. During the transition dynamics (i.e., as the equilibrium moves from point ′A  
to point B in Figure 3), the range of goods Home exports, !θ , decreases, and the relative 
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wage decreases to adjust the equilibrium in Home and Foreign labor markets. At point B 
in Figure 3, all industries at Home have adopted the new GPT.

FIGURE 3: Stability of the Balanced-Growth Equilibrium

S o u r c e :  own elaboration.

Conclusions

This paper presented a simple and tractable framework of an open economy growth 
and trade model that incorporates the introduction and diffusion of a GPT. The previous 
literature on “quality-ladders” framework that analyzed Ricardian models of trade exhibits 
the scale effects-property. In order to be consistent with the empirical literature on the 
scale effects property, I have developed a model of trade based on “quality-ladders” growth 
without scale effects to analyze how GPTs affect the pattern of trade and how the relative 
wages are determined in steady-state equilibrium.

This model provides new insights and additional findings regarding the GPT-trade 
literature. In the presence of the new GPT, the model identifies a unique steady-state 
equilibrium, in which the pattern of trade in goods is determined by comparative advan-
tage across industries. In addition and in contrast to earlier work, the model predicts 
that the pattern of trade is determined by additional factors such as population growth 
and the R&D difficulty parameter. Unlike in previous work, factor price equalization is 
not a property of the equilibrium and there is no trade in R&D services.
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With the introduction of a new GPT in the Home country, there are two steady-state 
equilibria. The industries using the new GPT become more productive and thus make 
final goods producers in Home gain competitiveness. However, based on the transitional 
dynamics, the model shows that a negative-sloping globally stable-saddle-path exists. 
During the transitional dynamics, final goods producers in Foreign start engaging in more 
R&D and gain back their competitiveness (in both R&D and production) in some of the 
industries that lost its comparative advantage to Home.

The findings in this paper have important trade policy implications. One possible 
implication is that policymakers can affect the amount of R&D investment positively 
through various instruments such as research subsidies. When the global R&D invest-
ment increases, the probability that the incumbent firm in one country will be replaced 
by a follower firm from another country increases and thus the locus of production and 
the pattern of trade is affected. Alternatively, the government may decide to protect some 
industries in the high tech sector (due to spillover effects) by imposing tariffs. These 
industries will enjoy protection and the technological benefits associated with the new 
GPT will be enlarged. This is consistent with the infant industry argument of the inter-
national trade theory. Another possible policy implication of the results presented in this 
paper is that attempts to promote GPTs in a particular industry will affect positively the 
competitiveness in that industry and allow the country where the industry is affected 
to develop a comparative advantage.

The present model has also industrial policy implications. For example, are all firms 
within each industry ready to adopt the new GPT? Large firms have an advantage over 
small firms in adopting new technologies and affect positively the rate of GPT diffusion. 
An increase in the productivity gains generated by the new GPT makes the firm with the 
new GPT more productive and accelerates the adoption and diffusion of the new GPT. 
This in turn increases the economy-wide resources devoted to R&D.

Given the relative simplicity of the model, it can be extended in several fruitful direc-
tions. One could examine the GPT diffusion on a global scale. For example, the diffusion 
of the new GPT within an industry from one country to the other can occur with a time 
lag. It would be interesting to analyze the long-run and transitional dynamic effects of 
a new GPT on trade patterns. Another potential extension of the present model is the 
introduction of trade instruments and their effects on the pattern of trade between coun-
tries. Alternatively, a North-South model of trade might yield interesting implications.
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Notes

1 Iordanis Petsas, Department of Economics and Finance, Kania School of Management, University 
of Scranton; Author’s e-mail address: iordanis.petsas@scranton.edu

2 For example, Helpman and Trajtenberg [1998b] provide evidence for the diffusion of the tran-
sistor. They state that transistors were first adopted by the hearing aids industry. Later, transistors were 
used in radios followed by the computer industry. These three industries are known as early adapters of 
the transistor GPT. The fourth sector to adopt the transistor was the automobile industry, followed by the 
telecommunication sector.

3 For example, Griliches [1957] studied the diffusion of hybrid seed corn in 31 states and 132 
crop-reporting areas among farmers. His empirical model generates an S-curve diffusion path. Andersen 
[1999] confirmed the S-shaped growth path for the diffusion of entrepreneurial activity, using corporate 
and individual patents granted in the U. S. between 1890 and 1990. Jovanovic and Rousseau [2001] provide 
more evidence for an S-shaped curve diffusion process by matching the spread of electricity with that of 
personal computer use by consumers.

4 At the aggregate level, information technology is identified with the output of computers, com-
munications equipment, and software. These products appear in the GDP as investments by businesses, 
households, and governments along with net exports to the rest of the world.

5 Another study from OECD documents that U. S. investment in information processing equipment 
and software increased from 29% in 1987 to 52% in 1999. The diffusion of information and communication 
equipment accelerated after 1995 as a new wave of information and communication equipment, based on 
applications such as the World Wide Web and the browser, spread rapidly throughout the economy.

6 5 Dinopoulos and Syropoulos [2001] have recently developed a two-country general equilibrium 
model of endogenous Schumpeterian (R&D based) growth without scale effects to examine the effect of 
globalization on economic growth when countries differ in population size and relative factor endowments.

7 Devine [1983] provides an excellent historical perspective on electrification where he documents 
the transformation from shafts to wires. He states: “Until late in the nineteenth century, production 
machines were connected by a direct mechanical link to the power sources that drove them. In most fac-
tories, a single centrally located prime mover, such as a water wheel or steam engine, turned iron or steel 
“line shafts” via pulleys and leather belts…. By the early 1890 s then, direct current motors had become 
common in manufacturing, but were far from universal. Mechanical drive was first electrified in indus-
tries such as clothing and textile manufacturing and printing, where cleanliness, steady power and speed, 
and ease of control were critical”. Helpman and Trajtenberg [1996] explore the adoption of the transistor, 
an important semiconductor GPT by a number of industries. As they state: The early user sectors were 
hearing aids and computers. The prominent laggards were telecommunications and automobiles. These 
examples indicate that the timing of adopting a new GPT differs across industries.

8 See Thirtly and Ruttan [1987, pp. 77–89] for various applications of the epidemic model to the 
diffusion of technology.

9 When, then t→−∞ . If one ass η=0 umes that the new GPT arrives at Home at time t=0 , then 
η  > 0. That is, the new GPT arrives at Home by a given fraction of industries η  (i.e., the industry or 
industries that developed this particular GPT).

10 Barro and Sala-i-Martin [1995 Ch.2] provide more details on this formulation of the household’s 
behavior within the context of the Ramsey model of growth.

11 Taylor [1993] incorporates multinational corporations in a model of endogenous growth and 
trade. In his model, innovations are always implemented on front line production technologies (i.e, that 
is technologies that are minimum cost given the prevailing wage rates) and when innovation and imple-
mentation occur at different countries, the resulting transactions are considered as imports and exports 
of R&D.

12 In proposition 1, I provide sufficient conditions under which this assumption holds.
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13 The empirical evidence on returns to scale of R&D expenditure is inconclusive. Segerstrom and 
Zolnierek [1999] among others developed a model where they allow for diminishing returns to R&D effort 
at the firm level and industry leaders have R&D cost advantages over follower firms. In their model, when 
there are diminishing returns to R&D and the government does not intervene both industry leaders and 
follower firms invest in R&D.

14 Taylor [1993] has introduced heterogeneity in the research technologies and in the technological 
opportunity for improvements in technologies. The presence of heterogeneous research technologies makes 
trade in R&D services between countries possible. The absence of heterogeneous research technologies 
in the present model, makes the removal of scale effects more tractable, but eliminates the possibility of 
trade in R&D services between the two countries.

15 The variable Ii(θ, t) is the intensity of the Poisson process that governs the arrivals of innovations 
in industry θ in country i. Dinopoulos and Syropoulos [2001] model the strategic interactions between 
a typical incumbent and its challengers as a differential game for Poisson jump processes and derive the 
equilibrium conditions that govern the solution to a typical R&D contest. They also provide an informal 
and intuitive derivation of these conditions. In the present model, I follow their informal derivation 
to derive my results.

16 See Dinopoulos and Thompson [1999] for an overview of these models.
17 Informational, organizational, marketing, and transportation costs can readily account for this 

difficulty. Arroyo, et al. [1995] have proposed this specification under the name of the permanent effects 
of growth (PEG) model, and have provided time-series evidence for its empirical relevance.

18 Dinopoulos and Thompson [1998] provide micro foundations for this specification in the context 
of a model with horizontal and vertical product differentiation.

19 If the monopolist is located in Home, the monopoly profits are define by equation (16) and if the 
monopolist is located in Foreign, the monopoly profits are defined by equation (17).

20 In Appendix, I derive the mutual resource schedule and show that it is upward-sloping in  (θ,ω)
space.

21 For sufficiently large Nf Nh , the MR(!θ)  schedule intersects the RD(!θ)  schedule at a point above 
the 45º line, such as ω  > 1.

22 See also Mulligan and Sala-i-Martin [1991] for more details on this method.
23 There also exists a degenerate equilibrium where the adoption of the new GPT is not completed. 

Suppose that when a new GPT arrives, every potential producer expects that no one will produce more 
goods. As a result, it does not pay to increase production, because the new GPT will never be fully adopted. 
In this event, the pessimistic expectations are self-fulfilling, and no new GPTs are fully adopted. I do 
not discuss these types of equilibria in what follows.
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APPENDIX

A.1 Proof of Lemma 1
Lemma 1 results from equations (23) and (25) (after taking into account equations (16) 

and (17). Then, from the zero profit conditions, one can obtain the mutual R&D condition:

 ω=RD(!θ)=
αQ

f (!θ)
αQ

h (!θ)γ ζ

 (A.1)

The slope of the mutual R&D condition is downward sloping due to assumption (A.1) 
in the paper. There is an industry !θ∈[0,1] , where both countries, Home and Foreign, 
undertake R&D. For this industry, the zero profit conditions yield Vf (!θ)=Vh(!θ).

If in industry θ , R&D is undertaken by Home, then the zero profit conditions for 
R&D imply that Foreign has negative profits in this particular industry (see equations 
(23) and (25)). Since firms located in the Home country have higher discount profits 
than foreign firms for the goods in the range θ∈[0, !θ), this prevents challengers from 
the Foreign country to finance their R&D costs in the range of industries θ∈[0, !θ] and 
thus choose not to engage in R&D (since this would yield negative profits). The reverse is 
true for those industries that Foreign undertakes R&D. Home has negative profits in the 
industries θ∈(!θ,1], so it does not pay off to engage in R&D in those industries. Thus, 
both countries will develop and sustain their comparative advantage in the industries 
they conduct their R&D.

A.2 Proofs of Propositions 1, 2, and 3
A.2.1 Proposition 1

In order for Home’s relative wage to be greater than one (assumption (14) in the main 
text), the mutual R&D schedule (given by equation (26) should lie above the ω =1  line.

The intersection of the R&D condition and mutual resource curves yield the unique 
steady-state equilibrium values of the marginal industry !θ* and the relative wage at home ω* .  
From Lemma 1, it follows that home and foreign have sustained comparative advantages 
in R&D in the industries [0, !θ)  and (!θ,1]  respectively. Since international licensing and 
multinational corporations are ruled out, this will imply that each vertically differentiated 
good must be manufactured in the country in which the most recent product improvement 
has taken place. Thus, the home country conducts R&D, produces, and exports the state 
of the art product for each industry θ∈[0, !θ* ) while the foreign country conducts R&D, 
produces, and exports the state of the art product for each industryθ∈(!θ* ,1].
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A.2.2 Proposition 2
I can write the two equilibrium relationships governing Figure 1 in a more general 

form as follows:

 ω≡RD(!θ, γ ς ) , where RD1 < 0, RD2 < 0, (A.2)

 ω≡MR(!θ, Nf ,Nh ,k,αR ρ, gN ) , where MR1 > 0, MR2 > 0, MR3 < 0, (A.3)

MR4 < 0, MR5 > 0, MR6 >0, MR7 >0.

I totally differentiate equations (26) and (40) in the main text and obtain the following 
system of two equations in the differentials of two endogenous variables as follows:

dω−RD1d!θ=RD2dγ ς

 dω−MR1d!θ=MR2dN
f +MR3dN

h +MR4dκ +MR5dαR +MR6dρ+MR7dgN  (A.4)

I can write the system (A.4) in the reduced form as follows:

1−RD1

1−MR1

⎡
⎣⎢

⎤
⎦⎥
dω

d!θ
⎡

⎣
⎢

⎤

⎦
⎥=

0 0 0 RD2 0 0 0
MR2 MR3 MR4 0 MR5 MR6 MR7

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

dNf

dNh

dκ
dγ ς

dαR

dρ
dgN

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

, (A.5)

I calculate the determinant of the matrix of the endogenous variables (which I denote 
with Δ) as follows:

 Δ=
1 −RD1

1 −MR1

=RD1 −MR1  < 0. (A.6)

Using the system of equations given by (A.5) and by employing the Cramer’s rule, 
I establish the comparative steady-state results regarding. I calculate the determinω ant 
of the matrix formed by replacing the second column of the matrix of the endogenous 
variables in (A.5) with the corresponding column vector of the exogenous variable in con-
sideration. Thus, I obtain the following results:
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 dω
dNf =

RD1MR2

Δ
 > 0, (A.7)

 dω
dNh =

RD1MR3

Δ
 < 0, (A.8)

 dω
dκ

=RD1MR4

Δ
 < 0, (A.9)

 dω
dγ ζ

= −MR1RD2

Δ
 < 0, (A.10)

 dω
dαR

=RD1MR5

Δ
 > 0, (A.11)

 dω
dρ

=RD1MR6

Δ
 > 0,  (A.12)

 dω
dgN

=RD1MR7

Δ
 < 0. (A.13)

The signs of equations (A.7) through (A.13) prove Proposition 2.
Using the system of equations given by (A.5), I establish the comparative steady-state 

results regarding !θ . I calculate the determinant of the matrix formed by replacing the 
second column of the matrix of the endogenous variables in (A.5) with the corresponding 
column vector of the exogenous variable in consideration. Thus, I obtain the following 
results:

 d!θ
dNf =

MR2

Δ
 < 0, (A.14)

 d!θ
dNh =

MR3

Δ
 > 0, (A.15)

 d!θ
dk

=MR4

Δ
 > 0, (A.16)

 d!θ
dγ ζ

=RD2

Δ
 > 0, (A.17)
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 d!θ
dαR

=MR5

Δ
 < 0 (A.18)

 d!θ
dρ

=MR6

Δ
 < 0, (A.19)

 d!θ
dgN

=−MR7

Δ
 > 0. (A.20)

The signs of equations (A.14) through (A.20) prove Proposition 3.

A.2.3 Proposition 3
I analyze the transitional dynamics of the model by adapting the time-elimination 

method described by Mulligan and Sala-i-Martin [1992]. The time-elimination method 
enables one to construct a system of two differential equations that govern the evolution 
of !θ  and η .

In order to prove that exists a negative sloping globally saddle path, I use the time 
elimination method. The slope of the policy function can be obtained by taking the ratio 
of the two differential equations that govern the dynamic behavior of the system:

∂!θ
∂η

= ! ′θ (η)=
!"θ
"η
= , 

 

ηαQ
h (η)(!θ− η)(A1(η)+A2(!θ,η))−A1(η)A2(!θ,η)αQ

f (η)!θ( )αQ
f (!θ)δ(1−η)

!θA1(η)αQ
f (η)[αQ

h (!θ)(!θ− η)−αQ
f (!θ)A2(!θ,η)]

!θ

δη−δη2  (A.21).

Time does not appear in the above equation. To solve this equation numerically, there 
must be one boundary condition: that is, one point ( (!θ,η), that lies on the stable arm. 
Even though the initial pair, [!θ(0),η(0)], is unknown, the policy function goes through 
the steady state ( ( !̂θ,η̂).

The slope of the policy function at the steady state is ! ′θ (η)=
!"θ
"η
= 0
0

, which is indeter-

minate. Applying the L’Hôpital’s rule to this slope and evaluating it at the steady state 
values, it can be shown that the slope of the stable arm is negative as long as the shift in the 
marginal industry is less than the GPT diffusion rate ∂!"θ ∂!θ< δ . Along the saddle path, 
both the measure of industries that adopt the new GPT, η, and home’s relative wage,  
ω, increase. 
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Abstract

The issue of systemic risk regulation and management has gained substantial atten-
tion following the latest financial crisis. In the case of the EU it became crucial to deal 
with the systemic risk problem on a supranational level since the banking sectors of the 
member countries are highly integrated. While substantial measures have been under-
taken to mitigate systemic risk in the EU, the discussion of further reforms continues. 
This study’s goal is to assess basic indicators of systemic risk in the EU banking sector by 
using three complementary methods: a forward-looking stock market data analysis, an 
EU-stress test analysis for systemically important banks, and an empirical investigation of 
the relation between banking regulation and systemic risk as measured by bank balance 
sheet indicators. The results lead to a recommendation of further necessary regulatory 
reforms, which appear in the conclusion.
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Introduction

The issue of systemic risk regulation and management has gained substantial attention 
following the latest financial crisis. In the case of the EU it became crucial to deal with the 
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systemic risk problem on a supranational level since the banking sectors of the member 
countries are highly integrated. Moreover, the use of the common currency contributed 
to financial contagion within the Euro banking sector. Additionally, the Eurozone debt 
crisis affected the risk exposure of banks, since sovereign bonds issued by distressed 
governments constituted substantial parts of bank portfolio. To cope with the problem of 
systemic risk on a supranational level new supervisory institutions and procedures were 
created. The European Systemic Risk Board [ESRB] was tasked with macro prudential 
supervision of the EU banking system, and the European Banking Authority [EBA] was 
established to supervise systemically important EU banks from a micro prudential point 
of view. A new feature added to the banking supervisory authorities was in that in the case 
of a detected potential bank failure, EU rules became superior to national rules.

The goal of this study is to assess the basic indicators of systemic risk in the EU-banking 
sector formulate conclusions for further necessary regulatory changes. The vast and growing 
literature on systemic risk measurement has been reviewed by the author in a separate 
study [Sum, 2014]. Notable contributions on this topic were made e.g. by Acharaya et al. 
[2010], Adrian and Brunnermeier [2011], Brownlees and Engle [2012], De Jonghe [2010], 
Drehmann and Tarashev [2013], Bartram et al. [2007], Huang et al. 2009. This literature 
suggests that to assess the level of systemic risk in the banking sector, measures of inter-
connectedness, e.g. the co-movements of stock market returns of banks, various bank 
risk measures, and bank balance sheet developments need to be considered. This study 
assesses the level of systemic risk in the EU- banking sector and formulates conclusions 
for banking regulations by using three complementary methods: a forward-looking stock 
market data analysis based on Saldias [2013]; an EU-stress test analysis for systemically 
important banks; and an empirical investigation of the relation between banking regulation 
and systemic risk, as measured by bank balance sheet indicators.

Stock Market Data Analysis

To assess the level of systemic risk in the banking sector interconnectedness measures 
based on high-frequency stock return and equity option price data are often used. Due 
to the unavailability of such data, this study relies on measures calculated by Saldias [2013] 
to assess the level of systemic risk in the EU-banking sector.

The measures calculated by Saldias [2013] are: the aggregated distance to default 
series computed on the base of balance sheets; equity option prices; and the STOXX 
Europe 600 Banks Index. The indexes are computed for a sample of 96 systemically 
important European banks2. The measures reflect the degree to which these banks are 
exposed to common shocks and are suitable as early warning indicators, based on the 
extraction of information from options prices implying forward looking properties. Due 
to the application of high frequency data for their calculation the measures react quickly 



Katarzyna Sum 38

to market distress. Also, the information extracted from equity option prices allows tail 
risk to be estimated more precisely.

