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Abstract: This study aims to examine the impact of digitalization on economic growth in an EU sample for
the period 2017-2022, taking into account spatial dependence. To this end, the study uses a spatial panel data
method. Moran’s I test, LM test, and robust LM test detected the presence of spatial dependence in the analysis
models. According to the results of the spatial panel data analysis, the DESI index, connectivity, integration of
digital technologies, and digitalization of public services have a statistically significant positive direct impact
on economic growth. In contrast, the digital human capital indicator has a statistically significant negative
direct impact on economic growth. Furthermore, the DESI index, integration of digital technologies, and
digitalization of public services indicators have approximately five times greater indirect impacts on economic
growth than their direct impacts. This result demonstrates the spatial spillover potential of digitalization across
the EU. Unlike these indicators, the digital connectivity indicator has no statistically significant indirect impact
on economic growth. The spillover of the indirect impacts of digital indicators indicates that the spillover effect
is weak in areas requiring physical infrastructure due to the nature of digitalization; This can be attributed to
the strong spillover effect in areas such as the integration of digital technologies like artificial intelligence,
cloud computing, big data, and the Internet of Things. Finally, the model concludes that the control variables
used—trade openness, government spending, and population growth—have statistically significant negative
direct effects on economic growth.
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Oz: Bu ¢alismada 2017-2022 donemi i¢in AB érnekleminde dijitallesmenin ekonomik biiyiime iizerindeki
etkisinin mekansal bagimliligi dikkate alarak incelenmesi amaglanmaktadir. Bu amag¢ dogrultusunda ¢alismada
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mekansal panel veri yontemi kullanilmigtir. Mekansal tanilayict Moran’s I testi, LM ve direncli LM testleri
analiz modellerinde mekansal bagimliligin varligini tespit etmislerdir. Mekansal panel veri analizi sonuglarina
gore DESI indeksi, baglanti, dijital teknolojilerin entegrasyonu ve kamu hizmetlerinin dijitallesmenin
ekonomik biiyiime iizerinde istatistiki olarak anlamli diizeyde pozitif dogrudan etkisi vardir. Bu dijital
gostergelerden farkli olarak beseri sermaye dijital gostergesinin ise ekonomik biiyiime iizerinde istatistiki
olarak anlamli diizeyde negatif dogrudan etkisi vardir. Ayrica DESI indeksi, dijital teknolojilerinin
entegrastonu ve kamu hizmetlerinin dijitallesmesi gostergelerinin ekonomik bilyiime {izerinde dogrudan
etkilerinin yaklagik bes kat1 kadar dolayl etkileri vardir. Bu sonu¢ AB genelinde dijitallesmenin mekansal
yayilma potansiyelini gostermektedir. Bu gostergelerden farkli olarak baglant: dijital gostergesinin ekonomik
biiyiime iizerinde istatistiki olarak anlamli diizeyde dolayli etkisi yoktur. Dijital gostergelerin dolayl etkilerinin
farklilagsmasi dijitallesmenin dogasi geregi fiziki altyap1 gerektiren alanlarda yayilmanin etkisinin zayif; yapay
zeka, bulut bilisim, bilyiikk veri ve nesnelerin interneti gibi dijital teknolojilerin entegrasyonu alanlarinda
yayilma etkisinin giiclii olmasina baglanabilir. Son olarak modelde kullanilan ticari agiklik, kamu harcamalar1
ve niifus biiyiimesi kontrol degiskenlerinin ekonomik biiylime iizerinde istatistiki olarak anlamli diizeyde
negatif dogrudan etkileri oldugu sonucuna ulagilmistir.

Anahtar Kelimeler: Dijitallesme, Ekonomik Biiyiime, Mekansal Panel Veri Analizi, DESI Index, AB
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Structured Abstract
Introduction and Aim of The Study

This study has two objectives: to examine whether the Digital Single Market policy adopted by EU
countries is being hindered by regulatory measures, and to determine the geographical spread of digitalisation
within the Union. In line with these objectives, the impact of digitalisation on economic growth was analysed
using a spatial panel data method for a sample of 27 EU countries over the 2017-2022 period.The study makes
three contributions: firstly, it examines the impact of digitalisation on growth within the EU sample by taking
spatial spillover effects into account; and secondly, it decomposes this impact into linear and indirect
components. Thirdly, the impact of the DESI components—connectivity, human capital, the integration of
digital technologies and digital public services—on economic growth is examined separately at the component
level. The effects of these DESI components on economic growth are compared in order to determine the extent
to which regulations implemented in EU countries have hindered the spatial spread of digitalisation.

Methods

The results of the Pesaran CD and Moran’s I tests examine the presence of spatial dependence in the
models. According to the findings of the LM and robust LM tests, the source of spatial dependence in the
models is spatial error and spatial lag. However, the results of the F and Hausman tests indicate that the fixed-
effects estimator is the most efficient estimator. Following a synthesis of the findings, it has been concluded
that the most appropriate model is the fixed-effects SACFE model.

Findings

According to the findings, the DESI, connectivity, the integration of digital technologies and the
digitalisation of public services have a positive impact on economic growth. However, human capital has a
negative direct impact on economic growth. The findings of the fixed-effects estimator indicate that human
capital has a positive effect on economic growth; however, this relationship changes when the weight matrix
is included in the equation. As a result of this change, the direction of this effect becomes negative. This finding
suggests that the increase in human capital within the country may hinder economic growth through labour
migration. Furthermore, through spatial spillover, this increase simultaneously leads to similar effects in
neighbouring countries. When the effect of spatial spillover is taken into account, whilst the direction of the
effect of human capital on economic growth changes amongst the digitalisation indicators, the estimated
coefficients indicating the effect of other digitalisation indicators on economic growth differ. This finding
indicates that, if spatial spillover is not taken into account, the estimated coefficients from traditional panel
data methods are biased and inconsistent. The difference in fit measures between the fixed-effects estimator
and the spatial panel data model also demonstrates the necessity of incorporating a weight matrix into the
economic model.

Concusion and Discussion

Following the disaggregation of direct and indirect effects, the DESI index revealed that the strength
of indirect effects—arising from the integration of digital technologies and the digitalisation of public
services—is approximately five times greater than that of direct effects. This difference confirms the potential
for the spatial spillover of digitalisation within the EU. This situation demonstrates the necessity of the Digital
Single Market policy implemented by the EU. Investment in digitalisation under the Digital Single Market
policy will not only boost that country’s economic growth but will also have a positive impact on the economic
growth of other EU countries. The findings indicate that the Digital Single Market policy has been successful.
Digitalisation is driven not by local investment, but by cross-border spillovers resulting from spatial
interactions. In this context, the findings suggest that the indirect effects of the connectivity indicator on
economic growth are negligible. The difference between the connectivity indicator and other digitalisation
indicators is attributed to the physical nature of connectivity infrastructure and the low potential for digital
spillover. Furthermore, this can be interpreted as market fragmentation within the EU and regulations posing
significant barriers to spatial spillovers.

Recommendations

The recommendations that are presented to policymakers and researchers are based on the findings.
In consideration of the spatial spillover effects of the integration of digital technologies, it is evident that
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investments in digitalisation — such as artificial intelligence, cloud computing and big data — in EU countries
will have impacts that extend beyond geographical boundaries. For the EU — which lags behind the US and
China in ICT exports — to regain the export share it has lost, it must actively implement the Digital Single
Market policy and remove the regulatory barriers that pose significant obstacles to spatial spillover. Finally,
the study has two limitations: the lack of consideration of data constraints and the issue of endogeneity between
variables.

Keywords: Digitalization, Economic Growth, Spatial Panel Data Analysis, DESI Index, EU
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Résumé Structuré
Introduction et objectif de I’étude

La présente étude poursuit deux objectifs : examiner si la politique du marché unique numérique
adoptée par les pays de 'UE est entravée par des mesures réglementaires, et déterminer la répartition
géographique de la numérisation au sein de I’Union. Conformément a ces objectifs, I’impact de la numérisation
sur la croissance économique a été analysé a 1’aide d’une méthode de données de panel spatiales pour un
échantillon de 27 pays de I'UE sur la période 2017-2022. Cette étude apporte trois contributions :
premicérement, elle examine I’impact de la numérisation sur la croissance au sein de 1’échantillon de I’'UE en
tenant compte des retombées spatiales ; deuxiémement, elle décompose cet impact en composantes linéaires et
indirectes ; troisiémement, I’impact des composantes du DESI — connectivité, capital humain, intégration des
technologies numériques et services publics numériques — sur la croissance économique est examiné
séparément au niveau de chaque composante. Les effets de ces composantes du DESI sur la croissance
économique sont comparés afin de déterminer dans quelle mesure les réglementations mises en ceuvre dans les
pays de I’UE ont entravé la diffusion spatiale de la numérisation.

Méthodes

Les résultats des tests CD de Pesaran et I de Moran permettent d’examiner la présence d’une
dépendance spatiale dans les modéles. Selon les conclusions des tests LM et LM robustes, la source de la
dépendance spatiale dans les modéles réside dans I’erreur spatiale et le décalage spatial. Cependant, les résultats
des tests F et de Hausman indiquent que 1’estimateur a effets fixes est I’estimateur le plus efficace. A I’issue
d’une synthése des résultats, il a été conclu que le modéle le plus approprié est le modéle SACFE a effets fixes.

