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Abstract: In the article author attempts to assess the level of digital exclusion 7 
of Polish households in the years 2003-2015. This assessment was based on 8 
the author's synthetic digital divide index. For its creation it was used 40 9 
variables describing 3 levels of digital exclusion: possession of ICT, use of 10 
ICT and digital competences. In the analyzed period, the phenomenon of 11 
digital divide systematically decreases, however the problem of digital 12 
exclusion is still significant in Polish society. 13 
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INTRODUCTION 16 

In Poland, as a result of the development of the information society, 17 
inequalities in access to information and communication technologies appeared, as 18 
well as related problems. Earlier, other more developed countries also faced such 19 
difficulties [Bangemann 1994, Chmielarz 2007]. Inequalities in access to ICT are 20 
usually referred to as digital exclusion [van Dijk et al. 2003], which is defined as 21 
„the difference between persons, households, enterprises and geographic areas at 22 
different socioeconomic levels, both with regard to their opportunities for access to 23 
information and communication technologies, as well as their use on the Internet in 24 
a wide range of activities” [OECD 2001]. 25 

Van Dijk and Hacker [2003] distinguished three dimensions of digital 26 
exclusion: having ICT, using ICT and digital competences. The impact of 27 
individual dimensions on the scale of digital exclusion depending on the phase of 28 
development of the information society was different. In the first phase of 29 
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information society development, the phenomenon of exclusion was to a large 1 
extent related to the aspect of ICT technology possession, in the second aspect to 2 
the aspect of using it, and in the third to digital competences. 3 

In the 21st century, the problem of inequality is not only diminishing, but is 4 
gaining momentum. Lack of access to digital technology is now the same exclusion 5 
as slavery, lack of access to education or work before. One of the reasons for the 6 
increase in inequality is the development of information and communication 7 
technologies occurring at an unprecedented scale because it concerns both the 8 
sphere of enterprises, administration and households. However, this development is 9 
not evenly one of the main threats to sustainable economic development and social 10 
order [Karwińska 2004, DiMaggio et al. 2004, Budziński et al. 2009]. 11 

In the digital exclusion studies, two approaches are used: lenticular and 12 
holistic. In the lenticular approach, the phenomenon of digital exclusion is 13 
analyzed independently for each of the dimensions (e.g. the dimension: access, use, 14 
skills), which leads to difficulties in the overall assessment of the scale of digital 15 
exclusion. However, in the holistic approach, all dimensions are taken into account 16 
at the same time. The most often researched dimensions in the holistic approach 17 
are: infrastructure, accessibility and the use. In the case of some indicators, the 18 
following conditions are additionally taken into account: political, economic and 19 
socio-demographic. The most popular holistic measures include: DIDIX (Digital 20 
Divide Index), NRI (Network Readiness Index), IDI (ICT Development Index), 21 
and DDI (Digital Divide Index). The mentioned measures of digital exclusion are 22 
determined on the basis of regional data, which prevents their direct use to assess 23 
the level of digital exclusion of individuals in society. The second very important 24 
methodological problem of the above measures are constant weights for particular 25 
areas, which may lead to distorting the obtained results. Due to the above and due 26 
to the nature of the Social Diagnosis and Household Budget data which constituted 27 
the empirical material in the conducted research, it was not possible to apply any of 28 
the approximate holistic indicators directly. 29 

The purpose of this article is to present a proposal for a synthetic digital 30 
exclusion index that will allow the assessment of digital exclusion in Polish 31 
households in the years 2003-2015. 32 

METHODS 33 

Due to the possibility of presenting the phenomenon of digital exclusion 34 
with one coherent and understandable value, the author decided to apply a holistic 35 
approach, to develop a synthetic digital exclusion index. 40 variables describing 36 
the three dimensions of digital exclusion were adopted for its construction: 37 
possession (3 variables), use (5 variables), and competences (32 variables). Then 38 
selected variables were used to create 19 features of digital exclusion, which were 39 
categorized in three groups representing these dimensions: 40 
  41 
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 P - possession of: 1 

 P1 - a computer, 2 
 P2 - an Internet connection, 3 
 P3 - a mobile phone; 4 

 K - use: 5 

 K1 - computer, 6 
 K2 - Internet, 7 
 K3 - mobile phone, 8 
 K4 - the intensity of computer use in the last week (in hours), 9 
 K5 - the intensity of Internet use in the last week (in hours); 10 