Saldias [2013] computes two variations of aggregated distance of default measures: 
average distance to default indicators and portfolio distance to default indicators. The 
former is an average of bank level distance to default based on equity options and pro-
vides information about overall risk. The latter is based on bank balance sheet data, equity 
option prices and the STOXX Europe 600 Banks Index and informs about the exposure 
to common shocks of banks due to their asset correlation and bank index developments 
during tail risk events. Both series are computed on the basis of contingent claims analysis3.

In addition, when assessing risk, the absolute levels of the distance to default series 
the difference between the average distance to default and the portfolio distance to default 
are relevant. The average distance to default assumes perfect assets correlation of banks 
and abstracts from bank heterogeneity, especially bank size, risk interdependences and 
system tail risk, particularly if tail risk events occur. The portfolio distance to default 
provides more relevant information and insights into the behavioural aspects of market 
developments. The gap between the two measures shows the default probability resulting 
from bank heterogeneity and portfolio interdependences. Particularly, it mirrors tail risk 
dependence and market reaction to public guarantees [Saldias, 2013].

The sample period is September 1, 2002 to July 1, 2013, which permits us to assess 
systemic risk during market distress and tranquil times. Since our focus is to provide 
recommendations for banking regulation counteracting systemic risk, we include the 
2007–2008 liquidity crisis and the period of global contagion, followed by the sovereign 
debt crisis which emerged in 2010 [Drudi et al., 2012].

Figure 1 shows the changes in distance to default series and the STOXX Europe 600 
during the period September, 2009 – July, 2013.

According to Figure 1, the portfolio distance to default exceeds the average distance 
to default during almost the entire period. This means that bank heterogeneity and the 
effect of public guarantees decreases the distance to default i.e. the level of systemic risk. 
Moreover, the gap also reflects the effect of bank stock returns co-movement on systemic 
risk. The portfolio distance to default shows more fluctuation than other measures indi-
cating its quicker reaction to market events.

There is also a substantial synchronization in both series. The gap tends to be narrower 
when sudden market distress occurs e.g. in August 2008 after the Lehman Brothers fail-
ure and in August 2011 at the height of the sovereign debt crisis. Positive market events 
contribute to a widening of the gap, for example during the period 2005–2006 when the 
STOXX index increased substantially. High portfolio distance to default signalizes a decline 
of systemic risk during that time.

In terms of the respective phases of the financial crisis beginning in August 2007, 
risk measure volatility increased, and stock returns and high stock return co-move-
ment of banks declined, as reflected in a narrowed gap between the distance to default 
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measures. Despite the various rescue measures applied by the ECB [Cour and Winkler, 
2013] no decrease in systemic risk is observed. Both distance to default measures, as well 
as the STOXX index reached their minima in August 2008, recovered slightly in 2009, 
and then dropped in 2010, following the onset of the sovereign debt crisis. During the 
second phase of the crisis the gap between risk measures was narrow and reflected high 
bank asset correlations. At the culmination of the third phase, during the sovereign debt 
crisis the STOXX index dropped again and the gap between risk measures narrowed, 
indicating intensified wide spread banking exposures to market declines related to the 
sovereign debt crisis. At the end of the last phase the gap widened again, which might be 
a result of the recapitalization of banks, ECB liquidity injections and decreasing bank stock 
co-movements due to intensified regional factors shaping respective bank performance.

FIGURE 1.  Aggregate Distance-to-Default series based on STOXX Europe 600 during 
the period 01.09.2002–1.07.2013

S o u r c e :  Adapted from Saldias [2013].

To account for differences in regional factors shaping banks’ distance to default devel-
opments in the Eurozone banks are considered separately in Figure 2, which depicts the 
portfolio distance to default and average distance to default calculations.

The graph shows that the distance to default measures for all euro area banks exhibit 
similar patterns until the outbreak of the liquidity crisis in August 2007. Afterwards the 
gap between the two risk measures narrowed substantially despite temporary EURO 
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STOXX index improvements. While some increase in the distance to default occurs, there 
is a high correlation of euro area bank exposures over the whole crisis period, which might 
have been caused by a high sovereign risk exposures of euro area banks. A comparison 
with Figure 1 indicates that this exposure, or its market perception, is much higher for 
Eurozone countries than for the rest of the EU.

FIGURE 2.  Aggregate Distance-to-Default series based on EURO STOXX during 
the period 01.09.2002–1.07.2013

S o u r c e :  adapted from Saldias [2013].

Consequently, the systemic risk in the EU is likely driven by common exposures 
to sovereign debt and behavioural factors, and., the correlation of systemically important 
banks’ assets tends to be substantially higher during times of market stress. Mitigating 
factors of systemic risk are bank heterogeneity and public support programs. The first 
factor decreases the risk of common exposures, the second shapes market expectations 
and mitigates behavioural risk.

Stress Tests Analysis

To determine factors of systemic risk in the banking sector stress tests are often 
conducted for major banks. Stress tests on the individual level aim at determining the 
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level of bank capitalization needed to withstand a financial crisis. Macro-stress tests help 
to identify capital requirements to maintain the stability of the entire banking system 
in the event of a crisis.

Macro stress test has a number of drawbacks [Borio et al., 2012]. Above all, they 
cannot be used as early warning indicators due to their inability to predict the dynamics 
of financial distress and feedback effects, as they focus only on extreme shocks to the 
system ignoring lesser ones. Moreover, the indicators drawn from the tests are procycli-
cal and they do not account for risk builds up during economic booms. Consequently, 
the outcomes from such tests may make the system appear strongest when it is the most 
susceptible to crises [Borio et al., 2012]. Despite those weaknesses they are still viewed 
as an effective crisis management tool [Henry and Kok, 2013] for determining necessary 
capital buffers and to identify failing institutions. Given the shortcomings of stress test, 
regulators continuously adopt new methods to improve the process..

Since the establishment of the European ESRB and the three European Supervisory 
Authorities: the EBA, the European Insurance and Occupational Pensions Authority and 
the European Securities and Markets Authority in 2011 [Henry and Kok 2013], stress 
tests have been regularly carried out in the EU in 2010, 2011 and 2014. In 2011 and 2012 
EBA conducted a stress test in response to the sovereign debts crisis. That stress test was 
aimed at restoring the necessary capital buffers and confidence in the EU-banking sector. 
Although the EBA stress tests are conducted from a micro-prudential perspective, their 
results are designed to test the banking system’s soundness and systemic risk resistance. 
Despite problems embedded in stress tests, such as a failure to detect the interconnectedness 
of the institutions, they convey information about the financial condition of systemically 
important banks whose failure would pose a threat to the stability of the entire EU banking 
system. The issue of interconnectedness was addressed in section 1, hence the stress test 
results are used as a complementary method to assess systemic risk.

The stress tests are conducted for a sample of over 100 systemically important banks.4 
The sample includes the major EU cross-border banking groups and the biggest banks 
in the respective countries, with assets of at least 50 percent of the national banking sec-
tor [EBA 2011]. In order to pass the stress test those banks have to maintain a core tier 1 
capital level at 5 percent of risk weighted assets. If the ratio is below this threshold the 
bank has to be recapitalized.5

The banks are tested against adverse scenarios, i.e. the deterioration of the major mac-
roeconomic variables GDP, unemployment and house prices and the results are compared 
to a baseline forecast. The test also takes into account sovereign stress for bank exposure 
in trading and bank books. Moreover, the banks are tested against interest rate changes, 
sovereign spread changes [EBA, 2011] and credit and market risk.

The 2011 test, which covered the 2010–2012 period led to 8 banks’ failure.6 Initially, 
banks held on average a 8.9 percent core tier 1 capital ratio, which was partially the result 
of government aid [EBA, 2011].7 By the end of the stress test period that ratio had declined 
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to 7.4 percent. The overall assessment over the two years reference period revealed a 2,5 bil-
lion EUR capital shortfall in the EU-banking system. However, the shortfall would have 
been much higher, amounting to 26,8 billion EUR with 20 banks failing the test, if the 
EBA had not permitted a strengthening of the banks’ capital positions at the beginning of 
2011. These results indicate a high level of systemic risk in the EU-banking sector in the 
years 2010/2011, although the tests were conducted as the sovereign debt crisis unfolded.

The tests revealed the amount of provisions needed to cover losses in the case of adverse 
scenarios, which was 200 billion EUR per year and meant an almost 100 percent increase 
compared to the baseline scenario. The banks had to specify the measures they would 
have to undertake to counteract the consequences of adverse scenarios. Such measures 
included countercyclical provisions, divestments, and capital raisings [EBA, 2011].

Figures 3 and 4 show the number of banks classified in the several groups of capital 
ratios in the scenario without and with increasing their capital. Figures 3 and 4 point 
to a large dispersion of tier 1 capital ratios among EU banks. Considering the scenario 
with no capitalization, 20 banks fell under the 5 percent threshold, 14 banks had capital 
ratios between 5 and 6 percent, and 22 banks achieved an over 9 percent capital ratio. In 
the second recapitalization scenario, 8 banks fell under the 5 percent ratio, 16 EU banks 
had core tier 1 capital ratios between 5 and 6 percent of RWA, and 25 banks achieved 
a capital ratio of over 9.

FIGURE 3.  Number of banks in each bucket of core tier 1 capital ratio without 
capital raising
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S o u r c e :  own elaboration based on EBA [2011].

The EBA statistics show that the average change in the core tier 1 capital ratio under 
the adverse scenario is 1.2 percent points. For the respective banks the changes varied from 
18 percent, up to 10 percent, which indicates a substantial diversity. Not all systemically 
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important institutions managed to improve their capital ratios despite the opportunity 
given by EBA. For the majority of the banks the ratio deteriorated, but not by more than 
5 percent points and only 3 percent of sampled banks managed to increase their capital levels.

FIGURE 4.  Number of banks in each bucket of core tier 1 capital ratio with 
capital raising
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S o u r c e :  own elaboration based on EBA [2011].

The decrease of core capital ratios in the adverse scenario was mainly due to impairment 
charges, particularly increased provisions against sovereign exposures. Less significant 
factors were the increase of risk weighted assets and trading losses. The level of impairment 
charges depended largely on the default and loss rates estimated by banks. According to the 
stress test data the default rates would increase from 1.9 percent in 2010 to 2.5 percent 
in 2012 under the adverse scenario. When considering the components of the core tier 1 
capital ratio banks’ equity issuance decreased in the adverse scenario by 14 percent over 
the examined period whereas the value of risk weighted assets increased by 14 percent 
[EBA, 2011]. The latter increase was mainly due to the changes of risk weights attributed 
to default assets and securitization exposures. The stress test focused also on the level of 
non-interest income, which declined from 360 billion EUR in 2010 to 325 billion EUR 
in 2012 under the adverse scenario.

One factor decreasing bank risk was the large share of deposit funding, which amounted 
to 54 percent. On the other hand 58 percent of wholesale or interbank funding was debt 
maturing in less than 2 years, which is a risky source of funding., The statistics indicate 
that the cost of funding increased in all groups of funding sources over the sample period.

For the purpose of formulating banking regulatory recommendations aggregate data 
at the country level are required. Figures 5 to 10 depict, respectively: the average core 
tier 1 capital ratios per country, the average net interest income per country, the average 
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ratio of net interest income to trading income per country, the average level of provisions 
per country as well as average loss rates in the corporate and retail sector per country. 
The averages are computed for the baseline and adverse scenarios in 2012 and compared 
to reference values from 2010 with the exception of the income ratio, for the purpose 
depicting systemic risk factors.8

FIGURE 5.  Average capital ratios per country for the baseline and adverse scenario 
and the difference to the 2010 baseline
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S o u r c e :  author’s computations based on stress test data.

FIGURE 6.  Net interest income under the adverse scenario compared to the baseline 
and trade income million EUR
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The largest declines in core tier 1 capital ratios occurred in Ireland –0,08 percent points 
and Greece –0,07 percent points, which is likely caused by the severity of the banking and 
public finance crises in these countries. Substantial declines also occurred in Germany 
–0.04, Spain, UK and Cyprus –0,03. The majority of the EU-countries experienced only 
slight average decreases of capital ratios, and Hungary, Denmark, Sweden and Poland 
improved their average bank capitalization as compared to 2010, even under the adverse 
scenario. This latter observation might be due to the fact that these economies were rel-
atively sheltered from the banking crisis.

The majority of the countries experienced a decline of net interest income in the adverse 
scenario as compared to the baseline scenario. While in most countries this number was 
between –3 percent and –8 percent, in Hungary the decline was –13 percent, and Belgium 
and Slovenia experienced an increase in net interest income under the adverse scenario. 
The trade income of EU-banks amounted to substantially lower levels than the interest 
income, with the exception of UK and Slovenia where the opposite was true. The ratio of 
net interest income to trade income under the adverse scenario Figure 7 is an important 
indicator of bank risk. The highest value of this ratio was achieved in Finland 370, and 
high ratios above 100 were demonstrated by Luxembourg, Italy and Netherlands. The 
remaining countries achieved on average levels lower than 30, while for 7 countries the 
ratio was negative due to losses in trading income.

FIGURE 7.  The ratio of net interest income to trade income under the adverse scenario
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S o u r c e :  author’s computation based on the EU stress test.

These Figures also indicate the necessity of provision growth in the systemically 
important EU-banks. In absolute terms the highest provision increase was required in UK 
banks and the highest relative increase was needed in Finland and Greece, where the level 
of provisions increased twice under the adverse scenario.
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The majority of EU banking systems experienced an increase in loss lending rates 
to the corporate sector under the adverse scenario, except for Slovenia, Denmark and 
France where the loss rates decreased. A particularly strong increase could be observed 
in Malta where this number grew by 0.09. In the remaining countries the increase of loss 
rates did not exceed 0.02.

FIGURE 8.  Provisions per country for the baseline and adverse scenario 
and the difference to the 2010 baseline (million EUR)
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S o u r c e :  author’s computation based on the EU stress test.

FIGURE 9.  Loss rates in the corporate sector per country for the baseline and adverse 
scenario and the difference to the 2010 baseline
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As far as lending to the retail sector is concerned Figure 10, all countries with the 
exception of Slovenia and France incurred large loss rates under the adverse scenario. In 
the majority of the EU banking systems the average loss rates increase was below 0.02 
with the exception of Poland where this value was slightly higher.

Based on the statistics presented in this section we can conclude that the EU-banking 
sector is prone to systemic risk. The 2011 stress test points to the vulnerability of systemically 
important banks to market distress. Without the recapitalization procedure, which took 
place in 2011, 20 such banks would have failed the test. While the strengthened capital 
positions of the banks were achieved partially with government aid, its repayment may 
exacerbate the banks’ financial situations in the future. Another systemic risk factor is 
the involvement of systemically important banks in non-traditional bank activities, here 
the ratio of net interest income to trade income was at a low level in the majority of the 
EU banking systems. The literature on systemic risk points to the level of leverage and 
the maturity structure of the wholesale funding as an important source of banking sector 
instability while heavy reliance on deposits is considered a stabilizing factor. The EU banks 
carried out additional capitalization and hence were deleveraged.

FIGURE 10.  Loss rates in the retail sector per country for the baseline and adverse 
scenario and the difference to the 2010 baseline
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S  o u r c e: author’s computation based on the EU stress test.

Required increase in core tier 1 capital ratios and the EBA‘s introduction of the lever-
age ratio as a monitoring tool should contribute to further deleveraging of banks and is 
likely to be a factor counteracting systemic risk in the EU banking sector. Furthermore, 
specified mitigating measures available in the case of the adverse scenario occurrence 
should also diminish systemic risk.
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Empirical Exercise – Banking Regulation and Systemic Risk 
in the EU

Current regulatory reforms focus on measuring and regulating systemic risk [Arnold 
et al., 2012]. The necessity of introducing such reforms has been especially apparent fol-
lowing the latest financial crisis. Current debate on the necessary banking regulation is 
intense. To determine the focus of these reforms it is essential to analyse which banking 
features and forms of regulations matter for bank performance on the systemic level. Hence, 
the objective of this exercise is to investigate banking regulation impact on systemic risk 
in the EU-banking sector.

As mentioned, the literature concerning the impact of bank features on systemic 
risk was reviewed by the author in a separate study. Papers which focus directly on the 
impact of regulations on systemic risk include for example de Jonghe [2010], Vallacas 
and Keasey [2012].

De Jonghe [2010] finds that one of the most substantial measures to reduce systemic 
risk is capital regulation, since high capital levels decrease the risk of default. If regula-
tors want to formulate capital requirements on the systemic level they have to increase 
individual capital levels accounting for correlated asset risk weights. Another important 
regulatory aspect aimed at counteracting systemic risk is deposit insurance. This measure 
should help constrain the behavioural factors of systemic risk, i.e. bank runs [de Jonghe, 
2010]. The latest financial crisis also showed that substantial systemic risks arise if banks 
are involved in various non-bank activities such as investment banking or insurance 
activities. According to de Jonghe [2010] the shift to non-traditional banking activities 
induced by deregulation may increase extreme bank risk and destabilize the banking system. 
Individual and systemic bank size, when unregulated, also impacts systemic soundness 
by substantially increasing tail risk [de Jonghe, 2010; Vallacas and Keasey, 2012].

Vallascas and Keasey [2012] investigated the propensity of EU-banks to systemic 
shocks depending on existing regulations and unregulated bank features. They found that 
important factors shaping bank resilience to crises were: restrictions on a bank’s leverage 
ratio, liquidity requirements, asset growth, bank size and the share of non-interest income. 
Their results also suggested that bank size should be regulated from a systemic point of 
view, i.e. it should be adjusted to the size of the economy. The related papers also stress 
the importance of the supranational dimension of banking regulation and supervision 
since banks operate internationally.

This study attempts to quantify those regulatory factors and investigate their impact 
on systemic risk in the EU banking sector. The study relies on the measures on banking 
regulation obtained from the World Bank Survey [2012]. The regulations considered are: 
bank entry regulations, capital requirements, activity regulations, auditing standards, 
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liquidity requirements, deposit insurance schemes, problematic institutions regulation 
and supervisory power. The estimates of bank regulatory indices based on these data 
allow us to measure regulatory features during the sample period (2005-2010) with close 
to 630 indicators, and aggregate them into broad regulatory groups by means of principal 
component analysis. To estimate bank regulatory measures, scores are assigned to each 
answer in the survey. The scoring follows the line of Barth et al. [2004], i.e. it assigns 
higher values to more stringent regulations. The final measures are calculated by means 
of principal component analysis. The summary statistics of the indicators are presented 
in Table 1. Based on Table 1, the respective banking regulatory measures differ largely 
within and between countries.

TABLE 1. Banking regulatory indexes in the EU countries

Variable Observations Mean Std. Dev. Min Max
Entry regulation 397 –0.24 1.05 –2.90 0.53
Capital adequacy 397 –0.17 0.33 –0.42 2.49
Activity regulation 397 –0.31 0.94 –2.22 2.07
Auditing requirements 397 0.07 0.38 –0.94 0.69
Liquidity requirements 397 0.13 0.51 –2.29 0.90
Asset classification 291 0.08 0.33 –0.36 0.80
Deposit insurance 284 0.17 0.45 –0.54 0.77
Problematic institution regulation 397 –0.88 2.67 –7.02 0.79
Supervision 220 0.03 0.56 –1.23 0.86

S o u r c e :  author’s computations based on World Bank data.

The exercise covers 397 banks from 23 EU-countries. The Czech Republic, Luxembourg, 
Malta and Sweden are not included due to the unavailability of data on banking regula-
tion or/and on bank characteristics. The data on individual bank characteristics are taken 
from Bankscope. Table 1 presents summary statistics, which point to a large variation of 
banking features and banking regulatory measures within the sample. The mean z-score 
takes the value of 27.62 which range from –0.73 to 681.11 respectively, pointing to a large 
variation of default risk resistance among banks in the EU-countries. The profitability 
measures range from –1.19 to 0.89 in the case of ROE’s and from –0.06 to 0.13 in the case 
of ROA’s. Bank liquidity also demonstrates large variability. Systemic bank size proxied by 
the total assets to GDP ranges from 0.01 to 2.92, with an average of 0.25.
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TABLE 2. Summary statistics

Variable Observations Mean Std. Dev. Min Max
ROE 397 0.07 0.18 –1.19 0.89
ROA 397 0.01 0.01 –0.06 0.13
Liquid assets to total deposits and borrowing 395 26.16 20.87 0.04 128.98
z-score 397 27.62 47.72 –0.73 681.11
Total assets to GDP 397 0.25 0.42 0.01 2.92
Log of total assets [ts EUR] 390 7.62 0.79 4.99 9.26

S o u r c e :  Bankscope.