Résultats

D’apres les résultats, le DESI, la connectivité, I’intégration des technologies numériques et la
numérisation des services publics ont un impact positif sur la croissance économique. En revanche, le capital
humain a un impact direct négatif sur la croissance économique. Les résultats de 1’estimateur a effets fixes
indiquent que le capital humain a un effet positif sur la croissance économique ; toutefois, cette relation change
lorsque la matrice de pondération est incluse dans 1’équation. A la suite de ce changement, le sens de cet effet
devient négatif. Ce résultat suggere que I’augmentation du capital humain au sein du pays pourrait entraver la
croissance économique par le biais de la migration de main-d’ceuvre. De plus, par le biais de retombées
spatiales, cette augmentation entraine simultanément des effets similaires dans les pays voisins. Lorsque I’effet
des retombées spatiales est pris en compte, alors que le sens de I’effet du capital humain sur la croissance
économique varie selon les indicateurs de numérisation, les coefficients estimés indiquant 1’effet des autres
indicateurs de numérisation sur la croissance économique différent. Ce résultat indique que, si les retombées
spatiales ne sont pas prises en compte, les coefficients estimés a partir des méthodes traditionnelles de données
de panel sont biaisés et incohérents. La différence entre les mesures d’ajustement de I’estimateur a effets fixes
et du modele de données de panel spatial démontre également la nécessité d’intégrer une matrice de pondération
dans le modele économique.

Conclusion et discussion

A la suite de la désagrégation des effets directs et indirects, Iindice DESI a révélé que I’ampleur des
effets indirects — découlant de 1’intégration des technologies numériques et de la numérisation des services
publics — est environ cinq fois supérieure a celle des effets directs. Cette différence confirme le potentiel de
retombées spatiales de la numérisation au sein de I’'UE. Cette situation démontre la nécessité de la politique du
marché unique numérique mise en ceuvre par I’'UE. Les investissements dans la numérisation dans le cadre de
cette politique stimuleront non seulement la croissance économique du pays concerné, mais auront également
un impact positif sur la croissance économique des autres pays de I’UE. Les résultats indiquent que la politique
du marché unique numérique a été couronnée de succes. La numérisation n’est pas tirée par les investissements
locaux, mais par des retombées transfrontaliéres résultant d’interactions spatiales. Dans ce contexte, les
résultats suggérent que les effets indirects de 1’indicateur de connectivité sur la croissance économique sont
négligeables. La différence entre I’indicateur de connectivité et d’autres indicateurs de numérisation s’explique

www.turkishstudies.net/economy



4984 Arif Igdeli - Sultan Betiil Giiciin

par la nature physique des infrastructures de connectivité et le faible potentiel de retombées numériques. En
outre, cela peut étre interprét¢é comme une fragmentation du marché au sein de 'UE et comme des
réglementations constituant des obstacles importants aux retombées spatiales.

Recommandations

Les recommandations présentées aux décideurs politiques et aux chercheurs s’appuient sur ces
résultats. Compte tenu des retombées spatiales de I’intégration des technologies numériques, il est évident que
les investissements dans la numérisation — tels que I’intelligence artificielle, le cloud computing et le big data
— dans les pays de I’UE auront des répercussions qui s’étendront au-dela des frontiéres géographiques.

Pour que I’UE — qui accuse un retard par rapport aux Etats-Unis et 4 la Chine en matiére d’exportations
de TIC — regagne la part d’exportation qu’elle a perdue, elle doit mettre en ceuvre activement la politique du
marché unique numérique et supprimer les barriéres réglementaires qui constituent des obstacles importants
aux retombeées spatiales. Enfin, 1’étude présente deux limites : la non-prise en compte des contraintes li€es aux
données et la question de I’endogénéité entre les variables.

Mots-clés : Numérisation, Croissance économique, Analyse de données de panel spatiales, Indice
DESI, UE

Resumen Estructurado
Introduccion y objetivo del estudio

Este estudio tiene dos objetivos: examinar si la politica del Mercado Unico Digital adoptada por los
paises de la UE se ve obstaculizada por medidas reguladoras, y determinar la distribucion geografica de la
digitalizacion dentro de la Union. En consonancia con estos objetivos, se analiz6 el impacto de la digitalizacion
en el crecimiento econdmico utilizando un método de datos de panel espacial para una muestra de 27 paises de
la UE durante el periodo 2017-2022. El estudio aporta tres contribuciones: en primer lugar, examina el impacto
de la digitalizacion en el crecimiento dentro de la muestra de la UE teniendo en cuenta los efectos de contagio
espaciales; en segundo lugar, descompone este impacto en componentes lineales e indirectos; y, en tercer lugar,
examina por separado, a nivel de cada componente, el impacto de los componentes del DEST —conectividad,
capital humano, integracion de las tecnologias digitales y servicios publicos digitales— en el crecimiento
econdmico. Se comparan los efectos de estos componentes del DESI sobre el crecimiento econémico con el
fin de determinar en qué medida las regulaciones aplicadas en los paises de la UE han obstaculizado la
expansion espacial de la digitalizacion.

Métodos

Los resultados de las pruebas CD de Pesaran y I de Moran examinan la presencia de dependencia
espacial en los modelos. Segun los resultados de las pruebas LM y LM robusta, la fuente de la dependencia
espacial en los modelos es el error espacial y el retraso espacial. Sin embargo, los resultados de las pruebas de
F y de Hausman indican que el estimador de efectos fijos es el mas eficiente. Tras una sintesis de los resultados,
se ha concluido que el modelo mas adecuado es el modelo SACFE de efectos fijos.

Resultados

Segtin los resultados, el DESI, la conectividad, la integracion de las tecnologias digitales y la
digitalizacion de los servicios publicos tienen un impacto positivo en el crecimiento econémico. Sin embargo,
el capital humano tiene un impacto directo negativo en el crecimiento econémico. Los resultados del estimador
de efectos fijos indican que el capital humano tiene un efecto positivo en el crecimiento econdémico; no
obstante, esta relacion cambia cuando se incluye la matriz de pesos en la ecuacion. Como consecuencia de este
cambio, la direccion de este efecto pasa a ser negativa. Este hallazgo sugiere que el aumento del capital humano
dentro del pais puede obstaculizar el crecimiento econdmico a través de la migracion laboral. Ademas, a través
del efecto de contagio espacial, este aumento provoca simultineamente efectos similares en los paises vecinos.
Cuando se tiene en cuenta el efecto de contagio espacial, si bien la direccion del efecto del capital humano
sobre el crecimiento econdmico varia entre los distintos indicadores de digitalizacion, los coeficientes
estimados que indican el efecto de otros indicadores de digitalizacion sobre el crecimiento econdmico difieren.
Este hallazgo indica que, si no se tiene en cuenta el efecto de contagio espacial, los coeficientes estimados a
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partir de los métodos tradicionales de datos de panel son sesgados e inconsistentes. La diferencia en las medidas
de ajuste entre el estimador de efectos fijos y el modelo de datos de panel espacial también demuestra la
necesidad de incorporar una matriz de ponderacion en el modelo econdmico.

Conclusion y discusion

Tras la desagregacion de los efectos directos e indirectos, el indice DESI revel6 que la intensidad de
los efectos indirectos —derivados de la integraciéon de las tecnologias digitales y la digitalizacion de los
servicios publicos— es aproximadamente cinco veces mayor que la de los efectos directos. Esta diferencia
confirma el potencial de los efectos de contagio espaciales de la digitalizacion dentro de la UE. Esta situacion
pone de manifiesto la necesidad de la politica del Mercado Unico Digital aplicada por la UE. La inversion en
digitalizacién en el marco de la politica del Mercado Unico Digital no solo impulsara el crecimiento econémico
de ese pais, sino que también tendra un impacto positivo en el crecimiento econdomico de otros paises de la UE.
Los resultados indican que la politica del Mercado Unico Digital ha sido un éxito. La digitalizacion no viene
impulsada por la inversion local, sino por los efectos de contagio transfronterizos resultantes de las
interacciones espaciales. En este contexto, los resultados sugieren que los efectos indirectos del indicador de
conectividad sobre el crecimiento econdmico son insignificantes. La diferencia entre el indicador de
conectividad y otros indicadores de digitalizacion se atribuye a la naturaleza fisica de las infraestructuras de
conectividad y al escaso potencial de efectos de contagio digitales. Ademas, esto puede interpretarse como una
fragmentacion del mercado dentro de la UE y como una normativa que plantea importantes barreras a los
efectos de contagio espaciales.

Recomendaciones

Las recomendaciones que se presentan a los responsables politicos y a los investigadores se basan en
los resultados. Teniendo en cuenta los efectos de propagacion espacial de la integracion de las tecnologias
digitales, es evidente que las inversiones en digitalizacion —como la inteligencia artificial, la computacion en
la nube y los macrodatos— en los paises de la UE tendran repercusiones que traspasaran las fronteras
geograficas.

Para que la UE —que va a la zaga de EE. UU. y China en exportaciones de TIC— recupere la cuota
de exportacion que ha perdido, debe aplicar activamente la politica del Mercado Unico Digital y eliminar las
barreras normativas que suponen obstaculos significativos para los efectos de propagacion espacial. Por tltimo,
el estudio presenta dos limitaciones: la falta de consideracion de las restricciones de los datos y el problema de
la endogeneidad entre variables.

