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QUANTITATIVE METHODS IN THE RISK ANALYSIS  

ON THE EXAMPLE OF THE OIL SECTOR 

ALICJA BYRSKA-RĄPAŁA 

Faculty of Management, AGH University of Science of Technology Krakow 

The geological object (deposit) is a specific type of asset of mining 

enterprise which cannot be quantitatively or qualitatively interchangeably 

measured. In spite of rapid development of geological and economic 

sciences, still none of universal method of evaluation of value of resources 

has been settled yet. In the article, on the example of the oil sector, author 

described chosen methods of the mathematical statistics and the financial 

mathematics tools, which are used in the risk assessment related to estimating 

the fair market value of hydrocarbons. In the article the following subjects 

are presented:  

- the hyperbolic lognormal distribution in the exploration risk assessment, 

- the exponential utility function and the evaluation of the real option in the 

economic risk assessment. 

For each area of risk assessment is to recommend software. 

Statistical methods and the financial engineering used in estimating the 

fair value of the properties, are from many years the topic of numerous 

scientific publications and research. Many of the studies has indicated the 

importance of mathematical methods in solving problems in the area, where 

not long ago intuition and experience of evaluator of deposit were 

mainstream. 

Keywords: fair market value, hyperbolic lognormal distribution, exponential utility 

function, risk tolerance level, equivalent of certainty, real option 
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1. Introduction 

Methods of properties’evaluation establishing nowadays an independent 

scientific sub-discipline: geological objects’evaluation engeenering. In spite of rapid 

development of geological and economic sciences, no universal method of evaluation 

of fair market value (FMV) resources has been fixed yet; hence, tools allowing to 

make the process of their estimation more objective are still searched for. 

The controversy, especially among practitioners, raises the notion of fair 

market value. In the case of such assets like crude oil or nature gas deposit, can be 

discussed only about the estimated fair value. It is worth underlining that fair 

market value is a broader concept than economic value; it is a hypothetic value, 

reflecting changes of crude oil and natural gas prices, as well as the risk connected 

with the estimated property. The quality of properties’ valuation depends on the 

correctness of exploitation forecasts and on proper economic assumptions (the 

prediction of capital requirements, operation cost and taxes, discount rates, as well 

as the risk and uncertainty connected with the subject of estimation).  

Globalization of economy, providing transparency and security of marketing 

transactions, were the basis for the introduction of International Accounting 

Standards (IAS) and International Financial Reporting Standards (IFRS). In 

accordance with the standards, by the fair value shall be understood the amount at 

which an asset could be exchanged or a liability settled, between interested, well-

informed and clearly unrelated to each other parties under the conditions of market 

transactions. To determine FMV one can apply three approaches: market, 

profitable and cost. It should be noted that the use of valuation based on market 

prices is possible only if there is an active market (items of marketing are 

homogeneous and in any moment one can find willing buyers and sellers, 

transaction prices are publicly available). In 2000 years, the concept of fair value 

was first introduced to the Polish law by the Accounting Act. Unfortunately, the 

provisions of the Act does not explain how to set fair value properly.  

The most often quoted definition of FMV of hydrocarbon deposit says that it 

is “a value established by a willing buyer and willing seller with neither party 

having a compulsion to buy or to sell and both having reasonable knowledge of 

relevant facts“ [4]. Although very appropriate, is this definition useless from 

practical point of view. This is why FMV is also determined as a value established 

by a qualified and impartial estimator using fair and reasonable assumptions for the 

purpose for which the value is rendered. The typical evaluator is an experienced 

reservoir engineer with sufficient knowledge of economic and risk issues. 

In Poland the problem of valuation fold appeared along with the evolution of 

the political system. Unfortunately, the pace of the system transformation did not 

follow up with the legal system. 
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The statutory definition of fair value draws attention to the presence of an 

active market and is not useful in determining FMV of hydrocarbon property. 

There is no active market for practically traded property  no two identical 

property, there are no continuous quotations, prices of “buy and sell” transactions 

are often commercial secret. The author proposes a division of methods for 

assessing the FMV property depicted in Fig. 1. The presented classification 

combines economic science methods, classification methods proposed by the 

guidelines for the evaluation of petroleum reserves and resources. 

 

Figure 1. Approaches and methods valuation of fair market value of hydrocarbon deposit 

 

Each one of the FMV estimation methods has to take into account risks and 

uncertainties. The development of mining technology, computer-aided decision-

making, creating online databases cause the fact, that new solutions are still 

introducing to the quantitative assessment of the risks and uncertainties of mining 

projects. The purpose of this article is to present the applicability of the hyperbolic 

lognormal distribution in the exploration risk assessment, the exponential utility 

function and the evaluation of the real option in the economic risk assessment. 

2. Mathematical methods for the assessment of risks and uncertainties  

The petroleum industry is a classic case of decision making under risk and 

uncertainty. Found in the literature sharing risk and uncertainty – for exploratory 

and economical – stems primarily from: 

- random nature of all phenomena and effects related to exploration,  
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- uncertain quantities of hydrocarbons in a property, 

- stochastic nature of decline rate of production, 

- the high cost of obtaining hydrocarbons (capital expenditure, operating costs), 

- fluctuations in the price of oil and natural gas. 

Exploratory risk and uncertainty relates to the existence, size, and quality 

resources. In the evaluation of quantity and quality of resources, the source of risk 

exploration is mainly the geological risk (existence of viable accumulation of 

hydrocarbons). The basic methods for geological risk assessment, i.e. the 

probability of discovering include: 

- intuitive assessment of  the probability,  

- estimating the probability on the basis of geological materials,  

- assessment of probability on the basis history of exploration in the region, 

- probability models for oil exploration.  

During the 1980s and 1990s, the risk was estimated on the basis of distributions 

models of deposits for geological basins such as the lognormal distribution, 

lognormal-hyperbolic distribution and fractal normal percentage [3].  

Breakthrough in reservoir engineering is the application of a new generation 

of methods, i.e. artificial intelligence. This group new methods include 

mathematical solutions to assess the geological basins, whether individual deposits: 

expert systems, neural networks, genetic algorithms, fuzzy sets, whether the 

analysis databases (data base mining) [8].  

Economic risk and uncertainty, otherwise the market uncertainty, concerns 

the future prices, the conditions on the market, future operating costs and capital 

expenditure. In the 1980s was introduced for economical risk analysis the theory of 

preference (utility) with the exponential utility function [5].  

Practical ways of assessing risk and economic uncertainty in the estimate the 

value of the investment project shall include:  

 application of decision theory (method of decision trees, utilities)  

 analysis of the sensitivity, 

 Monte Carlo simulation, 

 adaptation to risk discount rate (risk premium)  

 application of real option theory. 

One of the software packages used to risk analysis through Monte Carlo Simulation 

is @RISK of the company Palisade Corporation. @RISK use Monte Carlo 

simulation to: decision tree analysis, production forecasting, estimation of reserves 

of oil deposit, production and economic forecasts. It is an add-on MS Excel 

spreadsheet and Lotus 1-2-3. Fig. 2 shows the standard financial analysis for oil 

investment for the assumed probability distributions of the input data.  

http://www.palisade.com/industry/OilGasModels.asp#production
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Figure 2. Outputs window at the risk model of @RISK 

Source: http://www.palisade.com/industry/OilGasModels.asp 

 

The most popular, used by the world's largest oil, gas and mining companies 

to analyse spreadsheet models and improve decision making, is Crystal Ball 

software. Like @Risk, Crystal Ball through Monte Carlo Simulation is used to 

quantify the impact of uncertainties in the financial and economic analysis.  

2.1. Exploration risk assessment based on the history of prospecting  

in geological basin 

One of the key factors in decision analysis in exploration and development of 

hydrocarbon reserves is deposit size. As it remains unknown before an extensive 

study, it is of great interest to determine the field size distribution function, since it 

can be used for predictions. The distribution models of size of oil and gas fields in 

a region used to be and still are the subject of research conducted by many 

geostatisticians.  

When talking about the field size distribution - to avoid any misunderstanding 

- tree different types of distribution have to be distinguished (Fig. 3): 

1) A distribution of all fields created by Nature in a region (which can be called 

parent population distribution). The evidence suggests that the parent 

population has a monotone decreasing distribution function with large amount 

of small fields and small amount of large fields. 

2) B distribution of discovered fields (sampling or observed distribution). The 

characteristics of petroleum exploration process caused that the usual 

assumption of random sampling is not valid in that case. Empirical evidence 

indicates that larger deposits are found usually early in exploration process. It is 

also certain that the process of exploration is influenced by economic factors 

http://www.palisade.com/industry/OilGasModels.asp
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which determine the minimum field size which is economically acceptable 

under specific oil price to oil exploration and development cost ratio (it could be 

called economic truncation phenomenon). The models of observed distributions 

are usually unimodal with mode relevant to average field size. According to the 

economic truncation reasoning the mode is being shifted to the left as a result of 

oil price rise.  

3) C distribution of fields remained to be discovered. Petroleum engineers are 

eager to get know both models since the difference between A and B 

distributions gives the distribution type C.  

Modelling and predicting hydrocarbon deposit size distribution meet in reality 

many obstacles which make these problems more connected with theoretical 

wisdom than with practical applications. There are many reasons for these 

obstacles. 

1) Determining A distribution on the base of B distribution is very complicated 

mathematically, especially because of the lack of agreement among 

geostatisticians how the difference between A type and B type distributions 

looks like. 

2) B distribution remodels with the time (see Fig. 3). In the first stage of 

exploration large and medium, and rather incidentally small fields are 

discovered. In the second stage medium and small fields are explored, and 

consequently when the exploration process goes to the next stages more and 

smaller fields are the matter of exploration. 

3) When determining C distribution, a continually changing B distribution has to 

be subtracted from not precisely described A distribution. 

4) There are not many regions in the  world known detailed enough to determine 

how B distribution alters with the time or how really A distribution looks like. 

5) Globalisation of petroleum industry as well as supremacy in hydrocarbon 

markets by the owners of gigantic fields have resulted in abandonment of many 

small and medium fields as they are regarded as unprofitable. 

Unresolved problem of the parent population distribution and distribution of fields 

remained to be discovered, development of information technology and in 

particular access to the databases on the history of geological units, to describe the 

distribution of deposits geostatisticians propose still new models. Preferably used 

by practitioners and constantly verifying for different regions, is lognormal 

distributions [3, 9]. Log-normal distribution is considered a classic distribution of 

petroleum geology, not only for modelling the distribution of deposits in geological 

basin, but also to model the distribution parameters of the deposit, i.e. the 

thickness, porosity, area, etc. 
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Figure 3. Modelling distributions of deposits of hydrocarbons. Source: based on [1]  

 

The alternative to a log-normal distribution is hyperbolic lognormal 

distribution (loghyperbolic). Loghyperbolic distribution is not as popular in 

geostatistic as the log-normal, probably because the estimation of its parameters is 

more labour-consuming. It has four parameters and its probability density function 

may be written as follows: 

xx
axp 2)(1exp),,,(),,,;(

2
 (1) 

where:  x – random variable X,  X  lnQ, Q – field size, , , ,  – parameters of 

the distribution, a( , , , ) – norming constant. 

In Table 1 and on Fig. 4 have been presented the comparing results of surveys 

for lognormal and loghyperbolic distributions in the Polish Carpathian Mountains 

geological province. The obtained results indicate that both distribution models  

lognormal and loghyperbolic  show good fit to the empirical data in the 

Carpathians basin. The results of 
2
 test at 5-percent significance level were 

satisfying. 

On the ground of empirical and theoretical number of fields, geostatisticians 

can estimate the probability of exploration (geological risk). Of course the 
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assessment of geological risk has to respond to a series of additional information: 

geology, the order of discovery of deposits, etc. 

To estimate parameters of the loghyperbolic distribution used Levenberg-

Marquardt metod from software Statgraphics, based on the least-squares procedure. 

You can also use the software BestFit of the company Palisade Corporation. 

 
Table 1. Observed and estimated number of fields in the Carpathians  

 
Class intervals 

[milin TOE} 

Number of fields 

Observed 
Lognormal 

distribution 

Loghyperbolic 

distribution 

I below  0.006 8 5.3 8.1 

II 0.006 – 0.016 8 6.5 7.6 

III 0.016 – 0.043 8 12.6 10.7 

IV 0.043 – 0.116 10 15.6 12.5 

V 0.116 – 0.311 12 10.3 11.9 

VI 0.311 – 0.837 12 10.1 9.6 

VII 0.837 – 2.250 10 5.0 6.8 

VIII above  2.250 3 5.5 4.3 

 Total 71 70.9 71.5 

Source: based on [1] 

 

 
Figure 4. Observed and estimated number of fields in the Carpathian basin.  

Source: based on [1] 
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2.2. Mathematical statistics rules in the economic risk measurement 

Expected value is one of the basic mathematical measures and found a 

permanent place in the economic analysis. The expected monetary value (EMV) for 

the investment project shall be determined on the basis of available information as 

to the possible gains (losses) from enterprise and the probability of their 

occurrence. Most commonly used formula is: 

);( nps KpNPVpEMV   1ps pp  (2) 

where: 

ps  – probability of discovery field (success), 

pp – probability of undiscovery (lost),  

Kn – cost drilling of negative object,  

NPV – net present value in the event of discovery field, which can be calculated by 

the formula: 

0
1

, KaCFpNPV
T

t
tits    or  0KPNPV  (3) 

where: 

K0 – drilling cost of positive object, 

{CF1, CF2, …, CFT} – expected future cash flows in case of correct drilling site, 

tti
i

a
)1(

1
,   – discount rate for the year t and interest rate, 

T

t
tits aCFpP

1
,  

The supplement to the EMV analysis, may be three coefficients, more accurately 

characterized the risk and the probability of success of financial investments: 

- the variance  
2
 or standard deviation  of financial results,  

- volatility v, 

 probability P(FMV*) that fair value FMV of project will be greater or equal to 

the specified value FMV*. 

The variance or standard deviation shall be calculated by the formulas: 

EMVm2
2    or   22 Ppp ps  (4) 

where: 

m2 – second moment of the project value, calculated by the formula: 
2

0
2

02 )( KpKNPVpm ps  (5) 

A measure of risk is often assigned by the volatility, defined by v   / EMV, 

which evaluates the stability of the estimated mean value EMV. A small volatility 

implies that there is little uncertainty in the expected value, while a large volatility 

implies a considerable uncertainty in the expected value. 
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The third indicator P(FMV*), shall be calculated by the formula (6) with the 

assumption that the FMV of the deposits has normal distribution N(EMV; σ) [6]: 

P(FMV  FMV*) 

*

2 ])(exp[
2
1

2

1

FMV

dxEMVx  (6) 

Each measure uses a different combination of the expected value and standard 

deviation  this allows to look at the value of the field/project and risks to different 

perspective. 

2.3. Utility theory in the risk assessment 

Measure the profitability of investment projects, such as net present value 

(NPV), internal rate of return (IRR), payback period (DPB) and discounted 

expected value EMV, do not take human factors into project valuation  assume 

that all investors have equal attitude to risk. Consideration of the decision makers 

attitude to the risk is possible by applying the utility/preference theory. The theory 

provides a practical basis for decision maker to formulate and implement a 

consistent risk policy in the form of a mathematical function. The exponential 

utility function is often used to measure risk preferences of the decision maker. The 

mathematical form of the exponential function u(x) represents the formula [9]: 

RTxexu /)(  (7) 

where: 

x – variable of interest, 

RT – risk tolerance level of the decision maker corporation; the RT value represents 

the sum of money such that the decision makers are indifferent as a company 

investment to a 50 – 50 chance of winning that sum and losing half of that sum, 

e – exponential constant. 

Knowledge  of the utility function and RT, makes opportunity to calculate a new 

index  the equivalent of certainty/risk-adjusted value RAV [5]. Assuming a 

discrete probability distribution of few possible outcomes of financial investment 

project, the RAV can be apply by the formula: 

)ln(

1

/
n

i

i RTx
i epRTRAV  (8) 

where: 

pi  probability of the i-th financial result, 

xi  value of the i-th financial result. 
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Equivalent of certainty RAV can be interpreted as the value of the investment 

minus the risk premium. Decision maker chooses this project, which ensures 

maximum equivalent confidence. 