As a measure of systemic risk aggregate z-scores are used, which indicate the amounts 
that the banking system’s profits must fall to render it insolvent. A drawback of this measure 
is that it does not capture the interconnectedness of banks, nevertheless it allows to proxy 
the overall soundness of the banking system and hence can serve as a measure of propen-
sity to systemic risk. Given that the interconnectedness of EU banks has been analyzed 
in section 1, the z-score can be viewed as a complementary indicator of systemic risk. This 
measure has also been used in related studies [e.g. Demirgüc-Kunt, Detragiache, 2011]. 
The aggregate z-score is obtained by adding the profits, assets and equities of banks in the 
respective countries. Then standard deviations of ROA’s are estimated for each country 
over a 6 year period. The system wide z-score is calculated according to the formula:

Zjt = ROAjt + Equityjt/Assetsjt/std dev ROAj

where the j stands for the respective countries and t for the respective years. For the pur-
pose of the cross-sectional model the six year averages of the z-score are used.

The systemic z-score is regressed on: aggregated systemic size of the banking sector; 
banking regulatory measures; and macroeconomic control variables. Due to the short time 
period the data, the time invariance of the banking regulatory measure and the resulting 
limitations to a panel approach the study uses a cross-sectional model. The model has 
the following form:

ln1 + Zagr
j = BRj + SYSSIZEagr

j + MACROj + ηj

Zagr
j stands for the aggregate z-score for country j, SYSSIZEagr

j is the banking sector sys-
temic size measured by aggregating bank systemic size from the individual bank levels. 
MACRO stands for a set of control variables, ηj is the error term. In order to smooth out 
higher values of the Z-score and avoid zero values on the left side of the regression the 
transformation of the z-score to ln1 + Z-score is applied.

The results of the regressions are presented in Table 3.
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TABLE 3. Results of the regressions
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Aggregate 
bank 
systemic 
size

–1,9032 –1,8451 –2,1644* –2,0981 –2,0271 –0,3967 –2,4167 –1,9090 –2,5466

Banking 
regulatory 
measure

–0,1083 –0,8179 0,6632* 0,7600 0,0544 0,5529 –1,0935 –0,1028 –0,2840

Exchange 
rate 
changes

10,7006 22,8856 2,3038 9,7431 11,5246 13,2442 10,1869 13,2421 14,0287

Real GDP 
growth –0,0240 –0,1833 –0,1150 0,0473 –0,0275 –0,0052 –0,0354 –0,0400 –0,0283

Euro area 
member 1,6676** 1,3864** 1,7764*** 1,4903** 1,6389** 2,4751** 1,9445** 1,7612** 1,7902*

Private 
credit 0,0147** 0,0141** 0,0169*** 0,0168** 0,0154** 0,003 0,0150* 0,0138* 0,015

Inflation 0,5941*** 0,8246*** 0,6427*** 0,5187*** 0,5957*** 0,5900** 0,5878*** 0,6184*** 0,6354**
R2 0,9187 0,9261 0,9351 0,9242 0,9184 0,9252 0,9250 0,9196 0,9038
Prob>F 25,85*** 28,63*** 32,93*** 27,85*** 25,74*** 19,45*** 24,66*** 26,15*** 14,76***

*** significance at 0.01 level, ** significance at 0.05 level, * significance at 0.1 level
S o u r c e :  author’s computations.

Based on this exercise we find that the systemic size of the banking sector impacts 
banking system soundness negatively, although this effect is statistically significant only 
in one regression. As far as banking regulatory measures are concerned, banking activity 
regulation seems to matter for banking system soundness as the coefficient is positive, 
i.e. the more stringent the regulations the higher the z-scores.
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Analysis of the Results – Implications for Banking Regulation

The results of the above analysis point to the necessity to regulate banks from both 
a systemic and individual point of view. Moreover, they imply the need to monitor risk 
during market stress separately, which outlines the importance of conducting stress tests 
for systemically important banks. Since stress tests for systemic banks capture the default 
risk resistance of important market players, rather than the interconnectedness of these 
institutions, the assessment of systemic risk should be complemented by interconnect-
edness measures such as stock market co-movement indicators or the probability of 
a simultaneous default. The application of the complementary measures would also help 
address the drawbacks of stress test, i.e. procyclicality.

Based on section 1 we conclude that systemic risk in the EU is driven largely by com-
mon exposures to sovereign debt and behavioral factors. The correlation of systemically 
important banks’ assets tends to be substantially higher during times of market stress than 
otherwise. Mitigating factors of systemic risk are bank heterogeneity and public support 
programs. The former decreases the risk of common exposures; the latter shapes market 
expectations and mitigates behavioral risk. The implications for banking regulation are 
to increase bank heterogeneity. One possible measure is to impose asset concentration 
limits and exposures to counterparties. Such solution was proposed by the Basel III frame-
work and was implemented into the EU-framework by the CRR and CRD IV Directives 
[ESRB, 2015; BCBS, 2014].

Given that systemic risk emerged as a result of sovereign debt exposures as shown 
earlier, regulators might consider the introduction of non-zero risk weights to sovereign 
exposures. Such an approach was also proposed already by Basel II. The framework did 
not assign automatically zero risk weights to sovereign bonds, allowing for a differentia-
tion of respective sovereign exposures. Further changes, introduced by Basel 2.5 allow the 
assignment of non-zero risk weights to sovereign bonds capturing default risk in trading 
book. Though the Basel II rules have been implemented in the EU framework by CRR and 
CRD IV Directives, existing exemptions allow the assignment of zero risk weights to many 
sovereign exposures. Additionally, the EU framework grants much broader exemptions 
to the euro-denominated debt of EU sovereigns than the Basel Accord. Another contro-
versial issue related to sovereign exposures regulation is the bulkiness of sovereign debt 
holding, which could be addressed by the above-mentioned regulatory concentration 
measures, though the current version of the Basel framework exempts sovereign exposures 
from the “large exposure treatment” [ESRB, 2015; BCBS, 2014].

Another factor which might complement the above-mentioned measures to counter-
act systemic risk is banking activity separation traditional and non-traditional banking. 
The statistics from the stress test, as well as the results of the econometric exercise, point 
to this necessity. The ring fencing of these activities is still being discussed. Moreover, 
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the increased loss rates under the adverse scenarios point to the necessity of introducing 
measures limiting loan default. This could be achieved either by introducing loan concen-
tration standards or strengthening supervision over systemically important banks in terms 
of asset loan classification. The latter solution should be preceded by asset quality review 
in order to assess the necessary improvements.

The stress test showed that under the adverse scenario provisions would substantially 
increase in value in the majority of the EU countries. This may be an argument for the 
introduction of dynamic provisioning, which could be cyclically adjusted. Dynamic 
provisioning would substantially help to mitigate the procyclicality of provisioning and 
hence limit bank default risk in extreme market conditions [de Lis and Herrero, 2009], 
although, as shown by the example of the Spanish regulatory framework, such a solution 
might not be sufficient to counteract the negative effects of market turmoil. Moreover, this 
technique might increase risk, as it can make banks appear sound when they are actually 
not until they deplete their excess reserves and become insolvent. Hence, dynamic provi-
sioning should be accompanied also by other tools preventing unstable credit booms, e.g. 
countercyclical capital buffers and proper loan quality assessment, conducive to portfolio 
risk mitigation. Consequently, despite improved capital positions the need to enforce 
increased regulatory core tier 1 capital ratios is still apparent.

Conclusions

This study provides evidence supporting the need for enhanced regulations to counter-
act systemic risk in the EU. The empirical exercises imply the need to separately monitor 
risk during times of market stress and tranquillity since universal measures tend to be 
procyclical. The results also indicate a need to complement stress tests with interconnect-
edness measures.

In terms of risk factors, regulators should limit common exposures to respective asset 
groups and counterparties, which could be done, for example, by imposing concentration 
ratios. An important regulatory challenge remains when addressing sovereign exposures, 
which are actually excluded from the “large exposure” regulation.

The results of this study also indicate the need for stricter separation of traditional 
and non-traditional banking activities, introducing measures limiting loan default and 
techniques mitigating the procyclicality of provisioning. Despite improved capital positions 
the need to enforce the increased regulatory core tier 1 capital ratios remains.

Given the complexity of the planned banking union further research is needed to deter-
mine necessary reforms. Especially the interbank linkages and contagion possibilities 
should be further analyzed and better understood.
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Notes

1 Author’s e-mail address: ksum@sgh.waw.pl
2 The assessment of systemic importance is based on bank size, cross-jurisdictional activity, inter-

connectedness, and other criteria defined in April 2009 by the Financial Stability Board.
3 Derived from the Merton model [1974].
4 Until 2014 only 91 banks were analyzed.
5 In 2010 it was a 6percent threshold of Tier 1 capital.
6 The stress test data from 2014 was not available at the moment this analysis was conducted.
7 14 percent of core Tier 1 capital was accumulated due to government aid.
8 As mentioned in many studies non-traditional banking activities increase systemic risk.
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Abstract

In this paper we test whether inter-country variation in individuals’ tendency to con-
form, as measured by the Lie (social desirability) scale used in the Eysenck Personality 
Questionnaire, can explain differences in the propensity to employ corporate earnings 
management around the world. Such a link is feasible, given that survey data suggest 
executives tend to be under severe pressure to meet earnings benchmarks, to which they 
often succumb by engaging in earnings management (to the detriment of the company’s 
long-term prospects). We hypothesize that in countries where the propensity to act 
in a socially desirable (outsider-satisfying) way is stronger, earnings management should 
be more prevalent. Research results support our hypothesis, and demonstrate the existence 
of a positive relationship between the prevalence of earnings management in a country and 
the mean score of individuals from that country on the Eysenck Lie scale, which further 
evidences that capital market pressure is a significant determinant of earnings management.

Keywords: personality traits, impression management, conformity, earnings manipula-
tion, financial reporting
JEL: G15, G32, M41

Introduction

Managers have various reasons for performing corporate earnings management, many 
of which relate to their own interests (for example, earnings management can help them 
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boost their compensation; see Healy and Wahlen, 1999). However, in many cases earnings 
management is implemented under pressure from stockholders, analysts or other stake-
holders to achieve expected levels of income. In other words, managers are often motivated 
to engage in ethically questionable practices in order to achieve what is desired by other 
parties. Financial market pressures are, in fact, so high that the majority of financial exec-
utives surveyed by Graham et al. [2005] have stated that they would forego an investment 
with a positive net present value in order to meet an earnings target, in effect sacrificing 
the long-term prospects of the company solely to meet the expectations of others.

There is considerable variation in the level of earnings management around the world, 
which has been linked with differences in the level of investor protection [e.g. Leuz et al., 
2003; Enomoto et al., 2014] and investor attention [Jin, 2013]. If, as current research sug-
gests, conformity does indeed play a salient role in determining the decision to perform 
earnings management, we would expect that some of the between-country variation is 
caused by cross-country differences in how one handles third-party expectations. In 
this paper we test this hypothesis by investigating whether differences in the tendency 
to respond in a socially desirable fashion correspond to differences in the prevalence of 
earnings management across countries.

The paper is organized as follows. Firstly, we present research that highlights the role 
that pressure from the capital market has on earnings management practices. Secondly, 
we describe the social desirability scale and show how it can be linked with financial 
reporting. Next, we present the data and methodology used in the study, followed by 
a discussion of the results. We conclude by describing the limitations of this study and 
areas for future research.

Corporate Earnings Management and the Pressure  
to Meet Expectations

Executives seem to believe that there are several consequences of failures to meet 
outsiders’ earnings expectations. Based on a survey of 401 financial executives, Graham 
et al. [2005] show that the majority of participants feel that failure to meet benchmarks can 
create uncertainty about their firm’s prospects and make outsiders think that the firm has 
encountered unspecified problems, with nearly 30% of them also agreeing that it might 
cause concerns that their firm lacks flexibility. In a related study, Dichev et al. [2013] show 
that 93% of surveyed financial executives believe that earnings management is performed 
in response to outside pressure to hit earnings benchmarks. Financial executives thus 
acknowledge that pressure from third-parties is a significant determinant of the decision 
to engage in earnings management. Although the standard benchmark for earnings is set 
by analysts, the company’s stakeholders also expect2 positive earnings, and meeting or 
exceeding their previous levels [Degeorge et al., 1999].
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It is important to point out that engaging in earnings management often adversely 
affects the operations of the firm. Graham et al. [2005] reveal that the majority of financial 
executives they have surveyed would prefer to engage in real actions (e.g. by decreasing 
R&D spending or selling a patent) instead of performing within-GAAP accounting 
manipulations.3 In accordance with the responses obtained by these researchers, Roy-
chowdhury [2006] shows that executives do in fact engage in real activities designed 
to generate positive earnings or meet analysts’ forecasts. It is clear that by doing so they 
ultimately work against the interest of long-term shareholders [Bhojrah et al., 2009]. 
Thus, financial executives that resist the temptation to conform to market expectations 
(or impress stakeholders by beating forecasts) and instead focus more on the long-term 
prospects should be cherished.4 In the next section we will discuss an existing tool that 
could be used to identify managers that have the potential to destroy value in order to meet 
third-party expectations.

Socially Desirable Responding and the Propensity  
to Manage Earnings

Social desirability scales have been used since the 1950 s, and include the Mar-
lowe-Crowne Social Desirability Scale, the Lie scale of the Eysenck Personality Inventory 
[Eysenck, Eysenck, 1964], Eysenck Personality Questionnaire [Eysenck, Eysenck, 1975], 
and the Balanced Inventory of Socially Desirable Responding [Ones et al., 1996]. The 
purpose of such scales is to capture the tendency to provide more favourable or overly 
positive answers [Paulhus, 2002]. One method of identifying such a behaviour is ask 
respondents to assess whether a particular statement describing a behaviour that is cultur-
ally approved, but very rarely occurs, would relate to him/her [Crowne, Marlowe, 1960]. 
An example (derived from the Marlowe-Crowne Social Desirability Scale) would be the 
following statement: “Before voting I thoroughly investigate the qualifications of all the 
candidates.” – if one states that this sentence is true, it would indicate wanting to distort 
how one is perceived, as it is very unlikely that such a statement is in fact true. By aggre-
gating answers to such statements, it is possible to assess whether one has a tendency 
to make improbably positive self-descriptions [Paulhus, 2002]. While some researchers 
[e.g. McCrae and Costa, 1983; Ones et al., 1996] suggest that people scoring highly on 
social desirability scales do in fact possess a combination of desirable traits, the consensus 
seems to be that such scales actually measure distortions in how a person presents himself 
[Paulhus, John 1998; Paulhus, 2002].

The Eysenck Lie scale is the only social desirability scale for which cross-country data 
are available, which limits researchers interested in the analysis of international differences 
in socially desirable behaviours to this specific tool. However, research suggests that this 
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specific scale is well-suited for analyzing differences in the tendency to conform. Eysenck 
and Eysenck [1976] acknowledge that apart from its core function to capture one’s propen-
sity to present himself in an overly positive light (e.g. by inflating one’s extraversion score 
and deflating one’s neuroticism score, which are generally perceived in most societies as 
positive and negative traits, respectively), the Lie scale also serves as a measure of social 
conformity. This scale also seems appropriate when investigating cross-country differ-
ences in the propensity to perform earnings management, as it is related to the gamma 
factor [Paulhus, 1991], termed ‘propagandistic bias’ by Damarin and Messick [1965] and 
referred to as ‘impression management’ by Paulhus [1984].5 In turn, this component of 
social desirability is related to the propensity to promote a desirable public image [Paulhus, 
2002] or impress an audience [Paulhus, John, 1998].

Our line of investigation is legitimatised by the fact that the concept of impression man-
agement also appears in the literature on interactions between company management and its 
stakeholders, which identifies earnings management as a default way to create a perception 
that the company is meeting stakeholder expectations.6 However, it should be pointed out 
that earnings management is not the only tool that can be used to influence how the com-
pany and its management is perceived. More subtle ones [Merkl-Davies, Brennan, 2007] 
include impression management, which can be implemented via discretionary corporate 
narrative disclosures in the form of the CEO’s or chairman’s statements [e.g. Clatworthy 
and Jones, 2006], and graphs presented in financial reports [e.g. Godfrey et al., 2003].

The findings presented in the strands of literature that focus on the social desirability bias 
and impression management in financial reporting encourage one to posit that differences 
in the mean Eysenck Lie scale scores between countries could explain some of the variation 
in earnings management practices around the world. More specifically, it would be expected 
that in countries where individuals have a greater tendency to provide an outsider-satisfy-
ing image (i.e. to conform), companies are more likely to engage in earnings management, 
consistent with the research suggesting that the capital market puts strong pressure on 
company executives to produce a ‘desirable’ earnings path biased on the immediate future 
[e.g. Rappaport, 2005]. Of course, this connection will be revealed if the average social 
desirability scores of the executives that can manipulate company earnings – the Chief 
Financial Officer, the Chief Executive Officer, and any other applicable officers – either 
correspond on average to the mean scores of individuals whose personalities have been 
investigated, or differ from the lay population, but to the same degree across all countries.7

Data and Methodology

As a proxy for the tendency of managers from different countries to engage in earn-
ings management we utilize an aggregate earnings management score, computed by 
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Leuz et al. [2003], which is based on accounting data for corporations originating from 
31 countries from 1990 to 1999. This score averages the rank of each country, where each 
rank is computed using a different method of capturing earnings management practices, 
i.e. (1) a country’s median ratio of the firm-level standard deviation of operating earn-
ings divided by the firm-level standard deviation of cash flow from operations; (2) the 
correlation between changes in accounting accruals and changes in operating cash flows; 
(3) the magnitude of accruals (a country’s median of the absolute value of firms’ accruals, 
scaled by the absolute value of firms’ cash flow from operations); and (4) the ratio of small 
reported profits to small reported losses.

As mentioned earlier, only one of the social desirability scales, i.e. Eysenck’s Lie scale, 
has been investigated to such an extent that would allow academics to make cross-cultural 
comparisons. However, the literature provides not one – but two – estimates for the mean 
score achieved on the aforementioned scale, which are reported in Eysenck and Barrett 
[2013], and Van Hemert et al. [2002]. We use both of these estimates in this study.

To minimize the probability of reporting a spurious result, we consider the effect of 
several control variables. Based on previous findings, we control for the effect of variation 
in individualism8 and other dimensions in Hofstede’s [1980] model of national culture 
(for an investigation of the effect of national culture on earnings management, see Han 
et al., 2008). Apart from controlling for cultural differences as described by Hofstede, we 
also control for the effect of legal and institutional (‘investor protection’) characteristics 
of each country investigated in Leuz et al. [2003], namely: outside investor rights, legal 
enforcement, importance of equity market, ownership concentration, and a disclosure 
index. Finally, we control for the existence of potential differences between earnings 
management behaviour and social desirability bias in highly industrialized and emerging 
markets, by including in the regressions GDP per capita (logged).

Results

Table 1 presents the aggregate earnings management score for each country and the 
mean rate of socially desirable responses in each country for which an earnings management 
score is available. Overall, 20 countries with an earnings management score and either 
an Eysenck and Barrett [2013] or a Van Hemert et al. [2002] Lie scale score (henceforth: 
the EBL- and VHL-score, respectively) are presented. The earnings management scores 
range from 2.0 (United States) to 28.3 (Greece), and vary considerably (the coefficient of 
variation is equal to 55.8%). Apart from Greece, exceptionally high scores are obtained 
for South Korea, Portugal, and Italy. As for the Lie scale scores, it is difficult to discern 
which country or group of countries has the highest propensity towards socially desirable 
responding, given some considerable differences between the EBL- and VHL-scores (still, 
the correlation between the two scores is relatively high (0.798)). However, it should be 
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noted that the VHL-scores seem to be more representative, as they are based on the eval-
uations of 44,767 individuals (or 2,633 evaluations per country), whereas the EBL-scores 
are based on 18,283 individuals (with an average of 1,016 evaluations per country).9 The 
VHL-score suggests that the tendency to provide socially desirable answers is lowest 
in Canada, Ireland, and the United Kingdom, whereas the propensity to conform is the 
highest in Italy, Greece, and Singapore.

