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1 ABSTRACT

Digital divide, which highlights the access to, usk and skills for information and communication
technologies in a regional discrepancy reasonsg,riew field of research, measuring spatial agsons in
urban and regional studies. In lierature, the esrarg of, and formation behind the digital divideoept
have been associated with absence of hardwarencfalaand infrastructural deficiencies, barriers of
becoming online and use of technology. Especialy the leading international conventions related t
telecommunication networks, technology and inn@ratissociations, the literature stresses the rigcéss
investigate different domains of this issue, adtiagathe right of access to technology in favour of
disadvantaged geographies and communities.

In the late 1990s, owing to the proliferation afjithl divide, the growing gap between differentyps who

are imparted from new information services and ¢hwbo are not, became more significant and obvious
than in former initial studies. This issue has @ased in importance among different parties, sgghoscy
makers, scholars and advocacy groups, in relatidhetir different roles, varying from supply of keology
infrastructure and affordability of obtaining reddtservices. The most significant aspects citesmpirical
research are inequality in obtaining new servideésformation and inequality in patterns of gettiagcess

to information technology, akin to regional disaapies in conventional studies. Especially in Turke
many scholars studied the divide concept in terfndescriptive statements and few of them undertook
exploratory investigations of conventional statisti neglecting geographical tendencies and spatial
autocorrelation effect.

Spatial pattern, as associated with the digitaldéivconcept in this paper, is primarily investigateith
officially published parameters related to houséhmibfile and technology use. However, this fundetaia
field of regional science needs comprehensive amdised understanding of changing barriers to, and
attributes of affordability and access to technglby communities. This study aims to depict thetigpa
pattern of the digital divide phenomena in Turkeyan index comprised of variables of access te,aisand
skills of information and communication technolagi&ince the spatial function of digital divideeasch is
mainly missing in conventional studies in Turkdyistpaper investigates the spatial associationis thig
digital divide in the officially published figureand statistics of information and communicatiorhtesogy.

In the paper, spatial association is establishedugh Getis and Ord G statistics, with the measire
provincial highway distances, instead of operatiarses of Euclidian distances that commonly licence
geographic information systems may offer.

Preliminary findings indicate that spatial autoetation and clustering methods show the signifieaot
mono-centric development pattern of Turkey, wherahyst populated and in-migrated provinces also
dominate in all domains of access to, use andssiiltechnology. Although figures from officiallyplished
data depict spatial heterogeneity superficiallg, tbsults of this study indicate the importance aeckessity

of a prospective comprehensive social survey, wiithh level of representation capability and spatial
sampling. This paper presents also primer investigs of further research, which will compare Idtaih
province, as the dominant province with unprivildgaovinces in terms of socio-economic development
and technology use and supply.
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2 DIGITAL DIVIDE CONCEPT IN LITERATURE

In the same decade of emergence and spread ofrshecedmputer microprocessors (Perez, 2002), both
information and telecommunication technologies gdidominance in economy and society and the concept
of “information gaps”, as their aftermath, has bweoone of the principal debate related to these
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developments. The division of world population ingwoups of inequality, “information elite” and
“information ignorant,” is observed as one of tfmeerns of networked societies (Fong, 2009; vai, Dij
2006; Wilson, et. al., 2003).

In this regard, the term of “digital divide” wasised by Larry Irving, Jr, former US assistant stone of
commerce for telecommunication (Dragulanescu, 208@son et al.,, 2003) for the first time as a
mainstream political topic in the US at the begngnof 1990s. The idea of “digital divide”, as a nfanm of
social inequality (Korupp, 2006; Ragnedda and Masgt2013) has increased in relevance by the erioeof
decade. Several definitions were produced forabigcept, but the conventional one in the politagénda

is “existing gap in access to information servibetween those who can afford to purchase the canput
hardware and software necessary to participathargkobal information network, and low-income fagsl
and communities that cannot (Dragulanescu, 200239@)". However, the term extended its context iato
broader understanding as an entire “information t@etinology gap, inequities and poverty (Dragulangs
2002, p. 140)”, covering international and regiosedles (Wilson et al., 2003; van Dijk, 2006; Fa2@09).

The digital divide term was initially defined ascheological gap, in terms of access to, and usdge o
information and communication technology (ICT). mhé has taken a broader perspective, which facuse
on social stratification due to unequal ability docess, adapt, and produce skills and knowledgeg usi
information technologies (Andearsson, 2012). Unkaqbdity to access also refers to digital skillerided
from differences in household’'s socio-economic lIeven the intellectual agenda. Later the term
encompassed other ICT tools, such as mobile devimed services in addition to access to
telecommunication networks.