2.4. Real options as the dynamic method to determine FMV 

Real options were first used in oil industry to estimate the value of oil fields in 

tenders for geological leases. Optional approach considers reacting to future 

investment activities and makes the development schedule and exploitation of the 

reserve more flexible. Taking into account the static and dynamic aspects of the 

valuation of the investment project, the general formula for FMV can be written as: 

 valuedynamicvaluestatic

optionNPVFMV  (9) 

Binomial tree models are most often used to evaluate the value of real options. The 

classic model of a binomial tree shows the price levels which a share (basic tool) 

can reach within the validity period of the option. The binomial tree assumes that 

price fluctuations happen by leaps and bounds. Fig. 5 shows the rules according to 

calculate the option value (H) for a three-period binomial tree, where: 

Vt  – oil price in time t  (t  0, 1, 2, 3), 

C – development cost,  

H – option value, 

i – discount rate,  

p – probability of price fluctuation in the next period, calculated by formula: 

du
e dti

p  (10) 

u and d – coefficients of price V increase/fall, calculated by formula: 

teu   and  
u

d
1

 (11) 

t – the time interval (the period of validity of the option T divided into n periods, 

t  T / n), 

 – volatility of oil price.  

The value of option H at each note of the binomial tree informs us about the 

possible value of reserve development in future. The value of undeveloped reserves 

calculated with real option method is positive and is bigger than the NPV value.  

It is particularly visible for low oil prices, when the NPV is negative. The deciding 

rule for NPV method is clear: projects having negative current net value should not 

be developed – the NPV method does not consider the 'optional ' value of reserves. 

The difference between NPV value and real option value shows the scope of the 

reserves owner’s decision flexibility. When the oil price goes up, the difference 
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between NPV and real option values decreases, because the ‘optional’ value of 

reserves also goes down. 

 

Figure 5. The binomial option pricing formula 

3. Conclusion 

The evaluation engineering offers many methods for determining fair-market-

value of a hydrocarbon property. The proper FMV determinations should consider 

the time element of the revenue stream and the technological, economic and 

political uncertainties. 

The size of geological deposit is the main parameter of the FMV, which is 

usually modeled in the standard distribution of petroleum geology, i.e. the 

lognormal distribution. The alternative to the lognormal distribution might be the 

more labour-consuming, loghyperbolic distribution. Both of the above mentioned 

types of distribution, could be considered as equivalent. 

The key role in the process of estimating the FMV of the deposits takes a 

"human factor", i.e. the decision maker attitude towards risk and uncertainty. 

Proposal to quantify the "human factor" could be utility theory with the exponential 

function, the equivalent of certainty and the method of real options. 

Present-day software should be considered as a tool, more and more excellent, 

but still determined by the geological and economic knowledge. Increasingly 

powerful computational algorithms could not replace experience, and above all, 

common sense. 
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ECONOMIC EFFICIENCY OF TELEWORK IMPLEMENTATION 

FOR IT TEAMS. METHODOLOGICAL BACKGROUND 

AND A CASE STUDY 

MIROSŁAW DYCZKOWSKI 

Institute of Business Informatics, Faculty of Management, Computer Science 

and Finance, Wroclaw University of Economics 

The paper looks into selected problems relating to the evaluation of 

economic efficiency of telework implementation for IT teams. Telework is a 

form of employment which can be successfully used in most of IT activities 

and professions. The need for rationalizing constantly growing labor costs 

makes it necessary to implement telework programs in IT teams. The author 

presents the methodological background for a study of economic efficiency 

of such programs based on the Cost-Benefits Analysis (CBA). Estimates of 

expected benefits are based on Key Goal Indicators (KGI) and Key 

Performance Indicators (KPI) recommended in the PO7 Manage IT Human 

Resources process of the COBIT
®
 (Control Objectives for Information and 

related Technology) 4.1 model. The validity of a suggested approach is then 

verified on a real example of IT telework program implemented in a large 

organization, with detailed effectiveness assessments included in the article. 

Keywords: COBIT®, economic effectiveness assessment, IT human resources 

management, IT teams, telework, telework program implementation. 

1. Introduction 

A global financial crisis which has affected Polish economy since the second 

half of 2008 resulted in deterioration of the economic situation in the majority of 

companies and institutions. The evidence has been provided by current business 
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statistics, economic and social analyses or by monitoring tendency changes in the 

economy (see, e.g., a profound diagnosis included in the report [12]). Implications 

of the crisis have been observed in the information technology sector as well, with 

clear signals coming from producers and providers of IT products and services or 

their customers. 

This situation has affected the functioning and informatization programs of a 

large percentage of Polish companies and institutions. The author’s surveys from 

2009-2011 on the impact of the global crisis on IT projects and systems in 375 

companies and institutions showed that many of those had modified their 

informatization strategies. Apart from cuts in IT seminars and training expenses, 

the respondents most frequently indicated the following as visible symptoms of the 

change: postponed IT investments, reduced IT investment spending and reduced 

budgets of IT departments (see, e.g., [5, pp. 110-112], and [6]). 

With shrinking IT budgets, the interest in calculating effectiveness of IT solu-

tions has been growing. This includes looking for ways to rationalize the labor 

costs of employed IT professionals. Many factors contribute to high and ever rising 

labor costs for almost all IT professions in Poland. One of particular importance in 

the context of telework discussed in this article is the comparative facility with 

which Polish IT professionals can enter the labor markets of countries with much 

higher salary levels, often without even having to emigrate. Not only “does the 

work come to them,” with many companies setting up branches or 

competence/service centers in Poland, but also technologies for developing most of 

IT products and services enable their “trouble-free” remote maintenance. As a 

result, salaries of IT professionals are leveled up to those of more developed 

countries. Combined with high and constantly increasing charges on salaries (such 

as, e.g., social security levies), this produces a rise in labor costs in IT sector in 

Poland. 

The aim of this paper is to test the working hypothesis that telework is a pro-

efficient form of employment that can be successfully applied to IT teams. 

Organizational flexibility along with social and environmental orientation are those 

characteristics of telework which are most often cited as favoring its increasingly 

widespread use (cf. [14] and [18]). But also economic effectiveness of telework 

attracts more and more attention. Thus, the American association TelCoa proposes 

the following formula for “successful work today and tomorrow” [19]: 

IT + P
3
 = E

3
. According to it, improvement of the economy, rationalization of 

energy demand and protection of the environment (E
3
) depend on the degree in 

which continuously developed information technology (IT) goes together with 

appropriate policies, processes and procedures (P
3
). 

The following sections of the paper discuss some of the problems associated 

with implementation of telework in IT along with a methodological basis for the 

analysis of the economic effectiveness of telework programs based on the so-called 
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mixed (or alternating) model. A suggested approach is then tested using the 

example of a pilot implementation of such program which took place in 2011. 

2. Implementing telework in IT teams 

Before we speak about economic effectiveness assessment, it is necessary to 

consider the major problems posed by implementation of telework in IT 

professions or teams. 

 
Table 1. The main advantages and disadvantages of telework for the employer  

and the employee 

Advantages of telework for the employer Advantages of telework for the employee 

 Reduce operating costs (office space, 

furniture and equipment, office supplies, 

replacement costs, cost of employment, 

etc.) 

 Enhance productivity 

 Reduce the number of sick leaves 

 No being late for work 

 Possibility of employing disabled 

workers or workers on maternity/parental 

leave 

 Recruit skilled labor 

 Payment by results and not by time 

 Reduce the negative influence of 

employees on one another 

 Greater employment opportunities 

 Flexi-work (employment, contract, time, 

places of residence and work) 

 Flexibility 

 Reduce indirect costs (higher earnings) 

 No commuting or shorter commute (save 

time and money) 

 More time for the family 

 Dependence on technology may result in 

the improvement of professional skills 

 Age and appearence are no longer 

important, what counts are skills 

Disadvantages of telework for the employer Disadvantages of telework for the employee 

 High initial costs 

 Difficulties in ensuring the necessary 

level of security and confidentiality of 

information 

 Management problems (it is necessary to 

redefine internal regulations, managerial 

staff may oppose) 

 No direct control over the employee  

 Loss of the firm’s identity 

 The employee is more likely to leave the 

company to work as a freelance 

 (Feeling of) isolation and alienation 

 Longer working day (the lack of structure 

of the working day may disrupt work) 

 Stress in the family (difficulties in 

separating work and family life) 

 Additional costs 

 Fear of having less chance of promotion 

and being more likely to be dismissed 

Source: [13,  pp. 34-35] 

 

To begin with, it should be remembered that the idea of telework in IT sector 

is already fifty years old (cf. [12]). In consequence, we can draw not only on the 
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experiences of numerous IT firms, but also on the best practices worked out by 

organizations whose aim is to develop telework as a form of employment. This 

provides us with both some concepts of telework and programs of its 

implementation in various professions (including IT professions) and different 

organizational structures (such as, e.g., project or task teams). From the perspective 

of this paper, the benefits identified as a result of implementing telework are of 

particular interest. Thus, TelCoa (The Telework Coalition) has identified 10 major 

groups of potential benefits, each associated with one of three categories of 

beneficiaries: the employer and the economy, the employee or the environment and 

society [17]. Having studied numerous reports available, P. Sienkiewicz and H. 

Świeboda listed the main advantages and disadvantages of telework for the 

employer and the employee (see Table 1). Most important, some of these 

advantages and disadvantages can be measured. Once recorded, the values of the 

indicators characterizing them can be used in standard methods of measurement 

and evaluation of effectiveness. 

Second, it must be stressed that the idea of telework is now not only being 

promoted by “specialists in management” or “the business world,” but also getting 

support from politicians. A good example is Barack Obama’s speech at the White 

House Forum on Workplace Flexibility on March 31, 2010. The American 

president declared that “work is what you do, not where you do it,” emphasizing 

the integral role of telework in achieving flexible, resilient workplaces [13, p. 7].  

The political support is essential insofar as it is leading to development of telework 

implementation strategies and programs (see US initiatives, e.g., [6] and [7]). 

Another example is provided by the European Union, which has been including 

telework in successive strategies and programs of the development of information 

society (e.g., eEurope – An Information Society for All and Telework programs) 

which it finances as far as research and development as well as implementation 

projects are concerned. Telework has also been an important element of successive 

informatization strategies and numerous central (e.g., Telepraca [Telework] I and 

II) and regional programs and projects in Poland. Most important, the support from 

politicians is resulting in new regulations on flexible forms of employment. Thus, 

regulations on telework as a form of employment were introduced into the Polish 

Labor Code in August 2007 [15]. Legal definitions of telework and teleworker 

helped to specify the character of this form of employment, as well as the 

relationship between the employer and the employee, including the rights and 

obligations of both. Moreover, the regulations have provided new opportunities for 

women, the disabled and people living far from economic/administrative centers to 

(re-)enter the job market. All this means that IT sector can more often take 

advantage of telework, also in regard to those who have limited employment 

opportunities. With more potential candidates for a job, IT firms and institutions 

looking for IT professionals may be able to make the recruitment process quicker, 
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reduce their dependence on key employees, lower the costs associated with the 

creation of stationary jobs, and so on. 

Finally, IT professions seem to lend themselves well to the implementation of 

teleworking. The characteristics of the latter match, to a great extent, those of IT 

products and tasks that are completed in the course of their creation, maintenance 

and use, that is tasks that are carried out by IT professionals. Accordingly, IT 

products can largely be created and maintained – and IT services provided – at a 

distance, even globally. Furthermore, IT professionals have the knowledge and 

skills in information and communication technologies needed to implement 

telework, while IT firms have the necessary equipment, application and network 

infrastructures. What counts in teleworking is not the action itself or the way it is 

carried out but the result. It is likewise in IT, where the greater part of provided 

solutions are developed as projects, with a scope, parameters, time (limits), 

expenditure and costs well defined for final products or services, as well as their 

elements. This greatly facilitates changing development, provision or servicing 

technologies from stationary into remote and/or mobile. Both telework and IT work 

are often described as “conceptual,” which makes it possible for different actions 

that make them up to be carried out simultaneously. But this also imposes some 

requirements, which can be met thanks to the so-called simultaneous management 

including: planning, management, synchronization of processes and information, 

information linking, motivation and evaluation. Like complex IT projects or IT 

task teams’ work, telework implementation requires keeping the so-called big 

picture of a project coherent in a situation where each worker controls a different 

part of it. In both cases, what can greatly help is task management, result-oriented, 

with the exact specifications of final and intermediate products, procedures for 

change management and information access and exchange platform management, 

and a good support system. Let us add at the end that IT professions require, but 

also develop, the same qualities as those needed for teleworking, i.e. self-

discipline, conscientiousness, regularity, capacity for task work, result-orientation 

or ability to organize one’s work while keeping in view teamwork requirements. 

As a result, IT (or ITC) sector employees and IT professionals working with 

companies and institutions, whether around the world or in Poland, are among 

those who are the most likely to become teleworkers. 

3. Measuring and evaluating the economic effectiveness of implementing 

telework in IT teams 

Having briefly presented the general idea of teleworking, we can go on to 

discuss the main problems associated with measurement and evaluation of the 

economic effectiveness of implementing this form of employment in IT teams. 
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In the literature of the subject, we can find various approaches to the 

measurement and evaluation of the economic effectiveness of IT projects and 

products, with examples of their application (see, e.g., [2] and [3]). This multitude 

is due to the complexity of the problems which may be considered from different 

theoretical and practical perspectives. 

First of all, the methodology of effectiveness assessment will largely depend 

on whether we have to do with a commercial project (also IT project), a 

commercial project with social elements, a social project with commercial 

elements or an entirely social project. In each case, there will be differences in 

decision criteria, cost-effectiveness evaluation methods and measures, as well as 

the approaches to risk [8, p.144]. This paper focuses on teleworking programs, in 

which commercial and social aspects are equally present. So the adopted approach 

should, on the one hand, be based on an effectiveness financial analysis and, on the 

other hand, take social factors into account, integrating the results into a coherent 

evaluation system. This is illustrated in Figure 1. 
 

2. Identification and quantification
of economic benefits

1. Identification and quantification 
of expenses and costs

3. Calculation and evaluation
of economic effectiveness
(NPV, IRR and MIRR)

4. Choice of the effectiveness 
indicators (KPI) that will be used
to evaluate intangible benefits

6. Extended evaluation of variability 
and risk factors  (sensitivity
and scenario analyses)

5. Periodic evaluation
of intangible benefits (KPI)

 

Figure 1. Generalized scheme of economic effectiveness analysis extended to include 

evaluation of intangible benefits and of variability and risk factors 

 

The procedure presented schematically in Figure 1 consists of six steps. The 

first three are standard steps in economic effectiveness analysis methods based on 

CBA (Cost Benefit Analysis) which may well be used in IT field, as many authors 

have demonstrated (see, e.g., [2] and [3]). The expenditure and cost side of the 

equation is transparent and relatively easy to identify and quantify, with TCO 
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(Total Cost of Ownership) best practices providing a basis for the analysis in IT 

field. It is much more complicated to identify and quantify economic benefits, 

especially in the case of “to-be” scenarios. It is therefore advisable to create 

repositories of historical and comparative data on tangible benefits and/or 

opportunity costs. It is also recommended that the analysis be extended to include 

the KPI (Key Performance Indicators) characterizing organizational or business 

processes being supported. By modeling the expected values of KPI on the basis of 

comparative data, we are able to estimate the achievable increase in productivity 

(cost reduction and change in efficiency indicators) in an indirect way. If we then 

want to apply measures recommended for financial analysis (such as NPV, IRR 

and MIRR) to the evaluation of effectiveness, the changes in KPI values must be 

expressed in terms of financial quantities. This is usually possible as many of the 

indicators are correlated to specific cost and/or revenue objects. However, the 

process is complicated, and so requires a lot of time and effort, especially in the 

case of evaluating social costs and benefits, which are often equally important as 

economic and financial results. 

Because the analysis of the effectiveness of implementing telework programs 

involves evaluation of social costs and benefits, steps 4 and 5 of the proposed 

procedure (Figure 1) modify the way KPI are used. As regards intangible benefits, 

the analysis may be limited to recording the values of the indicators, whose 

conformity with the planned target and/or intermediate values is then examined. A 

similar approach can be found in procedures aiming at continuous improvement of 

a process. The difficulty lies in selecting an appropriate set of KGI (Key Goal 

Indicators) and KPI. In the case of the implementation of telework programs, it 

seems that the choice may be based on the COBIT (Control Objectives for 

Information and related Technology) model [1]. This is a globally accepted IT 

governance framework developed by ISACA and ITGI (IT Governance Institute), 

containing a set of good practices, including control objectives for information and 

related technology. It provides organizations with a clear and coherent framework 

for IT management. The COBIT version 4.1 defines objectives and indicators 

which may be used in the teleworking field in the process PO7 Manage IT human 

resources [1, p.57]. 

From a survey of the process PO7 performance indicators it appears that the 

following KPI could be used to evaluate the effectiveness of telework 

implementation: 

 Number of job positions included in a teleworking program  

 Number of employees under a telework arrangement 

 Cost of maintaining job positions included in a teleworking program 

 Turnover rate (number of staff leaving compared to the average number of 

staff employed) 
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 Number of employment contracts terminated on the initiative of the employee 

 Number of employment contracts terminated by agreement of the parties 

 Average number of days to recruit 

 Number of days off work 

 Absence rate (%) 

 Number of working days lost due to unplanned absence 

 Percentage of tasks completed on time 

 Employee satisfaction index (satisfaction, confidence and loyalty) 

 Employee interest in telework (%) 

The above list is not closed and, depending on the situation, may be lengthened or 

shortened. Some of the KPI from the list have been used in the case study 

presented in the next section of the paper. 