Before discussing the regressions, in Table 2 we present correlations between the 
earnings management score, our measure of social desirability, and the remainder of 
independent variables. Unfortunately, there are many high correlations between the 
variables investigated in this study, which could affect the accuracy of estimates and the 
extraction of robust inferences. Out of these correlations two are especially noteworthy, 
namely, the negative and statistically significant correlation between social desirability 
and: (a) individualism, (b) GDP per capita (logged).

The key results are presented in Tables 3 and 4, which show the relationship between 
social desirability bias and the earnings management score of each country before and 
after considering the effect of other variables and separately for the Lie scale estimates 
provided by Eysenck and Barrett [2013] and Van Hemert et al. [2002]. In Table 3 we 
present estimates for specifications where the key independent variable is the EBL-
score. In the first column we regress each country’s earnings management score solely 
on the EBL-score, that is prior to considering the effect of any of the control variables. 
Given that the coefficient is positive (and statistically significant, p<0.01) this regression 
strongly supports the hypothesis that companies based in countries where individuals 
have a greater tendency to conform (as measured by our specific social desirability score) 
also obtain higher earnings management scores (this finding is not surprising, however, 
given the correlation presented in Table 2). More specifically, a one standard deviation 
increase in the EBL-score leads to a 0.659 standard deviation increase in the aggregate 
earnings management score. In columns 2–6 we present regressions that include each of 
the four cultural dimensions initially extracted by Hofstede, the log of GDP per capita 
of the country, and an investor protection variable (each specification includes only one 
such variable due to a high degree of correlation between them). In general, the results 
provide further support for the hypothesized relationship between earnings management 
and the Lie scale score in a country. In all cases, the coefficients are positive, and more 
importantly, statistically significant in most cases. However, there are two instances 
in which the EBL-score loses its statistical significance (although marginally), i.e. in the 
regressions that include legal enforcement or the importance of equity market variable. 
In our opinion, the addition of these regressors does not undermine the efficacy of the 
Lie scale score, but only points to multicollinearity issues, as the standard errors for the 
EBL-score increase considerably in these specifications. This multicollinearity is likely 
caused by the high degree of correlation between legal enforcement and the Lie scale 
score (–0.649), and between the importance of the equity market variable and uncertainty 
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avoidance (–0.749). The fact that these two investor protection variables are significantly 
related to earnings management as indicated in the correlation matrix, and not signifi-
cantly related to the dependent variable in the regressions, provides more evidence for 
the detrimental role of multicollinearity.

TABLE 1. Earnings management and Lie scale scores

Country
Earnings 

management 
score

Lie scale score
Eysenck and 
Barrett, 2013

van Hemert et al., 
2002 Sample size

Australia 4.8 7.58 10.24 654/1452
Canada 5.3 13.92 9.46 1257/1652
Finland 12.0 11.57 11.49 949/949
France 13.5 14.59 - 811/–
Germany 21.5 10.96 10.31 1336/2548
Greece 28.3 16.61 16.61 1301/1301
Hong Kong 19.5 14.37 14.57 732/732
India 19.1 18.38 15.17 981/2275
Ireland 5.1 - 9.72 –/2804
Italy 24.8 16.89 16.88 802/2609
Japan 20.5 9.62 10.56 1318/258
Netherlands 16.5 16.09 13.19 876/1401
Norway 5.8 11.68 11.75 802/802
Portugal 25.1 14.12 - 1163/–
Singapore 21.6 16.32 16.32 994/994
South Korea 26.8 15.74 - 1200/–
Spain 18.6 15.81 14.11 1030/2986
Sweden 6.8 - 12.54 –/126
United Kingdom 7.0 12.11 9.86 1198/17725
United States 2.0 9.46 11.54 879/4153
Countries/total 20 18 17 18283/44767
Mean 15.23 13.66 12.61
Standard deviation 8.50 3.01 2.56
Coefficient of variation 55.8% 22.0% 20.3%

Notes: This table reports the aggregate earnings management score in each country (based on four measures – see Data and 
Methodology), which is sourced from Leuz et al. [2003], and the mean score of individuals in each country on the Lie scale 
from the Eysenck Personality Questionnaire. The mean scores on the Lie scale score in each country are expected to correspond 
to (or be a linear transformation of) the mean Lie scale score of top managers. The sample sizes correspond to the Eysenck and 
Barrett [2013] and Van Hemert et al. [2002] studies, respectively.
S o u r c e :  own elaboration.
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TABLE 3.  Regression results obtained while using the Eysenck and Barrett [2013] 
Lie scale score

(1) (2) (3) (4) (5) (6) 
Lie scale score 1.699*** 0.788** 1.558 1.264 1.263* 1.548**

(0.563) (0.353) (0.864) (0.721) (0.639) (0.685) 
Individualism –0.199** –0.232*** –0.246*** –0.207** –0.217**

(0.067) (0.062) (0.067) (0.072) (0.084) 
Uncertainty avoidance 0.026 0.094** 0.014 0.090** 0.045

(0.025) (0.042) (0.055) (0.033) (0.062) 
Masculinity 0.109** 0.127* 0.121* 0.121* 0.134*

(0.041) (0.067) (0.056) (0.058) (0.071) 
Power distance –0.024 –0.177 –0.131 –0.153 –0.179

(0.153) (0.130) (0.147) (0.146) (0.208) 
Outside Investor Rights –2.816***

(0.569) 
Legal Enforcement –0.084

(2.172) 
Importance of Equity Market –0.380

(0.273) 
Ownership Concentration 9.439

(8.391) 
Disclosure Index –0.216

(0.276) 
GDP per capita (logged) –0.427 0.428 0.996 0.252 1.127

(1.757) (2.929) (1.007) (1.726) (1.609) 
Number of observations 18 18 18 18 18 18
Adjusted R2 0.337 0.950 0.762 0.829 0.804 0.803
F-statistic 9.6 46.8 8.8 12.8 10.9 10.9
Lie scale score-IP correlation –0.225 –0.649 –0.272 0.545 –0.375

Notes: This table reports regression results where the dependent variable is the aggregate earnings management score in each 
country. The Lie scale score is the mean score of individuals in each country on the Lie scale from the Eysenck Personality 
Questionnaire, sourced from Eysenck and Barrett [2013]. The mean scores on the Lie scale score in each country are expected 
to correspond to the mean Lie scale score of top managers. Lie scale score-IP correlation denotes the Pearson correlation between 
the Lie scale score and the investor protection variable used in the specification. Robust standard errors are shown in parentheses.
* Significant coefficient at the 10% level.
** Significant coefficient at the 5% level.
*** Significant coefficient at the 1% level.
S o u r c e :  own elaboration.
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TABLE 4.  Regression results obtained while using the Van Hemert et al. [2002]  
Lie scale score

(1) (2) (3) (4) (5) (6) 
Lie scale score 2.379*** 0.807* 1.953* 1.460** 1.060 1.044

(0.496) (0.426) (1.056) (0.580) (1.311) (1.263) 
Individualism –0.187*** –0.132 –0.158** –0.116 –0.146

(0.043) (0.095) (0.071) (0.147) (0.111) 
Uncertainty avoidance 0.045 0.128*** 0.039 0.098 0.016

(0.036) (0.040) (0.069) (0.090) (0.087) 
Masculinity 0.083** 0.092 0.076 0.062 0.041

(0.033) (0.058) (0.057) (0.075) (0.070) 
Outside Investor Rights –2.798**

(0.803) 
Legal Enforcement 1.728

(1.694) 
Importance of Equity Market –0.349

(0.351) 
Ownership Concentration 12.401

(31.173) 
Disclosure Index –0.472

(0.410) 
GDP per capita (logged) –1.088 –1.283 0.635 –0.010 1.523

(0.953) (1.393) (0.753) (5.965) (2.387) 
Number of observations 17 17 17 17 17 16
Adjusted R2 0.501 0.888 0.710 0.765 0.730 0.752
F-statistic 17.1 22.0 7.5 9.7 8.2 8.6
Lie scale score-IP correlation –0.281 –0.679 –0.204 0.796 –0.452

Notes: This table reports regression results where the dependent variable is the aggregate earnings management score in each 
country. The Lie scale score is the mean score of individuals in each country on the Lie scale from the Eysenck Personality 
Questionnaire, sourced from Van Hemert et al. [2002]. The mean scores on the Lie scale score in each country are expected 
to correspond to the mean Lie scale score of top managers. Lie scale score-IP correlation denotes the Pearson correlation between 
the Lie scale score and the investor protection variable used in the specification. Robust standard errors are shown in parentheses.
* Significant coefficient at the 10% level.
** Significant coefficient at the 5% level.
*** Significant coefficient at the 1% level.
S o u r c e :  own elaboration.

Table 4 presents regression results using the VHL-score.10 The first specification 
demonstrates – analogously to the results presented in Table 3 – a positive relationship 
between the propensity to provide socially desirable responses and earnings management 
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at the country level (p<0.01). More specifically, a one standard deviation increase in the 
VHL-score leads to a 0.786 standard deviation increase in the aggregate earnings man-
agement score. Interestingly, the Lie scale score sourced from Van Hemert et al. [2002] 
explains even more (50.1%) of the variation in the tendency to perform corporate earnings 
management than the EBL-score. Parameter estimates reveal a similar result to the one 
presented in Table 3 – while all of the coefficients for the Lie scale score are positive, two 
of them are statistically insignificant. Once again, this is most likely the result of multicol-
linearity – in specifications that include ownership concentration or the disclosure index, 
standard errors for the VHL-score are much more pronounced than in other specifications.

Discussion

While our findings generally support our hypothesis by showing a positive correlation 
between a country’s earnings management score and the tendency of its’ inhabitants to act 
in a socially desirable fashion, as measured by the mean Lie scale score obtained in a coun-
try, these results are not unequivocal. As demonstrated in Tables 3 and 4, the addition of 
some investor protection variables causes the Lie scale score to lose statistical significance. 
As argued above, the loss of significance in a few cases should not undermine the overall 
findings, as it is most likely caused by difficulties in the estimation of the effect of each of 
the variables, resulting from a small sample size and a high correlation between regressors.

Based on the regression results, the Lie scale score has been robust to the inclusion of 
two variables that could affect the propensity to behave in a socially desirable fashion. More 
specifically, the investigated effect is robust to the inclusion of individualism, which has 
been shown to be inversely related to conformity (in other words, collectivistic countries 
tend to conform more, see Bond and Smith [1996]). Our results are also robust to the 
inclusion of GDP per capita in a country, which serves as a proxy for a country’s wealth 
(Van Hemert et al. [2002] have shown that the Lie scale score is negatively related to afflu-
ence). Altogether, the effect of variation in the Lie scale score on earnings management 
is significant when both cultural (as defined by Hofstede’s dimensions) and economic 
determinants of the propensity to behave in a socially desirable way are considered.

Conclusions

While the tendency to manipulate corporate earnings can be driven by various fac-
tors, responses provided by financial executives [Graham et al., 2005] suggest that the 
pressure to meet third-party expectations plays a crucial role in this process. According 
to our results, a significant part of the variation in the tendency to manage earnings 
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in corporations in different countries might be due to differences between individuals 
from various countries to conform, as measured by the mean score on the Lie scale of the 
Eysenck Personality Questionnaire. More specifically, our investigation indicates a positive 
relationship between the mean Lie scale score in a country (the average tendency to pro-
vide socially desirable answers, which we expect to be similar for executives), and the 
tendency to manage earnings in public companies, as measured by an aggregate earnings 
management score. This relationship is robust to the addition of the majority of control 
variables (i.e. it is robust to the addition of all variables that relate to cultural differences, 
but not all that relate to legal and institutional characteristics). Short of what is most likely 
a multicollinearity issue, these results are consistent through the study.

Despite our findings on the existence of a link between the tendency of executives 
from a particular country to perform earnings management and the social desirability 
bias, there are potential issues affecting the robustness of our results. Firstly, Van Hemert 
et al. [2002] provide some evidence that the Lie scale may have different meanings on 
the between-country and within-country level.11 Another limitation of our study stems 
from the limited set of countries included. Finally, our results assume that the scores 
of executives responsible for making the decision to engage in earnings management 
correspond to (or can be presented as a transformation of) the scores of the individuals 
sampled in each country.

Given that, to the best of our knowledge, this is the first paper that attempts to link the 
tendency to provide socially desirable responses with financial decision-making, this area 
of research requires further investigation. To gain more insight into this topic, a more direct 
approach could be employed (i.e. a study focusing on individuals, instead of countries; 
to overcome the limitations of this paper, the number of sampled individuals should be 
considerable). A particularly insightful study would require financial executives to fill out 
personality questionnaires, preferably ones that focus specifically on social desirability. 
The results of these questionnaires could then be contrasted with the executives’ attitudes 
towards earnings management, or with data that would allow an assessment of the extent 
to which they perform earnings management (i.e. on the basis on their company’s financial 
reports). If the link between earnings management and social desirability is confirmed, the 
implication would be profound: investors would be given a tool to discriminate between 
executives that serve the long-term interests of the company and managers that focus 
on the short-term. Unfortunately, financial executives will likely be reluctant to provide 
information that would help investors and other stakeholders reveal their true ‘type’. In 
effect, researchers might be forced to adopt more indirect approaches, similar to research 
that attempts to assess CEO narcissism or overconfidence.
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Notes

1 Author’s e-mail address: pawel.niszczota@ue.poznan.pl
2 In order to beat a benchmark executives could adopt an alternative strategy by managing the 

expectations of analysts i.e. providing guidance to analysts that will cause them to make a downwardly 
biased forecast, which will in effect lead to a positive earnings surprise (for an empirical investigation of 
expectations management see e.g. Bartov et al. [2002], Matsumoto [2002], and Burgstahler and Eames 
[2006]).

3 Such a preference does not seem to stem from a high-risk of detection, as accounting manipula-
tions are difficult to unravel [e.g. Dichev et al., 2013]. These manipulations are facilitated by the fact that 
even sell-side analysts – who are relatively sophisticated users of financial reports – state that they put 
little effort in detecting financial misrepresentation [Brown et al., 2014].

4 Of course, even those financial executives that are interested solely in the long-term prospects 
of their firm cannot entirely neglect the expectations of stakeholders, who might in general have a more 
short-term horizon: failure to produce satisfactory performance in the near future will likely lead to the 
termination of their employment. However, the less conformable executives will undeniably be less likely 
to make value-destroying decisions in order to produce outcomes that would exceed their short-term 
objectives. Instead, they will focus to a larger extent on the more value-creating decisions, which will bear 
fruit at a later date.

5 The current consensus is that social desirability can be broken down into impression management 
and self-deception (and the latter component even further into self-deceptive enhancement and self-de-
ceptive denial [Paulhus, 2002].

6 Researchers usually make the distinction between earnings management and impression manage-
ment in financial reporting, to highlight that the latter refers to non-accounting methods of influencing 
the perceptions of stakeholders.

7 Graham et al. [2013] show that CEOs are more risk-tolerant and optimistic than the general pop-
ulation, which suggests that they might also differ in their level of conformity. However, our inferences 
will remain valid if executives responsible for performing earnings management differ psychometrically 
from the general population, but with the divergence being uniform across all countries. In other words, 
our results will be robust if the mean scores of financial executives in each country can be presented as 
a linear transformation of the mean scores that were obtained via the sampled lay people.

8 Controlling for this dimension is especially salient, given that collectivism (the opposite of indi-
vidualism) is related to conformity [Bond, Smith, 1996].

9 These differences stem from the fact that the EBL-scores are based on a single study for each 
country, whereas the VHL-scores are in most cases based on more than one study.

10 All of the regressions exclude power distance, as the addition of this variable produces high var-
iance inflation factors, which indicates very severe multicollinearity.

11 Evidence that the Lie scale might measure slightly different concepts across cultures can be found 
in studies that attempt to breakdown the Lie scale into two components – such attempts do not yield in all 
cultures [e.g. Loo, 1995].
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Abstract

The aim of this paper is to investigate whether susceptibility to selected behavioral 
biases (overconfidence, mental accounting and sunk-cost fallacy) is correlated with the 
Eysenck’s [1978] personality traits (impulsivity, venturesomeness, and empathy). This 
study was conducted on a sample of 90 retail investors frequently investing on the Warsaw 
Stock Exchange. Participants filled out a survey made up of two parts: 1) three situational 
exercises, which assessed susceptibility to behavioral biases and 2) an Impulsiveness 
Questionnaire, which measures impulsivity, venturesomeness, and empathy. The results 
demonstrated the relationship between venturesomeness and susceptibility to all behavio-
ral biases explored in this study. We find that higher level of venturesomeness was linked 
with a lower probability of all behavioral biases included in this study.
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Introduction

There is a wide consensus in the behavioral finance literature that the investment 
decision-making process is significantly shaped by psychological factors, such as moods, 
emotions or personality traits [Akerlof, Schiller, 2009; Camerer, Loewenstein, 2003; 
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Pompian, Longo, 2004; Szyszka, 2013]. Consistent findings from psychological research, 
evidencing that humans have limited cognitive abilities and are controlled by emotions 
while making choices in risky and uncertain situations, drew financial behaviorists’ 
attention to drawbacks of the homo economicus assumption and the hypothesis about the 
market’s efficiency [cf. Markowitz, 1952; Fama, 1970, 1991; Von Neumann, Morgenstern, 
1944] and the susceptibility of investors to so-called behavioral biases, resulting from 
cognitive and heuristics biases as well as emotions [Agnew, 2006]. These biases disrupt 
the rationality of the process of making investment decisions and contribute to inefficient 
market reactions to information and, as a result, to asset mispricing [Coval, Shumway, 
2005; Rzeszutek, Czerwonka, 2011, 2012].

Nevertheless, a substantial amount of behavioral models of capital markets disregard 
the problem of how individual investors differ from each other psychologically and treat 
investors as a homogenous group in their underlying psychological processes and the 
impact these have on their decision-making [Durand et al., 2008, 2013]. Some authors 
claim that the individual differences paradigm, which is widely used in the methodol-
ogy of psychology [Franken, Murris, 2005; Strelau, 2012], should be incorporated into 
behavioral finance models, where representative agents capture the average behavior of 
every investor on the stock market and there is no obvious role for subjective psycho-
logical characteristics [Borghans et al., 2008]. In particular, most studies in behavioral 
finance rely only on observable factors; being either socio-demographic variables such as 
gender, age, or investment characteristics, like portfolio characteristics as a proxy for the 
underlying psychological processes that drive investors’ decision-making [Graham et al., 
2009]. Unobservable, individual-level differences in psychological traits may help to bet-
ter explain the underlying mechanisms of a wide variety of behavioral biases [Ferguson 
et al., 2011]. Despite the wide scope of published research considering the influence of 
psychological factors on investing behavior, the problem of how individual investors differ 
from each other in terms of intensity of some personality traits, and how these differences 
may be related to the susceptibility to behavioral biases, is still not well researched l in the 
behavioral finance literature [Baddeley, 2013].