Palabras clave: Digitalizacion, Crecimiento econémico, Analisis de datos de panel espacial, indice
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CTpyKTypupOBaHHOE pe3loMe
BBeaenue u 1eJb HCCIEI0BAHUNA

JlaHHOE uccleJOBaHKE MPeCiieyeT ABE IIeJIN: BEISICHUTD, HE MPEMIATCTBYIOT JIM PETYJISATOPHBIE MEPhI
peanu3alMy MOJUTHKH €IUHOrO HHU(POBOTO pbHIHKA, MNPHHATOW cTpanamu EC, a Takxke ONpEIeTUTh
reorpaduueckoe pacrnpeaeicnue nudposusanuu B npeaenax Corsa. B cooTBETCTBHU ¢ 3TUMH HESIMH OBLITO
MPOaHATM3UPOBAHO BIHMSHWE NH(PPOBU3ANMKA Ha OSKOHOMHYECKHHA pOCT C HCIOJIb30BaHUEM METOJa
MIPOCTPAHCTBEHHBIX ITaHENBHBIX NaHHBIX Ha BbIOOpke m3 27 crpan EC 3a mepmon 2017-2022 romos.
HccnenoBanue BHOCHT TPH BKJIAIa: BO-TIEPBBIX, B HEM M3ydaeTcsl BIUSHUE MU(PPOBU3AIMH HA POCT B paMKax
BbIOOpKH cTpaH EC ¢ y4éToM mpoCcTpaHCTBEHHBIX 3P(PEKTOB IMEePEITUBa; BO-BTOPHIX, 3TO BIMSIHUC Pa3JIaracTcs
Ha JINHEWHbIE U KOCBEHHbIE KOMIIOHEHTHL. B-TpeTbux, BnusHue komnoneHToB DES] — noakitoueHus K ceTH,
YEIIOBEYECKOT0 KalUTAalla, MHTErPaIliy TU(PPOBBIX TEXHOJIOTHHA W IMH(POBBIX FOCYIAPCTBCHHBIX YCIYT — Ha
9KOHOMHUYECKUH POCT U3ydaeTcsl OTAEIbHO Ha YPOBHE KOMIIOHEHTOB. Biusinue stux komnoneHToB DESI Ha
9KOHOMHUYECKUHA POCT CPaBHHUBAETCS C LEJbI0 ONpPENEICHUs CTENEHH, B KOTOPOM HOPMATUBHBIE AaKThI,
BBeJIeHHBIE B cTpaHax EC, cepkruBaiy MpoCTpaHCTBEHHOE PacTpoCTpaHeHHE UG POBHU3AIIH.
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MeTtoasl

Pesynprater TectoB Ilecapana CD 1 Mopana | mo3BOJISIOT BBISBUTH HAJMUWE MPOCTPAHCTBEHHOMH
3apucuMocTH B Mozensx. CormacHo pesynbrataM TectoB LM m  pobactHoro LM, HCTOYHHKOM
MPOCTPAaHCTBEHHON 3aBHCHUMOCTH B MOJEINSAX SIBJISIOTCA MPOCTPAaHCTBEHHAs OIMMOKAa M IIPOCTPAHCTBEHHOE
3amasapiBaHne. OnHaKo pe3ynpTarsl TecToB F 1 XaycmaHa MOKa3bIBaOT, YTO ONEHIIHK C (PHKCHPOBAHHBIMH
a¢pdexramu sBisiercs Hambonee 3pdexTuBHBIM. [locme 0000mEeHNs MOTyYeHHBIX PEe3yIbTaTOB OBLT cIeNaH
BBIBOJI, YTO HanOosee noaxo e Mmoaensto sisiercst moness SACFE ¢ ¢pukcupoBanubiMu addekramu.

PesyabTartsl

CoryacHO Moty 4eHHbIM pe3ynbraram, nHaekc DESI, ypoBeHb nmoaximodenus, nHTerpanus 1 poBbIx
TEXHOJNOTHUA ¥ IM(POBU3ALUS TOCYJAPCTBEHHBIX YCIYr OKa3blBalOT MOJIOKUTENBHOE BIHMSHUE Ha
9KOHOMHUYECKHH pocT. OJHAKO YeNOBEUYECKUH KalMTal OKa3blBAaeT NPSMOE OTPUIATENIFHOE BIMSHHE Ha
9KOHOMUYECKHH pOCT. Pe3ynbTarhl OLEHKU ¢ PUKCUPOBaHHBIMH 3 (heKTaMH MOKa3bIBAIOT, YTO YEIOBEYECCKHUIT
KalluTaJl OKa3bIBaeT MOJIOKUTEIBHOE BIUSHIE HAa SKOHOMHYECKUH POCT; OJJHAKO 3Ta 3aBHCHMOCTH MEHSETCS
IpH BKIIOYCHHUH MATpUIBI BECOB B ypaBHEHHE. B pesynbrare 3TOro M3MEHCHHS HANPABICHHE JAHHOTO
3¢dexTa CTAaHOBUTCS OTPULATEIBHBIM. ODTOT BBIBOJ CBHICTEIBCTBYET O TOM, YTO POCT YEJIOBEYECKOTO
KaluTana BHYTPU CTPaHbl MOXET CHCPIKMBATh SKOHOMUYECKHI POCT 3a cueT TpyHoBoil murpauuu. Kpome
TOTO, 3a CYET IPOCTPAHCTBEHHOro 3((eKTa IMepenrBa 3TO YBEIWYCHHE OJHOBPEMEHHO HPHBOIHUT K
AQHAJIOTMYHBIM MOCIIEJCTBHAM B COCEAHHX cTpaHax. [Ipu ydere apekra mpoCcTpaHCTBEHHOTO NEpenBa, XOTs
HarpaBjeHUE BIIMSHUS YEJIOBEUECKOrO KalHTaja Ha SKOHOMHYECKHI POCT MEHSETCS B 3aBHCUMOCTH OT
KOHKPETHOTO IOKa3zaTelsl LU(pOBHU3AIMU, OLECHEHHbIE KOI((GHUIMEHTH, OTpPaXKaloOlIMe BIHMSHUE APYIUX
nokasatesell M(ppoBU3aLUHN HA SKOHOMUUECKHH POCT, pa3iiMyaioTcs. ITOT BBIBOJ yKa3bIBAET Ha TO, YTO MPU
OTCYTCTBUHM yueTa MPOCTPAHCTBEHHOTro 3(h(eKTa mepenrBa OLEHEHHbIE KO3()(HUIMEHTHI, TOJyYeHHBIE C
MOMOIIBI0 TPAJMLUOHHBIX METOJOB AaHAIN3a MaHENbHBIX JAHHBIX, SIBISIIOTCS CMELICHHBIMH U
HECOTJIacOBaHHBIMHU. PasHHWIIa B MOKa3aTeNsiX KayecTBa IOATOHKH MEXKIY OLCHIIUKOM ¢ (UKCHPOBAHHBIMH
s dexTaMu U MOJEIBI0 NPOCTPAHCTBEHHBIX MAHENbHBIX ITaHHBIX TAKKe IEMOHCTPHPYET HEOOXOAUMOCTb
BKJIIOYCHHMS MaTPHULIBl BECOB B SKOHOMHYECKYIO MOJIEIb.

3akJil0ueHue u 00Cy:KaeHHe

IMocne pa3buenust Ha npsiMble U KocBeHHbIE 3¢ ¢dexTsl nHaeke DESI mokasan, 4To cuia KOCBEHHBIX
3¢PEeKTOB — BO3HUKAIOUMX B pe3ylbTaTe WHTErpaniy HIHQPOBBIX TEXHOJOTHH ¥ IM(POBU3ALUH
TOCYJapCTBEHHBIX YCIyT — MNPUMEPHO B IIATh pa3 MPEBBINIAET CHIYy NPSAMBIX 3(QQeKToB. DTa pa3HUIA
MOATBEPXKIACT MTOTEHIIMAN IIPOCTPAHCTBEHHOT0 pacnpoctpaHenus agdexror nudposusannu B npenenax EC.
JaHHass cuTyanusi CBUAETEILCTBYET O HEOOXOAMMOCTH TOJNUTHKUA «EAMHOTO 1M(POBOTO phIHKAY,
npooaumoit EC. MuBecTuinu B nmdpoBu3auo B paMkax noiuTuku «EnuHoro nudpoBoro peiHkay He
TOJIBKO CTUMYJIMPYIOT SKOHOMHUYECKUI POCT JAHHOM CTPaHBbl, HO U OKA3bIBAIOT IOJIO’KUTENBHOE BIIUSHUE HA
sKOHOMHYecKHi pocT npyrux crpaH EC. Ilomy4yeHHble pe3ynbTaThl YKa3bIBAlOT Ha TO, YTO IOJHMTHKA
«EnnHoro mm¢poBoro pelHKa» oOKasajach ycremHoi. [Brmkymeid cuioil nmpoBU3anuy SIBISIOTCA He
JIOKJIbHBIE MHBECTUIIMH, & TpaHCTpaHMYHbIE 3(QEKTHl pPaclpoCTPaHEHUS, BOZHHKAIOUINE B PE3yJbTaTe
MPOCTPAHCTBEHHBIX B3aUMOJCHCTBUI. B 3TOM KOHTEKCTE MOJY4YEHHBIE PE3yNbTaThl MO3BOJSIOT CAEIATH
BBIBOJ] O TOM, YTO KOCBEHHOE BIHUSHHE IOKa3aTels MOJKIIOUEHHOCTH HAa SKOHOMHUYECKHN pPOCT SIBIISETCS
HEe3HAYMTENbHBIM. PazHIIIa MEXTy MTOKa3aTeIeM IOIKITIOYSHHOCTH | IPYTUMH TTOKa3aTeNIIMH U POBU3ALIIH
oObscHsieTcst  (puznveckord NpUpooH HHOPACTPYKTYPHl MHOAKIIOUEHHOCTH M HHU3KUM IOTEHIMAIOM
udposoro a¢dexra pacnpocrpaHeHus. Kpome Toro, 370 MOXXHO MHTEPIPETHPOBATh Kak (hparMeHTAIUIo
peiHKa B mpexenax EC W Hamnune HOPMATHBHBIX AaKTOB, CO3MAIONIMX 3HAYUTEIbHBIC Oaphephl I
MIPOCTPAHCTBEHHBIX APPEKTOB PACIPOCTPAHEHHS.