 C - digital competences (purpose): 11 
 C1 - basic computer skills (copying files, duplication of files), 12 
 C2 - intermediate computer skills (using spreadsheets, creating 13 

presentations, installing software), 14 
 C3 - advanced computer skills (using programming languages), 15 
 C4 - communication (mail, instant messaging, chat, forums, internet 16 

TV, social networks), 17 
 C5 - creating own content (running a blog, publishing own graphics or 18 

music on the Internet), 19 
 C6 - raising qualifications/work (training, looking for a job, for 20 

professional purposes), 21 
 C7 - purchases (auctions, online stores), 22 
 C8 - entertainment (games, listening, watching, booking, reading) 23 
 C9 - downloading data (music, films), 24 
 C10 - electronic banking, 25 
 C11 - e-administration (BIP, e-government). 26 

Selected variables were neither quasi-constant (volatility factor above 10%) 27 
nor excessively correlated (correlation coefficient below 0.70). In addition to two 28 
quantitative features representing the intensity of computer use (K4) and the 29 
Internet use (K5), other features were expressed on an ordinal scale. 30 

In order to enable to compare all the features with each other, the process 31 
of unitarisation (1) was carried out, on the basis of which for each of the features 32 
the weights were determined according to the formula (2): 33 
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where: xij - the value of the i-th feature for the j-th observation 35 
 36 
  37 
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The obtained weights were used to determine for each adult the digital 5 
exclusion index calculated in accordance with the formula (3): 6 
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Depending on the level of digital exclusion, each adult person was assigned 8 
to one of four groups according to the division method used by Nowak (1990) and 9 
according to formulas (4) (5) (6) (7): 10 

 GWC I – digitally excluded person:   wwcswwcwwc ,min ,   (4) 11 

 GWC II – a person at risk of digital exclusion:  12 

  wwcwwcswwc ,         (5) 13 

 GWC III - a person partially using the latest ICT solutions:  14 

  wwcswwcwwc , ,        (6) 15 

 GWC IV - a person fully using the latest ICT solutions:  16 

  wwcwwcswwc max, .       (7) 17 

On the basis of the obtained results, the percentage shares of digital 18 
exclusion groups were determined in accordance with the formula (8):  19 
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where: xi - the number of people in the i-th group from the 4 digital exclusion 21 
groups. 22 

The designated percentage shares created a table containing the profile of 23 
digital exclusion groups in subsequent years of the study. Then, the average values 24 
and dynamics of changes for the examined period were assessed. To determine the 25 
average value of the examined feature observed at different moments, the 26 
chronological average was calculated based on formula (9) [Witkowska 2001, 27 
Sobczyk 2007]: 28 

 29 
  30 
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where: yt - the value of the tested feature in a year t; n – number of years. 2 

In addition to determining the average value of the tested feature observed at 3 
different times, its change of dynamics was also assessed. The most commonly 4 
used measures to assess changes are absolute increases, relative increments and 5 
dynamics measures (indexes). Due to the inability to use absolute increments to 6 
compare phenomena expressed in different units, chain indexes calculated 7 
according to formula (10) were used in the conducted research [Sobczyk 2007, 8 
Kukuła 2007]: 9 
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Determined chain indexes of the examined feature were used to assess its 11 
Average Rate of Change calculated in accordance with formula (11). The obtained 12 
values of the average rate of change meant the average percentage by which the 13 
value of the examined feature changed on average every year during the analyzed 14 
period: 15 
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where:    tt iśtzi maxmin  . 17 

The assessment of the degree of differentiation of digital exclusion was made on 18 
the basis of the Gini coefficient [Anand 1983] (12) and the classic coefficient of 19 
variation [Kukuła 2007] (13) in accordance with the formulas: 20 
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where: n – number of persons, xi - the value of the exclusion index for a given 22 
person, x - the mean value of the digital exclusion index, pi – the average position 23 
of the person in the rank in non-descending order according to the values xi . 24 

 𝑉 =
𝑠(𝑥)

�̅�
, (13) 25 

where: s(x) – standard deviation, x - the mean value of the digital exclusion index. 26 
In order to present the obtained results and identifying interdependencies, 27 

Gradual data analysis was used, which belongs to the methods of multidimensional 28 
data analysis [Borkowski et al. 2005]. A detailed description of this method of data 29 
exploration includes, among others: Szczesny [2002] and Kowalczyk, 30 
Pleszczyńska and Ruland [2004]. 31 
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RESULTS 1 