This study is focused on the role of individual differences in personality traits in investor 
behavior, as increasing number of authors proved that personality traits influence portfolio 
selection [Hunter, Kemp, 2004], investors’ risk attitude [Sultana, Pardhasaradhi, 2010] and 
investors’ financial outcomes [Moradi et al., 2013]. There is also considerable research on 
the relationship between personality traits and susceptibility to behavioral biases among 
stock market investors [Baddelley et al., 2010, 2013; Belcher, 2010; Sadi et al., 2011]. 
While there are many studies on the link between personality traits and risky behaviors 
[Weller, Tikir, 2011; Zuckerman, Kuhlman, 2000; Zuckerman, 2007], little attention has 
been devoted to the relationship between the personalities of investors and investment 
outcomes, strategies and the susceptibility to behavioral biases.
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Mayfield et al. [2008] found that extraversion from the NEO-FFI Model of Personality 
[Costa and McCrae, 1992] is related to short-term investing and greater risk tolerance 
among a sample of US retail investors, while neuroticism is positively associated with risk 
aversion and short-term investing avoidance. Sadi et al. [2011] observed that neuroticism 
is positively correlated with propensity toward the sunk cost fallacy among Tehran inves-
tors. Research by Camgoz et al. [2011] indicates that extraversion is positively related 
with the level of overconfidence and the degree of portfolio turnover among investment 
fund managers. In addition, Durand et al. [2008] showed a positive relationship between 
extraversion and the susceptibility to disposition effect and overconfidence among Aus-
tralian investors. On the other hand, Baddeley et al. [2010] discovered an association 
between particular Eysenck’s [1978] personality traits (impulsivity, venturesomeness 
and empathy) and the susceptibiity to herding behavior among British investors. From 
the aforementioned personality traits, impulsivity was negatively linked to the degree 
of hyperbolic discounting and the level of risk aversion in another study conducted on 
British investors [Borghans et al., 2008].

The Current Study

This study was based on the assumption that personality traits of investors ear impor-
tant psychological antecedents that affect their investment behavior and susceptibility 
to behavioral biases in particular. The main goal of the research is to test if susceptibility 
to selected behavioral biases (overconfidence, mental accounting and sunk-cost fallacy) is 
correlated with the Eysenck’s [1978] personality traits (impulsivity, venturesomeness, and 
empathy). Since there is limited research in the behavioral finance literature investigating 
the issues mentioned in this article (or the existing results are ambiguous) the author 
treated this study as an exploratory research. Therefore, the following hypothesis is tested:

Susceptibility to behavioral biases (overconfidence, mental accounting, and sunk-cost 
fallacy), i.e. the tendency to display irrational behaviors in the decision-making process 
is correlated with certain personality traits (impulsivity, venturesomeness, and empathy) 
among participants.

Method

Participants and Procedure
This study was conducted on a convenience sample of 90 retail investors frequently 

investing on the Warsaw Stock Exchange. There were 42 men and 48 women. The average 
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participant age was 26.34 (SD= 8.08). The average years of investing on the Warsaw Stock 
Exchange was 4.23 (SD=2.12). The participants were recruited from among attendees of 
a conference organized by the Association of Individual Investors.

This research was focused on certain behavioral biases in order to measure their 
influence on an investor’s behavior, ceteris paribus. The survey was delivered to the par-
ticipants in person and participants were provided an explanation regarding the purpose 
of the study and details of the questionnaires as well as the anonymity and confidentiality 
of individual results.. The total response rate was 53%.

Materials
The survey was comprised of two parts. First, participants filled out a form made up of 

three situational scenarios [see, Appendix], in which they had to choose how they would 
behave in a hypothetical situation, where they were faced with a number of options. In 
each scenario, susceptibility to the behavioral biases mentioned in the hypotheses was 
assessed. These scenarios were used in classical studies on decision-making and in each 
scenario there was a rational answer, which means no susceptibility to behavioral bias 
measured by the particular scenario, and an irrational answer, which proved that the 
participant revealed a propensity toward a particular bias within the decision-making 
process. In the first scenario, which was adapted from Heath, Tversky [1991] the suscep-
tibility to overconfident behavior was measured. In this scenario, according to Heath, 
Tversky [1991], answer A indicates a tendency to display overconfident behavior, and is 
treated as an irrational answer.

The second scenario, adapted from Thaler [1999], checked susceptibility to mental 
accounting. In this scenario, according to Thaler [1999], resigning from seeing the movie 
in A option and buying a new ticket to the cinema in B option is the answer indicating 
a propensity towards mental accounting, i.e. irrational behavior. Finally, the last scenario, 
adapted from Arkes, Blumer [1985], measured the propensity towards the sunk cost fal-
lacy. In this scenario, according to Arkes, Blumer [1985], answer A indicates a tendency 
to display the sink cost fallacy, and is treated as an irrational answer.

In the second part of the survey, participants filled out the Impulsiveness Question-
naire: Impulsiveness, Venturesomeness, Empathy [IVE; Eysenck, Eysenck, 2006]. This tool 
is used to measure three personality traits: impulsivity, venturesomeness, and empathy. 
Impulsivity is defined as the pathological aspect of risk-taking behaviors, and indicates 
a very strong tendency to undertake risky, unplanned activities, quick decision-making 
and rash reactions. It is primarily manifested in problems with self-control and the ina-
bility to delay gratification. Venturesomeness measures not only readiness to undertake 
risky behaviors but also self-confidence, self-efficacy, perseverance in goal pursuit, and 
novelty-seeking. Although this trait is similar to impulsivity, the two traits differ in that 
impulsive people take risks without considering the consequences of their actions, whereas 
venturesome people seek out challenges and take risks, all the while taking into account 
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the possible consequences of their actions. Finally, empathy is the ability to perceive and 
understand and react to others’ emotions, and the ability to take on others’ emotional 
perspectives [Eysenck, 1978]. The IVE is comprised of 54 items in the form of questions 
with yes/no answers. Final scores were calculated by adding up “yes” answers to the 
items (some are reverse-scored) on three subscales: impulsivity, venturesomeness, and 
empathy. Reliability coefficients for the three IVE subscales range from α = .76 to α = .0.81 
[Eysenck, Eysenck, 2006]. Reliability coefficients for the subscales in this study were α = .79 
for impulsivity, α = .78 for venturesomeness, and α = .72 for empathy.

Results

In order to investigate our hypothesis, logistic regression analyses were conducted. 
Susceptibility to behavioral bias was the outcome variable. Personality traits (impulsivity, 
venturesomeness, and empathy) were predictor variables. Three analyses were conducted, 
one for each of the exercises in the questionnaire. Results are presented in Tables 1, 2, and 3.

TABLE 1.  Logistic regression analysis with personality traits as predictors 
of overconfidence in the sample of investors (n = 90)

Personality traits B Exp (B) Wald df p
Impulsivity –0,11 0,90 2,62 1 0,106
Venturesomeness 0,15 1,16 4,13 1 0,042
Empathy 0,01 1,01 0,04 1 0,844

Note: B – unstandardized regression coefficient; Exp (B) – standardized regression coefficient; Wald – Wald’s test; df – degrees 
of freedom; p – level of statistical significance.
S o u r c e :  own elaboration.

Results in Table 1 indicate that there was no significant relationship between impulsiv-
ity or empathy and susceptibility the level of overconfidence in the sample [respectively, 
p = .106 and p = .844]. There was a significant relationship between venturesomeness 
and the level of overconfidence, however [p < .05]. Specifically, the more venturesome 
a participant was, the less likely one revealed overconfident behavior [Exp (B) > 1], that 
is, the lower his susceptibility to overconfidence was, as measured in the task 1. Rational 
answers rational answers in the certainty effect exercise can be predicated accurately based 
f venturesomeness in 67% of all cases.
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TABLE 2.  Logistic regression analysis with personality traits as predictors of 
susceptibility to mental accounting in the sample of investors (n = 90)

Personality traits B Exp (B) Wald df p
Impulsivity –0,06 0,94 0,86 1 0,355
Venturesomeness 0,231 1,26 7,92 1 0,005
Empathy –0,03 0,97 0,14 1 0,709

Note: B – unstandardized regression coefficient; Exp (B) – standardized regression coefficient; Wald – Wald’s test; df – degrees 
of freedom; p – level of statistical significance.
S o u r c e :  own elaboration.

Results in Table 2 indicate that, again, there is no relationship between impulsivity or 
empathy and susceptibility to mental accounting in the sample (respectively, p = .355 and 
p = .709). There was, again, a significant relationship between venturesomeness [p < .05] 
and susceptibility to mental accounting. Specifically, the more venturesome a person was, 
the more likely to give a rational answer in the mental accounting exercise (Exp (B) > 1). 
Rational answers in the mental accounting exercise based on venturesomeness can be 
predicted accurately in 68% of cases.

TABLE 3.  Logistic regression analysis with personality traits as predictors of 
susceptibility to the sunk cost fallacy in the sample of investors (n = 90)

Personality traits B Exp (B) Wald df p
Impulsivity –0,08 0,92 1,23 1 0,268
Venturesomeness 0,20 1,22 5,35 1 0,021
Empathy –0,04 0,96 0,32 1 0,572

Note: B – unstandardized regression coefficient; Exp (B) – standardized regression coefficient; Wald – Wald’s test; df – degrees 
of freedom; p – level of statistical significance.
S  o u r c e: own elaboration.

Results in Table 3 show no relationship between impulsivity or empathy and tendency 
to the sunk cost fallacy in this sample (respectively, p = .268 and p = .572). There was, 
however, again, a relationship between venturesomeness [p < .001] and susceptibility 
to the sunk cost fallacy. Specifically, greater venturesomeness was linked to lower sus-
ceptibility to the sunk cost fallacy when making decisions (Exp (B) > 1). On the basis of 
venturesomeness levels rational answers in the sunk cost fallacy exercise can be accurately 
predicted in 73% of cases.
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Discussion

This study demonstrated the relationship between personality traits and susceptibility 
to behavioral biases among stock market investors. Among the studied personality traits, 
only venturesomeness was related to the degree of susceptibility towards biases among 
participants. A negative correlation was observed between venturesomeness and suscep-
tibility to all behavioral biases studied, that is, overconfidence, mental accounting and the 
sunk cost fallacy (see Tables 1, 2 and 3). In other words, a higher level of venturesomeness 
was linked with a lower probability of behavioral biases.

To explain this result, it is worth mentioning that venturesomeness consists of self-con-
fidence, self-efficacy, perseverance in goal pursuit, and a readiness to undertake risky 
behaviors and seek out new challenges. Venturesomeness attempts tomeasure different 
aspects of risk-taking tendencies and is seen as a characteristic of people who are fully 
conscious of potential risk t but also fully determined to take it [Eysenck, Eysenck, 1978].
Several authors indicated that a high level of risk aversion among stock market investors is 
positively correlated with various behavioral biases (e.g. the attachment effect, see: [Corter, 
Chen, 2006]) or may be associated with too slow diversification of an investment portfolio 
and too slow reactions to changes on the capital market [Weller, Tikir, 2011]. In addition, 
Sultana and Pardhasaradhi [2010] found that the higher the risk tolerance among market 
investors, the more optimal and profitable their investment decisions.

This study did not support the role of the other personality traits – impulsivity and 
empathy – on the susceptibility or resistance to behavioral bias among investors (see 
Tables 1, 2 and 3). This result may be related to the underrepresentation of these per-
sonalities in the population of stock market investors, which was also mentioned in the 
literature [Mayfield et al., 2008]. High impulsivity reflects a pathological aspect of risky 
behaviors, an inability to control one’s reactions, disregard for social norms, and inabil-
ity to maintain long-term efforts [cf. Eysenck, Eysenck, 2006] and is linked to various 
abnormal behaviors such as gambling addiction [Mishra et al., 2010] and psychoactive 
substance abuse [Hayaki, Stein, 2006]. It seems that people with this personality profile 
appear very seldom in stock market investors. On the other hand, people characterized 
by high empathy, as measured with the IVE, are sensitive value close relationships with 
others, and are also submissive, obedient, and conflict-avoidant [Eysenck, Eysenck, 2006]. 
Taking into consideration the high level of stress and competition in stock investing, it is 
expected that empathy will not be a representative personality trait among stock market 
investors [Benos, 1998].

This study is not free of limitations. First, the exercises used to measure susceptibility 
to the studied behavioral biases [see: Appendix] might appear somewhat artificial to mar-
ket investors, who deal with much more complex investment problems in their everyday 
decisions. Second, including personality traits into investment decisions is difficult due 
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to problems with defining personality traits in financial terms. Despite these limitations, 
this paper sheds s some new light on the psychological determinants of decision-making 
in the capital markets. In particular, this study indicates that a higher level of venture-
someness is linked with a lower probability of behavioral biases.

Notes

1 Author’s e-mail address: marcin.rzeszutek@sgh.waw.pl 
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Appendices

Appendix 1. Exercise measures susceptibility to overconfident behavior
EXERCISE 1

Please imagine the following two situations, A and B, and circle the behavior that you 
would choose (A or B).
A.  A stock is selected at random from the Wall Street Journal. You guess whether it will 

go up or down tomorrow. If you’re right, you win $ 5.
B.  A stock is selected at random from the Wall Street Journal. You guess whether it went 

up or down yesterday. You cannot check the paper. If you’re wright, you win $ 5.

Appendix 2. Exercise measuring susceptibility to the mental accounting
EXERCISE 2

Please imagine the following two situations, A and B, and circle the behavior that you 
would choose in each:
A.  You have decided to go see a movie and you have bought a ticket for 20 PLN. After 

entering the cinema, it turns out you have lost the ticket. You do however have a 20 PLN 
bill in your pocket. Do you spend another 20 PLN to buy another ticket, or do you 
decide not to see the movie?

B.  Now please imagine that you have decided to go see a movie but you have not yet 
bought a ticket. As you leave your home, you take two 20 PLN bills with you. After 
entering the cinema, it turns out that you have lost 20 PLN. In this situation, do you 
spend the other 20 PLN to buy a ticket, or do you decide not to see the movie?
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Appendix 3. Exercise measuring susceptibility to the sunk cost fallacy
EXERCISE 3

As president of a large aviation company, you have invested 10 million dollars into 
a development project. Its goal was to build an airplane that would quickly cover the 
distance between Europe and the USA. When your project is 90% complete, a rival 
company announces that it is introducing an identical plane onto the market, which, as 
it turns out, is much more economical than yours is to use. In this situation, would you 
invest the final 10% of the costs to complete the project (option A), or would you instead 
decide to immediately abandon it (option B)? (please circle the option you would choose).
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The main purpose of the article is to examine workers’ mobility expectations under 
the risk of investments in human capital. We focus on the earnings risk associated with 
investments in human capital. In particular, we attempt to identify the specific risk for 
occupational groups and then conduct a descriptive analysis of the mobility expectations 
in occupational groups with different risk levels. The empirical analysis is based on the 
cross-sectional data from the survey Bilans Kapitału Ludzkiego (Human Capital Balance).
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Introduction

In the last few years there has been a growing interest in the risk of investments in human 
capital. Despite a lack of consensus in the literature on how to measure risk, researchers 
stress that it is an integral part of investments in human capital and should not be ignored. 
Uncertainty about the outcome of educational decisions is relevant not only for students, 
but also for school administrators and policy makers [Hartog, Diaz Serrano, 2014].

Investments in human capital are connected with decisions about the distant future, 
which is not known before the investment. Individuals may choose between different types 
of education and occupations. However, they cannot predict future economic conditions 
or technological and labor market changes, which have an impact on the demand for par-
ticular types of human capital. Furthermore, individuals cannot predict their own ability 
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and human capital after the investment is completed. Since future events and conditions 
cannot be predicted by an individual, that person’s return on investments in human cap-
ital is inherently uncertain [Hartog, 2011]. As a result, individuals face a risk that actual 
outcomes may be other than expected. Since investments in human capital are connected 
with risk, individuals may undertake different investment behaviors depending on their 
attitude towards risk.

The risk of investments in human capital has an impact on educational decisions and 
career choices. It is also a determinant of workers’ behavior after they enter the labour 
market, such as post-schooling investments (for example, work-related training) and job 
mobility. Empirical evidence suggests that if workers accept a higher level of earnings risk, 
they are more likely to move to other jobs [McGoldrick and Robst, 1996]. Several studies 
consider the effect of changes in the labour market, which can be perceived by individu-
als as a predictor for possible earnings risk, on different forms of mobility. For example, 
Devereux [2002] found that both women and men are more likely to move to higher-paid 
occupations when unemployment rate falls. In a recent paper Dex and Bukodi [2013], 
it was observed that there are gender differences in mobility responses to labor market 
fluctuations. For example, when the situation in the labor market worsens (unemploy-
ment rates are rising) women are reported to be less likely to change jobs and occupations 
than men. Skriabikova, Argaw and Maier [2013] argue that job change is associated with 
unpredictable benefits, so it can be treated as a risky situation. They have observed that 
during the early stages of career more risk-averse individuals are less likely to change jobs.

Based on the available evidence it is expected that individuals who face a higher risk 
of investment in human capital are more likely to report expected mobility. This does 
not imply that job mobility is determined only by the risk of investments in human capital, 
but it does suggest that risk may be important in explaining the mobility behavior and 
mobility expectations.

A substantial body of literature deals with the risk of investments in human capital and 
job mobility, but there is little research on the relationship between these two categories. 
This paper attempts to shed some light on this issue. The goal of the study is to examine 
workers’ mobility expectations under different risk of investments in human capital 
levels. We focus only on the earnings risk associated with investments in human capital 
and ignore other types of risk. In particular, we attempt to identify the risk of investment 
in human capital specific for occupational groups and then conduct a descriptive analysis 
of the mobility expectations in occupational groups with different levels of earnings risk.

The empirical analysis is based on the cross-sectional data from the survey Human 
Capital Balance (Bilans Kapitału Ludzkiego) for the year 2012. The results suggest no dif-
ference in workers’ expected mobility between more and less risky occupational groups. 
We also found that women and men did not differ in their expectations on mobility under 
different levels of earnings risk.
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The paper is organized as follows. In the next section we briefly present the relevant 
literature. Next, we describe the data and empirical analysis strategy. The following sec-
tion describes major findings and the last section summarizes those finding and provides 
conclusions.

Literature Review

One of the major studies of the risk associated with investments in human capital 
is the work by Levhari and Weiss [1974].3 The authors incorporate the element of risk 
into standard human capital theory, focusing on the effect of the risk and uncertainty on 
investments in human capital.

In most empirical studies, risk is associated with post-schooling earnings volatility and 
uncertain outcomes of investments in education. Previous research has documented that 
return on investments in human capital varies over time [De la Fuente, Ciccone, 2003]. 
In addition, several studies have shown that individuals face a different level of earnings 
risk across occupational and educational cells (see, for example [Berkhout, Hartog and 
Webbink, 2010; Diaz-Serrano, Hartog, Nielsen, 2008]). There is also evidence, stemming 
from work by Pereira and Martins [2002] that estimated returns on investments in human 
capital vary across different countries, as does the level of risk. Literature on the subject 
has focused on how risk impacts educational choice. For example, Raita [2005] found that 
when individuals choose between leaving school and waiting, they takes into account high 
earnings volatility, which reflects risk of investments in human capital. Based on Spanish 
data Diaz Serrano and Hartog [2007] suggested that risk has a negative effect on invest-
ments in education. However, findings obtained by Hartog, Ding and Liao [2011] reach 
a different conclusion and do not support the basic prediction of Levhari and Weiss [1974] 
that increasing risk reduces investments in human capital. The authors demonstrate that 
in the case of Chinese students expected risk has no effect on their educational decisions.

On the other hand, the risk of investments in human capital is to impact occupational 
choice. Hartog and Diaz-Serrano [2004] provide evidence that individuals who work 
in the public sector, which is considered less uncertain in terms of earnings, are more 
risk averse. Bonin, Dohmen, Falk, Huffman and Sunde [2007] document that individuals 
in occupations with more volatile earnings are more willing to take risk.

Research that addresses the relationship between job mobility and risk of investments 
in human capital is limited. McGoldrick and Robst [1996] show that high earnings risk 
leads to higher probability of job change both for men and women. This research also 
found that the effect of risk is greater on female than on male respondents. Recent studies 
suggest that workers whose job is not consistent with their level of education are more 
willing to switch to better paying jobs [CBOS, 2013]. Overeducated workers are found 
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to be more likely to expect involuntary job loss [McGuinness, Wooden and Hahn, 2012]. 
Both undereducated and overeducated workers are likely to face a high risk of investment 
in firm-specific human capital, which could be associated with expected mobility in the 
future.