Pexomenpanun

[IpencraBneHHble TOMUTHKAM M HCCIIEIOBATENSM PEKOMEHAANH OCHOBAaHBI Ha MOJYYEHHBIX
pesynbrarax. C y4eToM MNpOCTPaHCTBEHHBIX 3()(EKTOB pacmpoCTpaHEHMs, CBA3aHHBIX C HHTErpauuei
U(POBBIX TEXHOJIOTUH, OYEBHIHO, YTO WHBECTHIMH B LIU(PPOBH3ALMI0O — TaKUE KaK HMCKYCCTBEHHBIH
MHTEJUIEKT, OOJIauHble BBIYMCIECHUS W Oonblive JNaHHble — B cTpaHax EC OyayT MMeTh IOCIeNCTBHS,
BBIXOAIINE 32 TIPeJIeIIbl TeorpapMIeCcKuX TPAHHUIL.
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Hus Toro uto6s1 EC — xotopsriit orctaer ot CHIA u Kuras mo sxciopty UKT — cMor BepHYTH
YTpaueHHYIO JOJIO0 SKCIIOPTa, OH JODKEH aKTUBHO PEaTN30BBIBATh HOJUTHKY €IMHOTO IU(POBOro PhIHKA U
YCTPaHATb PEryJATOPHBIE Oapbepbl, CO3NAIONIME 3HAYUTENBHBIC NPEMSATCTBHS JUI1 HPOCTPAHCTBEHHBIX
adexToB pacnpocTpaHeHHs. HaxoHen, uccienoBaHHe HMeEET [Ba OIPaHHUYECHHUS: OTCYTCTBHE ydera
OrpaHMYCHUH TaHHBIX U IPo0JIeMa SHIOTSHHOCTH MEXITy ePEMEHHBIMH.

KiroueBble cioBa: mudposu3anysi, SKOHOMIUYECKHN POCT, aHAIH3 MPOCTPAHCTBEHHBIX TaHEIBHBIX
nmanaeix, naaekc DESI, EC
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Yapilandirilmis Ozet
Giris ve Calismanin Amaci

Bu ¢aligmanin iki amaci vardir: AB iilkeleri tarafindan benimsenen Dijital Tek Pazar politikasinin
diizenleyici 6nlemler nedeniyle engellenip engellenmedigini incelemek ve Birlik ig¢indeki dijitallesmenin
cografi dagilimint belirlemek. Bu amaglar dogrultusunda, 2017-2022 dénemi boyunca 27 AB iilkesinden
olusan bir 6rneklem izerinde, dijitallesmenin ekonomik biiylime {izerindeki etkisi mekansal panel veri yontemi
kullanilarak analiz edilmistir. Caligma ii¢ katk: saglamaktadir: ilk olarak, mekansal yayilma etkilerini dikkate
alarak AB orneklemindeki dijitallesmenin biiyiime tlizerindeki etkisini incelemektedir; ikinci olarak, bu etkiyi
dogrusal ve dolayl bilesenlere ayirmaktadir. Ugiincii olarak, DESI bilesenlerinin —baglant1, beseri sermaye,
dijital teknolojilerin entegrasyonu ve dijital kamu hizmetleri— ekonomik biiyiime tizerindeki etkisi, bilesen
diizeyinde ayri ayri incelenmektedir. AB iilkelerinde uygulanan diizenlemelerin dijitallesmenin mekansal
yayilmasini ne 6l¢lide engelledigini belirlemek amaciyla, bu DESI bilesenlerinin ekonomik biiylime {izerindeki
etkileri karsilagtirilmistir.

Yontem

Pesaran CD ve Moran’s [ testlerinin sonuglari, modellerde mekansal bagimliligin varligini
incelemektedir. LM ve saglam LM testlerinin bulgularina gére, modellerdeki mekansal bagimliligin kaynagi
mekansal hata ve mekansal gecikmedir. Bununla birlikte, F ve Hausman testlerinin sonuglari, sabit etkiler
tahmincisinin en verimli tahminci oldugunu goéstermektedir. Bulgularin sentezlenmesi sonucunda, en uygun
modelin sabit etkilerli SACFE modeli oldugu sonucuna varilmistir.
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Bulgular

Bulgulara gore, DESI, baglanti, dijital teknolojilerin entegrasyonu ve kamu hizmetlerinin
dijitallesmesi ekonomik biiyiime iizerinde olumlu bir etkiye sahiptir. Bununla birlikte, beseri sermaye
ekonomik biiylime iizerinde dogrudan olumsuz bir etkiye sahiptir. Sabit etkiler tahmincisinin bulgulari, insan
sermayesinin ekonomik biiylime {izerinde olumlu bir etkiye sahip oldugunu goéstermektedir; ancak bu iligki,
agirlik matrisi denkleme dahil edildiginde degismektedir. Bu degisimin sonucu olarak, s6z konusu etkinin yoni
olumsuz hale gelmektedir. Bu bulgu, iilke i¢indeki insan sermayesindeki artisin isgiicii go¢ii yoluyla ekonomik
biiylimeyi engelleyebilecegini gostermektedir. Ayrica, mekansal yayilma yoluyla bu artig, komsu iilkelerde de
eszamanli olarak benzer etkilere yol agmaktadir. Mekansal yayilmanin etkisi dikkate alindiginda, dijitallesme
gostergeleri arasinda insan sermayesinin ekonomik biiylime iizerindeki etkisinin yonii degisirken, diger
dijitallesme gostergelerinin ekonomik biiylime iizerindeki etkisini gosteren tahmin edilen katsayilar farklilik
gostermektedir. Bu bulgu, mekansal yayilma dikkate alinmadiginda, geleneksel panel veri yontemlerinden elde
edilen tahmin katsayilarinin Onyargili ve tutarsiz oldugunu gostermektedir. Sabit etkiler tahmincisi ile
mekansal panel veri modeli arasindaki uyum &l¢iitlerindeki fark da ekonomik modele bir agirlik matrisinin
dahil edilmesinin gerekliligini ortaya koymaktadir.

Sonuc ve Tartisma

Dogrudan ve dolayli etkilerin ayrigtirtlmasinin ardindan, DESI endeksi, dijital teknolojilerin
entegrasyonu ve kamu hizmetlerinin dijitallesmesinden kaynaklanan dolayli etkilerin giiciiniin, dogrudan
etkilerin giiclinden yaklasik bes kat daha fazla oldugunu ortaya koymustur. Bu fark, AB i¢inde dijitallesmenin
mekansal yayilma potansiyelini teyit etmektedir. Bu durum, AB tarafindan uygulanan Dijital Tek Pazar
politikasinin gerekliligini ortaya koymaktadir. Dijital Tek Pazar politikas1 kapsaminda dijitallesmeye yapilan
yatirimlar, sadece ilgili iilkenin ekonomik bilylimesini hizlandirmakla kalmayacak, ayn1 zamanda diger AB
tilkelerinin ekonomik bilylimesi {lizerinde de olumlu bir etki yaratacaktir. Bulgular, Dijital Tek Pazar
politikasinin bagarili oldugunu gostermektedir. Dijitallesme, yerel yatirimlarla degil, mekansal etkilesimlerden
kaynaklanan sinir 6tesi yayilma etkileriyle yonlendirilmektedir. Bu baglamda, bulgular baglant1 gostergesinin
ekonomik biiyiime {izerindeki dolayli etkilerinin ihmal edilebilir diizeyde oldugunu gdstermektedir. Baglanti
gostergesi ile diger dijitallesme gostergeleri arasindaki fark, baglanti altyapisinin fiziksel dogasina ve dijital
yayilma potansiyelinin diisiik olmasina atfedilebilir. Ayrica bu durum, AB i¢indeki pazar parcalanmasi ve
mekansal yayilma etkilerine dnemli engeller olusturan diizenlemeler olarak yorumlanabilir.

Oneriler

Politika yapicilarina ve arastirmacilara sunulan Oneriler, bu bulgulara dayanmaktadir. Dijital
teknolojilerin entegrasyonunun mekansal yayilma etkileri gz oniine alindiginda, AB iilkelerinde yapay zeka,
bulut bilisim ve biiylik veri gibi dijitallesme alanlarindaki yatirimlarin cografi sinirlarin Gtesine uzanan etkileri
olacagi aciktir. BIT ihracatinda ABD ve Cin’in gerisinde kalan AB’nin kaybettigi ihracat paymi geri
kazanabilmesi i¢in, Dijital Tek Pazar politikasini aktif olarak uygulamasi ve mekansal yayilma etkilerine
onemli engeller teskil eden diizenleyici engelleri ortadan kaldirmasi gerekmektedir. Son olarak, bu ¢alismanin
iki siurliligi bulunmaktadir: veri kisitlamalarinin dikkate alinmamasi ve degigkenler arasindaki i¢sellik sorunu.

Anahtar Kelimeler: Dijitallesme, Ekonomik Biiylime, Mekansal Panel Veri Analizi, DESI Index,
AB
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Introduction

Digitalization, the driving force behind the Fourth Industrial Revolution, is fundamentally
transforming the structure of the global economy through the integration and synergy of modern
digital technologies such as artificial intelligence, big data, cloud computing, the Internet of Things,
blockchain, and robotic systems (Myovella et al., 2020; Kovac et al., 2024). This transformation has
pushed traditional factors of production, such as land and capital, into the background while bringing
knowledge and digitized data to the forefront, leading to the emergence of a new type of economy:
the digital economy (Zhang et al., 2022; Meng and Wen, 2024; Basar and Topalli, 2024).