According to empirical studies, different categerieave been established, while considering thei-mult
dimensionality of the digital divide term (Ragneddad Muschert, 2013). Theoretically, the term
distinguishes two levels, the first level is deglimith problems of “access” to computer and interaed the
second level is focusing on user “profiles”, fost@nce how and for what sort of purposes the ietem
used (Korupp, 2006). Wilson (2004) in his studypmoended eight aspects of digital divide as physical
access, financial access, cognitive access, desigaess, content access, production access, imstalt
access, and political access. Physical accessdonm computers and the internet was the primspgeét in
digital divide studies. So physical access appabed the largest part of digital divide researchtgelf
among demographical categories (van Dijk, 2006).

When interpreting the individual barriers of digithvide, demographical categories are observegLigatly

as widening digital divide factors at “individuaind “household” scales. The following factors alsa
commonly used in digital divide research, suchges gender, education (correlated with digitakdityy and
intelligence), income, houshold types, disadvardagreups (mostly based on race and disability s}atnd
locations within a city, country, or region (Emmaripand Alexandropoulou-Egyptiadou, 2009; van Dijk
2006; Acilar, 2011; Cooke and Shuttleworth, 20TTH)e abovementioned factors have all significaneeff

on the variance of access to information and conication technologies (Ragnedda and Muschert, 2013).
Since these factors are not the same for eachrgaarthe world, it can be said that some of themat low

or even neglected importance for the country coreskr

3 SPATIAL PATTERN AND AUTO-CORRELATION OF DIGITAL DIV  IDE

Since this paper discusses the term of digitalddivone of the significant components of the digiivide
are the association between spatial varianceshandiscrepencies of access, use, and skills reisseés.
The examination of spatial auto-correlation in @igdivide may be necessary for a better interpiceteof
spatial associationhips, besides descriptive figglirspatial auto-correlation can be defined as asuare of
the spatial distribution of any attitude or phenaom whose existence or causal behaviour has aalefre
neighbouring effect. In brief, spatial auto-cortela is related to the degree to what extent objext
activities in space approximate to others in thamity (Goodchild,1986). Spatial auto-correlatiaran be
interpreted as a revolution in understanding spatdiis research about the Detroit City growth mipde
published in 1970, Tobler (1970, p.236) stated thaerything is related to everything else, butrribings
are more related than distant things”. Since thiste has been referred to as the first law of gaugy,
further empirical research highlighted the impoc&rf locational allocation and spatial auto-catieh,
achieving significant contributions to varying fislin modern geography (Hodgart, 1978; Handler9197
Haynes and Fotheringham, 1984).
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In spatial statistics, there are many possible vadyseasuring spatial auto-correlation by variowethods.

The most common uses of spatial auto-correlatiotbdth natural and social sciences, can be listed as
Moran’s | statistic, Geary's C statistic, and tipatial cross-correlation statistic (Moran, 1948] 4850) and
local spatial autocorrelation is measured by Gétistics (Getis and Ord, 1992; Ord and Getis, 139%)
Anselin Local Moran’s | statistics, (Anselin,199%). this paper, spatial associationship of digitizide in
Turkey is examined by the use of Getis-Ord Gi* iStiis which was developed by the American geoggaph
Arthur Getis and the English statistical and corapugcientist J. Keith Ord. Getis-Ord Gi* Statistiof
overall spatial association can be given as beldnvX):

E;sz_ "'Vi_;l' .'X-'}- —-x E_?;zl l"Il’ri_;l'

[0 1w3) = (530w ]
y n—1

Gi_;i =

5

where, n: is equal to the total number of featuxgsis attribute value for point j; wij: the spatiweight
value between pointiand j; and : indicatesrtiean value of the variable. Then S is computed as:

Il_[EjF:li:]_
".I T
Calculated Getis-Ord Gi* local statistics have anmal distribution and the calculated value is Zistia
values. Getis-Ord Gi* local statistics can be caned via The Hot Spot Analysis tool in ArcGIS PFar
statistically significant positive z-scores, thegker the z-score is, the more intense the clugtesinhigh
values (hot spot). For statistically significaniga@ve z-scores, the smaller the z-score is, theenmtense
the clustering of low values (cold spot) (Url-1)utput of the analysis can map both z-scores (stdnda

deviations) and p-values (measure of probability) the selected features, which represent thesstai
significance of clustered values in hot and colotspin their spatial associationship.

5= (x)?