The sixth and last step of the analytical procedure shown in Figure 1 consists 

in an extended evaluation of variability and risk factors, which, except discount and 

NPV profile analysis, were not included in the earlier steps. This means 

complementing the study with a sensitivity analysis („what-if”) and an analysis of 

OBP (optimistic, base and pessimistic) scenarios. As both of them are well-known 

tools, we will not describe them here and will only show how they can be used in 

the case study presented below. 

4. Case study 

4.1. General description of the implementation environment 

The adopted methodology of evaluating the economic effectiveness of 

implementing telework in IT teams has been tested in a large institution which 

started a pilot teleworking program based on a mixed model in 2011. The testing 

was carried out in cooperation with T. Kordecki who discussed some of the 

problems associated with telework implementation in a thesis supervised by the 

author of this paper and written as a part of a postgraduate course in Effective IT 

Management in a Company in the Warsaw School of Economics [10]. 

The institution in question did not have much recourse to teleworking before 

taking interest in it for economic and social reasons. It is located in the center of a 

big city where office space rental prices are high. This results in high costs of 

stationary jobs. Moreover, many employees complain about a time-consuming 

commute to work, asking their superiors for a change in their working hours or 

flextime. The institution’s IT department employs almost 100 people. It has a 

system for recording work time and a system for assigning tasks and monitoring 

their completion. All tasks to complete have precisely defined goals and results. 
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Technically and organizationally, the institution is prepared for telework 

implementation, having developed and been using secure solutions for remote 

access to internal IT resources, defined standards for stationary and mobile 

workstations and set up a 24 hour Service Desk. 

4.2. Measuring and analyzing the implementation effectiveness  

with discounting methods 

In line with the conception of effectiveness assessment presented earlier 

(Section 3), the calculations and analysis should begin with application of standard 

discounting methods (cf. steps 1-3 in Figure 1) based on CBA. Table 2 shows the 

parameters of the telework implementation program, which served as a basis for 

quantifying the values of necessary expenses and costs, as well as expected 

benefits. 

 
Table 2. Basic parameters of the telework implementation 

Item 2012 2013 2014 2015 

Average total annual cost of maintaining a job position in 

the institution’s offices 
13,000 PLN 

Average total annual cost of network access for a 

teleworker 
960 PLN 

Average cost of adapting a workstation in the institution 

for a teleworker (a hot desk) 
2,000 PLN 

Annual cost of training a group of teleworkers and their 

managers 
50,000 PLN 0 

Percentage of a teleworker’s work time outside the 

institution 
60%, i.e. 3 days a week 

Costs of the teleworking program implementation (first 

year) and maintenance (next years) 

100,000 

PLN 
30,000 PLN 

Number of teleworkers 10 20 30 30 

Source: own presentation based on [10, p. 24] 

 

Table 3 presents the values of necessary expenses and costs, estimated on the 

basis of these parameters. Table 4 provides an overview of the values of expected 

direct economic benefits. Following our earlier argument (cf. steps 4 and 5 of the 

procedure in Figure 1), because of unreasonable costs of a monetary valuation of 

benefits and its later updating, we did not undertake such a valuation of benefits 

associated with increase in staff efficiency and staff recruitment and retention. 

These benefits were, however, included in the telework implementation indicators 

that have been regularly monitored. 
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Table 3. Predicted expenses and costs of the teleworking program  

implementation (in PLN) 

Item 2012 2013 2014 2015 

Total expenses and costs of the program 

implementation 
100,000 0 0 0 

Total costs of adapting workstations 12,000 12,000 12,000 0 

Total costs of network access for teleworkers 9,600 19,200 28,800 28,800 

Training and workshops for teleworkers and their 

managers 
50,000 50,000 50,000 0 

Costs of the teleworking program maintenance 0 30,000 30,000 30,000 

Overall expenses and costs 171,600 111,200 120,800 58,800 

Source: own presentation based on [10, p. 25] 

 
Table 4. Predicted economic benefits of the teleworking program  

implementation (in PLN) 

Item 2012 2013 2014 2015 

Reduced costs of maintaining jobs 39,000 156,000 234,000 234,000 

Reduced costs of teleworking staff absence 1,800 7,200 10,800 10,800 

Overall benefits 40,800 163,200 244,800 244,800 

Source: Own presentation based on [10, p. 25] 

 

Table 5 shows the cash flow for the implementation, which served as a basis 

for calculating the values of NPV, IRR and MIRR. Table 6 presents the values of 

these effectiveness measures, calculated for a 3 and 4-year life cycle of the 

teleworking program. 

 
Table 5. Cash flow for the teleworking program  

implementation (in PLN) 

Item 2012 2013 2014 2015 

Capital outlay and costs 171,600 111,200 120,800 58,800 

Benefits (predicted benefits and cost reduction) 40,800 163,200 244,800 244,800 

Net cash flow (NCF) – 130,800 52,000 124,000 186,000 

Discounting factor (CO = 10%) 1.0000 0.9091 0.8264 0.7513 

Discounted cash flow (NCF x CO) – 130,800 47,273 102,479 139,745 

Source: Own presentation based on [10, p. 26] 
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Table 6. Indicators of the economic effectiveness of the teleworking program 

implementation 

Economic effectiveness indicator 2012-2014 2012-2015 Change (%) 

NPV 18,952.07 PLN 158,696.62 PLN 837.4% 

IRR 19.25% 57.39% 298.1% 

MIRR 18.04% 43.94% 243.6% 

Source: Own presentation based on [10, p. 27-28] 

 

The sixth and last step of the proposed procedure (cf. Figure 1) consists in an 

extended effectiveness evaluation which includes variability and risk factors and 

uses sensitivity and scenario analysis methods. The results of a sensibility analysis 

are found in Table 7. The data show that, especially for a 4-year analytical period, 

the project’s safety margins prove to be wide. 

 
Table 7. Selected results of a sensibility analysis for the teleworking program 

implementation 

Indicator 2012-2014 2012-2015 Change (%) 

Safety margin for expenses and costs 5.09% 38.08% 748.1% 

Safety margin for benefits 4.84% 27.58% 569.9% 

Source: Own presentation based on [10, pp. 27-28] 

 

Finally, in Table 8, the results of a scenario analysis, which are the values of 

NPV, IRR and MIRR calculated for particular scenarios, show that, in all cases 

except the pessimistic scenario for a 3-year analytical period, the project fully 

meets the so-called absolute cost-effectiveness criterion, as NPV  0 while 

IRR and MIRR  MARR (minimum acceptable rate of return) (cf. [3] and [8]). 

 
Table 8. Results of a scenario analysis for the teleworking program implementation 

Scenario  

Effectiveness indicator 
Optimistic Base Pessimistic 

3-year analytical period (years 2012-2014) 

NPV (in PLN) 63,571.40 18,952.07 23,667.27 

IRR 44.55% 19.25% 0.69% 

MIRR 37.87% 18.04% 0.97% 

4-year analytical period (years 2012-2015) 

NPV (in PLN) 212,512.05 158,696.62 105,378.56 

IRR 80.77% 57.39% 39.08% 

MIRR 57.13% 43.94% 32.30% 

Source: Own presentation based on [10] 
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It should be stressed in closing that, in the case studied, all the conditions and 

all the resulting effectiveness criteria are fulfilled so that, economically, we may 

consider that the project is cost-effective and recommend starting to implement 

telework in the institution’s IT teams. 

5. Conclusion 

Institutions and business organizations are constantly looking for ways to 

rationalize IT spending and labor costs of employed IT teams, being faced with a 

decrease in the former as a result of, among others, the economic crisis and a 

steady increase in the latter. One of the options is a more widespread use of 

teleworking as a socially- and environmentally-oriented, organizationally flexible 

and economically efficient form of employment. 

The author hopes that the reflections contained in this paper – particularly the 

conception of effectiveness measurement and evaluation along with the case study 

based on it – will help to spread knowledge on such an important subject as 

telework, thus encouraging more frequent recourse to this form of employment 

with regard to IT teams. 
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In addition to data analysis, equally important issue, is the appropriate 

presentation of the analysis results during the economic, social and 

demographic studies. Depending on the legibility of the used form, it may 

make it easier or more difficult to interpret and draw conclusions. Especially 

difficult is the presentation of multidimensional data, according to the 

limitations of traditional types of graphs. The paper presents a graphical 

presentation of the three-dimensional data in the form of the so-called "map 

of differentiation" that is suitably modified spatial graph. There were 

presented different types of maps, layers determination ways and examples 

of specific applications for cigarettes consumption and diversification of 

logistics in the Polish food processing data. 

Keywords: data presentation, multidimensional data, spatial graphs, diversification 

maps 

1. Introduction 

In scientific studies, often multi-dimensional data is used. Apart from 

processing and analysis of such type of data, it is very important to properly 

present the results. While nowadays technical possibilities and available 

methodology (data warehouses, OLAP methods) allow, in principle, to process and 

analyze data with a few, several, or even dozens of dimensions, in practice there 

are most frequently only two- or three-dimensional data, which are the easiest for 
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users intuitive perception. High possibilities in the matter of multidimensional data 

processing and analysis are not accompanied by the corresponding capabilities for 

clear of such analysis results presentation. This problem is especially severe in the 

case of pre-processing and basic data analysis of multidimensional data in many 

companies with using of basic software, which is in many cases a popular 

spreadsheet of Microsoft Excel. Although in the market there are offered different 

analytical packages, which enables of multidimensional analysis results 

presentations in many forms, however, the prevalence of their using is rather 

limited, also by the price or the degree of complexity [1], [2]. 

High frequency of processing, analysis and presentation of multidimensional 

data during economic, social, demographic and many other studies is the result of 

frequent need to present the level or frequency of a phenomenon two 

differentiating factors or depending on one factor, but chronologically. Meanwhile, 

widely used in such cases, MS Excel software is in this area quite limited, mostly 

due  to the simplicity of implemented multidimensional data presentation tools: 

pivot tables, point, surface and bubble charts. Using of these methods in the basic, 

not modified versions often makes difficult to interpret. 

The paper presents a proposal of surface charts modification in the form of so 

called "Diversification Maps" similar to hypsometric maps, which are clear, 

intuitively comprehensible and also popular method of three-dimensional data 

presentation in two dimensions. Two dimensions on a plane represent the longitude 

and latitude, while the color is the height of the area above or below sea level. The 

number and width of terrain layers presented on the map can be different, but 

always the same color represents the area, the height of which is within the 

specified range of values. A proposal of transfer of hypsometric maps idea to 

present three-dimensional data or two-dimensional data changed in time on charts 

is presented with using commonly available software MS Excel. Discussed in the 

paper issues are presented with examples of real data analysis results from research 

of cigarettes consumption in Poland and diversification of logistic structure in 

Polish agribusiness companies conducted in the past. The idea of presented method 

is an old, and the first time was proposed by French economist Toussaint Loua in 

1873 in form of color representation of numbers in a table [2]. 

2. The objective and the methods 

The idea of data presentation on these type of charts is to divide the entire 

range of presented values in layers and marking of each of them by a separate color 

according to a scheme used on the hypsometric. The number and width of layers is 

taken as needed or may be a constant value determined earlier. Often, in addition to 

the same layers of color on the chart there are placed labels, which represent the 

variable values presented in the chart. “Diversification maps” can present different 
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types of values, such as: raw, average or percentage values. The aim of this paper is 

an overview of “Diversification maps” charts as a tool of multidimensional data 

presentation with discussion about the most important aspects of its creation. 

Charts of this type are prepared in several stages: (A) choice the method of 

presented data distribution between layers; (B) determination the number of layers; 

(C) division the data into layers; (D) definition of color scheme presented in layer; 

(E) determination the order of values assigned to the vertical and horizontal axis; 

(F) formatting individual chart elements; (G) placing additional elements on the 

chart, (H) correction of chart (for example, by changing the range of presented 

data), of course if it is necessary. Presented type of charts can be prepared both 

with using of basic MS Excel tools or with using of VBA (Visual Basic for 

Applications) programming language, which is integrated with MS Office 

software. Every version of Excel may be used to prepare “diversification maps”, 

but the most intuitive for this kind of charts is MS Excel 2003. 

The stages A and B are tightly interlinked. The simplest method of 

distribution the data into layers in the graph is equal distribution of ranging from 

the smallest to the largest value of presented variable to a fixed number of layers in 

accordance with the formulas (1) defining the width of a single layer zw and (2) 

defining the initial value, that is the lower limit of each layer kw. 

 

w
w

n

kk
z

minmax
 (1) 

 

1)1(

1min

1 wforzwk

wfork
k

ww
w  (2) 

 

where: k – variable, which values are presented on the chart, which represents one 

of the differentiating factors; nw – number of layers on the chart, w – single layer 

number (w = 1, …, nw). 

This method does not work very well in case where some groups have all or 

most of values significantly higher or significantly lower than the other groups. 

Then usually too many layers are taken by one or a few groups, which represent the 

highest values. Additionally, too many layers are empty, (there represents any 

values), because  placed between single or a few highest groups and majority of 

remaining groups with lower values of variable. In such cases, other method of 

data distribution into layers works better [8]. In this method, the distribution of 

values is done on the basis of the mean and standard deviation multiplied by a 

factor of accuracy p in accordance with formulas (3), (4) and (5). 
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where: k – mean value for variable values presented on the chart; s – standard 

deviation for data presented on the chart; w – layer number; p – accuracy level, 

which determines number of layers on the chart; a, b – coefficients for low border 

of the first (lowest) and last (highest) layer. 

With using of the second described method of layers on the chart determining, 

the number of layers is not pre-established constant value as in the first method.  

It depends on the minimum, maximum, mean, standard deviation for the data 

presented in the chart, and primarily on accuracy level p. In studies, which results 

are presented in the paper as examples, a value 0.25 of p was used. It corresponds 

to a single layer width zw equal to one-quarter of standard deviation from average 

value for the data presented in the chart. In the smaller number of layers, 

differences between the two methods of division into layers are more visible. With 

higher numbers of layers these differences are smaller. 

Division of values of the researched variable into layers then presented on 

charts in stage C was done with using of Excel formulas which aggregates data into 

two-dimensional tables, which were direct base for charts. These formulas based 

on standard Excel functions, like as COUNTIF, IF, SUMIF, VLOOKUP. In MS 

Office 2003 and earlier it was necessary, to define a special formulas to aggregate 

data with conditions for two or more columns in database. In newest version of 

Excel, there are available COUNTIFS and SUMIFS functions to do it. 

In stage D, the individual layers on charts were marked sequentially from the 

lowest to the highest by tones of color like on hypsometric maps. Two methods of 

assignment colors to individual layers were used. In both methods, all layers below 

the reference level were marked with shades of blue, the darker the lower values of 

the variable represented. However, layers representing values of the variable above 

the reference level were marked turn shades of colors green, yellow, orange and 

red. The methods used to assign colors to layers on charts were differed by the 

method of determining the reference level. In the first method, the reference level 

was determined on the basis of the average of all researched variable values. In the 



201 

 

second, however, it was determined based on averages of all values of the test 

variable in two-dimensional groups presented on the chart. If number of layers is 

higher than number of selected shades of colors, it is possible to assign one shade 

of color to a few layers. The reference level was an average smoking level for the 

whole of observations, and all layers below this level are marked by blue color 

shades, and all above by shades of the other colors. 

The orders of values assigned to the vertical and horizontal axis were 

determined in stage E on the base of average values of differentiating factors 

represented on both axis. The exceptions are cases in which some of the 

differentiating factors had a natural or logical order (e.g. time, age, town size, 

education level). Then the value of the axis was sorted according to this order. The 

last two stages F and G were done by standard Excel methods of charts formatting, 

especially with using of legend scaling and charts joining techniques. 

In some cases, especially when the part of presented values is much higher or 

much lower than most of the other, there is a need to correct the chart to increase 

its readability. Typically, it consists in limiting the range of values presented in the 

chart and re-designation of width and layer boundaries. This is the last stage (H) of 

this chart type preparation. At this stage, you should also determine how  missing 

values will be presented on the chart, which are the result of the lack of 

observations assigned to some pairs of values shown on the horizontal and vertical 

axes. Usually, the missing values in the graph are presented as a separate layer 

marked by separate color, which differs significantly from the other used in the 

chart. 