Statistical data illustrates the digital transformation and the evolution of the digital economy
over time. According to data from the International Telecommunication Union (ITU), the global
internet penetration rate stood at 16% in 2005 and has risen to 68% as of 2024. With an internet
penetration rate of 90%, Europe ranks among the most digitally advanced regions globally. A similar
trend is observed in the widespread adoption of 5G technology, a critical infrastructure factor in
accelerating digital transformation. While 51% of the global population was within 5G coverage in
2024, Europe leads with a coverage rate of 72%. Although Europe holds a leading position in digital
infrastructure, its share of the ICT market has declined in recent years. The EU’s global share of the
ICT market stood at 21.8% in 2013 but dropped to 11.3% by 2022 (Kovac et al., 2024). The fact that
the EU’s share of the ICT market has eroded over time despite its leading position in digital
infrastructure is a paradox. It is argued that this paradox stems from the EU’s regulatory pressure and
market fragmentation. In addition to the requirements set by the EU, member states imposing
additional obligations create compliance costs for businesses, acting as a barrier to the spread of
digitalization. Furthermore, the existence of over 270 authorities across the EU for digital networks
creates a confusion of jurisdiction and a bureaucratic burden. This market fragmentation increases
cross-border transaction costs, hindering the formation of a spatial network economy. Furthermore,
digital infrastructure exhibits a heterogeneous distribution within the EU. While member states in
Northern and Western Europe—such as Denmark, Finland, Luxembourg, and the Netherlands—have
achieved high levels of digital development, countries in Southern and Eastern Europe, such as
Bulgaria and Romania, lag significantly behind the EU average in terms of digital infrastructure.
Regional clustering among member states reflects the digital divide within the EU (Cruz-Jesus et al.,
2012; Kovac et al., 2024).

To regain market share lost to China and the US in the last decade and to close the digital
divide within the Union, the EU has begun developing digitalization strategies (Demirbag and Kaya,
2024). In line with these strategies, the EU launched its digital journey in 2015 by creating the Digital
Single Market. This journey was transformed into concrete goals with the Digital Compass 2030
document published in 2021. The goals to be achieved by 2030 are defined around four main axes:
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digital skills, secure digital infrastructure, digital transformation of businesses, and digital public
services (Okeu and Diiz, 2023; Kovac et al., 2024). Behind these digital goals lies the multifaceted
impact of digitalization on economic growth.

The multidimensional effects of digitalization on economic growth are realized through
supply- and demand-side channels. From the supply side, digitalization primarily increases
productivity through capital deepening and labor productivity (Myovella et al., 2020; Criveanu,
2023). Productivity increases because of digitalization through the automation and optimization of
processes, which reduces costs and fosters the creation of innovative business models (Bon, 2021;
Criveanu, 2023; Vu et al., 2025). In addition, the digital transformation in education and healthcare
supports the development of human capital (Myovella et al., 2020; Meng and Wen, 2024). From the
demand side, digitalization supports economic growth primarily by paving the way for the emergence
of new markets and new business models (Criveanu, 2023; Tekdemir and Cakmakoglu, 2024).
However, these supply- and demand-side effects of digitalization are not uniform across regions.

According to the literature, the effects of digitalization on economic growth vary depending
on the socio-economic development levels of regions. Bon (2021), Kovac et al. (2024), and Mhaka
and Thazonevi (2024) argue that the impact of digitalization on economic growth is more pronounced
in developed regions. According to these studies, regions with low levels of development are unable
to contribute sufficiently to economic growth due to insufficient R&D expenditures, human capital,
and physical infrastructure (Rehman and Nunsiante, 2023; Meng and Wen, 2024; Tekdemir and
Cakmakoglu, 2024). In this context, digitalization is not fostering convergence among regions but
rather deepening the inequalities between them.

On the other hand, digitalization affects regions beyond its own through spatial spillover via
channels such as information flows, supply chain integration, and labor mobility. The widespread
use of information and communication technologies supports the accumulation of human capital by
removing the spatial and temporal barriers to technological diffusion (Meng and Wen, 2024; Du and
Wang, 2025). Furthermore, supply chains strengthened by digitalization enhance the effects of spatial
spillover by reducing trade costs and facilitating access to global markets (Rehman and Nunsiante,
2023; Yin and Choi, 2025). Furthermore, the remote work opportunities and new skill demands
arising from digitalization are revitalizing labor mobility between regions, thereby reinforcing the
effects of spatial spillover (Meng and Wen, 2024).

There is a lack of studies in the literature that examine the relationship between digitalization
and growth while taking spatial dependence and heterogeneity into account. A significant portion of
the existing literature, including studies by Fernandez-Portillo et al. (2020), Olcyzk and Kuc-
Czarnecka (2022), Akyol et al. (2023), and Mura and Donath (2023), has analyzed the impact of
digitalization on economic growth using traditional panel data methods. However, the economic
growth processes of regions within a federation or union are inherently spatially interdependent.
Social and economic developments in one region have direct and indirect effects on neighboring
regions (Du and Wang, 2025; Shang et al., 2025). If spatial interdependence and heterogeneity are
ignored, factors such as the diffusion of information, labor mobility, and capital mobility between
regions are not considered when examining the relationship between digitalization and growth.
Failing to account for these factors carries the risk of biased and inconsistent coefficients that reflect
the relationships between variables.

Furthermore, the literature has generally favored indicators that consider only a single
dimension—such as internet usage, broadband subscriptions, the number of mobile phones, and ICT
investments—when measuring digitalization (Haftu, 2019; Myovella et al., 2020; Konya, 2024;
Asik, 2025). These indicators are insufficient for representing the multidimensionality and complex
structure of digitalization. Recognizing this limitation, Fernandez-Portillo et al. (2020), Topcu
(2021), Olczyk and Kuc-Czarnecka (2022), and Mura and Donath (2023) have instead used the
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Digital Economy and Society Index (DESI), which incorporates dimensions such as connectivity,
human capital, the integration of digital technology, and digital public services to represent
digitalization. While analyzing the impact of the DESI index and its components on economic
growth, these studies have overlooked the existence of spatial spillover.

This study aims to fill a gap in the literature by analyzing the impact of digitalization on
economic growth using the DESI index and its components in a sample of EU countries, employing
a Spatial Autoregressive Model (SAC). The study contributes to the literature in three distinct ways.
First, it examines the relationship between digitalization and growth in the EU sample by accounting
for spatial dependence and spatial correlated shocks. Second, it decomposes the total effect of
digitalization on economic growth into direct and indirect effects. Third, it analyzes the impact of the
components of the Digital Economy and Society Index (DESI)—connectivity, human capital,
integration of digital technology, and digital public services—on economic growth at the component
level. This allows for an examination of whether regulatory barriers exist that hinder the spatial
spillover of digitalization.

In the second chapter, following the introduction, the theoretical framework and empirical
literature on the relationship between digitalization and growth will be examined. Subsequently, in
the third chapter, the dataset and methodology used in the study will be presented. In the fourth
chapter, the empirical findings will be presented and evaluated. In the conclusion, the findings will
be discussed, and policy recommendations will be developed.

Digital Transformation Process in the EU and Related Literature
Policy Framework and Current Outlook

To integrate markets and achieve digital convergence among countries, the EU has
developed policies aimed at sustainable development. The Digital Single Market policy, announced
by the EU in 2015, aims to integrate digital markets by removing barriers to the free flow of data
among member states (Okcu and Diiz, 2023). This policy is built on three main pillars: ensuring
consumers’ and businesses’ access to online goods and services, creating an environment conducive
to the development of digital networks and services, and maximizing the growth potential of the
digital economy (Bertarini, 2023). Following the COVID-19 pandemic—which highlighted the shift
toward conducting services and trade via digital platforms and the realization that the EU was not
sufficiently advanced in digitalization—the Union published the Digital Decade policy in 2021,
grounded in concrete objectives. This policy is structured around four main pillars: digital skills,
digital infrastructure, the digital transformation of businesses, and the digital public services
(European Commission, 2021). In line with this policy, the goal is for 80% of the population to
possess basic digital skills and for 20 million ICT specialists to be employed by 2030. Additionally,
goals have been set to strengthen digital infrastructure, such as ensuring all households have access
to gigabit internet speeds, producing 20% of global semiconductor chip production within the Union,
and acquiring quantum computing capabilities. Alongside these goals for improving access and
infrastructure, the digital transformation of businesses is also a priority. By 2030, 75% of businesses
are expected to utilize cloud computing, big data, the Internet of Things, and artificial intelligence.
Furthermore, the goal is for 250 companies to be active across 250 technology sectors throughout
the EU by 2030. Regarding public services—another key focus area—the goal is for at least 80% of
citizens to have a digital identity by 2030, and for all essential public services, particularly healthcare,
to be delivered digitally (Official Journal of the European Union, 2022). The extent to which the
Digital Single Market and Digital Decade policies have achieved their objectives is tracked using the
DESI index developed by the European Commission.