In human capital theory, the explanation of the impact of investments in training on 
job mobility is based on the idea of a distinction between general and specific human 
capital [Becker, 1962]. This difference becomes especially crucial when analyzing invest-
ment decisions by individuals after completing their education and beginning to work. 
According to human capital theory, the effects of general training are useful for many 
employers in the labor market, because general human capital can be easily transferred 
between different jobs, positions, occupations, and employers. By contrast, the effects of 
specific training are valuable only for the employer who offers this type of training, and 
have limited use elsewhere. The cost of general training is fully paid by the worker, while 
the cost of specific training is shared between the employer and employee. From the 
employee’s perspective, investments in general training could be considered safe since 
they bring better career, and more labor market opportunities. The acquisition of specific 
human capital makes employees more vulnerable to new situations in the labor market 
as it could be more costly and time consuming to adapt to a changing demand for skills. 
From the employer’s perspective, however, investments in specific training are less risky 
because workers cannot transfer their specific human capital so easily4.

The focus of recent research on job mobility has been on factors that impact actual job 
changing and turnover intentions, with particular attention paid to gender differences. 
Sousa-Poza and Henneberger [2004] have demonstrated that determinants of turnover 
intentions vary across countries and, more importantly, are subjective in nature. Their 
findings also support the theory that there is a negative relationship between the unem-
ployment rate and turnover intentions. Gesthuizen [2009] analyzed the effect of subjective 
perceptions of job attributes on mobility for men and women. The author found that wage 
dissatisfaction and some nonfinancial issues (dissatisfaction with the working hours) have 
a stronger impact on mobility for women than for men. Böckerman and Ilmakunnas [2009] 
investigated how negative working conditions influence actual job changes and intentions. 
They demonstrated that dissatisfaction with working conditions leads to more job search 
behavior and actual job changes, though the effect was stronger when measured in terms 
of workers’ intentions than in terms of actual separations.

The problem of voluntary quits and turnover intentions has also received consider-
able attention in human resource management. Much literature focuses on the effect of 
various HR practices on employees quit intentions, including recent works by Cho and 
Lewis [2012], Kim [2012], Ertürk [2014], Long and Perumal [2014], Watty-Benjamin 
and Udechukwu [2014], as well as Long, Ajagbe and Kowang [2014] who concentrate on 
small and medium enterprises. Variables that refer to HR practices in employees training 
and development were taken into account in some of these studies. In human recourse 
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management, training is predicted to play an important role in increasing job satisfaction 
and organizational commitment. Employees who receive more training are more satisfied 
with their job, feel valued by their employer and are less likely to report turnover intentions.

In the case of the Polish market, very few publications address worker mobility. 
Jackson and Mach [2009] focus their analysis on the transition period (1988-1998) and 
show that women who work in state sector are less likely to move to private sector, and 
the willingness of Polish employees to change jobs declined in the 2006–2011 period 
[Sedlak&Sedlak, 2012]. This finding was partly supported by another survey conducted 
in 2013 by the Public Opinion Research Centre (CBOS). Results indicate that while 16% 
of employees intend to change their jobs in the near future, the actual number of Poles 
who changed the job at least once has decreased in the 2009–2013 period [CBOS, 2013]. 
Neither of these studies, however, considered how worker mobility is related to the risk 
of investments in human capital.

This paper attempts to contribute to the existing literature by investigating the mobil-
ity expectations of full-time employees and earnings risk associated with investments 
in human capital measured for different occupational cells.

Data and Empirical Strategy

We used data collected in the nationwide survey Bilans Kapitału Ludzkiego (Human 
Capital Balance). The project was coordinated by the Jagellonian University and Polish 
Agency for Entrepreneurship Development. In this paper we focused on 2012 data, because 
of detailed information about the levels and types of education, employment status, types 
of occupation, work experience, and job characteristics.

The initial sample consists of 17,600 individuals. For empirical purposes, we selected 
only full-time workers that have worked for their current employer for at least one year. 
These restrictions were imposed to obtain more objective findings, since there is empir-
ical evidence that a greater history of job mobility leads to more voluntary job changes 
[Coppin, Vandenbrande, 2007]. All respondents who were self-employed, employed 
part-time, or unemployed were excluded. Additionally, we removed all individuals with 
missing observations on the variables which were used in the analysis. The final sample 
contains information about 3,557 individuals.

In comparison to other studies this sample is relatively small. For that reason, we used 
information about individuals’ occupations according to the ISCO-88 (The International 
Standard Classification of Occupations). This type of classification includes ten 1-digit 
occupational categories, which excluded groups with small numbers of respondents. 
Since the group “Armed forces” is absent in the sample, nine occupational groups were 
obtained (see Table 1).
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TABLE 1. Occupational groups

Occupational groups (ISCO-88) Number of individuals Percentage
Legislators, senior officials and managers 86 2.4
Professionals 583 16.4
Technicians and associate professionals 406 11.4
Clerks 299 8.4
Service workers and shop and market sales workers 604 17.0
Skilled agricultural and fishery workers 26 0.7
Craft and related trades workers 756 21.3
Plant and machine operators and assemblers 477 13.4
Elementary occupations 320 9.0
Total 3557 100.0

S o u r c e :  own computations based on the Bilans Kapitału Ludzkiego data.

The data provide information on net monthly earnings. Individual wages were obtained 
by dividing monthly earnings by (1) the amount of hours spent at work every week and (2) 
by 4.33 (i.e., the average number of weeks in a month).

Table 2 contains descriptive statistics on variables used in a regression analysis. It also 
reports results of testing the differences between means in gender groups. From table 2 
we see that women, on average, were more educated and earned less than men. Men were 
more likely to work as craft and related trades workers, whereas women were more likely 
to work as service workers and shop and market sales workers.

TABLE 2.  Variables means and significance of the differences between gender groups 
based on t-tests

Variables Gender N Mean Standard 
Error Mean

Standard 
Deviation Significance

Age
male 1847 40.15 0.268 11.510

0.002
female 1711 41.31 0.249 10.308

Years of education
male 1847 12.67 0.050 2.162

0.000
female 1711 13.51 0.062 2.575

Log wage
male 1847 2.4427 0.00997 0.42851

0.000
female 1711 2.3123 0.01054 0.43594

Legislators, senior 
officials and managers

male 1847 0.02 0.004 0.154
0.938

female 1711 0.02 0.004 0.153

Professionals
male 1847 0.10 0.007 0.294

0.000
female 1711 0.24 0.010 0.426
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Variables Gender N Mean Standard 
Error Mean

Standard 
Deviation Significance

Technicians and associate 
professionals

male 1847 0.09 0.007 0.290
0.000

female 1711 0.14 0.008 0.344

Clerks
male 1847 0.05 0.005 0.219

0.000
female 1711 0.12 0.008 0.326

Service workers and shop 
and market sales workers

male 1847 0.10 0.007 0.298
0.000

female 1711 0.25 0.010 0.432

Skilled agricultural and 
fishery workers

male 1847 0.01 0.002 0.090
0.552

female 1711 0.01 0.002 0.080

Craft and related trades 
workers

male 1847 0.34 0.011 0.474
0.000

female 1711 0.07 0.006 0.263

Plant and machine 
operators and assemblers

male 1847 0.22 0.010 0.417
0.000

female 1711 0.04 0.005 0.190

Elementary occupations
male 1847 0.07 0.006 0.250

0.000
female 1711 0.11 0.008 0.319

* Significance at the 5% level
S o u r c e :  own computations based on the Bilans Kapitału Ludzkiego data.

To estimate the degree of expected mobility we used information about respondents’ 
expectations of their career development in the next 12 months. In the questionnaire 
individuals could indicate whether they were likely to stay in the same position, move 
to an equivalent position, get a promotion or leave the organization. Based on Table 3, 8% 
of respondents in the data set expected career changes in the next 12 months. However, 
among respondents reporting expected mobility, more than 70% did not expect to leave 
the organization, but did intend to change to an equivalent, or higher, position. The results 
did not reveal any distinct differences in expectations between men and women.

TABLE 3. Expected career development in the next 12 months

Expected career development Number Percentage
Whole sample
Stay on the same position 3274 92.0
Move to another equivalent position 99 2.8
Get a promotion 106 3.0
Leave the organization 78 2.2
Total 3557 100.0
Women
Stay on the same position 1574 92.0
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Expected career development Number Percentage
Move to another equivalent position 44 2.6
Get a promotion 54 3.1
Leave the organization 39 2.3
Total 1711 100.0
Men
Stay on the same position 1700 92.1
Move to another equivalent position 55 3.0
Get a promotion 52 2.8
Leave the organization 39 2.1
Total 1846 100.0

S o u r c e :  own computations based on the Bilans Kapitału Ludzkiego data.

To estimate earnings risk across occupational groups we used the approach typically 
applied in the literature [Berkhout et al., 2010; Hartog, Diaz Serrano, 2006; Hartog, Plug, 
Diaz Serrano, Vieira, 2003]. The risk is measured as a standard deviation of exponentials 
of residuals computed from an earnings regression.

First, a standard cross-section earnings regression was estimated. The following model 
was used:

 lnYij = Xiβ+ α jd j
j
∑ + εij  (1)

where i refers to individuals and j refers to occupational cells that he or she belongs 
to in the survey year. Y is an individual’s wage; X is a matrix that contains such variables 
as completed years of education, age, age squared, and sex; dj are dummy variables for 
types of occupations; α j presents occupation dummy variables. To eliminate outliers we 
recorded the highest and the lowest 0.5% of log wages. Age was used instead of work 
experience because of its exogenous nature (see, for example [Berkhout et al., 2010; 
Diaz-Serrano et al., 2008]). The data provided information about individuals’ work expe-
rience. Nevertheless, in this paper we follow the approach presented above to ensure the 
comparability of the results.

Earnings residuals were estimated as differences between observed and predicted log 
wages. Then risk was measured using the following equation:

 R
j
= 1
N

j

(e
ij
− e j )

j
∑

2
 (2)

where Rj is risk in j occupational cell; eij is the exponential of the estimated residual for 
i respondent that belongs to j occupational cell; Nj is number of individuals in j occupa-
tional cell.
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No distinction between specific and general human capital was made. Thus, for 
employees in the early stage of their career the estimated variance captures the risk of 
investments in education, while for more experienced workers this variance also includes 
the risk associated with investments in training (either general or specific).

Results

We started by estimating the equation (1). Results are summarized in Table 4. The 
coefficients are statistically significant and have the expected signs. Estimation results 
suggest that older workers tend to earn more. Education also leads to higher wages, which 
is in line with predictions of classic human capital theory.

TABLE 4. Estimation results

Model
Unstandardized Coefficients Standardized 

Coefficients t Significance
B Std. Error Beta

(Constant) 1.380 0.101 13.721 0.000
Years of education 0.041 0.004 0.225 11.567 0.000
Age 0.021 0.005 0.529 4.506 0.000
Age squared 0.000 0.000 –0.434 –3.695 0.000
Gender –0.203 0.015 –0.232 –13.899 0.000
Legislators, senior officials 
and managers 0.383 0.044 0.134 8.625 0.000

Professionals 0.303 0.026 0.257 11.509 0.000
Technicians and associate 
professionals 0.172 0.025 0.125 6.946 0.000

Clerks 0.059 0.027 0.037 2.160 0.031
Service workers and shop 
and market sales workers –0.063 0.022 –0.054 –2.848 0.004

Skilled agricultural and 
fishery workers –0.173 0.075 –0.034 –2.300 0.022

Plant and machine operators 
and assemblers 0.074 0.022 0.058 3.374 0.001

Elementary occupations –0.082 0.026 –0.054 –3.163 0.002

* Significance at the 5% level
S o u r c e :  own elaboration.
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Next, using equation (2) we determined earnings risk of investments in human capital 
for nine occupational groups finding that occupational groups of the highest skills levels 
have the highest risk (see Table 5)5.

TABLE 5. Earnings risk in occupational groups

Occupational groups Risk
Legislators, senior officials and managers 0.192
Professionals 0.207
Technicians and associate professionals 0.168
Clerks 0.127
Service workers and shop and market sales workers 0.102
Skilled agricultural and fishery workers 0.071
Craft and related trades workers 0.143
Plant and machine operators and assemblers 0.149
Elementary occupations 0.117

S o u r c e :  own elaboration.

To answer the first research question, we related respondents’ answers about their mobil-
ity expectations to the estimated value of risk for each occupational group. Additionally, 
two forms of mobility were considered, depending on whether the current organization 
is changed: internal and external. The former is associated with relocation of workers 
within the organization and the latter refers to moving to another organization [Pilar de 
Luis Carnicer, Martínez Sánchez, Pérez Pérez and José Vela Jiménez, 2003, pp. 200–201]. 
In our empirical analysis those individuals who expect to change their current position 
to equivalent or get a promotion were assumed to express expectations on internal mobility. 
Respondents who answered that they were going to leave the organization were assumed 
to have expectations on external mobility. Results appear in Figure 1.

The rate of external mobility varies from 0 for skilled agricultural and fishery workers 
to 3.2% for technicians and associate professionals. The rate of internal mobility varies 
from 0 for skilled agricultural and fishery workers to 9.3% for legislators, senior officials 
and managers (see Appendix 2 for more detailed information). As shown in Figure 1, 
occupational groups with different levels of risk do not vary greatly in their expectations 
about both internal and external mobility. Two occupational groups with the highest levels 
of earnings risk (technicians and associate professionals and legislators, senior officials 
and managers) also have the highest degrees of expected mobility. However, contrary 
to findings reported in the literature, there is a high degree of expected mobility in occu-
pational groups with low earnings risk (e.g. service workers and shop and market sales 
workers). This is quite remarkable, since individuals who work in occupations with less 
risky earnings are believed to be less willing to take risk.
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FIGURE 1. Expected workers’ mobility and levels of risk
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S o u r c e :  own elaboration.

Results of cross-tabulation analysis confirm the notion that occupational groups do 
not differ in expected mobility, which means that there is no statistically significant rela-
tionship between workers’ mobility expectations and occupational group (chi-square with 
eight degree of freedom = 11.201, p = 0.191). There is no association between occupational 
group and expected internal mobility (chi-square with eight degree of freedom = 10.814, 
p = 0.212). It was also found that occupational groups do not differ in expected external 
mobility (chi-square with eight degree of freedom = 3.345, p = 0.911).

The sample was then divided by gender and a cross-tabulation analysis was conducted 
separately for men and for women. Results indicate that occupational group and mobility 
expectations are independent both for female and male respondents. For chi-square tests, 
see Appendix 3.

Since women are commonly thought to be more risk averse [De Paola, 2013; Ding, 
Hartog, Sun, 2010; Hartog, Ferrer-i-Carbonell, Jonker, 2002], men can be expected to be 
more likely to anticipate mobility than women under the same level of risk. Figure 2 depicts 
mobility expectations for female and male respondents for each occupational group.
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As follows from the Figure 2, in most occupational groups the level of expected mobility 
for men is greater than for women, except for two occupational groups in which the level 
of expected mobility for women is higher than for men. There is no difference in mobility 
expectations in two occupational groups: professionals and skilled agricultural and fishery 
workers, which have the highest and lowest risk, respectively.

FIGURE 2. Reported mobility expectations in gender groups
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S o u r c e :  own elaboration.

Leaving the organization can be perceived as a more risky situation than changing 
positions within the same organization. One possible explanations is that workers who 
participated in firm-specific trainings may have difficulties finding an organization where 
there they can use their specific human capital. Given the higher risk-aversion of females, it 
may be anticipated that higher earnings risk men are more likely to report expected exter-
nal mobility than women. Surprisingly, male respondents did not report a greater degree 
of expected external mobility than females in riskier occupational groups (see Figure 3).

An independent samples t-test was conducted to examine whether there is a sig-
nificant difference between men and women in their mobility expectations. The test 
revealed no statistically significant difference in all forms of expected mobility between 
female and male respondents. The only exceptional occupation category is clerks. Women 
reported significantly higher levels of expected external mobility than did men (t = 9.667, 
df = 205.000, p = 0.025). More detailed results are given in Appendix 4.
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FIGURE 3. Expectations on external and internal mobility in gender groups
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S o u r c e :  own elaboration.

Conclusions

In this study, we focus on expected worker mobility under different levels of risk of 
investments in human capital, with a focus on differences in mobility expectations between 
female and male respondents.

The key contribution of the paper stems from its focus on the mobility expectations 
related to the earnings risk and its novel use of expected mobility instead of probability of 
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job changing. To the best of our knowledge, this is the first study of the risk of investment 
in human capital based on the Polish data.

Contrary to expectations, no clear relationship between risk and levels of expected 
mobility emerges, meaning that more risky occupational groups and less risky occupational 
groups do not score very differently on mobility expectations. For some occupations, we 
observe a greater level of expected mobility for men, while for others women report higher 
expected mobility. On the basis of the results, we conclude that earnings risk estimated for 
occupational groups has no effect on reported mobility expectation. Arguably, uncertainty 
about earnings is not the only risk which individuals face, there are other risks connected 
with occupational groups, which may impact workers’ expected mobility (for example, 
unemployment risk, risk of lay-off). As they are not considered here further analysis of 
this issue is needed.

It is noteworthy, that the study considers a period following the recent economic 
recession. Although Poland was less affected than many other European countries by 
economic downturn, there were some negative consequences in the Polish labor market 
[Lewandowski, Magda, 2013]. Given the global economic crisis, it is possible that despite 
facing the risk of investments in human capital, employees did not expect voluntary job 
changes in the near future because of unfavourable conditions in the labor market and 
high unemployment limiting mobility. The relationship between the risk of investment 
in human capital and mobility expectations may be stronger during periods of economic 
growth when there are more labor opportunities [Ng, Sorensen, Eby, Feldman, 2007] and 
most job changes are expected to be voluntary.

Another possible explanation is that compared to other European countries, Poland 
shows relatively low level of job mobility and a high level of average tenure [Andersen, 
Haahr, Hansen, Holm-Pedersen, 2008]. The Polish labor market is also characterized by 
a high degree of employment protection. As pointed out by Kwiatkowski [2004], “… most 
people in Poland are wedded to the notion of their working careers taking place in one 
place and line of work” [as cited in Andersen et al., 2008, p. 120]. This could mean that 
mobility expectations also reflect employee perceptions of job importance unobserved 
by a researcher.

According to the CBOS [2013], over 30% of Poles were mobile in 2009–2013, while 
only 16% declared that they were expecting any job change. However, if offered a better 
paid job that did not match their skills, over 50% of respondents were ready to change jobs. 
Possibly, this lack of clear relationship between the risk of investment in human capital 
and mobile expectations reflects the fact that workers do not want to reveal information 
about their intentions.

The above results should be interpreted with particular caution for several reasons. 
The main research limitation is the small sample size, caused by the lack of observations 
of independent variables used in the analysis. As a result, to have a sufficient number of 
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individuals in each occupational group the sample was divided into nine groups according 
to The International Standard Classification of Occupations.

Following the literature, we assume that individuals with the same type of educa-
tion can be employed in different occupations, but their mobility between occupational 
groups is rather limited [Nagl, 2012]. As stressed by Hartog and Diaz Serrano [2006, 
p. 355] a better approach would be to use educational cells, since occupational choice is 
not always strictly associated with education completed. Moreover, the type of education 
reflects investments in human capital more accurately. However, with the available data 
the number of respondents in each educational group would be too small.

In the analysis we assumed that reported mobility expectations refer to voluntary job 
changes and ignored the fact that employees may expect forced mobility. For this reason, 
more precise information on workers’ mobility expectations should be used in future studies.

Despite the limitations mentioned above, this paper lays the groundwork for more 
comprehensive future research. Several questions remain: To what extent does the risk of 
investments in human capital explain workers’ mobility expectations? and what is the role 
of other types of risk associated with investments in human capital, which may explain 
workers’ job mobility? Evidently, more research is needed to develop a specific hypothesis 
and learn more about the relationship between the risk of investments in human capital and 
expected mobility. Such research would require more complex analysis and a larger data set.