3. Data distribution into layers 

The first group of examples presented in the paper is originated from results 

of studies of polish tobacco products market in Poland, which has been researching 

from 2006. These studies were based mainly on household budgets survey results 

provided by Central Statistical Office [3]. Therefore, the average relative level of 

cigarettes consumption in Poland is presented on charts. It was determined in many 

economic, social, demographic or territorial groups, and it was defined as the 

number of cigarettes consumed by households belong to a specific group per 1 

person in the year in relation with the same level for the whole of Poland. 

Distribution of households into groups were made by some differentiating factors, 

which were represented by discrete, e.g. socio-economic group, biological type of 

family, voivodeship or continuous values, e.g. revenues, expenses, age. Some of 

the factors were represented as coefficients indicating their average value, such as 

level of education or number of mature persons of particular gender. These 

examples are intended to demonstrate the process of selecting the number of layers, 
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the data distribution between layers and possible measures to improve the 

readability of the charts. 
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Figure 1. The result of distribution of average smoking level in different biological types  

of households into five layers of “diversification map” according to equal method.  

Source: own preparation on the base of [4] 
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Figure 2. The result of distribution of average smoking level in different biological types of 

households into layers of “diversification map” according to method based on mean and 

standard deviation. Source: own preparation on the base of [4] 
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Figure 3.  The result of distribution of average smoking level in different biological types 

of households into layers of “diversification map” according to method based  

on mean and standard deviation with using of p = 4 accuracy level.  

Source: own preparation on the base of [4] 
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 Figure 4. The result of distribution of average smoking level in different biological types 

of households into layers of “diversification map” according to method based on mean and 

standard deviation with using of p = 4 accuracy level and biological types sorted ascending 

by mean. Source: own preparation on the base of [4] 

 

On Figures 1 and 2 the results of using of two described methods of data 

distribution into layers are presented. Codes from TBR1 to TBR14 represents 

different biological types of households. Detailed explanation of these codes is 
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presented in the paper [4]. The second method allows an easier identification and 

evaluation of characteristic points on the graph, for example periodic depreciation 

or observation groups significantly different from the neighboring. Distribution 

into layers presented in Figure 2 was made at the level of accuracy p = 1. It means 

that a single layer has a width equal to the standard deviation for smoking level. In 

order to increase the accuracy of data presentation, the level of accuracy can be 

increased. In practice of studies, accuracy level p was increased to 2 and more 

often to 4. In described studies of cigarettes consumption level, a uniform color 

scale was used for all differentiating factors. Due to using of p = 4 accuracy level 

(the width of single layer equal to quarter of standard deviation), which resulting 

large number of layers, a few (usually two) layers was marked by the same shade 

on charts (Figure 3 and 4).  

Better clarity of the chart can be obtained by sorting the values presented on 

the axes in ascending or descending order (Figure 3 and 4). But not always sorting 

makes sense due to the interpretation of some of the data, the values of which have 

a logical sequence, e.g. time, age, education. Effect of Items of the graph axes 

sorting is even more evident, with a smaller number of layers. 
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Figure 5. The result of distribution of average smoking level in different categories of 

proportion between adults both genders in household into layers of “diversification map” 

according to method based on mean and standard deviation with using of p = 2 accuracy 

level. Source: own preparation on the base of [5] 
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Figure 6. The result of distribution of average smoking level in different categories of 

proportion between adults both genders in household into layers of “diversification map” 

according to method based on mean and standard deviation with using of p = 2 accuracy 

level after removing values of WSP1 layer characterized by the highest level of cigarette 

consumption. Source: own preparation on the base of [5]. 

 
In cases where one or more groups of values is much higher or lower than the 

other, increasing the number of layers does not increase the readability and 

accuracy of data presented on chart (Figure 5). The best solution of this problem is 

to limit the range of presented data by removing outliers and redistribution data 

into layers once again (Figure 6). In Figures 5 and 6, WSP1 to WSP5 codes mean 

different proportions between adults of both genders. WSP1 is largely 

outnumbered by men, while WSP5 is largely outnumbered by women. In WSP1 

group average smoking level is more than 2.5 times higher than in other groups. 

4. Data presentation 

The source of the second group of examples presented in the paper, are results 

of the logistics state in Polish agribusiness companies studies, which has been 

provided from 2009. These studies based on survey performed among food and 

beverages companies in 2010-2011 years. The first studies was a chronological 

character, thus on the first group of charts, one dimension always are a time. 

Whereas, the second group of charts with logistic origin presents typical three-

dimensional data on two-dimensional charts in form “diversification maps”. Data 

on these examples are described by codes for number of employees category: MK 

– microcompanies (up to 9 employees), ML – small companies (10 to 49 
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employees), SR – middle companies (50 to 249 employees) and large companies 

(250 and more employees) and by codes for food production company branch: MS 

– meat, OW – fruits and vegetables, OT – fat and oils, ML – milk, ZS – cereal and 

starch, WP – bakeries, WS – other food products, PS – animal feed, and NP – 

beverages. 

 

 
Figure 7. The “Diversification map”, which presents the average values of logistic costs 

level coefficient according to food production branch (horizontal axe) and number of 

employees category (vertical axe). Source: own preparation on the base of [7] 

 
In presented earlier graphs, the level of the investigated phenomenon was 

presented in the form of a number of layers of equal width, which are marked in 

accordance with the adopted color scheme, similar to hypsometric maps. In such 

cases, the identification of values for a particular point on the chart is only possible 

with an accuracy of a range of values assigned to a particular layer. The other 

method of identification of concrete values presented on chart is data labels adding 

to the chart. Due to the fact that the surface charts in Excel do not have the data 

labels, it must be done in a separate chart and integrate it with the main chart. The 

best choice is the three-dimensional column chart rotated and formatted 

appropriately. The integration of the two graphs can be handled by joining tool or 

with using of VBA. You should remember to have a 3D column chart transparent 

background, because it is the outer layer (Figure 7). 

In Figure 7, in addition to data labels, next to values placed on both axes plus, 

averages for the whole of data category (industry or size of company) were placed. 

There are so called boundary means. Another, but more complicated way to add 

them to the chart is a creation four auxiliary charts one one-dimensional surface 

chart and one 3D column chart with labels for each axis. It may be joined and 

integrated with the main charts in form presented on Figure 8. 
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Figure 8. The “Diversification map”, which presents the percentage of companies declared 

using of separate information systems to logistic activities support according to food 

production branch (horizontal axe) and number of employees category (vertical axe). 

Source: own preparation on the base of [6] 

 
On “Diversification map” charts different data categories may be presented, 

e.g absolute, average, percentage values of the studied phenomena or different 

coefficients defined by user. The example is Figure 8, on which a percentage of 

companies declared using a separate information system to logistic activities 

support is presented. 

Often, in comparative objectives, on the several “Diversification map” charts, 

especially in percentage version, the same values and color scale is used, regardless 

of the different value ranges presented on single charts. For example in Figure 9, 

which presents percentage of companies, which declared presence of separated: 

logistic, transport, supply management, warehousing, packaging and information 

management departments presence. By using an uniform scale for all charts, for 

example you can see easy, a much lower frequency of separate packaging and 

information management departments presence in the vast majority of company 

categories. 
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Figure 9. “Diversification map” charts comparison for declarations of different separate 

departments presence in companies according to food production branch (horizontal axe) 

and number of employees category (vertical axe).  

Source: own preparation on the base of [6] 

 
Sometimes, mainly for technical reasons (printing technique) “Diversification 

map” charts must be performed out only in shades of gray. Then, in addition to the 

various shades of gray colors, dotted surfaces are often used. Different kinds of 

dotting is using usually only for white and light gray colors (Figure 10). 
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Figure 10.  The “Diversification map”, which presents the percentage of companies 

declared using of separate logistic department according to food production branch 

(horizontal axe) and number of employees category (vertical axe).  

Source: own preparation on the base of [6] 

5. Conclusion 

In the paper, a proposition of simple way of three-dimensional or two-

dimensional, changing in time data presentation is described. Presented 

“Diversification map” charts based on surface charts can be prepared with using of 

popular and commonly available software – Microsoft Excel. All presented charts 

may be prepared without using of VBA programming language, but accordingly 

written program can facilitate and automate the process of this type of charts 

creation. Discussion about assumptions, structure and implementation of such 

programs is outside of the thematic scope of this paper. “Diversification maps” are 

intuitive for users, primarily due to using of the popular scheme used to determine 

the values on hypsometric maps. Presented methods of graphical presentation of 

multidimensional data have been using for a few years in studies provided by the 

authors, and all examples in this paper originate from the results of these studies. 

Nowadays, there are provided works intended to increase the automation of the 

process of this type of chart creation using both VBA, and standard Excel tools  

as well. 
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In the article based on the data and information acquired during the 

desk/Web research and Case Study the analysis of projects of  

e-administration implementation in 16 Polish provinces has been conducted. 

Based on examining the publications legislative activities aimed at 

implementing e-administration in the European Union and in Poland have 

been demonstrated. The diagnosis and project analysis in individual 

provinces has been done against technical feasibility, i.e. platforms providing 

public e-services as well as against financial feasibility, financial source 

analysis, with particular interest in external sources, i.e. financial means 

granted by the European Union.  

Keywords: electronic administration, e-government, e - payment services 

1. Introduction 

Dynamic development of modern technologies on the scale which until now 

seemed inconceivable, growing significance of the Internet and telecommunication 

in our daily lives make us witness to a new reality. There has been created a new 

approach in communication of citizens with the state (office) and new solutions, 

models and services provided by public electronic administration introduced in this 

matter. 
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In the article the projects of implementing e-administration in 16 Polish 

provinces were the object of the research. The subject of the research was the 

Polish province offices. Time period presented in the research covered the years 

2007 – 2011. As part of the research desk/ Web analysis has been used to provide 

the review of scientific publications and interpretations concerning the 

implementation of e-administration in Poland and in Europe, as well as to identify 

and analyse projects of implementing e-administration in Polish provinces against 

sources of financing with particular interest in the subsidies granted by the 

European Union, and also against the subject matter of the projects. 

2. Matter of e-administration and preconditions of its creation 

Public administration is a system of activities, actions, organizational and 

executive undertakings being conducted to sustain public interest by means of 

different entities, authorative bodies and institutions according to the appropriate 

legal act and within the law [1]. 

Public administration are administrative authorities along with offices that 

provide services for them the activity of which encompasses nearly all spheres of 

our lives. Public administration is subdivided into governmental and local 

government administration [9]. 

Electronic administration (e-administration, e-government) according to the 

definition of the Committee of the European Union is understood as using 

Information and Communication Technology (ICT) in public administration in a 

close conjunction with organizational alterations and new skills of public service, 

which lead to the improvement of the services provided by the administration and 

reinforce the process of democratization [13]. As planned by the European Union 

e-administration is part of a larger concept – the development of information-based 

society and economy based on knowledge – that inscribes into the postulates of 

Lisbon Strategy. 

E-Government is a continuous process of improving the quality of governing 

and providing administrative services through remodeling the internal and external 

relations using the Internet and modern means of communication. 

Public information is oriented at specified groups of audience; most usually 

the system of flow of information streams is run in three directions: to citizens 

(government to citizens G2C), to entrepreneurs (government to business G2B) and 

to other units of public administration (government to government G2G). 

Electronic administration is regarded also as the factor changing the 

"philosophy" of administration activity through directing it at the citizen. This 

raises the question of the importance of e-administration in the context of reacting 

to the emerging needs of an individual user who is simultaneously a citizen and 

customer. 
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To sum up, the difference between traditional administration and  

E-Government consists in the shift of the role of administration – body governing 

over the citizen has become rather an institution providing administrative services 

available from any appliance with the access to the Internet (information kiosk, 

television set, computer, cellular phone with WAP, etc.). 

The creation of E-Government required both providing of the appropriate 

legal regulations as well as appropriate platform for carrying out the tasks of public 

administration. The Internet, the global computer network that links the local, city, 

corporation, private etc. [2] networks together has become the platform of  

E-Government [19]. 

In Europe the first discussions over the E-Government have been started with 

the report published in 1994 by the Committee of the European Union, entitled 

"Europe and the Society of Global Information. Guidelines for the European 

Council (Bangemann's Report). In 2000 at the EU summit the "Europe" initiative 

was undertaken which was aimed at transforming the European community into the 

information-based society. Course of Action Plan: "Europe 2002 – Information-

Based Society for Everyone"[4] indicated basic directions of transformations 

determining the development of information-based society. The development of 

electronic administration is guaranteed also in the documents extending the 

"Europe 2002", namely – "Europe 2005: Information-Based Society for Everyone" 

[5] and "i2010 – The European Information-Based Community for Growth and 

Employment"[6]. 

In the case of Poland we should take the year 2000 as the beginning of  

E-Government. At that time the Committee of Scientific Research on the basis of 

seven expert opinions produced a document which was published under collective 

title "The Society of Global Information in the Circumstances of Poland Joining 

the European Union". Now it is known as the official document of the Committee 

of Scientific Research and Ministry of Communications, entitled "Objectives and 

Directions of the Development of Information-Based Society in Poland" [3].  

The first document that provided the basis for the creation of the information-

based society in Poland was the Polish Parliament Decision from 14 July 2000 

[14]. The first legal act in which the regulations concerning the idea of electronic 

administration being introduced into the Polish law was the Act from 06 September 

2001 on the access to public information [16], which precluded the obligation of 

issuing the Public Information Bulletin [BIP] in the form of ICT publication.  On 

the 18 September 2001 as the Act on electronic signature [17] was coming in force 

there emerged the legal bases for applying electronic communication on a greater 

scale while tackling office-related matters. Finally, the frameworks of functioning 

of e-government were supplied with the Act from 17 February 2005 on the 

application of Information Technology in the activity of entities responsible for 

public tasks [15]. The regulations enclosed in the Act specify such issues as 
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principles for stating minimum requirements that would guarantee openness to IT 

standards for ICT systems and public registers and electronic information exchange 

with public entities.  

The next step in the development of E-Government was the production of the 

document "ePoland" that contained the plan of actions for the development of the 

information-based society in Poland for the period of 2001-2006, the pattern for 

which has been the European development plan "eEurope2002". In the adopted in 

December 2003 and amended "Strategy for the Application of Information 

Technology in the Republic of Poland – ePoland for the period of 2004-2006” [11] 

one of the objectives of the development of information-based society and e-

administration was transferring selected public services on the electronic platform. 

The response of the Polish government to the initiative "i2010 – The European 

Information-Based Community for Growth and Employment" [6] was the 

production of "The Plan of Actions for the Development of Electronic 

Administration for the period of  2005-2006" . The plan enclosed the assumptions 

of the European document and in a detailed manner specified the tasks aimed at 

carrying out the European provisions. In the effect of adopting this document the 

Committee of Scientific Research has prepared an initial concept of the project 

"Polish Gateway" [18], that is the central IT system the task of which was to 

provide administrative services for the citizens and economic entities, 

electronically. 

E-activity of the Polish public administration is possible because of the Act on 

the application of information technology in some entities responsible for public 

tasks [15]. This act triggers off the horizontal and infrastructural programmes for 

all sectors of public administration and sets common standards of interoperation for 

IT systems. The act has been the basis for producing "The Plan of Application of 

Information Technology in the Country for 2006" which presents the status of 

works at the application of Information Technology in Poland and was the prelude 

to the preparation of the Ministers' Council Regulation regarding this plan[8]. 

Thanks to providing the definitions and juxtaposing in the plan for 2007-2010 [7] 

over twenty sector-related and five supersector IT projects a new form of 

management has been introduced – management through supplying projects for the 

public administration sector.   

In addition to the Plan of Application of Information Technology ”The 

Programme of Action concerning Information-Based Society” determining public 

services for individual citizens and entrepreneurs which will be provided 

electronically as e-services is an element of that programme. In October 2008 

another document - the project of "The Strategy for the Development of 

Information-Based Society in Poland to the Year 2013" [10] became the extension 

of that plan. It provided the summary of the contemporary status of development of 

the information-based society in Poland and included the provision: "The level of 
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the 20 basic public administration services” recommended by the Committee of the 

European Union, which should be fully accessible on-line. 

3. Projects of implementing e-services into the polish administration 

The development of E-Government in Poland and providing of the basic  

e-services require stimulating actions on the part of the European Union as well as 

the Polish government. 

Plan and projects stimulating the development of information-based society 

have been created. Prognoses are being made as far as to the year 2020, with a 

particular interest in the period of 2007-2013 in which the breakthrough concerning 

the implementation of the new IT and ICT solutions is expected. Linking all of 

administration offices together in order to provide public services for the citizens 

and organisations is also possible. 