The DESI index consists of four components: human capital, connectivity, integration of
digital technology, and digital public services. Among these components, human capital measures
the human resources and competencies necessary for digital transformation by focusing on
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households’ internet literacy and the employment of ICT professionals (Ionescu-Feleaga et al., 2023).
Connectivity reflects the state of digital infrastructure by encompassing factors such as fixed and
mobile broadband usage, 5G penetration, internet prices, and speeds (Ghazy et al., 2022). The
integration of digital technology measures the level of digitalization in the business world by
including the adoption rates of digital tools such as cloud computing, big data, and artificial
intelligence by businesses. Digital public services, meanwhile, encompass the digitization of public
services by measuring households’ use of e-government, open data policies, and e-health services
(Ionescu-Feleaga et al., 2023). Across the EU, 56% of citizens possess basic digital skills, while 10.3
million people are employed as ICT specialists. These figures indicate that the EU is significantly
behind its 2030 targets in the skills sector. A similar situation applies to businesses’ digital
transformation. By 2024, approximately 55% of EU businesses will be using at least one of the
following technologies: artificial intelligence, cloud computing, or data analytics. Additionally, 73%
of SMEs in the EU have achieved at least a basic level of digital intensity. These figures show that
businesses are well behind the 2030 targets. The situation is different regarding digital infrastructure.
98% of EU households have access to fixed broadband networks, and 94% have access to 5G
technology. Finally, the fact that 56% of EU citizens access public services online indicates that the
digital public services also lags the 2030 targets (Eurostat, 2025). The data indicates that the EU is
lagging its 2030 targets in digital skills, the integration of digital technology, and digital public
services, but is close to meeting its targets in digital infrastructure. The DESI index data reflects not
only how close the EU is to its 2030 targets but also the digital divide among member states. Panel
1 illustrates the digital transformation performance of EU countries using DESI components”.

* For further studies on the use of artificial intelligence and generative artificial intelligence applications in the social
sciences, education, research methodology, academic production, and various fields of application, as well as on the
opportunities, transformations, limitations, and ethical challenges associated with these technologies, see also:
Abdulrazagova et al., 2025; Ahmed & Hamod, 2026; Akyildiz & Akyildiz, 2020; Altindis, 2020; Ardaturk, 2026; Ardug
Kara, 2026; Argin, 2025; Aric1 & Karaci, 2013; Askun, 2024; Baran, 2022; Basar, 2025; Bayat Arslan & Cuma, 2026;
Bekil, 2018; Biiyiikboyact & Yozcu, 2026; Civelek, 2025; Coskun, 2025; Cakmak, 2025; Cark, 2020; Celik et al., 2025;
Cora et al., 2026; Dalmis, 2026; Denizci et al., 2018; Dogru & Hacimiiftiioglu, 2025; Efendioglu, 2023; Ekinci, 2025;
Erdem & Demiryakan, 2025, 2026; Ertan, 2026; Giigliiten, 2026; Giinay, 2025; Giizel, 2024; Isik & Dar1, 2023; Kan Celik,
2026; Kanat, 2020; Karadag, 2025; Karakus et al., 2025; Keles, 2018; Keles & Keles, 2017, 2018; Keles et al., 2017;
Kizildag, 2023; Kogakoglu & Kogakoglu, 2025; Koksal & Zorlu Kale, 2025; Mazlum & Mazlum, 2025; Odacioglu, 2022;
Olger, 2025; Onen, 2025; Ozdemir, 2025, 2026; Romya Bilgin & Kiiciiksabanoglu, 2023; Sakin & Tiirk, 2025; Sandikci
& Soy, 2026; Saribag, 2025; Sergemeli, 2018; Sert, 2026; Tetik Kiigiikelgi, 2025; Tugcu, 2025; Uygun, 2026; Varol, 2025;
Yener & Kose, 2023; Yildirim Altun, 2025; Yildiz, 2025; Yilmaz, 2025; Zan & Zan, 2025; Zenginaloglu, 2026.
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Figure 1: Human Capital Figure 2: Connectivity
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Figure 3: Integration of digital technology Figure 4: Digital Public Services

Panel 1. DESI Components in the EU (2022)

The figures in Panel 1 show the DESI index values for 2022, which measure the levels of
human capital, connectivity, integration of digital technology, and digital public services in EU
countries. An examination of the human capital index values reveals a notable spatial clustering
within the Union. While the level of digital skills utilization is high in the Nordic countries, it is well
below the Union average in the Balkan countries. Although a similar spatial clustering exists in
digital connectivity, the leading countries differ from those in human capital. In digital connectivity,
Denmark, Spain, Germany, and Poland are the leading countries, while Greece, Bulgaria, Romania,
and Croatia are among the laggards. The integration of digital technology exhibits a more
heterogeneous distribution than in previous indices. While the Nordic countries are in the lead,
countries such as France and Germany, which are at the forefront of the EU, lag the Union average.
Digital public services also exhibit a similarly heterogeneous distribution. Spain, Belgium, Ireland,
and Finland—which are not geographically adjacent—Ilead in the digitization of public services,
while Portugal, Greece, and Bulgaria lag in this regard. When the four indices are considered
together, the existence of a digital divide and spatial clustering within the Union is striking.

Literature

The impact of digitalization on economic growth has been theoretically examined within the
framework of neoclassical and endogenous growth models. According to Solow (1956), capital
accumulation and technological progress are the fundamental determinants of long-run economic
growth. In this model, technology is an exogenous variable. Solow (1956) states that technological
progress is the sole source of per capita income growth. Furthermore, according to the Neoclassical
model, because capital accumulation is subject to the law of diminishing returns, economies will
converge toward a steady state in the long run in the absence of technological exogenous shocks.
Mankiw, Romer, and Weil (1992) developed the Extended Solow model by incorporating human
capital into the Solow (1956) model. In this model, they demonstrated that diminishing returns also
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apply to broad-based capital—comprising both physical and human capital—in the absence of
technological shocks. In the endogenous growth model developed by Romer (1986) and Lucas
(1988), technological progress is an endogenous variable, unlike in Neoclassical models. According
to this model, technological progress and digitalization are the outcomes of R&D and human capital
investments undertaken by households to maximize utility and by firms to maximize profits.
Digitalization reduces transaction costs by facilitating the dissemination of information and creates
network effects. Unlike Neoclassical growth models, endogenous growth models assume of
increasing returns. Romer (1986) argues that the economy can achieve unlimited growth because
capital accumulation is not subject to the law of diminishing returns. The positive impact of
digitalization on economic growth, as proposed by both neoclassical and endogenous growth models,
is also supported by most empirical studies in the literature.

The literature varies in terms of the samples and methods used. Czernich et al. (2011), Habibi
and Zabardast (2020), Myovella et al. (2020), and Konya (2024) used a sample of OECD countries;
David (2019), Myovella et al. (2020), Solomon and Klyton (2020) used a sample of African
countries; Zhang et al. (2022) used a Belt and Road Initiative route sample; Evangelista et al. (2014),
Pradhan et al. (2019), Olczyk and Kuc-Czarnecka (2022), Akyol et al. (2023), Mura and Donath
(2023) have examined the impact of digitalization on economic growth in the EU sample. In addition,
Kadochnikova et al. (2022), Varlamova and Kadochnikova (2023) analyzed the effect of
digitalization on economic growth in a sample of Russian regions, while Shang et al. (2025) did so
in a sample of Chinese regions.

In addition to the sample, the studies also differ in terms of methodology. While studies such
as Czernich et al. (2011), Evangelista et al. (2014), David (2019), and Habibi and Zabardast (2020)
employ the dynamic panel data method, studies such as Olcyzk and Kuc-Czarnecka (2022), Zhang
et al. (2022), and Akyol et al. (2023) have preferred the static panel data method. In studies such as
those by Kadochnikova et al. (2022), Varlamova and Kadochnikova (2023), and Shang et al. (2025),
spatial econometric methods have been employed. A review of the literature reveals that spatial
econometric methods have not been used in samples comprising groups of countries. Particularly in
a sample like the EU, where labor and capital mobility is high across countries, failing to account for
the impact of digital development in one country on the economic growth of neighboring countries
leads to biased and inconsistent results. Furthermore, the Digital Single Market strategy aims to
connect countries through the integration of digital infrastructure and digital technologies, thereby
targeting the spatial spillover of digitalization within the EU. The extent to which this goal has been
achieved can be examined using methods that account for spatial interactions between countries. In
this context, the impact of digitalization on economic growth in the EU sample highlights a gap in
the literature. The fact that the direct and indirect effects of the sub-components of a multi-
dimensional index such as DESI have not been examined in the EU sample also points to another
gap in the literature. Although Ghazy et al. (2022) and Tekdemir and Cakmakoglu (2024) examined
the impact of the DESI index and its four sub-components on economic growth using a dynamic
panel data method, they did not disentangle these effects. Additionally, the negative effect of the
human capital DESI subcomponent on economic growth, as noted by Tekdemir and Cakmakoglu
(2024), indicates labor mobility across countries. On the other hand, the negative effect of digital
technology integration on economic growth suggests that regulations may act as a barrier to digital
diffusion. The absence of studies in the literature examining the impact of regulations on economic
growth by hindering the spatial spillover of digitalization within the EU sample represents another
gap in the literature. To address these gaps, this study analyzes the impact of digitalization on
economic growth using the DESI index and its four sub-components within the EU sample via the
spatial panel data method.
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Data and Methodology
Data and Variables

This study analyzes the effects of digitalization on economic growth in a sample of 27 EU
countries using annual data from the 2017-2022 period. Appendix A provides a list of the sample
countries. There are both methodological and policy-related reasons for selecting 2017 as the starting
year of the analysis period. Methodologically, since balanced panel data will be used in the analysis
in accordance with the requirements of the spatial panel data method, the DESI sub-components
published by the European Commission had achieved a balanced panel data structure for the 27 EU
countries as of 2017. From a political perspective, 2017 marks a turning point as the year the Digital
Single Market strategy was published, and the EU shifted its policy focus from infrastructure to the
data economy, with a particular emphasis on the integration of digital technology. The reason for
ending the analysis period in 2022 is that balanced panel data sets for the DESI and its sub-
components, as published by the European Commission, are no longer available after this year.