Nevertheless, the finding of this research lead to several general policy and practical 
implications. The trend toward the accelerating pace of technological and demographical 
change in the labor market has caused concern among HR management practitioners. 
As evident from recent surveys, HR risk has been identified as one of the most common 
business risks, with the lack of key competences being regarded as the biggest threat for 
companies [Ernst&Young, 2008; Young, Hexter, 2011]. While employers are encouraged 
to invest in their employees, they should be aware of the risk associated with investments 
in training and how it could be related to turnover. Understanding this link may be helpful 
for implementing more effective HR policies and procedures. For example, employers can 
reduce the risk of investments in training by assuring that the expected training outcomes 
will be useful and relevant to an employee’s current job and position in the labor market.

It has been argued that in an information-based society individuals should develop 
so-called “21st century skills”, which include learning, literacy and social skills. At the 
same time, the operational program “Knowledge. Education. Development” emphasizes 
stimulating job mobility, which can improve workers’ adaptability to a constantly changing 
labor market. This could be made possible by encouraging individuals to actively partici-
pate in different forms of education and training. The awareness of a relationship between 
the risk of investments in human capital and job mobility could help to develop national 
and local policies to address problems of educational activity. The issue presented in the 
paper is linked to the problem of predicting the future demand for skills. Thus, further 
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research on increasing the ability to achieve a balance between general and specific educa-
tion programs and developing human capital that meets labor market demand is needed.

Notes

1 PhD student, Department of Education and Personnel Development, Poznań University of Eco-
nomics, e-mail: olena.shelest@ue.poznan.pl

2 The previous version of the paper was presented on the 1st ESPAnet Poland Annual Conference 
“New horizons in social policy” (Poznań, 2014). I would like to thank two anonymous reviewers and Moon 
Jung Kim (Pennsylvania State University) for many valuable comments that have improved the quality of the 
paper. The financial support of the National Science Center (grant number UMO-2013/11/N/HS4/02969) 
is also gratefully acknowledged. All remaining errors are mine.

3 Beginning with the paper of Levhari and Weiss [1974], there has been a growing literature on risk 
of investments in human capital. See, for example, Hartog and Diaz Serrano [2014] for the survey.

4 The alternative concept introduced by Lazear [2003] suggests that all skills taken separately are 
general in the sense that they may be potentially used by all employers in the labour market. The author 
points out that for each employer some skills can be more valuable than others. Since different employers 
may use different combinations of skills, the employee should be interested in obtaining a variety of skills 
that are in demand by a greater number of employers. Matvos [2005] suggests that specific human capital 
can be divided into firm-specific and manager-specific human capital. The latter includes the effects of 
a long-term cooperation between the employee and his manager, such as trust, complementing abilities, 
as well as efficient teamwork and information sharing [Hayes, Oyer, Schaefer, 2006; Wu, 2007]. The author 
argues that investments in manager-specific human capital are undertaken by the employee. When the 
employee’s supervisor leaves the company, the employee may lose manager-specific capital. This can 
contribute to decreased productivity and subsequent wage loss.

5 These findings support the results reported for other countries (for example, for Spain by Hartog 
and Diaz-Serrano [2004]).

References

Andersen, T., Haahr, J. H., Hansen, M. E., Hlm-Pedersen, M. (2008), Job Mobility in the European Union: Opti-
mising its social and economic benefits (Final report for the European Commission, DG for Employment, Social 
Affairs and Equal Opportunities), Danish Technological Institute.
Becker, G. S. (1962), Investment in Human Capital: A Theoretical Analysis, Journal of Political Economy, Vol. 70, 
No. 5, pp. 9–49.
Berkhout, P., Hartog, J., Webbink, D. (2010), Compensation for Earnings Risk under Worker Heterogeneity, 
Southern Economic Journal, Vol. 76, No. 3, pp. 762–790.
Böckerman, P., Ilmakunnas, P. (2009), Job Disamenities, Job Satisfaction, Quit Intentions, and Actual Separations: 
Putting the Pieces Together, Industrial Relations: A Journal of Economy and Society, Vol. 48, No. 1, pp. 73–96.



Olena Shelest 98

Bonin, H., Dohmen, T., Falk, A., Huffman, D., Sunde, U. (2007), Cross-sectional earnings risk and occupational 
sorting: The role of risk attitudes, Labour Economics, Vol. 14, No. 6, pp. 926–937.
CBOS. (2013), Mobilność i elastyczność zawodowa Polaków. Komunikat z badań (Mobility and Job Flexibility 
of Poles. Research statement), Centrum Badania Opinii Społecznej, Warszawa, http://www.cbos.pl/SPISKOM.
POL/2013/K 011 13. PDF
Cho, Y. J., Lewis, G. B. (2012), Turnover Intention and Turnover Behavior: Implications for Retaining Federal 
Employees, Review of Public Personnel Administration, Vol. 32, No. 1, pp. 4–23.
Coppin, L., Vandenbrande, T. (2007), Voluntary and forced job mobility in Europe, HIVA, Catholic University 
of Leuven, Dublin.
De la Fuente, A., Ciccone, A. (2003), Human capital in a global and knowledge-based economy, Universitat Autònoma 
de Barcelona, Departament d’Economia i d’Història Econòmica, Unitat Fonaments de l’Anàlisi Econòmica.
De Paola, M. (2013), The Determinants of Risk Aversion: The Role of Intergenerational Transmission, German 
Economic Review, Vol. 14, No. 2, pp. 214–234.
Devereux, P. J. (2002), Occupational Upgrading and the Business Cycle, Labour, Vol. 16, No. 3, pp. 423–452.
Dex, S., Bukodi, E. (2013), Gender Differences in Job and Occupational Mobility in Varying Labor Market 
Conditions, Working Paper, No. 13–03. Department of Social Policy and Intervention, University of Oxford.
Diaz-Serrano, L., Hartog, J., Nielsen, H. S. (2008), Compensating Wage Differentials for Schooling Risk in Den-
mark, Scandinavian Journal of Economics, Vol. 110, No. 4, pp. 711–731.
Diaz Serrano, L., Hartog, J. (2007), Earnings risk and demand for higher education: a cross-section test for 
Spain, Journal of Applied Economics, Vol. X, No. 1, pp. 1–28.
Ding, X., Hartog, J., Sun, Y. (2010), Can we measure Individual Risk Attitudes in a Survey?, IZA Discussion 
Paper, No. 4807.
Ernst&Young. (2008), Global human resources (HR) risk: from the danger zone to the value zone. Accelerating 
business improvement by navigating HR risk, Ernst&Young, http://www.corporate-leaders.com/sitescene/cus-
tom/userfiles/file/2008_Global_Human_resource_risk.pdf
Ertürk, A. (2014), Influences of HR Practices, Social Exchange, and Trust on Turnover Intentions of Public IT 
Professionals, Public Personnel Management, Vol. 43, No. 1, pp. 140–175.
Gesthuizen, M. (2009), Job characteristics and voluntary mobility in The Netherlands: Differential education 
and gender patterns?, International Journal of Manpower, Vol. 30, No. 6, pp. 549–566.
Hartog, J. (2011), A Risk Augmented Mincer Earnings Equation? Taking Stock, in: S. Polachek and K. Tatsiramos 
(eds.), Research in Labor Economics, Emerald Group Publishing Limited, pp. 129–173.
Hartog, J., Diaz-Serrano, L. (2004), Is There a Risk-Return Trade-Off Across Occupations? Evidence from Spain, 
IZA Discussion Paper, No. 1355.
Hartog, J., Diaz Serrano, L. (2006), Is There a Risk-Return Trade-Off in Educational Choices? Evidence from 
Spain, Investigaciones Económicas, Vol. XXX, No. 2, pp. 353–380.
Hartog, J., Diaz Serrano, L. (2014), Why do we ignore risk in schooling decisions? Paper presented at the XXIII 
Meeting of the Economics of Education Association, Valencia.
Hartog, J., Ding, X., Liao, J. (2011), Is earnings uncertainty relevant for educational choice? An empirical analysis 
for China, IZA Discussion Paper, No. 5679.
Hartog, J., Ferrer-i-Carbonell, A., Jonker, N. (2002), Linking Measured Risk Aversion to Individual Character-
istics, Kyklos, Vol. 55, No. 1, pp. 3–26.
Hartog, J., Plug, E., Diaz Serrano, L., Vieira, J. (2003), Risk compensation in wages – a replication, Empirical 
Economics, Vol. 28, No. 3, pp. 639–647.



Risk of Investments in Human Capital and Expected Worker Mobility 99

Hayes, R. M., Oyer, P., Schaefer, S. (2006), Coworker complementarity and the stability of top-management 
teams, Journal of Law, Economics, and Organization, Vol. 22, No. 1, pp. 184–212.
Jackson, J. E., Mach, B. W. (2009), Job creation, job destruction, labour mobility and wages in Poland, 1988–1998, 
Economics of Transition, Vol. 17, No. 3, pp. 503–530.
Kim, S. (2012), The Impact of Human Resource Management on State Government IT Employee Turnover 
Intentions, Public Personnel Management, Vol. 41, No. 2, pp. 257–279.
Lazear, E. P. (2003), Firm-Specific Human Capital: A Skill-Weights Approach, IZA Discussion Paper, No. 183.
Levhari, D., Weiss, Y. (1974), The Effect of Risk on the Investment in Human Capital, The American Economic 
Review, Vol. 64, No. 6, pp. 950–963.
Lewandowski, P., Magda, I. (2013), Employment in Poland 2012. Labour market during the recovery from the 
crisis, Human Resources Development Centre, Warsaw.
Long, C. S., Ajagbe, M. A., Kowang, T. O. (2014), Addressing the Issues on Employees’ Turnover Intention in the 
Perspective of HRM Practices in SME, Procedia – Social and Behavioral Sciences, Vol. 129, pp. 99–104.
Long, C. S., Perumal, P. (2014), Examining the Impact of Human Resource Management Practices on Employees’ 
Turnover Intention, International Journal of Business and Society, Vol. 15, No. 1, pp. 111–126.
Matvos, G. (2005), Manager Specific Human Capital Investment: A Model of Block Trading and Firm Stability, 
Unpublished Paper.
McGoldrick, K., Robst, J. (1996), The effect of worker mobility on compensating wages for earnings risk, Applied 
Economics, Vol. 28, No. 2, pp. 221–232.
McGuinness, S., Wooden, M., Hahn, M. H. (2012), Job insecurity and future labour market outcomes, Melbourne 
Institute Working Paper, No. 12.
Nagl, W. (2012), Wage Compensations Due to Risk Aversion and Skewness Affection – German Evidence, Ifo 
Working Paper, No. 145.
Ng, T. W. H., Sorensen, K. L., Eby, L. T., Feldman. D. C. (2007), Determinants of job mobility: A theoretical 
integration and extension, Journal of Occupational and Organizational Psychology, Vol. 80, No. 3, pp. 363–386.
Pereira, P. T., Martins, P. S. (2002), Is there a return – risk link in education?, Economics Letters, Vol. 75, pp. 31–37.
Pilar de Luis Carnicer, M., Martínez Sánchez, A., Pérez Pérez, M., José Vela Jiménez, M. (2003), Gender differences 
of mobility analysis of job and work-family factors, Women in Management Review, Vol. 18, No. 4, pp. 199–219.
Raita, S. (2005), The risk of investment in human capital, PhD, Research Institute in Economics and Econometrics 
Amsterdam (RESAM), Amsterdam.
Sedlak&Sedlak. (2012), Skłonność Polaków do zmiany pracy w latach 2006–2011 (The Propensity of Poles to Change 
Jobs in 2006–2011), Sedlak&Sedlak, Kraków.
Skriabikova, O. J., Argaw, B. A., Maier, M. F. (2013), Risk attitudes, job mobility and subsequent wage growth, 
Working Paper.
Sousa-Poza, A., Henneberger, F. (2004), Analyzing Job Mobility with Job Turnover Intentions: An International 
Comparative Study, Journal of Economic Issues, Vol. 38, No. 1, pp. 113–137.
Watty-Benjamin, W., Udechukwu, I. (2014), The Relationship Between HRM Practices and Turnover Inten-
tions: A Study of Government and Employee Organizational Citizenship Behavior in the Virgin Islands, Public 
Personnel Management, Vol. 43, No. 1, pp. 58–82.
Wu, A. (2007), An analysis of employee investment in specific human capital based on game theory, Journal of 
Contemporary Management Issues, Vol. 12, No. 2, pp. 41–56.
Young, M. B., Hexter, E. S. (2011), Managing Human Capital Risk. A Call for Partnership between Enterprise Risk 
Management and Human Resources, The Conference Board, New York.



Olena Shelest 100

Appendices

Appendix 1

TABLE A1. Independent samples test for equality of variables means

t-test for Equality of Means

t Df Sig.
(2-tailed) 

Mean 
Difference

Std. Error 
Difference

95% Confidence 
Interval of the 

Difference
Lower Upper

Age –3.189 3551.965 0.001 –1.167 0.366 –1.884 –0.449
Years of education –10.403 3349.453 0.000 –0.833 0.080 –0.989 –0.676
Log wage 8.992 3556 0.000 0.13038 0.01450 0.10195 0.15880
Legislators, senior 
officials and managers 0.078 3556 0.938 0.000 0.005 –0.010 0.011

Professionals –11.538 3007.704 0.000 –0.143 0.012 –0.167 –0.118
Technicians and associate 
professionals –4.178 3353.774 0.000 –0.045 0.011 –0.066 –0.024

Clerks –7.474 2959.918 0.000 –0.070 0.009 –0.088 –0.052
Service workers and shop 
and market sales workers –11.868 3011.131 0.000 –0.149 0.013 –0.173 –0.124

Skilled agricultural and 
fishery workers 0.592 3556 0.554 0.002 0.003 –0.004 0.007

Craft and related trades 
workers 20.834 2929.366 0.000 0.265 0.013 0.240 0.290

Plant and machine 
operators and assemblers 17.356 2623.201 0.000 0.186 0.011 0.165 0.207

Elementary occupations –4.911 3242.823 0.000 –0.047 0.010 –0.066 –0.028

S o u r c e :  own elaboration.
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Appendix 2

TABLE A2A. Reported mobility by occupational groups

Reported mobility
Total

0.00 1.00

Occupational 
groups

Legislators. senior 
officials and managers

Count 76 10 86
Percentage 88.4% 11.6% 100.0%

Professionals
Count 540 43 583
Percentage 92.6% 7.4% 100.0%

Technicians and associate 
professionals

Count 364 42 406
Percentage 89.7% 10.3% 100.0%

Clerks
Count 274 25 299
Percentage 91.6% 8.4% 100.0%

Service workers and shop 
and market sales workers

Count 549 55 604
Percentage 90.9% 9.1% 100.0%

Skilled agricultural and 
fishery workers

Count 26 0 26
Percentage 100.0% 0.0% 100.0%

Craft and related trades 
workers

Count 707 49 756
Percentage 93.5% 6.5% 100.0%

Plant and machine 
operators and assemblers

Count 440 37 477
Percentage 92.2% 7.8% 100.0%

Elementary occupations
Count 298 22 320
Percentage 93.1% 6.9% 100.0%

Total
Count 3274 283 3557
Percentage 92.0% 8.0% 100.0%

S o u r c e :  own elaboration.

TABLE A2B. Chi-Square tests

Value df Asymp. Sig. (2‑sided) 
Pearson Chi‑Square 11.201a 8 0.191
Likelihood Ratio 12.955 8 0.113
Linear‑by‑Linear Association 2.713 1 0.100
N of Valid Cases 3557

a 1 cells (5.6%) have expected count less than 5. The minimum expected count is 2.07.
S o u r c e :  own elaboration.
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TABLE A2C. Reported internal mobility by occupational groups

Reported internal mobility
Total

0.00 1.00

Occupational 
groups

Legislators. senior 
officials and managers

Count 78 8 86
Percentage 90.7% 9.3% 100.0%

Professionals
Count 551 32 583
Percentage 94.5% 5.5% 100.0%

Technicians and associate 
professionals

Count 377 29 406
Percentage 92.9% 7.1% 100.0%

Clerks
Count 279 20 299
Percentage 93.3% 6.7% 100.0%

Service workers and shop 
and market sales workers

Count 562 42 604
Percentage 93.0% 7.0% 100.0%

Skilled agricultural and 
fishery workers

Count 26 0 26
Percentage 100.0% 0.0% 100.0%

Craft and related trades 
workers

Count 724 32 756
Percentage 95.8% 4.2% 100.0%

Plant and machine 
operators and assemblers

Count 451 26 477
Percentage 94.5% 5.5% 100.0%

Elementary occupations
Count 304 16 320
Percentage 95.0% 5.0% 100.0%

Total
Count 3352 205 3557
Percentage 94.2% 5.8% 100.0%

S o u r c e :  own elaboration.

TABLE A2d. Chi-Square tests
Value df Asymp. Sig. (2‑sided) 

Pearson Chi‑Square 10.814a 8 0.212
Likelihood Ratio 12.138 8 0.145
Linear‑by‑Linear Association 3.225 1 0.073
N of Valid Cases 3557

a 2 cells (11.1%) have expected count less than 5. The minimum expected count is 1.50.
S o u r c e :  own elaboration.
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TABLE A2E. Reported external mobility by occupational groups

Reported external mobility
Total

0.00 1.00

Occupational 
groups

Legislators, senior 
officials and managers

Count 84 2 86
Percentage 97.7% 2.3% 100.0%

Professionals Count 572 11 583
Percentage 98.1% 1.9% 100.0%

Technicians and associate 
professionals

Count 393 13 406
Percentage 96.8% 3.2% 100.0%

Clerks Count 294 5 299
Percentage 98.3% 1.7% 100.0%

Service workers and shop 
and market sales workers

Count 591 13 604
Percentage 97.8% 2.2% 100.0%

Skilled agricultural and 
fishery workers

Count 26 0 26
Percentage 100.0% 0.0% 100.0%

Craft and related trades 
workers

Count 739 17 756
Percentage 97.8% 2.2% 100.0%

Plant and machine 
operators and assemblers

Count 466 11 477
Percentage 97.7% 2.3% 100.0%

Elementary occupations Count 314 6 320
Percentage 98.1% 1.9% 100.0%

Total
Count 3479 78 3557
Percentage 97,8% 2.2% 100.0%

S o u r c e :  own elaboration.

TABLE A2F. Chi-Square tests

Value df Asymp. Sig. (2‑sided) 

Pearson Chi‑Square 3.345a 8 0.911
Likelihood Ratio 3.731 8 0.881
Linear‑by‑Linear Association 0.035 1 0.853

N of Valid Cases 3557

a  2 cells (11.1%) have expected count less than 5. The minimum expected count is.57.
S o u r c e :  own elaboration.



Olena Shelest 104

Appendix 3

TABLE A3A. Reported mobility (women) by occupational groups

Reported mobility
Total

0.00 1.00

Occupational 
groups

Legislators, senior 
officials and managers

Count 37 4 41
Percentage 90.2% 9.8% 100.0%

Professionals
Count 377 30 407
Percentage 92.6% 7.4% 100.0%

Technicians and associate 
professionals

Count 216 19 235
Percentage 91.9% 8.1% 100.0%

Clerks
Count 186 20 206
Percentage 90.3% 9.7% 100.0%

Service workers and shop 
and market sales workers

Count 387 36 423
Percentage 91.5% 8.5% 100.0%

Skilled agricultural and 
fishery workers

Count 11 0 11
Percentage 100.0% 0.0% 100.0%

Craft and related trades 
workers

Count 120 8 128
Percentage 93.8% 6.3% 100.0%

Plant and machine 
operators and assemblers

Count 57 7 64
Percentage 89.1% 10.9% 100.0%

Elementary occupations
Count 183 13 196
Percentage 93.4% 6.6% 100.0%

Total
Count 1574 137 1711
Percentage 92,0% 8.0% 100.0%

S o u r c e :  own elaboration.