The following projects belong to the sector-related and supersector projects aimed 

at implementing the most important e-services: 

 Public Administration Service Electronic Platform (ePUAP),  

 Public Administration Service Electronic Platform (ePUAP2),  

 Public Administration ITC Network (STAP)  

 Polish ID Card,  

 Central Node of the Polish SIS II and VIS components,  

 Electronic Fiscal Declarations of Entrepreneurs (E-Declarations I,  

E-Declarations II),  

 Government Registers (PESEL2),  

 Central Register for Vehicles and Drivers (CEPiK),  

 Subject-related Electronic Platform of the Treasury [MS],  

 Information Website for Notaries, Legal Counsellors, Bailiffs and Lawyers,  

 And other. 

Taking into consideration the object of the research presented in the article the 

project ePUAP as well as "Polish Gateway" seem to be of particular importance.   

Project "Polish Gateway" [18] is the first endeavour to carry out the 

recommendations of the European Union announced in the programme "eEurope 

2005" which was aimed, among other things, at the development of electronic 

services, such as E-Government or the access to broadband Internet. The "Polish 

Gateway" has been proposed as the name for an integrated IT system allowing for 

providing public services, and in a broader sense, as the name for the project 

symbolic of the Polish openness to modern technologies, cooperation with other 

countries and openness of the government to the needs of the citizens. All of the 

services indicated by the European Union as the most important and three new 
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services resulting from the preconditions of the Polish legal system have been 

placed on the list of the project services.  

On the other hand, the project e-PUAP - Public Administration Service 

Electronic Platform [20],   is the basic project concerning the Plan of Application 

of Information Technology in the Country for the years 2007-2010. It is aimed at 

integrating all public registers using the platform that would support majority of e-

services. As is assumed, the project ePUAP transforms the idea of "Polish 

Gateway" that was introduced in 2002 in Poland into a detailed and systematic plan 

of providing full access to electronic services across the country. The main 

objective of ePUAP is the creation of: a uniform, secure, compliant with the law 

electronic channel facilitating availability of public services by the public 

administration. The services are supposed to be available for the citizens, 

entrepreneurs and public administration itself. The reduction of both the time and 

cost needed for giving the access to information and functionalities is also 

important.  

The cost of creating ePUAP was about 32 mln PLN. 75% of the project was 

financed from the subsidies of the European Fund for Region Development (as part 

of  the Sector-related Operational Programme "Growth in Competitiveness of 

Companies" for the years 2004-2006, and the other 25% of the costs was co-

financed by the Polish government.     

At the beginning of 2011 a new version of the website WWW.epuap.gov.pl, 

which is supposed to facilitate providing of public services electronically, was 

launched. As part of ePUAP and ePUAP2 there are over 60 services available. The 

ePUAP platform is being continuously extended with new functionalities. The 

works at providing more public services using the platform are in progress. These 

actions are performed as part of the project ePUAP2 co-financed from the means 7. 

of priority axis of the Operational Programme "Innovative Economy". The subsidy 

granted for carrying out the ePUAP2 is 140 mln PLN (85% of qualified expenses 

are the means from the European Fund for Region Development, 15% is co-

financed by the Polish government). The time period for the project is 2009 - 2013. 

It may be inferred from the analysis of the projects of implementing  

E-Administration in the individual provinces that every province gives the citizens 

and entrepreneurs access to e-services using the ePUAP platform. 

Thirteen provinces (i.e. podkarpackie, świętokrzyskie, lubelskie, opolskie, 

podlaskie, wielkopolskie, pomorskie, lubuskie, łódzkie, kujawsko-pomorskie, 

małopolskie, dolnośląskie, zachodniopomorskie) make their services available 

using platform province e-office, that is the Integrated Platform of Services for 

Entrepreneurs and Customers provided by province offices. Thanks to the platform 

also the customers can easily and in a friendly manner tackle their matters which 

until now required them to personally appear in the given office. The application of 

http://www.konkurencyjnosc.gov.pl/
http://www.konkurencyjnosc.gov.pl/
http://www.epuap.gov.pl/
http://www.poig.gov.pl/Strony/default.aspx
http://www.poig.gov.pl/Strony/default.aspx
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modern mechanisms of Public Key Infrastructure [IKP] guarantees that the data 

transferred are secure, coherent and unaltered [20].  

Some provinces provide their services electronically using the website Digital 

Office which enables local government administration units to provide public 

services via the Internet. Communication and document exchange between the 

citizen and the office is done on account of electronic forms. Every citizen having 

their own profile in the SIDAS Digital Office or the ePUAP system made available 

by the Ministry of Interior and Administration may tackle their matters using the 

website; there is no need to appear in the office personally. In the case of the 

Digital Office a paper form has been replaced with an electronic form. In the 

electronic form the customer is supposed to enter their data, content of application 

and other data required by the system. The completeness, type and accuracy of the 

data entered into the form have to be authorised. Every matter received in the 

system is given a unique number so that the customer can monitor the status of 

their application. By creating an account on the Digital Office website enables us to 

automatically enter the customer data into the electronic forms while filling in and 

to archive electronic documents sent in both directions [20]. 

4. Project analysis of the implementation of e-administration in polish provinces 

Below we will present selected projects of implementing e-administration in the 

Polish provinces. 

4.1. SEKAP - project in the Silesian Province 

SEKAP – Public Administration Electronic Communication System [20] is an 

innovative project carried out jointly by local governments of communes and 

counties of the Silesian Province which is strategic for the development of the 

region. The project was carried out during 2006 - 2008 and co-financed by the 

European Union from the means of the European Fund for Region Development as 

part of the Integrated Operational Programme for Region Development. The 

project being carried out presently is entitled: "Extending and Giving Access to the 

Public Administration Electronic Communication System in the Silesian Province 

– SEKAP2" and co-financed by the European Union from the European Fund for 

Region Development as part of the Regional Operational Programme of the 

Silesian Province for the years 2007-2013. The Silesian Province is the beneficiary 

of this project. The time for the project SEKAP 2 encompasses the period from 

January 2009 to March 2012 and the total cost of the project is: 9 089 000,00 PLN, 

whereby the level of co-financing is 85% which amounts to 7 725650,00 PLN. 

SEKAP has been created in order to provide organisational and technical 

conditions for providing public services electronically. The services available using 
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SEKAP is subdivided into 18 categories: ID cards, residence certificates, elections; 

economic activity; geodesy, cartography; communication, road service and 

transport; culture, sport, tourism, education; environment protection; taxes and 

fees; agriculture, forestry, hunting, fishery; citizen matters; health and social issues; 

regional development,; promotion and information about the region; technical and 

other services; construction industry, architecture and city planning; use of waste 

and sewage; immobilities, flats and function spaces, and births, marriages, 

deceases. For each category there are service cards containing forms, description of 

service, list of documents which must be submitted in order to provide a service, 

the way the documents are submitted, the way and deadlines for tackling a matter, 

amount of payments, and also information on the possibility to appeal, make 

complaints and submit applications. Individual public entities which have joined 

the SEKAP and give access to their services through ePUAP can be found in the 

tab "Offices". Petitioner-customer in an office can select the office which they 

would like to have their matter tackled in. In SEKAP public services are offered by 

commune, city and county offices, the Silesian Centre of Information-Based 

Society and the Marshall's Office of Silesia. 

4.2. The project "Lublin Region Gateway" - Application of Information 

Technology in Administration in lubelskie Province 

The objective of the project is to enable the people of the region to tackle 

various matters in the offices in lubelskie Province using the Internet.  What is 

meant is mainly downloading of different forms, filling in different applications 

and sending them to the office. The system will also facilitate electronic circulation 

of documents between offices. The project is directed at all city, commune and 

county offices in the Lublin Region. So far there have been 149 contracts 

concluded with local government units, but approximately 200 of them have 

already declared their participation in the project.  The total value of the project is 

44,587,389.80 PLN. The project is co-financed with the means from the European 

Fund for the Region Development as part of activity 4.1. Information-based society 

of lubelskie Regional Programme. The value of co-financing is: 37 898 431.33 

PLN [20]. 

4.3. Lubuskie E-Office Project in lubuskie Province 

The project is aimed at reducing the number of visits paid by the citizens in 

offices, transferring such contacts to the Internet and an easy access to public 

information. The project facilitates using information technology and the Internet 

by the citizens, business people and interaction between them and public 

administration. The results will be lower expenses for public administration and an 

easy access to the data being in the possession of public administration. All local 

government units at the level of province, county and commune and the units 
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subdue to them (e.g. hospitals, schools, kindergartens, etc.) will be provided with 

uniform and modern tools for the development of public services for the citizens 

and entrepreneurs provided electronically, as part of the project. Other public units 

located in the lubelskie Region will also be able to take advantage of these region-

related benefits. The estimated total cost of the project is 25 mln PLN, whereby 

3.75 mln PLN is the beneficiary's own means and 21.25 mln PLN is granted by the 

EU as part of the European Fund for Region Development [EFRR]. Activities 1.3. 

The development of information-based society as part of the lubuskie Region 

Programme [20]. 

4.4. Project "łódzkie Region Gateway" in łódzkie Province 

The project "Structuring the Integrated System of E-Services of łódzkie 

Province" has been carried out in łódzkie Province since 2009. Łódzkie Province 

represented by Marshall's Office in Łódź is the leader of the project. The works 

connected with the preparation and carrying out of the project have been 

undertaken by the Department of Information-Based Society in Marshall's Office in 

Łódź in close cooperation with 109 partners: communes and counties of łódzkie 

Province, including of course Widawa Commune. The project is co-financed from 

the means of the European Fund for Region Development as part of the Regional 

Operational Programme of łódzkie Province for the years 2007-2013, Priority Axis 

IV: Information-Based Society, Activity IV.2 – E- Public Services. The total cost of 

the project is 21,533,000.00 PLN, 85% (18,303,050.00 PLN) of it is covered from 

the European Fund for Region Development, the rest (3 229 950,00 PLN) is own 

contribution. In Widawa Commune the calculation was as follows: 28,589.30 PLN 

was own contribution, approx. 162000.00 co-financing from the European Fund for 

Region Development, project total value was approx. 190600.00 PLN [20]. 

4.5. Project "Podkarpackie Gateway" and Project "Podkarpackie Public  

E-Administration System" PSeAP in podkarpackie Province 

The Project "Podkarpackie Gateway" carried out by Podkarpackie Province 

Office, County Office in Rzeszow and the Office of the City of Rzeszow. It is one 

of the elements of the Programme of the Application of Information Technology in 

podkarpackie Province and at the same time it inscribes into the concept of "e-

Government – Polish Gateway" initiated by the Ministry of Science and 

Information Technology Application. The "podkarpackie Gateway" is a regional 

information website provided with two additional modules: Integrated Regional 

Public Information Bulletin and Digital Office. Its main objective is to ensure the 

citizen the possibility of tackling their daily matters without the need to appear in 

the office personally. Extending of the podkarpackie Gateway website has been 

carried out as part of the project entitled "Extending the Podkarpackie Gateway 

Website and Integrating it with the Electronic Document Circulation System". The 



220 
 

total value of the project was 2 880 000 PLN. The project is co-financed from the 

European Fund for Region Development as part of the Integrated Operational 

Programme for Region Development (value of co-financing was 2,078,250 PLN). 

Project (PSeAP) "Podkarpackie Public E-Administration System". PSeAP is 

an efficient tool designed for the citizens to give them access to public sector 

information which is supposed to enable citizens to communicate with public 

sector using ITC systems, and also to guarantee the improvement of efficacy of 

activity of local government administration in podkarpackie Province. The 

principle objective of the project is ensuring the people living in the Podkarpackie 

Region the possibility to use a wide range of public services available 

electronically thanks to the creation of regional E-Administration environment, 

introduction of defined operation procedures and information technology standards 

and modernisation of ITC infrastructure of local government administration 

offices. The project is directed at: 

 the improvement of efficiency of activities of public administration and the 

quality of public services for the citizens. 

 creation of - cooperative network of local governments concerning the 

development of information-based society in the Podkarpackie Region, 

based on the project being carried out, 

 creation of base regional and local ITC infrastructure of local government 

administration of the Podkarpackie Region that will facilitate 

implementing information-based society projects in the region, 

 compliance with the legal obligations with reference to the obligations 

resulting from the regulations to the legal act on the application of 

information technology in the activity of entities responsible for public 

tasks, such as submitting applications electronically, electronic application 

box, office certification of receipt, repositories for electronic forms, 

electronic signature. 

The total value of the project is 103,725,387.00 PLN The source of co-financing 

the project is the European Fund for Region Development as part of Podkarpackie 

Regional Programme. Activities 3. Information-based society in the amount of 

87,110,042.54 PLN [20]. 

4.6. Project "Warmia and Mazury Gateway" in warmińskie-mazurskie Province 

The Project "Warmia and Mazury Gateway –  Electronic Platform of 

Functioning of Public Administration and Providing Public Services" carried out as 

part of activity 1.5. Information-Based Society Infrastructure of the Integrated 

Operational Programme for Region Development, co-financed from the means of 

the European Fund for Region Development. This project the value of which is 21 

mln PLN assumes a complete software to implement E-Office for communes, 

counties and Marshall's Office, necessary computer equipment and full training 
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support. The objective of the project is to replace the paper documents with the 

electronic circulation of documents, fully digitalised archive for the documents, 

introduction of customer service using the Internet and the increment in public 

services provided electronically [20].  

5. Summary 

The analysis of the projects of implementing E-Administration in the Polish 

provinces has shown that in the recent time there have been made considerable 

changes in the way public services are provided, i.e. the changes aimed at replacing 

traditional paper method with its electronic counterpart.  

The development of the Polish E-Administration is dependent of carrying out 

many sector-related and supersector ICT projects, such as ePUAP.  

Every province facilitates contact of its citizens with governmental 

institutions, electronically (with the use of ePUAP and Electronic Application Box 

[ESP]). The citizens and the tourists have the opportunity to acquire information on 

the desired province electronically using information websites, such as Lublin 

Region Gateway, Podlasie Region Gateway, Minor Poland Gateway.  

The Case Study research demonstrates that in two provinces - Silesian and 

Podkarpackie the systems of electronic administration available for these 

provinces, that is SEKAP and PSeAP have been implemented. 

Financial support of the European Union has become an additional impulse 

for the development of E-Administration in Poland, for every province has taken 

advantage of the EU subsidies for carrying out actions regarding this matter. 
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This paper presents common classifications of business models on the 

Internet. It also discusses the author’s own typology of corporate presence in 
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1. Introduction 

All of the business activity occurring on electronic markets can be labelled as 

the ‘electronic economy’. It does not only comprise the virtual marketplace but 

also represents a space where effective marketing efforts can be undertaken, from 

the provision of information to promotion of companies and their products, and 

management of relations with prospective customers. 

The key areas of online business activity, as identified by Malara [14, 232–

233], comprise the virtual space for information, communication, distribution and 

transactions. The virtual information space allows companies not only to provide 

information about themselves, their products or services but also to seek market 

data and customer information. The virtual communication space means that views 

are exchanged and communication with business partners and customers takes 

place. The virtual distribution space is a new channel to deliver goods and services, 
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particularly those distributed digitally. The virtual transaction space is used by 

companies to execute formal business transactions: electronic documents (such as 

invoices, purchase orders, bank transfer confirmations) are treated as equivalent to 

traditional hard-copy documents. Many companies which took their business 

online initially organised clones of their brick-and-mortar marketing and sales 

departments in the virtual space. As the results of such decisions were encouraging, 

an increasing number of companies started moving their business online, to a 

greater or lesser extent. The benefits offered by the Internet, particularly to small 

businesses, involve gaining a higher profile as a company, reducing costs, boosting 

sales and getting better access to market studies. That, in consequence, gives them 

better opportunities to enter international markets (in a fast and cost-effective way) 

[15, 91]. However, it is crucial to identify the so-called ideal place for a market 

opportunity in e-commerce. The main concept of such ideal place is presented in 

Fig. 1. Such opportunities should be sought at the customer-business interface, 

employing the right information technologies and operating at a distance from 

areas already captured by competitors. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Ideal place for a market opportunity in e-commerce 

Source: [5, 295] 

 

Recently, many companies have cast their glance towards the social media as 

a new and promising business environment. While active presence in the social 

media does not generate direct revenues for enterprises, the use of such media 

indirectly supports their business by enhancing the image of companies and their 

products, by improving customer relations, offering consumer education on 

products and services from the company’s portfolio, engaging customers in the 

development of expected products, mobilising them to make purchases, and 

influencing shopping trends within the virtual community. There are also 

businesses which essentially rely on their own user networks. 
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This paper aims at locating community-based solutions within the existing 

classifications of online business models. 

2. Typologies of Internet business models 

Business organisations which operate on the Internet can be subdivided into 

three essential types: 

1) Business groups or industry groups [20, 89] – they comprise companies from 

a particular area of business, with key corporate data being available on the 

group’s website; 

2) Catalogues – commercial offers are available via a website as an electronic 

catalogue; 

3) Auction sites – meeting places for sellers and buyers where sale-purchase 

transactions are executed. The subtypes distinguished here include various 

exchanges of commodities (raw materials, tangible and intangible products) 

and of services.  