In line with the conceptual frameworks developed by referencing neoclassical and
endogenous growth models in the literature, this study uses economic growth rates as the dependent
variable. The DESI index and its four core components were used as the primary independent
variables in the empirical models. These are, in order: human capital, which reflects the human
resources and competencies required for digital transformation; connectivity, which represents fixed
and mobile broadband infrastructure; the integration of digital technology, which measures the level
at which businesses adopt tools such as cloud computing, big data, and artificial intelligence; and
digital public services, which indicate the level of digitization of public services. To isolate the net
effect of digitalization on economic growth and prevent the bias of omitted variables in empirical
models, indicators of openness, population growth, and public expenditures were included as control
variables in the analysis, referencing growth theories. Grossman and Helpman (1991) noted that trade
openness contributes to economic growth through the channels of knowledge diffusion, economies
of scale, and technology transfers. Furthermore, Ersoy and Aalioua (2018) empirically demonstrated
that an increase in export volume has a boosting effect on economic growth. Including trade
openness—which utilizes the same knowledge diffusion channel as digitalization—in the model will
allow for the disentanglement of digitalization’s growth contribution stemming from digital
integration. Solow (1956) argued that population growth would slow economic growth by leading to
capital dilution. This variable was added to the model to control for the effect of demographic
dynamics on economic growth. Barro (1990) notes that digital infrastructure investments are realized
through public expenditures. In this context, the public expenditures variable was included in the
model to isolate the growth contribution stemming from public infrastructure investments. Data for
the macroeconomic variables used in the study were compiled from the World Bank Development
Indicators (WDI) database, while digitalization data (DESI) were compiled from the European
Commission database. Descriptive statistics for the variables used in the analysis are presented in
Table 1.
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Table 1: Descriptive Statistics

Variables Min Max Mean Standard SD/ Number of
Deviation mean(CV) Observations

grw -10.940 16.256 2913 4.307 1.479 162

desi 19.400 69.600 42.520 10.582 0.249 162

human 6.869 17.848 11412 2.354 0.206 162

connec 3.168 19.272 9.404 3.205 0.341 162

integ 2.530 14.772 7.375 2.602 0.353 162

public 1.853 22.975 14.326 4.186 0.294 162

open 28.340 202.330 125.580 34.018 1.330 162

gov 20.700 61.700 45.060 7.160 0.159 162

popgr -1.812 4.052 0.279 0.932 3.340 162

In Table 1, the fact that the coefficient of variation (CV) for the variables of economic
growth, openness to the outside world, and population growth is greater than one confirms the
existence of significant heterogeneity among EU countries. In the digitalization indicators, where the
coefficient of variation is less than one, the difference between the minimum and maximum values
points to a digital divide within the Union. When digital indicators are evaluated individually, the
human capital indicator exhibits a more homogeneous distribution across countries, while the
indicator of digital technology integration exhibits a more heterogeneous distribution. The ratio of
public expenditures to GDP is the control variable with the most homogeneous distribution among
countries compared to the other variables. After examining the descriptive statistics for the variables,
the correlation matrix between the calculated variables—used to test for the presence of potential
multicollinearity in the empirical models to be established for the analysis—is presented in Table 2.

Table 2: Correlation Matrix

grw desi human | connec | integ public | open gov popgr
grw 1.000 | 0.048 | -0.001 | 0.094 | 0.041 0.024 | 0.190 | -0.447 | 0.088
desi 0.048 1.000 | 0.834 0.757 | 0.889 ]10.927 |0.219 |0.120 | 0.456
human | -0.001 | 0.834 1.000 0379 10.798 10.759 ]0.202 | 0.120 | 0.506
connec | 0.094 | 0.757 | 0.379 1.000 | 0.59 0.588 ]0.122 ] 0.117 ] 0.163
integ 0.041 0.889 | 0.798 0.559 1.000 | 0.749 | 0.086 | 0.193 | 0.4445
public | 0.024 | 0.927 | 0.076 0.588 | 0.749 1.000 | 0.293 | 0.026 | 0.466
open 0.190 ] 0.219 ] 0.201 0.122 | 0.086 | 0.293 1.000 | -0.475 | 0.529
gov -0.447 | 0.120 | 0.120 0.117 ]0.193 ]0.026 | -0.475 | 1.000 | -0.199
popgr | 0.088 | 0.456 | 0.506 0.163 | 0.445 ] 0.466 | 0.529 |-0.199 | 1.000

According to Table 2, the correlation coefficients among the control variables are well below
the generally accepted critical threshold of 0.80 in the literature (Gujarati and Porter, 2009). This
indicates that there is no multicollinearity among the control variables and that they should remain
in the model. When examining the correlation coefficients of the digitalization indicators, the high
correlation with the subcomponents of the DESI score indicates the presence of multicollinearity.
Furthermore, when the DESI subcomponents are evaluated against one another, the correlation
coefficient of 0.798—reflecting the relationship between human capital and digital technologies—
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being close to the critical threshold points to a potential issue of multicollinearity. Therefore, the
DESI index and its subcomponents should not be included in the same model. In this context, separate
models were established for digitalization indicators in the study, and the impact of each indicator
on economic growth was analyzed independently.

Methodology

Following the correlation matrix, a spatial panel data method was employed to examine the
impact of digitalization on economic growth while accounting for spatial dependence. The primary
rationale for choosing this method in the analysis is the potential for spatial spillover of digitalization
due to the high level of trade and technological integration among EU countries. Interaction among
countries that adopt and implement common digital policies, such as the Digital Single Market and
the Digital Decade, is inevitable. Ignoring these interactions would lead to biased and inconsistent
results. Therefore, the study first tested for the presence of spatial interaction among countries using
the CD test developed by Pesaran (2004). If the findings of the CD test indicate the presence of cross-
sectional dependence among units, traditional panel data methods that disregard this condition will
lose their validity, and the transition to spatial models will become a statistical necessity. Following
the identification of potential cross-sectional dependence among the series, the spatial weight matrix
(W) must be included in the empirical model to capture the structure of this dependence.

The study employed an inverse distance weighting matrix based on the assumption that
economic and trade interactions between countries are not limited to geographical proximity, and
that the effect of spatial spillover weakens as the geographical distance between countries increases.
Unlike matrices that consider only border adjacencies, this matrix considers the adjacency
relationships between all regional units in the sample. By incorporating the inverse distance
weighting matrix into the model, the Global Moran’s I test was used to determine whether the
variables in the analysis exhibited spatial clustering within the EU sample.

After detecting the presence of spatial autocorrelation using Moran’s I test, it is necessary to
identify the source of the spatial autocorrelation. LM and Robust LM tests were employed to
determine whether the source of spatial autocorrelation is spatial lag, spatial error, or both. Robust
LM tests, designed for a linear model established using ordinary least squares estimators, aim to
determine whether spatial dependence is concentrated on the dependent variable or on the error term
due to cross- sectional common shocks. However, the restriction that spatial dependence would be
concentrated on only spatial error or spatial lag leads to specification error. Therefore, the
methodological framework of the study is based on the Spatial Autoregressive (SAC) model, which
incorporates both spatial error and spatial lag effects.

The SAC model, developed by Kelejian and Prucha (1998) and forming the methodological
foundation of this study, is presented in Equations 1 and 2.

Vie=04p Xieg Wij ¥ij+2T=1 Xie Bt uic (D
ui=AWuy + &t ()

In Equation 1, y;; represents the economic growth of country i in year t, while x;; represents
the explanatory variables included in the model, primarily digitalization indicators. In Equations 1
and 2, W denotes the inverse distance weighting matrix, and u;.corresponds to the error term
reflecting the cross-sectional common shocks faced by the units. The p in Equation 1 represents the
spatial autoregressive coefficient, which indicates the spatial spillover effect of economic growth in
neighboring countries on a country’s economic growth. The A parameter in Equation 2, on the other
hand, denotes the spatial error term arising from common economic and political shocks faced by
countries that are not included in the model.
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LeSage and Pace (2009) argue that the interpretation of standard linear regression
coefficients loses its validity in models with spatial autocorrelation. While in a standard model the
coefficient represents the partial derivative of the dependent variable with respect to the independent
variable, in spatial models this approach leads to misleading estimates because it disregards the
feedback effect when interpreting the coefficients directly. For this reason, LeSage and Pace (2009)
have advocated for decomposing the total effect into its direct and indirect components. In this vein,
through effect decomposition, the analysis will include not only the impact of digitalization on the
country’s economy but also the spillover dynamics regarding neighboring economies.

Findings

This study analyzed the impact of digitalization on economic growth in EU countries during
the 2017-2022 period using a spatial panel data method. Before proceeding to the spatial panel data
analysis, the model was first analyzed using the fixed-effects method, which does not account for
spatial effects, and then the presence of cross-sectional dependence among the series in the model
was tested.