Since 2000 in the first period of empirical studms digital divide determinants of telecommunicatio
network, influence of internet use, innovation d@adhnology, investments effects on digital dividevé
been analysed in empirical model. Even though thesdels refer to spatial flow of innovation and
technological developments, theoretical models may provide any investigations on spatial auto-
correlation (Pick, et al. 2015). Pick et al. (20pB5ypduced a detailed literature summary on theutiool of
theoretical models, investigating digital divideckPand his colleagues examined the digital divadacept

at the international level and in the United Statied Japan, in a series of publications (Pick araliA2008;
Pick and Nishida, 2015; Pick, et. al, 2015; Nishietaal, 2015). These studies analysed the technalee
variances and digital divide issues with empiricathodels, additionally screening the spatial auto-
correlations of model errors. This paper aims tegtigate the digital divide in Turkey by estahigha
descriptive index about information and communaratiechnology development levels, as a distinadystu
from empirical analyses in literature (Guvel andiuxy 2009; Ozkan ve Celik, 2018; Rencber, 2018), to
reveal spatial patterns and auto-correlation offigial divide in Turkey.

4 DIGITAL DIVIDE IN TURKEY

This paper is part of a comprehensive ongoing rebeproject, entitled Spatial Segregation of Hogsin
Preferences and Technology Use of Households irkejufProject Code: MGA-2018-41493; Istanbul
Technical University, Scientific Research Offic€ne of the objectives of the project (highlightedthis
paper) is to investigate the capacity of househoidBurkey to access information and use of teabgyl
over communication channels. In order to targes tbhbjective an information and communication
development index is established to depict theiapadriances of the digital divide in Turkey.

This paper investigates the digital divide conceptthe country level, via existing literature, and
internationally recognised principles and measurgnstandards. ITU - International Telecommunication
Union, published a database, covering the releivalitators for the capacity of households and iiddials
to use information and communication technologiesveen 2012 - 2016 (Url-2). One of the performance
indicators of this database is the percentage abétwlds with Internet access. Rankel! 4hong 120
countries Turkey declared to have 76.3 % of houskshwith internet access in 2013, while the overall
global average was 57.0% in these statistics. Hewdlre same rates of individuals with interneteasanay

REAL CORP 2019Proceedings/Tagungsband ISBN 978-3-9504173-6-4 (CD), 978-3-9504173-7-1r{pri m’
2-4 April 2019 — hitps://www.corp.at Editors: M. SCHRENK, V. V. POPOVICH, P. ZEILE, PLESEI, C.BEYER, J. RYSER



Spatial Pattern of Digital Divide in Turkey

have lower rates of access than households in thiel Wi he data for the same period indicates thatail
62.37% of individuals in the world have internetess, but 58.3% in Turkey. These figures indichee t
necessity to examine how the level of technology issdistributed throughout the entire societythase
may be spatial and/or regional discrepancies inpgmmnal quantities in accessing communication
technologies, especially the internet.

In addition to technology statistics, ITU - Intetioaal Telecommunication Union also produces studie
establish a development index for information aachmunication technologies. According to the latkda
for 176 countries, updated on November 20, 2017, (IBformation and Communication Technologies
Development Index) ranged from 8.98 (Iceland) ®6Q(Eritrea) for 2017. In this ranking, Turkey raadk
72" with an index score of 5.66 in 2016, and rose7towith a score of 6.08.

The Information and communication technologies tgyeaent index (IDI, by International
Telecommunication Union, since 2009) has been fdami¢h three sub-indices and 11 indicators (Url-3).
These components and indicators are:

a) ICT infrastructure and access indicators
(1) Fixed-telephone subscriptions per 100 inlzaibé
(2) Mobile-cellular telephone subscriptions p@60 Inhabitants
(3) International Internet bandwidth (bit/s) paternet user
(4) Percentage of households with a computer
(5) Percentage of households with Internet access
b) ICT usage indicators
(6) Percentage of individuals using the Internet
(7) Fixed-broadband subscriptions per 100 inlaaibét
(8) Active mobile-broadband subscriptions per kftbitants
¢) ICT skills indicators
(9) Mean years of schooling rate
(10) Secondary gross enrolment ratio
(11) Tertiary gross enrolment ratio.

4.1 ICT Development Index in Turkey

Investigation of the digital divide in Turkey issasned to reflect the variances of regional devekmm
levels. In the context of the monocentric growthtgra of Turkey with Istanbul as its most populated
province the paper attempts to evaluate accesmtbuse of informationa and communication technolog
infrastructure at provincial level. For this purposlata published online by Information Technolegiad
Communications Authority at provincial level (UrJ-én digital patterns is used. However, some data a
provincial level based on the indicator of “3 —dmtational Internet bandwidth (bit/s) per Internser”
could not be ascertained.

For 81 provinces in Turkey, an ICT development e computed, weighting each of the 10 variables
listed above (Fig. 1). According to this distrilmm, istanbul has the highest value with 9,646, followgd
Ankara which with 8,245 has the second value. ggski andizmir are following as the third and fourth
provinces with an index score above “7”. In thertbunterval of the histogram (Fig. 1) Yalova, ki,
Bursa, Migla, Canakkale, Antalya, Bolu and Bilecik provina@edst with an index score between 6.00 —
6.99.