The use of the author's method of measuring digital exclusion allowed us to 2 
obtain the following results. For all people in general, digitally excluded persons 3 
were the dominant group (the average value of the exclusion level achieved 4 
49.3%). The dominance of the above group was particularly observed in the first 5 
years of the study, in which the percentage of people excluded in the structure of 6 
digital exclusion was respectively: 69.0% in 2003 and 61.3% in 2005. In Poland, 7 
along with the development of the information society, the dominance of the group 8 
of people excluded has been gradually reduced (an average decrease of 5.0%) for 9 
the parallel increase in other groups of digital exclusion (average increase from 10 
6.7% to 10.0%). In 2015, the excluded group remained the dominant group, 11 
however, the share in the digital exclusion structure of other groups was increasing. 12 
In 2015, people who fully and partially benefited from the latest ICT solutions 13 
constituted nearly 35% of the total (see Table 1). 14 

Table 1. Digital exclusion profile for all people in total in 2003-2015 15 

 
2003 2005 2007 2009 2011 2013 2015 pwpw  arc 

GWC I 69.0% 61.3% 58.9% 53.4% 49.8% 51.3% 50.6% 49.3% -5.0% 

GWC II 8.5% 10.3% 9.6% 12.0% 11.7% 12.6% 14.7% 9.9% 9.5% 

GWC III 5.7% 7.8% 8.5% 9.3% 11.2% 10.3% 9.9% 7.8% 10.0% 

GWC IV 16.8% 20.6% 23.0% 25.3% 27.3% 25.8% 24.8% 20.5% 6.7% 

Explanations for the table: pwpw average value of the exclusion level, dc - average rate of 16 
change. 17 

Source: own elaboration based on data Czapiński and Panek [2003-2015] 18 

The conducted research also showed a very high diversity of digital 19 
exclusion, which in subsequent years was characterized by a downward trend. This 20 
phenomenon has been confirmed by assessment of both the Gini coefficient and the 21 
classical coefficient of variation. The Gini coefficient valued from 0.832 (in 2003) 22 
to 0.645 (in 2015), while the classic coefficient of variation from 1.591 (in 2003) to 23 
0.907 in (2015). The explanation of such a large diversity was the domination of 24 
two antagonistic groups of digital exclusion in the society. 25 

The above results regarding the profile and diversity are also confirmed by 26 
the overrepresentation map (see Figure 1). The largest share in the structure of 27 
digital exclusion was characterized by the first group of excluded people (GWC I, 28 
the boundary value w. b. = 0.563). There were successive groups of digital 29 
exclusion: the fourth (GWC IV, w. b. = 0.233), the second (GWC II, w. b. = 0.114) 30 
and the third (GWC III, w. b. = 0.090). In the first years of the study, a larger share, 31 
in relation to the average structure of digital exclusion, was the group of digitally 32 
excluded persons (GWC I), and the smaller share of groups (GWC II, GWC III, 33 
GWC IV) was characteristic. In the following years, this dependence was reversed. 34 
Research of the level of digital exclusion using graduated data analysis has also 35 
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shown some similarities between digital insertion groups. Two main categories 1 
were distinguished: the first - composed of excluded people; the second one - 2 
constructed from other remaining groups (GWC II, GWC III, GWC IV). 3 

Figure 1. Map of overrepresentation of digital divide groups for total population in years 4 
2003-2015 5 

 6 
 7 

 8 

 9 

 10 
 11 
 12 

 13 

Source: own elaboration based on data Czapiński and Panek [2003-2015] 14 

SUMMARY 15 

The conducted research indicates the existence of a large diversity in the 16 
access and use of ICT. In the analyzed period of 2003-2015 the phenomenon of 17 
digital exclusion is systematically decreasing, however the problem of digital 18 
inequalities is still significant in Polish society. Although nearly 80% of 19 
households were equipped with a computer and connection to the Internet, the 20 
share of the group of people digitally excluded in 2015 still accounted for over 21 
50%. On the other hand, the share of people fully using the latest ICT solutions 22 
was only 24.8%. The obtained results confirm that the scale of digital exclusion is 23 
increasingly influenced by the digital competence dimension, in turn with the 24 
increasingly smaller influence of ICT technology possession. 25 

The current stratification of society and its increasingly important impact on 26 
the economy at the micro and macro scale causes the need for continuous 27 
monitoring and explanation of processes related to the phenomenon of digital 28 
exclusion. Further research based on the digital exclusion assessment method 29 
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proposed in this paper would allow for a better understanding of the existing 1 
connections and dependencies. 2 
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