TABLE A3B. Chi-Square tests

Value df Asymp. Sig. (2‑sided) 

Pearson Chi‑Square 4.094a 8 0.849
Likelihood Ratio 4.917 8 0.766
Linear‑by‑Linear Association 0.132 1 0.717

N of Valid Cases 1711

a  2 cells (11.1%) have expected count less than 5. The minimum expected count is.88.
S o u r c e :  own elaboration.
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TABLE A3C. Reported mobility (men) by occupational groups

Reported mobility
Total

0.00 1.00

Occupational 
groups

Legislators, senior 
officials and managers

Count 39 6 45
Percentage 86.7% 13.3% 100.0%

Professionals
Count 163 13 176
Percentage 92.6% 7.4% 100.0%

Technicians and associate 
professionals

Count 148 23 171
Percentage 86.5% 13.5% 100.0%

Clerks
Count 88 5 93
Percentage 94.6% 5.4% 100.0%

Service workers and shop 
and market sales workers

Count 162 19 181
Percentage 89.5% 10.5% 100.0%

Skilled agricultural and 
fishery workers

Count 15 0 15
Percentage 100.0% 0.0% 100.0%

Craft and related trades 
workers

Count 587 41 628
Percentage 93.5% 6.5% 100.0%

Plant and machine 
operators and assemblers

Count 383 30 413
Percentage 92.7% 7.3% 100.0%

Elementary occupations
Count 115 9 124
Percentage 92.7% 7.3% 100.0%

Total
Count 1700 146 1846
Percentage 92,1% 7.9% 100.0%

S o u r c e :  own elaboration.

TABLE A3D. Chi-Square tests

Value df Asymp. Sig. (2‑sided) 

Pearson Chi‑Square 14.816a 8 0.063
Likelihood Ratio 14.619 8 0.067
Linear‑by‑Linear Association 4.141 1 0.042

N of Valid Cases 1846

a  2 cells (11.1%) have expected count less than 5. The minimum expected count is 1.19.
S o u r c e :  own elaboration.
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Abstract

This paper concerns the problem of generation gap management resulting from per-
sonnel restructuring in foundries in Poland. Structural changes to steelworks led to a sharp 
decline in employment caused by decreased steelworks production. New hiring was limited 
as a part of employment rationalisation in the steelworks sector. Such personnel policy 
eventually led to a generation gap. Ratios between individual age groups of employees are 
imbalanced at steelworks: the numbers of young personnel are low and of those aged 50+ 
are high. This research forecasts changes in employment levels for the 2013–2019 period, 
aimed at closing the generation gap. The paper consists of three parts: (1) a descriptive 
analysis of labor market demographics in Poland’s steel industry; (2) proposed methodology 
for HR management model, and (3) econometric models forecasting labor demographics 
in Poland’s steel industry.
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Introduction

Foundries are typically considered large companies in terms of employment. In 
1990 147,000 people were employed in the Polish foundry industry; restructuring of 
steelworks led to a reduction by 124,800 thousand people in this sector. According to the 
newest data, the sector employs just 22,200 individuals, most of whom are employees with 
long-term experience. There are some companies where employees aged 50+ comprise 
almost 50% of the personnel. This human resources structure characterizes, inter alia, 
the largest steelworks, namely ArcelorMittal Poland (which employs over 11,000 people). 
The problem of aging personnel is caused by industry restructuring, demographic shifts 
in Poland’s labor pool, and changes in the job market. Aging societies are a problem 
in many countries. The 27 member states of the European Union show that over 17% 
of their population is aged 65+. The same group comprises just over 13% of Poland’s 
population [Eurostat Yearbook, 2011, p. 118]. Changes in the age structure of societies 
lead to a generation gap phenomenon (relations between generations X and Y). Accord-
ing to the literature, Generation X includes people born between 1965 and 1981, whilst 
Generation Y (i.e. Millennials), includes persons born between 1982–2000. The personnel 
gap is understood as an imbalance between the experienced personnel of a company 
(employees aged 50+) and young employees. This gap is seen as a threat to the economy 
(a symptom of deficit, delay, and non-conformity) [Naegele, Walker, 2008]. The gap may 
lead to a shortage of personnel that could occupy key positions in the future. Difficulties 
in the timely replacement of experienced employees may negatively affect production. 
Employees with professional experience (Generation X), which currently form the core 
of personnel at foundries, will soon reach their statutory pension age. In order to provide 
personnel continuity, actions defined as generation gap management must be undertaken. 
Employees with professional experience must be replaced by young people.

It is worth mentioning that generation gap management is not a separate area of man-
agement, but instead refers to a method of ensuring full coverage of positions based on the 
age structure of current personnel. A special area of age management includes mitigation 
of negative effects caused by the generation gap. In regards to the existing generation gap, 
defined as an inter-generational difference (between Generations X and Y), generation 
gap management refers to characteristics differentiating Generations X and Y.
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A Descriptive Analysis of the Labor Market Demographics 
in Poland’s Steel Industry

Changes in the labor market demographics in Poland’s steel industry were caused by 
a restructuring of the economy and consequent changes in human resources demand and 
supply. Restructuring in the steelworks sector eliminated 124,800 positions. The highest 
decrease in employment was recorded in 1991 and 1992, when over 20,000 people per year 
left the industry. In 1993–1998 employment continuously declined, but at a slower annual 
rate. A high employment decrease of 22,300 people was recorded in 1999, followed by 
a 16,500 decrease in 2000. These employment reductions of nearly 38,800 resulted from the 
closure of unprofitable steelworks (Huta Baildon, Huta Kościuszko, Huta Gliwice foundries 
declared bankruptcy), as well as by organizational transformation of various companies 
(separation of new companies from the biggest foundries: Huta Katowice and Huta im. 
T. Sendzimira in Kraków) [Gajdzik, 2013]. The following years witnessed further reduc-
tions as over 10 thousand people were sacked by companies in the steelworks sector. An 
economic improvement in the steel market in 2004 was beneficial for employment levels, 
but a few years later over 3,000 employees left the steelworks sector during the global crisis. 
Today, further employment reduction is foreseen as target forecasts for steelworks sector 
employment is 15,600 as compared to the current 22,200 (Figures 1 and 2). Employment 
in Polish steelworks in particular years is presented in Table 1.

FIGURE 1. Employment in Polish steelworks in 1990–2013

S o u r c e :  own elaboration based on Roczniki Statystyczne Przemysłu, GUS, Warszawa; Polski przemysł stalowy [2007–2012 
reports], HIPH, Katowice; Biuletyn AGH [2014], No. 77, pp. 1–6, http://www.biuletyn.agh.edu.pl; Czerwińska [1998], Problemy 
restrukturyzacji hutnictwa w Polsce, No. 618, Biuro Studiów i Ekspertyz, p. 4, biurose.sejm.gov.pl/teksty_pdf_98/i-618.pdf
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TABLE 1. Employment level and dynamics in Polish steelworks in 1991–2013

Year
Employment

Changes
−/+ year to year before

persons persons
1990 147,000 -
1991 123,000 –24,000
1992 106,000 –23,000
1993 99,000 –7,000
1994 93,000 –6,000
1995 91,000 –2,000
1996 90,000 –1,000
1997 86,500 –3,500
1998 78,200 –8,300
1999 55,200 –22,300
2000 38,700 –16,500
2001 31,600 –7,100
2002 26,400 –5,200
2003 23,800 –2,600
2004 30,900 +7,100
2005 29,000 –1,900
2006 30,400 +0,600
2007 28,900 –1,500
2008 29,400 +1,400
2009 26,300 –3,100
2010 25,500 –1700
2011 25,600 +0.100
2012 23,900 –1,700
2013 22,200 –1,700

S o u r c e :  as in Figure 1.

These employment reductions led to changes in personnel age structure. Before the 
restructuring, personnel aged 30 or younger comprised 20% of human resources. Currently 
this is the smallest age group, comprising between 5% and 12% of total employment. 
The most recent implementation of the first human resources rationalization program 
at foundries and steelworks was conducted 25 years ago. Recently, hired then employees 
hired are reaching their late 50 s [Gajdzik, Ocieczek, 2015].
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FIGURE 2. Employment dynamics in Polish steelworks 1991–2013

S o u r c e :  as in Figure 1.

Proposed Methodology of Action – a Model of HR Management

Generation gap management is focused on generations’ differences. Briefly speaking, 
older employees work more effectively, are loyal to their employers, but do not use (or are 
hesitant to use) innovations and new technical and organizational solutions. Experienced 
employees are competent and knowledgeable, they own the resources of tacit knowledge 
[Gajdzik, 2008]. Young employees are characterized by: computer skills, immediate 
acceptance of new solutions, linguistic skills, high ambition and creativity and profes-
sional development orientation. Young people often see their career as a series of 2–3 year 
periods. Talents are sought amongst young personnel. An individual with unique skills 
and knowledge is considered to be talented [Espinoza, Ukleja, Rusch, 2010; Guthridge, 
Komm, Lawson, 2008].

The difference between one generation and another is not measurable in numerical 
terms, However, certain generation specifics becomes clear when applying some evaluation 
criteria. The presented generational characteristics comprise a reference for development 
and implementation of a new human resources management model. Our study, aimed 
at limiting the negative effects of the generation gap at steelworks in Poland, is based on 
the following methodology:
1. Initial identification determining the composition of a company’s human − generation 

profile diagnosis (initial report);
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2. Valuation of positions and selection of key ones (key positions ensure continuity and 
safety of technological processes);

3. Design and implementation of a training model permitting knowledge transfer 
(including tacit knowledge), as part of the cooperation between long-term employees 
and younger personnel;

4. Motivation adaptation to the needs and expectations of employees, which takes into 
account generation differences − a professional development scenario for individual 
generation groups (where role assignment considers the motivation system, and 
qualifications of various generations, which should be complementary in knowledge 
and experience);

5. Working in multi-generational teams (teams of employees at age-managing companies 
are comprised of individuals of various ages, in which mature employees are trainers 
or mentors young employees);

6. Personnel fluctuation control aimed at narrowing the generation gap (age management 
should pay particular attention to the “best employees” category – e.g., those who are 
difficult to replace -, if they are in the 50+ age group, special actions must be taken 
in order to prepare their “worthy successors”); and

7. Monitoring changes introduced to the human resources policy, including calculations 
of human resources costs.
The above model is still at a preliminary stage and needs further research and schol-

arly feedback. The literature on good practices in business in HR management is vast and 
businesses often rely on it for HR solutions. Some of those helpful tools include: the matrix 
of staff fluctuation management in reference to the work efficiency [Martin, Bartol, 1985; 
RJP – realistic job preview [Breaugh, 1992; Premack, Wanous, 1985], and programs of 
work-life balance, etc. One solution to diminishing the generation gap proposed in the 
literature involves employee leasing. Large companies use such solutions (for example 
Xerox) referring to leased employees as ”specialists” or ”workers for special tasks”. In 
that sense, the days of traditional downsizing are over in HR management. Generation 
management is realized in long time by using various HR tools.

Knowledge of older generations enables the selection of appropriate motivation, com-
munication and development tools. Age management is based on age segmentation − an 
age-based division of employees. The monitored age is a statistical analysis of employee 
age (by the HR Department or its equivalent). A banding system may be used to classify 
employees according to their age. Age monitoring helps to identify problems and develop 
reactive strategies. Employers adapt their HR management tools to the needs of individual 
age groups. This applies mainly to training, motivation and recruitment.

The Polish market shows a clear disproportion between the number of younger and 
older workers. The appearance of the generation gap in steelworks resulted from the 
introduction of actions known as ‘age management’. Its main goal is to transfer knowledge 
between generations. Generation teams have been introduced to foundries and steelworks. 



Generation Gap Management in Restructured Metallurgical Enterprises in Poland 113

Employees with longer employment at the foundry are mentors for their newly recruited 
colleagues. The knowledge transfer, which takes place during work usually involves tacit 
knowledge, resulting from many years of work at a particular position. These transfers of 
tacit knowledge or of silent knowledge between employees became a necessity at foundries 
and steelworks, preventing the loss of basic skills and technical competences gained by 
current personnel. Exchange of knowledge through cooperation also became a form of 
motivation − an acknowledgement and endorsement of a professional experience by the 
employer. Former positions, such as blast furnace worker, caster, and roller were replaced 
by positions with a significant component of IT and automation [Castro, Munck, 2014; 
Male, Bush, Chapman, 2011], resulting in the creation of such new title s as blast furnace 
operator, continuous pouring line operator, and rolling mill operator. Changes in age 
management at foundries and steelworks also apply to recruitment. To protect steelworks 
against mass losses of employees with long-term professional experience (through reaching 
the retirement age), more young employees had to be recruited. However, newly hired 
employees comprise roughly 1.5% to 2.5% of the personnel.

Econometric Models Forecasting Labor Demographics 
in Poland’s Steel Industry

One adaptation-based forecast model appropriate to determine a change in develop-
ment trends of the forecast variable is presented by C. C. Holt; the so called two-parameter 
model [Dittmann, 2008; Sobczyk, 2008]. The Holt method of so called double exponential 
equalisation, belongs to the group of adaptation-based forecast methods, and is often used 
for time series data, where a systematic component is distinguished in the form of a regular, 
linear trend including random fluctuations. The author of the described method also took 
into account the possibility of simultaneous changes to the trend itself, as well as to the 
basic level of the forecast variable. Use of the model developed by Holt requires, however, 
optimization of so called initial values of parameters denoted in formulas (1), such as F1 
and S1. Holt advised that the values be estimated according to the following relationship:

 F1 = y1, S1 = y2 – y1 (1)

This relationship indicates that the first evaluation of the average, equalized forecast 
should be accepted as the value of the first actual (empirical) observation, while the value 
of the trend print should be accepted as the difference between the actual: second and 
first values of the studied series. The smoothing process of the given time series is con-
sequently performed using this method for periods from the second to the last period 
(namely for t∈2,T) by determining the average value (data equalization) and existing 
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trend (or rather, by equalization of the given trend). Based on this method the following 
relationships are provided:

 Ft =α yt + (1−α )(Ft−1 + St−1),  (2)

 St = β(Ft − Ft−1)+ (1−β )St−1.  (3)

The calculated Ft component in formula (2) expresses the average forecast value, sub-
jected to exponential smoothing (up to, and including, the t period). The St component 
calculated according to formula (3) reflects the difference between average values Ft and 
Ft−1, thus comprising a measure of the increase in trend increase detected. It can be noted 
that formula (3) averages exponentially increase the afterwards. At the same time, Holt 
proposed that both smoothing parameters α and β should be from the closed range from 
zero to unity [0;1]. The average series level is estimated as a weighted average of current 
empirical values of the series and the obtained, new estimate of average value based on 
data from previous periods. When the actual time series forecast yt* is estimated (the 
so called ex-ante forecast) using the Holt model, it is calculated for periods meeting the 
t >T condition. In order to perform it, the average value from the previous period FT is 
added to the estimated values of trend slopes ST during the last period, multiplied by the 
difference between the given period number of the constructed forecast, and the number 
of the period understood as the last period, for which weight smoothing parameters α 
and β were determined according to the following relationship:

 yt
∗ = FT + (t −T )ST .  (4)

The value of relative average error of expired forecasts ψ was used to optimize the 
smoothing parameters α and β since, according to the literature [1–4], the value of this 
error is not particularly sensitive to occasional, large errors. The error was determined 
by calculating, yt!  for each of the t periods, (where t∈1,T), the value of the product equal 
to the relative difference:

 
yt − yt!

yt
 (5)

In this formula, yt denotes an empirical value, namely that of execution of the Y var-
iable during the given t period. Then, the calculated value of the sum of relative values 
should be divided by the number of relative values, as indicated in the following formula:

 Ψ = 1
T

yt − yt!

ytt=1

n

∑  (6)
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The α and β parameters were optimized using the optimization tool Solver of the Excel 
spreadsheet (Figure 3).

FIGURE 3. Employment forecast for Polish steelworks until 2019

S o u r c e :  own elaboration.

TABLE 2. Level of employment in Polish steelworks – age range

Year 1990 1994 1997 2000 2003 2006 2009 2013

Age 
range

th
ou

sa
nd

/%

th
ou

sa
nd

/%

th
ou

sa
nd

/%

th
ou

sa
nd

/%

th
ou

sa
nd

/%

th
ou

sa
nd

/%

th
ou

sa
nd

/%

th
ou

sa
nd

/%

up to 30
29.4 18.4 15.7 5.6 2.5 2.04 1.6 1.2
24.0% 19.8% 18.2% 14.4% 10.3% 6.7% 5.9% 5.0%

30–50
94.1 59.9 56.05 26.7 16.6 19.15 15.– 10.6
64.0% 64.4% 64.8% 69.0% 69.9% 63.0% 57.1% 0,5%

50+
23.5 14.7 14.8 6.4 4.7 9.2 9.7 10.2
12.0% 15.9% 17.0% 16.6% 19.8% 30.3% 37.0% 47.0%

Total 147.0 93.0 86.6 38.7 23.8 30.4 26.3 22.0

S o u r c e :  as in Figure 1.
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The 2013 model forecast matches closely the real statistical data (22.2 thousand 
employees as compare to the e forecast 23.1 thousand). In 2019, forecasted employment 
in Polish steelworks will be 15,700. At the same time market experts, based on an analysis 
of the steel market and UE policy (Climate Package) foresee an employment reduction 
in the Polish steelworks to 15,000 people.

The assumed forecast sets the basis for simulation of changes aimed at narrowing the 
generation gap. Shares of age groups in total steelworks employment were determined on 
the basis of statistical data (Table 2).

The analysis covered the 1990–2013 period. On the basis of calculated changes 
in employment levels and the structure of individual age groups, a forecast of changes 
aimed at narrowing the generation gap among employees was performed (Figure 4).

FIGURE 4. Changes to the generation gap of steelworks personnel in Poland

S o u r c e :  own elaboration.

The Methodology Used

Age range up to 30
Assuming that in the years 2015–2019 the number of employees below age 30 will 

increase, the forecast relied on a model based on a third degree polynomial, characterized 
by an excellent fit to the actual employment levels in this age group during the 1991–2013 
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period with a coefficient of determination R2 = 97.8% – namely ca. 98% of empirical results 
is explained by the model (7).

 y= –0.0012x3 + 0.1337x2 − 3.7796x + 3.2901 (7).

According to the forecast the number of employees aged below 30 years will be 3,600 
by 2019. The average employment growth rate in this age group for the 2014–2019 period 
(calculated using a geometric average of chain indices) was forecasted to be ca. 35.9% 
(Figure 5).

FIGURE 5. The average employment growth rate in the age group up to 30

S o u r c e :  own elaboration.

The age range of 30–50. By applying the aforementioned methodology for this age 
group, the following model (8) was developed, with R² = 0.9664.

 y = –0.0071x3 + 0.4886x2 – 11.461x + 104.2 (8)

The forecasted employment level in this age group for 2019 is 9,700 workers, which 
indicates that the average decline in the employment rate for the 2014–2019 period in the 
age group of 30 to 50 is ca. 5%.

The 50+ group was estimated as the difference between shares of the two age groups 
discussed above and 100%. In 2019, a total of 2,400 employees aged 50+ is forecasted, and 
the average rate of decline is estimated to be ca. 21.7% (Figure 7).
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FIGURE 6. The average employment growth rate of in the age group 30–50

S o u r c e :  own elaboration.

FIGURE 7. The average growth rate of employment levels in the age group 50+

S o u r c e :  own elaboration.
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Conclusions

The restructuring of the Polish steelworks industry led to a generation gap. It resulted 
in bigger number of mature employees compared to the number of young ones. In order 
to protect themselves against the negative effects of the generation gap, foundries and 
steelworks implemented actions defined as age management. This paper presents a sim-
plified methodology of actions, including change forecasts. The simulation of changes 
performed by the authors of the paper may be useful for steelworks sector companies 
in other countries.

Notes

1 Author’s e-mail address: bozena.gajdzik@polsl.pl (corresponding author)
2 Author’s e-mail address: jan.szymszal@polsl.pl
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