A business model is an abstract term referring to an undertaking, its methods and 

manners of operation and sources of value generated by that undertaking [11, 612]. 

In other words, a business model illustrates the overall business concept i.e. what 

will be offered to customers and how, and which payment mode(s) will be used 

(direct cash payments, indirect payments, e.g. when users represent a target 

audience for advertisers) [21, 191].  

If we narrow down our area of interest to businesses operated via the Internet, 

we can subdivide the types of interactions between three key groups of actors on 

the electronic market, i.e. Government, Business and Customer, as presented in 

Tab. 1. The shadowed fields in Tab. 1 refer to business activities on electronic 

markets. They are described by many authors as the basic e-commerce models [6, 

219–220; 10, 416]. The selection and identification of a basic model is useful for 

owners or managers not only order to understand their business but also to make 

crucial strategic business decisions [1, 61]. 

Hence, a question arises about the relationship between e-business and  

e-commerce. E-commerce is about purchasing or selling goods and services via the 

Internet or other electronic networks [11, 35]. E-business is operated using the 

Internet or other digital technologies for all business processes, including electronic 

commerce, understood as internal management of supplies to and from business 

partners [11, 36]. 

In the case of C2C transactions, interactions between customers which are 

open, transparent and visible to other customers are called sociopetal. B2C 

translations which are partially hidden from other customers are known as 

sociofugal e-services [16, 101]. 
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Table 1.  Relationships between key actors on the electronic market 

E-market actors Government (G) Business (B) Customer (C) 

Government (G) 

(G2G) 

process coordination, 

internal document 

flow 

(G2B) 

circulation of business 

information 

(G2C) 

circulation of business 

information  

 

Business (B) 
(B2G) 

public procurement  

(B2B) 

‘classic’ e-business 

(B2C) 

‘classic’ e-commerce 

Customer (C) 
(C2G) 

taxation  

(C2B) 

price comparisons 

(C2C) 

online auctions 

Source: [17, 60] 

2.1. Typology by Writz 

Writz proposed a ‘4C’ typology (Content, Commerce, Context, Connection), 

with e-business models relying on one of four key elements [24, 274–275]: 

1. Content – accumulated content is made available to users; profits are 

earned from fees paid by users or advertisers; 

2. Commerce – profits are earned from trade margins or commissions; 

3. Context – information is collected and processed and then made available 

to users, and revenues are not transaction dependent but, instead, are usually earned 

from advertising; 

4. Connection – advertising or fees and user donations within virtual 

communities are the source of profits. 

2.2. Typology by Laudon & Laudon 

In the U.S. edition of their book, Kenneth and Jane Laudon subdivide Internet 

business models into 8 groups [10, 413]: 

1. Virtual storefront – sells physical products directly to end consumers; 

2. Information broker – an intermediary which provides information on 

opportunities, goods and services available on the market to individuals and 

businesses; 

3. Transaction broker – an intermediary between parties to a deal, providing 

essential information and matching partners to a transaction; 

4. Online marketplace – a platform enabling sale-purchase transactions online;  

5. Content provider – profits are earned from making content available online; 

6. Social network, virtual communities – in order to create a community 

around a service, interesting features (based on Web 2.0) are offered to maintain 

communication within the group; profits are earned mostly from advertising placed 

on the site, from content/service subscriptions and sale of marketing-relevant data 

about users; 

7. Portal – offers content and access to other services, with a section of the 

site being made available to advertisers; 
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8. Service provider – ‘provides (…) applications such as photo sharing, video 

sharing, and user-generated content (…) as services.’ [10, 413]. 

In the German edition of their book, the same authors, jointly with Detlef 

Schoder, identified one more model, called Syndicator. This term describes an 

undertaking where content and applications from a variety of sources are 

accumulated, processed and then sold further to other portals [11, 614]. 

2.3. Synthesis 

When synthesising various classifications of electronic business models [10, 

413; 11, 614; 19; 13, 140] we can identify ten core models which may exist in the 

business world either single-handedly or as sets of co-existing models. Those are: 

1) Transaction broker – the company acts as an intermediary which matches 

sellers and buyers. The revenues come from commissions on transactions 

actually executed. The broker operates on B2B, B2C and C2C markets.  

2) Advertising – revenues come from selling advertising space. The essential 

success factor is to ensure a sufficient number of hits/visits by users who 

belong to target groups of interest for advertisers. Examples of this model 

include social networking sites, news portals or motivational marketing 

operations (newsletters, quizzes etc). This model comes in two subtypes: 

advertising on social media and advertising on portals [10, 413]. 

3) Information broker – such companies accumulate customer information 

and then offers it to other organisations against payment. This model also 

comprises the so-called trust services which consist in selling information 

that guarantees compliance of business deals and agreements. Various 

methods are used to obtain such data, by motivating users to provide 

information about their preferences. A company or an individual may also 

engage in searching and selling information on a topic of interest for 

customers.  

4) Virtual store – it engages in online retailing and wholesaling, through 

catalogues and offers. This refers to traditional as well as digital products 

and services.  

The obstacles which still persist in e-commerce primarily consist in customs 

barriers, even within Europe. A success in overcoming such barriers will be 

particularly beneficial for elderly citizens (who sometimes struggle with mobility 

problems) and inhabitants of poorly urbanised areas as they will gain access to a 

broader and cheaper range of goods and services [4]. 

5) Direct – this model assumes that a manufacturer wants to target customers 

directly via electronic means of communication, cutting out the 

middleman. This model reduces costs and, consequently, the asking price 

and helps to improve the service quality through direct communication 

with customers and support offered to them.  
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6) Network – an online service is created to build a community of customers, 

manufacturers and suppliers. 

7) Affiliate – users gain access to specific services against a pre-defined fee. 

Users pay only for services actually used, e.g. access to a research report, 

opportunity to download an article from a newspaper archive etc. Access 

to a catalogue of downloadable documents (and often also email 

newsletters with updates) and content snippets are free of charge. A fee is 

only charged for downloading specific content in full (e.g. IDC research 

database) [8]. 

8) Subscription – users gain access to, and the right to use, specific content 

against a subscription fee. A site might offer free-of-charge sections with 

basic information, with different subscription options to various kinds of 

access rights to broader data set. Examples include full-text databases of 

academic publishers or electronic issues of academic journals (e.g. in 

mathematical sciences [9]). 

9) Online marketplace – auctions attract individuals who want to sell old 

items or buy various items at bargain prices (in this context, old’ means 

purchased min. 6 months earlier, starting from the end of the month when 

the purchase took place), as well as individuals who engage in buying and 

selling of goods, business, whether or not as an officially enterprise.  

A business may be an auction-type operation if it displays the following 

characteristics [23]: 

 Purchasing for reselling (more than one item of the same kind, all of 

which remain unpacked); 

 Buying and selling is organised (regular collaboration with business 

partners, regular use of courier companies, storage rather than use of 

purchased items etc.) 

 E-commerce is the essential source of income. 

Three main types of auctions are found on the Internet: 

1. Forward Auction (also called an English auction [7, 843] or a classic 

auction [3, 13]) –  the seller offers goods to multiple buyers on an ‘open 

outcry’ basis; the auctioned goods go to the participant who has offered 

the highest price. This format is used for selling older technologies, assets 

as well as problem goods and customer returns;  

2. Reverse Auction [7, 842] –  a buyer who seeks goods or services invites 

suppliers to take part in an auction (competitive bidding); the auction is 

won by the bidder who has offered the lowest price; bidders place their 

bids without knowing any of the other bids; 

3. Dutch Auction [7, 843] – the asking price on goods or services is quoted at 

a particular moment and then gradually lowered by specific ticks at 

predefined intervals. Participants who are watching the auction press 
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‘buy’ once the price has reached an acceptable level. The first participant 

to do so wins the auction and becomes the buyer. 

With regard to types of merchandise offered, online auctions may be 

horizontal (various goods are offered) or vertical (goods are of the same type, 

within a single industry) [7, 14].
 
As regards timing, we distinguish between blitz 

auctions (which have a predefined duration and the participant offering the highest 

price becomes the winner) and parallel auctions (many identical products are 

auctioned in parallel, and the winners are those who have offered the highest, albeit 

not necessarily the same, prices). 

And, finally, the last model for online business: 

10) Service provider – used by suppliers of e-business infrastructure 

(information technologies, software, network systems etc.), as well as 

providers of support for virtual businesses, whether start-ups or 

incumbents. Cloud computing is one particular example of this kind of 

business model.  

The dynamics of e-business is so intense that any attempt at describing all 

existing business operations on the world wide web is hardly possible any longer. 

The e-business models presented here illustrate only the basic ways of generating 

revenues within electronic networks; they make up a set which is sufficient to 

describe the forms of business operations found on the Internet. The actual shape of 

operations depends on the creativity of those who set up an online business. 

However, it goes without saying that the huge and ever growing number of 

varieties within those basic business models is driven by the multitude of 

technologies typical of the digital era [12, 16–17]. 

3. Social media in electronic business  

The essential ways of leveraging corporate presence in the social media are as 

follows [18, 75–76]: 

1. Promotion – a corporate fanpage is set up to promote a brand or a company; 

2. Building relations with customers, via the following: 

 Personal profile – a personified corporate account. A disadvantage is that 

the number of potential users, of ‘friends’, is limited, and each new friend 

request needs to be confirmed. Some social media have introduced 

ceilings on the number of friends per a personal profile (e.g. Facebook has 

set a ceiling of 5,000 people [22, 159; 2]). This kind of corporate account 

is targeted at customers who belong to elitist groups; 

 Fanpage – this method has no constraints with regard to the number of 

likes, and new fans can join without the fanpage owner having to confirm 

each new arrival; this kind of profile is recommended not only for 
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companies but also for public figures [22]. A moderator responsible for 

maintaining a corporate fanpage posts news about the company and its 

products and initiates discussions with interested users. Such fanpages 

present an opportunity to run various marketing and promotional 

activities, e.g. contests, voting/polls, special campaigns etc. A fanpage 

may also be established as a way to offer quick, ad hoc customer support. 

Any reported problems are handled by specialists on duty through two-

way public communication, on as-needed basis`; 

3. Patronage – a fanpage on a specific topic associated with a company, an 

industry or an event involving the company (e.g. through sponsorship or 

mentoring). Companies usually insert their logos on such pages and promote 

products or services that are strictly related to the main topic of the fanpage. 

Communication with target users is usually bidirectional and aimed at 

stimulating maximum activity on their part. 

4. Inside e-commerce – this idea is based on using applications which enable 

transactions within a popular social networking site e.g. trading in virtual 

goods;  

5. Advertising – this idea is based on using the community built around a site as 

potential target audience, and using the site as a vehicle for personalised 

marketing (based on the analysis of individual posts). One new idea here is to 

encourage users to follow their friends’ shopping behaviour. Methods 

employed for this purpose include social sharing of information about 

purchases (social buying) or about web content read (social reading). 

Efforts to build a community around an online site mark a new trend in the 

electronic economy. Examples of this trend include group buying and 

crowdfunding. Both ideas involve an intermediary between a large group of 

potential consumers/investors and sellers of goods, services or investment ideas. 

The future of crowdfunding seems to be particularly interesting. This 

phenomenon has 3 varieties: 

1. Microdonation – this idea enables sponsorship of socially beneficial or 

charitable initiatives through small donations from multiple donors; 

2. Microfundation – this involves financing of major initiatives, especially at 

the start-up phase, when the risk of failure is high. If a failure does 

happen, the loss per individual investor is rather small; 

3. Community lending – this is an idea to extend a loan through a social 

networking site, bypassing banks. The amount to be loaned may be 

divided between many people who are wiling to lend money for a 

particular period at a particular rate.  

In Poland, only microdonations are regulated by law to some extent: the existing 

tax legislation permits tax-free donations of up to PLN 9,637 during 5 years. The 

remaining forms of crowdfunding are still to be legislated. 
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4. Conclusion 

The set of ten key models used in the electronic economy is sufficient to 

describe the forms of business operations found on the Internet. New e-business 

concepts rely on one or a combination of those models. 

Companies increasingly resort to social media not only for marketing but also 

in order to improve their relations with customers. Moreover, social media are a 

space where new, creative ideas are implemented for large-scale business based on 

communities which have been built. Consequently, we are witnessing a plethora of 

ideas whereby communities are being built around thematic sites offering 

participation in significant, often global, undertakings. Wikipedia.com is a 

noteworthy example but we can also mention OtwarteZabytki.pl, a project 

designed to create a catalogue of historic monuments and sites throughout Poland. 

Moreover, crowdfunding has been gaining importance as a solution to accumulate 

funds for socially beneficial or charitable purposes as well as new, creative 

initiatives which would stand no chance of becoming reality without the support of 

numerous, albeit small, investors. 
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The purpose of this publication is to present the knowledge management 

and recommendations of IT tools in foresight scenarios of Wielkopolska de-

velopment. The presented work was created based on analysis of develop-

ment scenarios, resulting from research carried out in research projects: 

"Foresight – Wielkopolska economic networks. Scenarios of knowledge 

transformation supporting innovative economy" and “Wielkopolska Fore-

sight". The article contains information about the nature of Foresight. Fur-

thermore, it presents the concept of knowledge and knowledge management 

as a basis to promote region's innovativeness. Further part of the work con-

tains collected and systematized recommendations regarding the knowledge 

management in Wielkopolska. The last part indicates main directions of 

Wielkopolska development strategy about knowledge management. 
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1. Introduction 

During last years one could observe that many organizations tries to create 
scenarios for the future on basis of the Foresight methodology. Studies concerning 

development scenarios of the industry, region or determined area of knowledge, are 
arising [12]. 

The present work has a demonstrative character and it shows the future pro-
spect of knowledge management in Wielkopolska and it points at possibilities of 
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implementing selected IT tools. This work is based on results of studies and results 
obtained in foresight project concerning the development of Wielkopolska that 
have been realized: “Wielkopolska economic network” – scenarios for transition of 
knowledge supporting the innovative economy” and “Regional Foresight for 
Wielkopolska”. Authors of this publication have participated in these projects as 
the chief director and the expert. 

The present paper encloses information concerning the essence of foresight. 
The next part shows the idea of knowledge management in a way it was interpreted 
along the project realization. Authors also present selected research results con-
cerning attitudes of Wielkopolska inhabitants with reference to the knowledge and 
methods of using it (with particular reference to IT technology). Next collected and 
systematized recommendations for knowledge management in Wielkopolska, were 

presented. This chapter is based among others on the analysis of the optimistic 
scenario concerning the development of the region (it is presented in form of a final 
report of scientific projects mentioned before); however authors also used results of 
specified research, which are presented in other reports. The final part encloses 
main directions for the development of the strategy of Wielkopolska in the area of 
knowledge management and possibilities of using IT technologies. 

2. The nature of foresight 

The idea of foresight is to create an image of the future that would combine 
element of the environment that can be monitored, tendencies for changes and pos-
sibilities to influence reality. Foresight is in the group of strategic research of the 
future, it is composed and uncertain. It tries to anticipate the future in reference to 

numerous factors affecting it: social, technological, economic, politic [1, 2]. fore-
sight type projects are realized in teams, with participation of different social 
groups, with participation of experts in determined sectors, who initiate debates 
directed to the future between different parties and conducing public consultations. 
Usually foresight is realized in the course of a four stages process [2]. The first 
figure illustrates the methodology of realization of the project “Wielkopolska eco-

nomic network” – scenarios for transition of knowledge supporting the innovative 
economy”. Works on the project were realized in accordance to a classic scenario 
of operations of foresight character. They enclosed following stages of work [21]: 
1) analyses (quantitative, qualitative) of the current state and tendencies, 
2) building a model (network of dependencies, management process model), 
3) verification through public consultations, 

4) preparation of assumptions concerning the implementation (scenarios, recom-
mendations). 

There has been also initiated an experiment within frames of the project. Its aim 
was to search an answer to a question whether it is possible to create in the compu-
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ting environment models and simulations of processes of transition of knowledge 
(with use of Witness Optimizer). Apart from classical methods, the construction of 
scenarios was additionally based on analyses made on basis of the methodology of 
the network thinking. Aims were established, the problem and parties were defined, 
a network of influences of Wielkopolska on the innovation was built. 51 factors 
were taken into account in this work. Next it has been analyzed and pointed active 

and critical factors out [21]. 
 