There are variances in the scores of sub-indic€3 @ccess, ICT usage and ICT skill) which overall
constitute the ICT development index. For exampmir and Antalya have decreased to th& afd 21"
ranks in the ICT access component, although theyoaated in 8 and 9' ranks in ICT development index,
respectively. While ICT development index is 5.96%masya, use of ICT has risen t8 gank with 6.669

in its sub-indice score. Similarly, ICT developmérdex value (39) in the Kilis province is 5.013, but use
of ICT sub-indice score has increased t8 dank with a value of 5.84. Due to the higher etiocdevels in
the ICT capabilities component, Tunceli provincesisked & with a score of 7.522 and Karabiik and Isparta
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provinces are up to f0and 13 with 7.075 and 6.990, but these provinces ranketdj 31 and 25 for ICT
development index. It shows that the provinces Wwididfer in these distributions are due to diffares in
demographic and socio-economic levels.

Mean: 4.784
Median: 4.917
Std.Dev.: 1.452
Skewness: 0.271
Kurtosis: 0.641

Frequency

’ Ankara: 8.245
Istanbul: 9.646

,000 2,000 4,000 6,000 8,000

ICT_index

]
S
]
8

Fig. 1. ICT development index of provinces in Turkey
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Fig. 2. Digital Divide in Turkey, measured with I@Evelopment index

4.2 Spatial Auto-correlation of the ICT Development Index in Turkey

Spatial auto-correlation of the ICT developmenteids computed by the use of Getis-Ord Gi* local
statistics in 81 provinces in Turkey. With this hed, the expected results would propound the damima
of Istanbul, and its neighbouring provinces andkwveasters in the further regions and province$urkey.
This paper aims to identify regions or spatial ®us that have similar spatial divergence and toedhe
level of variances among these clusters. Therefore appropriate to use Getis and Ord Gi* lodalistics
which is one of the spatial statistical methodgxamine the geographic significance in natural sodal
sciences.

With Getis and Ord Gi* local statistics, the splatttern of the digital divide can be analysed and
statistically validated. ArcGIS program - Spatiaialyst module with the Hot Spot Analysis applicatian
compute Getis and Ord Gi* Statistics, depicting spatial distribution of high and low value propest
depending on the location of clustering levelsAneGIS program, Getis and Ord Gi* Statistics pragluc
spatial functions by Euclidean distance (lineatagise) parameter. However, Getis and Ord Gi* siedisn
this paper, is derived from the actual path distan@mong provinces. In particular, it is argued tha
actual path distance will constitute a more validlgsis baseline when topography changes and ¢ocafi
provincial centres are examined than the Euclidkstances.

According to the Gi* distribution of ICT developnteindex, Istanbul has still the highest value véthcore
of 56.563, followed by Ankara with a index score4f.688. Thenjzmir, Eskiehir, Yalova, Mgla and
Antalya exist with the scores above “20”. Duehe higher ICT development index scores in the iticiof
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izmir, Izmir rises to "8 and Eskjehir ranks # although they have reverse ranks in the ICT devetmnt
index without spatial function. In the fourth intat, ; Canakkale, Kocaeli, Bursa, Amasya, Bolu,rielj
Bilecik, Tekirda, Kirklareli, Balikesir, Sakarya, Artvin, Karamahrabzon, Dizce and Rize exist with a
score between 10.00 — 19.99.

Mean: - 0.237
Median: 1.464
Std.Dev.: 17.555
Skewness: 0.183
Kurtosis: 0.362

Frequency

Istanbul: 56.563

Ankara: 40.688

00 .
40,000 -20,000 ,000 20,000 40,000

@
S
o
3
3

Gi*

Fig. 3. Getis and Ord Gi* Statistics for ICT deveimnt index
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[ 19.99 - 29.99 5)
[ 30.00 - 39.99 (0)
[ 40.688 (Ankara)
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e

Fig. 4. Spatial Autocorrelation of Digital Divida iTurkey, measured with Getis and Ord Gi* Statssfar ICT development index

5 CONCLUSION

Preliminary findings indicate that spatial autoretation and clustering methods report the sigaifee of

the mono-centric development pattern of Turkey, neheost populated and in-migrated provinces also
dominate in all domains of access to, use andssiiltechnology. Although figures from officiallyplished
data depict spatial heterogeneity superficially tlesults indicate the importance and necessity of a
prospective comprehensive social survey, having kigel of representation capability and spatiahgiing.
This paper is assumed to present primer invesbigatof further research, which will compare Istdnbu
province, as the dominant province with unprivildgaovinces in terms of socio-economic development
and technology use and supply.
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