 

Formulation of theses for the Delphi examination

Analysis of concept papers

Analysis of weak and strong parts, of chances and threats arising from the macroenvironment (SWOT, PEST) 
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Figure 1. The method of realization of a foresight Project presented on the example of 

“Wielkopolska economic network” – scenarios for transition of knowledge supporting the 

innovative economy”. Source: [17, 21] 

 
Scenarios are most often the foresight’s final effect. A scenario is not only de-

termining the final state; it also shows was should be done for achieving the ex-
pected state. The point of departure for creating scenarios is the study concerning 
the current state of phenomena, for which the foresight is being taken under. Anal-
yses are being conducted and factors that can influence the course of action and 
thus lead to various versions of the future, are being identified. Generally scenarios 
are created for 5 to 15 years periods [5, 7, 8, 9, 10, 13]. 
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One of fundamental tasks in foresight research concerns public consultations 
[2]. Usually following types of organizations take part in them: trade unions, em-
ployer organizations, economic self-government, socio-professional organizations 
e.g. of farmers, churches and religious connections, non-governmental organiza-
tions (associations, foundations, chambers of commerce). 

3. Knowledge management 

3.1. The definition of knowledge management 

In the economic approach, knowledge is a carrier of value and its importance 
is the bigger, the more its use can contribute to achievement of economic objec-
tives [15]. In the knowledge based economy knowledge is both the cost and the 
result. It is significantly dependent from the production and diffusion of 
knowledge. Preparation and transmission of determined knowledge for other ob-
jects do not guarantee that it would be used in practice. Both, institutions and indi-
vidual people benefit the knowledge very selectively [20]. It is possible to talk 
about knowledge in the organization only if one take under account the fact that it 
is built of individual components, which are varied, connected with different re-
sumes, experiences and diversified professional expectations, and from the other 
hand it is a communicated knowledge, gathered in  “the collective consciousness” 
of employees or in work descriptions (procedures, instructions for individual work-
stations, implementation guidelines, cultural habits functioning in a particular or-
ganization). 

Knowledge management concerns operations for identification, perseverance, 
popularization and use of the explicit and tacit knowledge of members of the or-
ganization [16]. The basic risk connected with the knowledge management is relat-
ed to the promise of reaching so-called “ultimate solutions” and “finally making 
order” in prepared "bases", "files", "archives", which often are unstructurized, not 
always actual or verified data, information and messages. This lead to situations of 
paradox, where following trainings and ventures, usually very carefully selected, 
for the purpose of making the flow of information more efficient, lead to more 
bureaucracy, they are suppressing the creativity of individuals and teams. Of many 
researchers and practitioners believes in the beneficial effect of information and 
communication techniques, but do not notice that “computerization of the mess” 
generally brings more disorientation and confusion. Computer solutions based on 
the Internet are usually simplified, superficial and sometimes they make reaching 
the proper information or sharing knowledge more difficult. 

 The research team that worked in the project related to the transition of 
knowledge in economic networks suggested a so-called “road map” for Wielkopol-
ska, which is shown in the figure 2. It presents clearly the role of knowledge, which 
is one of three main pillars of innovation and creativity in the region. 
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Figure 2. Frame “road map” forming effective transformation knowledge. Source: [6, 17] 
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3.2. Attitude of inhabitants of Wielkopolska to the knowledge   

Research conduced in 2010 concerning the identity of Wielkopolska and its in-

habitants enclosed questions about values, which are important for respondents (in 

the scale 1-7). Examined people answered that most important features are: love, 

trust, security, joy, respect of other people, a sense of well-being, responsibility, 

morality, success [11]. Knowledge was also mentioned between these values, but 

its position, in reference to the weighted evaluation for all respondents, was lower 

than characteristics mentioned before. The analysis of particular categories of re-

spondents gives the observation that scientists and managers give knowledge a 

high value, journalists and inhabitants also find it important, but local government 

clerks didn’t find knowledge valuable enough to take it under consideration in their 

hierarchy of value! 

 

 

 
Figure 3. Assessment of “knowledge” as a value in life for different types of respondents 

 

In the analysis of the place of knowledge in the hierarchy of values for respond-

ents from particular categories, it is possible to notice that knowledge is on the 

first, second or third level of declared practical values (apart from recalled local 

government clerks) – fig. 4. 
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love, joy, success, respect of other people

well-being, 

KNOWLEDGE, responsibility

trust, 

security

Chiefs

well-being, responsibility, 

morality, success, KNOWLEDGE

trust, security, 

joy, respect of other people

love

Inhabitants

trust, responsibility, morality

love, well-being, 

liberty of activity, KNOWLEDGE

Indivi-

dualism

Journalists

respect of other people, liberty of activity, success

well-being, responsibility, 

morality, security, joy

love, 

trust

 Members of the local government

liberty of activity, security, 

responsibility

love, trust

KNOW-

LEDGE

Scientists

Figure 4. Three groups of characteristics in the hierarchy of values for particular  

categories of respondents 
 

In the course of the Delphi research, experts assessed 37 theses describing the 

state of the region in 2010 (in scale 1-5) and the predicted state in 2030. Three these 

were directly related to the knowledge management and the use of IT tools [19]: 

1. The state described by the thesis “information system about research achieve-

ments in the region” was assessed by expert as bad (average 2.41). the negative 

evaluation of this issue has been manifested in experts commentaries, for ex-

ample: 

 lack of proper solutions in this area, in form of for example integrated da-

tabase, 

 information about academic achievements is available mainly at the pro-

fessional press, which is unavailable for people from out of scientific so-

ciety; in consequence this leads to a paradox that scientists inform them-

selves about their achievements and potential receivers of these achieve-

ments, i.e. entrepreneurs, don’t have the possibility to reach this 



240 

 

knowledge. In result the information on scientific achievements is not 

transformed or transferred to the economy, 

 lack of information about scientific achievements on websites of authori-

ties of the Region. 

2. Experts assessed the state related to the thesis „Internet accessibility” as 

medium (average 3.63). their positive opinions concerned following as-

pects: 

 the use of Internet in almost all firms in the region, 

 very fast development of broadband Internet connections at support of EU 

funds.  

There has been also paid attention to the problem of high prices for access to 

the internet and lack of support of the local authorities in the process of devel-

opment of broadband Internet connections in cities of the region of Wielkopol-

ska. 

3. Experts described the state illustrate by the thesis „universality of applying the 

IT technology in the business activity” as medium (average 3.4). There has 

been noticed that big enterprises IT technologies are used universally. Howev-

er, their appliance in the sector of small and medium business is rather small 

and it is usually limited to sending offers via e-mail. Unfortunately, there is 

lack of so-called e-business platforms. The main obstacle for implementing ad-

vanced technologies to business is their high cost.  

The use of suitable tolls for communication is very important in the process of 

management. Research concerning this issue were made to needs of the project 

„Foresight – Wielkopolska economic network” [18] encloses detailed results and 

selected conclusions are as follows: 

 most often people, who search knowledge in the Internet are students and 

pupils, employees do it more seldom, 

 most often students search information in magazines, radio and television 

programs, 

 pupils most often use the internet for playing and for listening, 

 e-learning as a form of additional forming employees is used very rarely, 

 there are certain barriers concerning creating social relations on basis of 

cooperation, will to search and adopt new knowledge as well as the will of 

the self-improvement oneself, 

 the will to experiment, search different methods of action, or simply 

searching for reasons is being assessed as poor.  
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4. Knowledge management in optimistic scenario of Wielkopolska development 

There have been also realized two other foresight projects in Wielkopolska: 

“Wielkopolska economic network” – scenarios for transition of knowledge support-

ing the innovative economy” and “Regional Foresight for Wielkopolska”. There 

have been accepted determined assumptions in each of foresight projects [12]. 

Scenarios of development of Wielkopolska largely focused on knowledge as 

the principal tool for increasing the innovation of the region and rise of the quality 

of life of inhabitants of this region. The project „Foresight – Wielkopolska eco-

nomic networks” was concerning knowledge transition. In „Wielkopolska Fore-

sight” knowledge and its accessibility was one of fundamental elements for re-

search deliberations. The synthesis presented below, which concern the optimistic 

scenario of development of Wielkopolska in reference to knowledge management 

was prepared on basis of [3, 14]. Recommendations which appeared in other re-

ports or during consultation and discussion were also considered. 

In the optimistic scenario for development of Wielkopolska in 2030 external 

conditions will be the most favorable possible. The structure of economy and the 

society in the region will change. Competing with low labor costs will be left in 

favor to innovative products and services. Innovative products, especially IT ser-

vices, will constitute the major part of the GDP of the region. “Inhabitants of 

Wielkopolska will expect novel solutions in the area of economy, as well as in 

everyday life and they will create it themselves” [3].  High specialization and inno-

vation will be achieved in traditional sectors of the region: food industry, house-

hold appliance, consumer electronics and in the new industry of environmentally 

friendly products. 

Business units co-working with each other will form economic networks and 

they will conduce scientific and development activity on basis of local scientists. 

They will generate innovative knowledge and they will become a source of solid 

and verified in practice knowledge. The scale of innovation in the region will sig-

nificantly exceed the average in Poland. The geographic concentration of enterpris-

es that cooperate in particular parts of the voidevoship will create a name “Wielko-

polska Silicon Valleys” for them. the leading enterprises will create technological, 

organizational and communication standards. This will facilitate processes of trans-

fer and transition of knowledge between companies, as well as with the sector of 

small and medium business. The increase of the small and medium business will be 

favorable for creating informal networks and strengthening the cooperation be-

tween enterprises with use of tools of e-business. 

The development of IT systems will cause changes in social structures of em-

ployment, in organizational structures of enterprises, as well as in methods of man-

agement (telelearning, teleshopping, teleworking). “E-business tools will facilitate 

the research of new partners in business and forming new economic networks. The 
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competition on the market of e-tools suppliers will cause the reduction of prices; 

this will increase their accessibility. E-business will also develop because of the 

growth of social competences. The development of e-business will be connected 

with the development of e-administration; this will eliminate barriers for entrepre-

neurs and it will upgrade free competition” [3]. 

Decisions of local government authorities on regional and local level will be 

the crucial factor affecting the knowledge management in Wielkopolska. These 

decisions will be connected with a pro-innovative structure of expenditure in budg-

ets of units of the local government and with supporting investments suited to the 

knowledge based economy. “The local government will stimulate and co-finance 

the formation of centers of competences, centers of investor service, network initia-

tives observatories, which will be responsible for collecting reliable data. The pro-

cess of knowledge transition will take place with active participation of all partners 

of the Wielkopolska System of Innovation” [3].   

Readiness for the innovation one of most important factors supporting the 

knowledge management in Wielkopolska. “It will be instilled to the society (in-

cluding particularly entrepreneurs) and strengthened thanks to popularizing such 

attitudes in media, increasing expenditures on research and development that sup-

port the implementation of innovative ideas, as well as institutions of the business 

environment that will support this process” [3]. 

5. Conclusion 

Foresight research project creates scenarios. They represent different variants 

of the state of development of the economy and the society and they depend from 

external conditions. Mostly a project forms three scenarios of development. The 

optimistic scenario is preferred. It should be realized as first. When the environ-

ment doesn’t enable making it real, one should act in accordance to the most prob-

able scenario and search for chances and aim to return to the optimistic version. It 

is important to take under consideration guidelines of the pessimistic scenario and 

try to minimize the probability to operate according to these suggestions. The 

fourth chapter present a synthesis of the optimistic scenario for the development of 

the region, in reference to the knowledge management. These are the main conclu-

sions selected by authors [4, 14, 17, 21]:   

 one should overcome the stagnation in innovative activity of entrepreneurs 

and universities of Wielkopolska and make the transfer of knowledge be-

tween them more, 

 industry and service will become more important in role of active partners, 

who create new knowledge and popularize it, 
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 it is necessary to decide what key skills, and which values should decide 

about the unique character of Wielkopolska,  

 one should develop a widely interpreted e-economy, 

 one should implement the Regional System of Information  (RSI), which 

will enclose information on scientific achievements in the region,  

 Internet should be accessible for everybody in the entire area of Wielko-

polska (in every household and in every firm),  

 the use of IT technology will become popular because enterprieses will try 

to keep the standard of their competitors; costs of implementation of IT 

tools will fall, employees will be well educated from the area of use of 

these tools, 

 results of analyses confirm that IT systems enable access, fasten the trans-

fer and facilitate the creating archives of data; they significantly upgrade 

the efficiency of realization of standard operations. However they still can-

not replace man – the specialist, who has an individual package of expert 

knowledge, experience; who wisely colligates fact suitable to particular 

situation, 

 studies of the transfer of knowledge in high-tech concerns have shown that 

knowledge flows in the organization on principles of a transaction; there-

fore the good method for realizing an efficient knowledge management is 

to gather individual competencies of people working in the organization. 
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Although a higher student enrollment in Poland is a pro-growth factor, it 

is not ruled out that it contributes to a higher unemployment through one of 

three channels such as: (i) negative productivity effects, (ii) excessive admin-

istrative regulations, (iii) educational mismatches. In turn, educational mis-

matches could be a result of the “wrong” field of study choice, lack of proper 

competences (skills) or over-education. Our study reveals that the expansion 

of students on humanities, economics/business and engineering fields of 

study could be one of the reasons behind higher unemployment rate, but this 

is not the case for science/mathematics studies. The most important aspects 

of modeling of labor market educational effects are discussed in the context 

of the graduates career path monitoring project. 
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1. Introduction 

Since the beginning of 1990s there had been a significant increase in the 

number of students and university graduates in Poland, especially in the field of 

economics and business. Both outcomes have been given a predominantly positive 

assessment [9, p. 70; 23], though critical views on the situation in the national ter-

tiary education system are not lacking too [13, pp. 34─41; 19]. As higher education 

institutions (HEIs) in Poland are often referred to as „unemployment factories” 



246 

 

[11] or „straight roads to unemployment” [12], it does not necessarily imply an 

excessive supply of university graduates or worsening of the quality of education, 

as suggested as early as in 2001 [23, p. 65]. An unpleasant direct link between the 

number of students and unemployment could be justified on many grounds such as 

(i) the choice of „wrong” field of study, (ii) overeducation (graduates take positions 

which do not require all of their qualifications), or (iii) the lack of proper compe-

tences (skills). All kinds of educational mismatches mentioned above potentially 

blur an expected positive relationship between higher education and labor market 

outcomes, leading to significantly lower gains from education as the most im-

portant component of human capital. Although there is a vast literature on labor 

market returns to different levels of education, the labor market effects of different 

fields of study are given much less attention in international studies [2, p. 423; 20], 

not to mention Poland’s ones. 

In this article, unemployment effects of student enrollment across fields of 

study are estimated for Poland with the use of 2SLS and VAR methods. Our main 

result is that only graduating from the science/mathematics field of study is associ-

ated with a decrease in the unemployment rate. The structure of the paper is as 

follows. Section 2 provides a brief survey of the relevant academic literature. Sec-

tion 3 describes the data and statistical model. Section 4 provides the empirical 

results of unemployment effects across several fields of study, namely humanities, 

economics/business, engineering and science/mathematics. Based on the empirical 

results, Section 5 puts forward arguments in favor of a computer-based platform 

for graduates’ career path monitoring as a useful tool for elimination of educational 

mismatches. Section 6 summarizes the main findings and concludes. 

2. Literature survey 

As highlighted in the Report of education 2010 [20, pp. 19─34], it is not clear 

whether a higher student enrollment has been affecting quality of education, per-

sonal income, labor market and social integrity. The United Nations Development 

Programme (UNDP) experts claim that the supply of university graduates since the 

beginning of 1990s has been well in excess of the demand for high-skilled labor, 

resulting in relatively high unemployment among university graduates [6]. Foldvari 

and van Leeuwen [7, pp. 5─20] remark that a steep increase in the student enroll-

ment in the Central and East European countries has not always been met with 

stronger demand for labor and higher effectiveness of HEIs. However, it is reported 

by the World Bank experts that even during the recession university graduates used 

to be in a better position compared with persons with lower level of education due 

to higher flexibility and ability to continue education [24, pp. 12─13]. Assuming 

high unemployment rate and rather low labor market participation rate, it was as-

sumed that in line with an increase of knowledge-related employment opportunities 
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in Poland, as it was the case in industrial countries, the share of low-skilled labor 

was likely to decrease. 

As argued by Jarecki [9, pp. 69─82], a higher student enrollment not only 

brings about a stronger competition on the labor market, but it contributes to higher 

productivity as well. Other potential benefits include higher levels of labor market 

participation, culture, democracy etc. Orczykowska [18, pp. 49─64] claims that it 

is not the number of university graduates that matters but a match between educa-

tion standards and labor market demand. Being an unemployed person for quite a 

long time could be an indicator that competences acquired during higher education 

studies do not match the structure of labor market demand; consequently, the un-

employment rate reflects not only aggregate demand for labor, but its structural 

components as well [20, pp. 244─246]. 

Assuming that that general education is always demanded before specific ed-

ucation [8, p. 391], it is possible to conclude that humanities have an advantage in 

the economy which is on a transition path, being characterized with a lower de-

mand for labor in the industry. Bertocchi and Spagat [3, pp. 559─582] similarly 

argue that the fraction of the population in vocational secondary education has 

declined steadily in most of the post-war Europe. However, an excess supply of 

students in the humanities and economics fields could be a source of structural 

mismatch, being responsible for either lower individual returns on education, or 

disappointing relationship between student enrolment and output growth. Using 

data of 22 European countries, Reimer and Noelke [21, pp. 233–256] establish that 

relative differences in the employment effects between different fields of study 

increase with educational expansion at the university level, with degree-holders 

from humanities having higher risk of unemployment.     

Lin [14, pp. 355─371] obtained that an increase in the number of students on 

humanities, literature and art fields of study has a negative impact on real earnings, 

suggesting a less favorable relationship with the unemployment rate, but all coeffi-

cients are not statistically significant at the 10% level. On the other hand, a per-

centage point increase in the number of graduates from economics/social, agricul-

tural and engineering/science fields contributes to economic growth by 0.04, 0.07 

and 0.09%, respectively. Klein [10] found for Germany that the lack of occupa-

tional specificity is partly responsible for difficulties in labor market entry of grad-

uates from “soft fields” such as humanities or social sciences, which are considered 

as less academically challenging as well.  

Nunez and Livanos [17, pp. 475–487] established for EU15 countries that 

graduates from such fields of study as education, engineering, health/welfare and 

services/tourism are likely to avoid the short-term unemployment. Sciences, biolo-

gy/environment, computer sciences and health/ welfare provide with best opportu-

nities to stay employed in the long-run. For the graduates of engineering, a higher 

probability of the long-term unemployment may be explained by (i) strong geo-
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graphical dispersion of the industrial sector or (ii) expansion of the tertiary sector 

combined with the globalization of manufacturing. It is found by Livanos [15, pp. 

473─489] that graduates from polytechnics and computer science are better off in 

the Greek labor market, while graduates of social sciences face poor employment 

prospects. For Italy, Buonanno and Pozzoli [5, pp. 559─588] and Ballarino and 

Bratti [2, pp. 421─457] established that employment probability and earnings are 

better for graduates from such “quantitative” fields, as sciences, engineering and 

economics. Böckerman et al. [4] found that wage and employment levels for Finn-

ish graduates are higher in the field of business and administration, while being 

much smaller and usually insignificant in other fields of study.  

As similar empirical studies on relationship between number of students 

across fields of study and unemployment are lacking for transformation economies, 

this study is supposed to fill this gap at least to some extent for Poland.  

3. Data and statistical model 

Our regression model is a standard unemployment rate equation (in first dif-

ferences), in the fashion of the familiar Okun’s law specification: 

,log32110 ttttt EFYUNUN  (1) 

where 
t

UN  is the unemployment rate (% of GDP), 
t

Y  is the output, 
t

EF  is the 

number of students on the particular field of study, 
t
 is the stochastic factor, and 

 is the first difference operator. 

Based on the ISCED-97 classification, the field of study is coded into four 

categories: humanities, economics/business, engineering and science/mathematics. 

The humanities field includes students studying journalism, welfare services, social 

sciences and education. Besides technical studies, the engineering field includes 

biology, food processing, architecture and construction, environmental studies, 

transport and security services. The science/mathematics field includes students 

studying mathematics, physics and computer sciences.  

Changes in the unemployment rate are supposed to be inertial ( 1  0), and 

inversely related to the GDP growth rate ( 2  0), as it is implied by the well-

known Okun’s law. Changes in the unemployment rate effects of the field of study 

choice are likely to be predominantly positive ( 3  0), but either neutral ( 3  0) or 

even negative effects ( 3  0) are not ruled out as well.  

Visual inspection of the GDP growth and unemployment rates time series does 

not contradict the inverse relationship in the fashion of the Okun’s law (Fig. 1), as 

it is established by Shevchuk [22, pp. 75─90], though the implied asymmetry is not 

straightforward. For example, a recovery in GDP growth over the 2002─2004 pe-

riod had coincided with an increase in the unemployment rate. Similar develop-
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ments are observed in 2010 and 2011, providing ground for the jobless growth 

hypothesis, as it was common in the analysis of the 2001─2003 period. 

Number of students in the humanities field had been increasing till 2006, but 

since then it is on a decline (Fig. 2). Economics and business is the second largest 

group of students, witnessing a steep increase since the middle of 1990s till the end 

of decade. However, the number of students in this field of study has been decreas-

ing over last ten years. Engineering has been attracting more students over last few 

years, probably reflecting important shifts in the demand for labor, though supply 

considerations should not be downplayed as well. The science/mathematics field of 

study is characterized by a steady downward enrollment trend since 2005. 

 

-15

-10

-5

0

5

10

1
9
8
8

1
9
9
0

1
9
9
2

1
9
9
4

1
9
9
6

1
9
9
8

2
0
0
0

2
0
0
2

2
0
0
4

2
0
0
6

2
0
0
8

2
0
1
0

0

5

10

15

20

25

GDP growth rate

Unemployment rate 

 
Figure 1. Poland: the GDP growth and unemployment rates (%), 1988─2010. 

Source: IMF International Financial Statistics 
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Figure 2. Poland: number of students across fields of study, 1988─2010. 

Source: the Poland’s Central Statistical Office (GUS) 
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4. Empirical results 

As presented on Fig. 1 and 2, annual data for the 1988─2010 period used in 

this paper is from the Poland’s Central Statistical Office Statistical Yearbooks of 

the Republic of Poland for various years and from the IMF International Financial 

Statistics online database.  

Our 2SLS estimates for individual fields of study effects on the unemploy-

ment rate are as follows:   

a) humanities 

*2

*******
1

12.509.233.0

)81.1()56.2()44.2(

,356.0443.0218.0

ADFDWR

SHUYU tttt

 (2) 

b) economics/business 

**2

******
1

26.341.145.0

)37.2()64.2()87.2(

,649.0499.0358.0

ADFDWR

SEUYU tttt

 (3) 

c) engineering 

*2

*******
1

36.519.235.0

)70.1()43.2()57.2(

,450.0419.0231.0

ADFDWR

STUYU tttt

 (4) 

d) science/mathematics 

**2

**
1

56.374.160.0

)53.1()18.1()90.4()53.4(

,857.0182.0470.0506.2

ADFDWR

SSUYU tttt

 (5a) 

**2

****
3

22.357.160.0

)24.2()18.5()50.5(

.159.1498.0805.2

ADFDWR

SSYU ttt

 (5b) 

All regression models have a coefficient of determination R
2
 ranging from 

0.33 to 0.60, which is high enough by the standards of the typical first differences 

specification. The ADF test allows to reject the hypothesis that there is a unit root 

in the residuals at the 5% level of statistical significance. 

It is apparent from equations (2)─(4) that an increase in the number of stu-

dents in the fields of humanities, economics/business and engineering is associated 

with a higher unemployment rate. Only higher enrollment in the science / mathe-

matics field has a favorable effect on unemployment. Such an outcome is more 
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eloquent in the specification (5b) where an autoregressive term 1tUN  is 

dropped. Our results could mean that there is an excess demand for graduates from 

fields with a strict „quantitative” content. Also, it is possible to argue that graduates 

from the science/mathematics field could induce a self-sustaining demand for la-

bor, which becomes a main cause of the favorable education-unemployment rela-

tionship. In a wider analytical context, a higher student enrollment could bring 

about an increase in the unemployment rate through negative productivity effects, 

for example due to prestige considerations or exaggerated expectations of future 

earnings, or excessive administrative regulations on the labor market, which pre-

vent university graduates in the “soft” fields of study from obtaining jobs which are 

relevant to their academic credentials. Though a detailed analysis of these issues is 

beyond the scope of this study, recent government initiative to deregulate as many 

as 91 professions is a clear sign that the problem has been noticed. 

For all regression models, it is confirmed that a higher GDP growth rate is a 

key factor of a decrease in the unemployment rate. Coefficients on tY  range from 

218.0  to 438.0 , suggesting that strength of the growth─unemployment causal 

link could be dependent upon educational variables, as university graduates used to 

represent a human capital input in the production function. 

As the level of unemployment rate and educational variables are not cointe-

grating, the VAR model is used for the purpose of checking out for the robustness 

of our results: 

,... 1,1,1, ttktiktiti XYYY  (6) 

where Yt is the vector of dependent variables, Хt is the vector of independent varia-

bles, and t is the stochastic factor. The VAR model allows for the two-way cau-

sality between dependent variables, with no need for elaborate theory-based simul-

taneous equations models. We use a simple VAR model with the field of study-

specific number of students and unemployment rate as dependent variables.     

Impulse-response functions (responses of the dependent variable to one stand-

ard deviation structural shocks) and the variance decomposition (contributions of 

each structural shock to the real output conditional variance) are shown in Fig. 3. It 

is confirmed that higher enrollment in the humanities and economics/business 

fields of study contributes to unemployment. Similar causal link is observed for 

engineering, but in this case it is likely to expect a gradual phasing out of the initial 

shock in six years. Only studying at the science/mathematics field brings about a 

favorable decrease in the unemployment rate, with the share the decomposition of 

residuals of the unemployment rate approaching 40% over six years time span. 

Similar pattern is observed for humanities and economics/business fields of study. 

Higher share of engineering students in the residuals of unemployment is rather 

disturbing as it could be a sign of insufficient demand for this kind of labor force. 
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Figure 3. Impulse responses of the unemployment rate and number of students (VAR) 

Note: the solid line is the point estimate, while the dotted lines represent a one-standard error confi-

dence band around this point estimate 
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The unemployment rate does not affect the number of students in the humani-

ties field, but it causes a decline in the number of students in the econom-

ics/business and engineering fields of study. At the same time, higher unemploy-

ment contributes to an increase of students in the science/mathematics field. Thus 

periods of high unemployment are associated with a higher enrollment   in the sci-

ence/mathematics field, while in turn it contributes to a decrease in the unemploy-

ment rate. Two-way causality is different for economics/business and engineering 

studies, as an increase in the unemployment rate results in a decline in the number 

of students on both fields of study, which is a factor behind lower unemployment. 

As indicated by the decomposition of variance, the share of unemployment rate in 

the demand for studying science/mathematics is very high at 60% in the long run. 

This indicator is much lower for economics/business and engineering fields of 

study. 

5. Potential effects of the graduates’ career path monitoring 

Our study indicates that concerns about a possible negative relationship be-

tween expansion of the educational system and unemployment are justified.  

As three out of four fields of study are associated with an increase in the unem-

ployment rate, it could be viewed as a sign of serious educational mismatches. 

Such a situation strengthen motivation in favor of monitoring of the graduates’ 

career path as an instrumental tool for adjustment of demand and supply of univer-

sity graduates on the labor market. 

Monitoring of graduates’ career paths should be helpful in identification of 

the root causes of educational mismatches such as: (i) the choice of the „wrong” 

field of study, (ii) insufficient level of acquired competences, and (iii) over- or 

undereducation. As for Poland, an excessive enrollment in the humanities and eco-

nomic/business fields of study can be considered as one of the reasons behind high 

unemployment rate. However, a similar negative unemployment effect of the engi-

neering field of study is likely to indicate the mismatch of competences (skills). 

Even having chosen the „correct” field of study (science/ mathematics)  and obtain-

ing all necessary competences at the proper university, unemployment of the uni-

versity graduate could result from overeducation. Similar effects of undereducation 

are easier for analytical interpretation, but even in this case it is difficult to distin-

guish between two different causes of unemployment, i.e. a high demand for spe-

cific high-skilled labor or low quality of higher education. 

Graduates’ career path surveys have proved their efficiency in Italy, having 

been practiced since 1994. Such surveys are aimed not only at monitoring of the 

labor market entering for university graduates, but at other activities in a wider 

context as  easier access to working places, studying of labor market requirements 

for labor force, verification of study programs, providing necessary information 



254 

 

during the choice of the field of study according to the situation on the labor mar-

ket, enhancing of the cooperation between universities and business, monitoring of 

educational and labor market reforms [16, pp. 168─178]. One of the most im-

portant latest results is that the labor market requires not so much field-specific 

knowledge, but skills of retraining and lifelong education. 

One of the biggest obstacles in conducting surveys of graduates career path is 

the lack of proper understanding of potential benefits by university graduates. An-

other challenge is the need of creating a unified system of career path surveys for all 

HEIs. Existing system of data collection about university graduates in Poland does 

not provide necessary information on the match between acquired education and 

workplace requirements, being fragmented and episodical if compared with other 

European countries [1]. It is not possible to assess the structure and scale of the 

mismatch between university-thought competences and those ones expected by the 

employers. GUS Report Economic Activities of Population presents data on the 

scale and types of on-the-job training. As of the beginning of 2011, male university 

graduates formed 16% of those who took various types of professional training, 

with the relevant number for female graduates stood at 21%. However, the report 

does not include any explanations for specific reasons leading to on-the-job training 

decisions by university graduates, which may include retraining (acquisition of new 

competences not related to the previous field of study) or improvement of acquired 

competences. Pilot survey of university graduates with five years after graduation 

under auspices of HEGESCO (Higher Education as a Generator of Strategic Com-

petences) 2009 project (this project had been coordinated in Poland by the Institute 

of Economics, Sociology and Philosophy at the Cracow Technical University over 

the 2008─2010 period) supports the assumption that on-the-job training aimed at 

improvement of the level of acquired competences had been expanding. Up to 69% 

of respondents reported that they had participated in various on-the-job training 

programs during a few months before the survey was conducted (an average for the 

UE is 62%), and 44% of graduates claimed that their job positions required different 

competences than those acquired during the university studies. 

Obtaining proper knowledge about labor market evaluation of university 

graduates’ competences across different fields of study is of strategic importance 

for the Poland’s HEIs. As it is stipulated by the Law 2011/84/455 of March 18, 

2011, all universities and other HEIs are obliged to monitor their graduates’ career 

developments. Although there is a legal requirement of conducting at least two 

surveys on the same sample of graduates for 3 and 5 years after graduation in order 

to achieve a better match between student enrollment across fields of study and 

university majors and labor market requirements, neither methodology nor applied 

procedures for such monitoring of graduates are specified. 

Based on the precise identification of existing and potential educational mis-

matches (regardless of whether they are caused by over- or under-education), HEIs 
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are able to introduce necessary amendments to study programs, being aimed at 

reorganization of academic activities. Identification of actual strong and weak 

points of academic teaching at a particular HEI, which are crucial in determination 

of success at the labor market, is a necessary step in the process of achieving higher 

quality of education and better match with the labor market requirements. A neces-

sary pre-condition for effectiveness of graduates’ career path surveys is an active 

involvement of employers into the process of a detailed definition of required (spe-

cialized) competences, which are instrumental for implementation of enterprise 

development strategies. Only a modern computer-based decision-support system 

that includes automated sending of survey questionnaires and data processing of 

the replies from university graduates over different spans of time can provide with 

a convenient opportunity to introduce necessary (and timely) modifications of the 

teaching programs and procedures so that they can meet labor market requirements 

of the modern knowledge-based economy. 

All said, it is a very timely decision by NCBiR to start in 2012 an innovative 

research project „Monitoring of graduates’ career path as the road to success of the 

XXI century higher education institution” POKL 04.01.01-00-246/11, which is co-

financed by the EU Cohesion Fund within the 4.1.2 Human Capital Operational 

Program. The Electronic Platform for Competence Analysis (EPCA) is supposed to 

be the final product of the project, with a potential to create the truly „early warn-

ing” system for existing and potential educational mismatches on the Poland’s 

labor market and in the higher education system. Project has been prepared and 

will be realized by the Institute of Economics, Sociology and Philosophy and the 

Institute of Informatics at the Department of Physics, Mathematics and Informatics 

at the Cracow University of Technology. 

6. Conclusion 

Based on the annual 1988–2010 dataset, it is established that educational ex-

pansion could be responsible for a higher unemployment rate in Poland. Either 

2SLS or VAR estimates report that an increase in the number of students on hu-

manities, economics/business and technical fields of study is responsible for a 

higher unemployment rate. Only studying science/mathematics is associated with a 

favorable decrease in the unemployment rate. A clear pro-unemployment bias of 

Poland’s higher education could be explained not so much by an excessive supply 

of university graduates, as by educational mismatches of several types referring to 

the choice of the field of study or acquired skills. In order to identify the causes of 

a negative relationship between the number of students and unemployment across 

the majority of the fields of study, wide-scale university graduates’ career path 

surveys are needed in Poland. A convenient computer-based platform for monitor-

ing of career paths is being developed at the Cracow University of Technology as a 
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joint research project by the Institute of Economics, Sociology and Philosophy and 

the Institute of Informatics. 
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