Table 3: Robust Fixed -Effect (Driscoll Kraay) Estimation Results

Model 1 Model 2 Model 3 Model 4 Model 5
desi 0.268%**

(0.061)
human 1.876**

(0.770)
connec 0.568%**
(0.126)
integ 1.012%**
(0.285)
public 0.967***
(0.221)

open -0.091 0.001 -0.072 -0.047 -0.105

(0.075) (0.076) (0.072) (0.075) (0.077)
gov -0.869*** -0.782%** -0.813*** -0.824*** -0.934%**

(0.114) (0.120) (0.109) (0.1106) (0.121)
popgr -2.004*** -2.103%** -1.928*** -1.828** -2.141%**

(0.7006) (0.748) (0.702) (0.720) (0.709)
R-squared 0.325 0.259 0.330 0.293 0.324
F test 10.714%** 10.069%*** 11.318%** 11.196%** 9.924***
Hausman 43.751%** 26.856%** 54.151%** 31.212%** 45.403%**
Breusch-Pagan | 73.354*** 87.468%** 77.172%** 76.370%** 70.916***
Pesaran CD 27.027*** 27.422%** 27.838%** 27.482%** 26.159%**

Note: Numbers in parentheses () indicate standard error values; *, **, *** indicate significance levels

of 10%, 5%, and 1%, respectively.
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The results of the F-test and Hausman test in Table 3 indicate that the fixed-effects estimator
is an appropriate choice for the analysis across all five models. Furthermore, the R-squared values
for the models range from 0.293 to 0.330, suggesting that the models explain approximately 30
percent of the variation in economic growth. The limited explanatory power suggests that the method
fails to capture factors such as potential missing control variables, endogeneity issues, and spatial
dependence in the model. The Breusch-Pagan test indicates the presence of heteroskedasticity in the
models. Furthermore, the Pesaran CD test confirms the existence of cross-sectional dependence
among the series in the models. Therefore, the Driscoll-Kraay estimator, which produces estimates
robust to heteroskedasticity and cross-sectional dependence, was used in this study. According to the
Driscoll-Kraay estimation results, digitalization indicators have a statistically significant positive
effect on economic growth. The findings indicate that the effect of DESI sub-components on
economic growth is stronger than that of the overall index. This is due to the overall index smoothing
out the heterogeneous effects among the components. Among the sub-components, the impact of
human capital and the integration of digital technology on economic growth is more pronounced than
that of the digitization of public services and connectivity.

In addition to digitalization indicators, the effects of trade openness, public spending, and
population growth on economic growth were also examined. According to Table 3, no significant
effect of trade openness on economic growth was found in any of the models. Public spending and
population growth, however, have a negative effect on economic growth across all models. To
determine whether the cross-sectional dependence confirmed by the Pesaran CD test has a spatial
structure, the Global Moran’s I test, LM test, and Robust LM test were applied. The results of the
Moran’s I test are presented in Table 4.

Table 4: Moran’s I Test Results

Year Moran’s I stat. Moran p value
2017 0.028 0.039
2018 0.025 0.046
2019 0.024 0.048
2020 0.020 0.060
2021 0.021 0.057
2022 0.018 0.064

The presence of spatial autocorrelation in the economic growth series was tested using
Moran’s I test. According to the results of Moran’s I test, there is spatial autocorrelation in the
economic growth series between 2017 and 2022. To determine whether this identified spatial effect
stems from spatial lag or spatial error, the LM and Robust LM tests were employed. The results of
the LM and Robust LM tests are presented in Table 5.

Table 5: LM and Robust LM Test Results

LM Tests Model 1 Model 2 Model 3 Model 4 Model 5
LM lag 398.840%** | 452.910%** | 402.070*** | 436.780*** | 381.780***
LM error 440.670*** | 472.540%** | 456.910*** | 455.270%** | 420.800***
Robust LM lag 48.057*** | 48.696*** | 43.957*** | 54.175%** | 48.922%**
Robust LM error 89.882%*** | £8.3209%** | 98.792%*** | 72.659%** | 87.942%**

The LM test results in Table 5 show that the null hypothesis examining the presence of spatial
lag and spatial error was rejected for all five models. Following the LM test results indicating the
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presence of both spatial effects (Anselin et al., 1996), Robust LM tests were employed because
standard LM tests can produce biased results in the presence of both effects. Robust LM tests also
confirm the simultaneous presence of spatial lag and spatial error in all five models. Based on the
results of the LM and Robust LM tests, the SAC model—which incorporates both spatial error and
spatial lag effects—has been defined as the spatial model for this study. Furthermore, when the
findings of the Hausman test, F-test, LM test, and Robust LM test are combined, it is observed that
the most appropriate model for the analysis is the fixed-effects SAC (SACFE) model. The results of
the SACFE model are reported in Table 6.

Table 6: SACFE Model Results

Model 1 Model 2 Model 3 Model 4 Model 5
desi 0.101%**

(0.029)
human -1.309%*

(0.633)
connec 0.224%**
(0.065)
integ 0.443%**
(0.127)
public 0.337%**
0.106

open -0.101*** -0.094** -0.093** -0.093** -0.098**

(0.039) (0.038) (0.037) (0.038) (0.040)
gov -0.253%** -0.357%** -0.242%** -0.233%** -0.270%**

(0.068) (0.094) (0.070) (0.060) (0.072)
popgr -0.751%** -0.425 -0.704** -0.681%** -0.781%**

(0.352) (0.356) (0.356) (0.343) (0.357)
rho 0.863*** -0.332 0.850%*** 0.881*** 0.862%***

(0.048) (0.403) (0.055) (0.040) (0.049)
lambda -0.275 0.924*** -0.130 -0.460 -0.263

(0.369) (0.034) (0.364) (0.373) (0.369)
R-squared | 0.534 0.630 0.539 0.531 0.530

Note: Numbers in parentheses () indicate standard error values; *, **, *** indicate significance levels
of 10%, 5%, and 1%, respectively.

In Table 6, the R-squared values reflecting the goodness-of-fit measure for the models range
from 0.530 to 0.630; this finding indicates that incorporating spatial spillover effects into the models
significantly enhances their explanatory power. Upon examining Table 6, the rho coefficient for all
models except Model 2 indicates the presence of a spatial lag effect at the 1% significance level. The
fact that the rho coefficient ranges from 0.850 to 0.881 points to a very strong spatial dependence
among EU countries. This finding indicates that a country’s economic growth performance is
significantly influenced by the growth dynamics of its neighboring countries. However, the lambda
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coefficient is significant at the 1% level only in the second model, suggesting that, for this model, a
country’s economic growth is affected by economic shocks in neighboring countries. The fact that
Model 2, unlike the other models, reflects spatial dependence through spatial error rather than spatial
lag can be attributed to the high physical and digital mobility of skilled labor across countries.

The results in Table 6 show that, except for human capital, other digitalization indicators
(DESI, connectivity, integration of digital services, and digital public services) have a positive effect
on economic growth at the 1% significance level. Human capital, however, has a negative effect on
economic growth at the 5% significance level. The effects of digitalization indicators other than
human capital on economic growth are consistent with the results of the fixed-effects estimates. The
fact that the results for human capital contradict the fixed-effects estimates can be attributed to the
significant distortion of the estimated coefficients caused by the neglect of spatial dependence.
Additionally, the shift from a positive to a negative effect of human capital on economic growth can
be explained by the fact that an increase in human capital within a country suppresses that country’s
economic growth through labor migration while creating a positive spatial spillover effect on
neighboring countries. The coefficient of the DESI index, connectivity, integration of digital
technology, and digitization of public services on economic growth has decreased compared to the
fixed-effects model. This situation stems from the fact that a significant portion of the total effect in
these models is separated from the spatial spillover effect of a country’s economic growth on
neighboring countries due to spatial lag, thereby revealing the net effect. In a structure like the EU,
where capital and labor mobility are free and borders have largely been lifted, and where common
economic, political, and security policies are followed, it is only natural for economic development
in one country to have an economic impact on another. Therefore, failing to account for spatial
spillover will yield misleading results, as seen in the fixed-effects estimation results. The dampening
effect of the human capital digitalization indicator on economic growth supports the findings of
Imran et al. (2022) and Tekdemir and Cakmakoglu (2024). Conversely, the positive effect of other
digitalization indicators on economic growth supports the findings of Ghazy et al. (2022).

In addition to digitalization indicators, the effects of control variables such as trade openness,
public spending, and population growth on economic growth have also differed with the inclusion of
spatial dependence. While trade openness had no significant effect on economic growth according
to fixed-effects estimation results, the SACFE model findings indicate that it negatively affects
economic growth at the 5% significance level. This finding contradicts Grossman and Helpman
(1991). This situation can also be explained by the fact that the EU, with an average trade openness
of 125%, has lost a significant portion of its ICT market over the past 15 years due to competitive
pressure from the US and China. The impact of public spending and population growth on economic
growth, however, is limited when spatial spillovers are considered. The negative effect of public
spending on economic growth can be explained within the framework of Barro’s (1990) endogenous
growth model. Barro (1990) noted that the effect of public spending on economic growth is not linear;
it is positive up to a certain threshold and becomes negative beyond that threshold. The fact that
average public spending in the EU stands at around 45% suggests that this threshold may have been
exceeded. These results contradict Sezer's (2018) finding that public communication investments
have an enhancing effect on economic growth. Finally, the negative effect of population growth on
economic growth supports Solow's (1956) hypothesis that population growth slows economic growth
by leading to capital dilution. This result supports the findings of Mizirak and Gomleksiz (2017).

LeSage and Pace (2009) noted that the coefficients in the SAC model were insufficient for
capturing the marginal effects of the independent variables on the dependent variable. For this reason,
this study aimed to estimate the direct, indirect, and total effects of the explanatory variables in the
SACFE model, and the results are reported in Table 7.
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Table 7: Direct and Indirect Effects (SACFE)

Digitalization | open gov popgr
Indicators
Model 1 Direct 0.122%** -0.120%* -0.304*** -0.902%*
(DESI) (0.039) (0.050) (0.091) (0.450)
Indirect | 0.608%* -0.602 -1.515* -4.502
(0.420) (0.457) (1.028) (3.807)
Total 0.729%* -0.723 -1.819* -5.404
(0.450) (0.497) (1.098) (4.179)
Model Direct -1.313 -0.095 -0.358 -0.426
(Human) (42.776) (3.046) (9.583) (8.222)
Indirect | 0.331 0.024 0.090 0.108
(1111.264) (79.149) (248.863) (214.148)
Total -0.982 -0.071 -0.268 -0.319
(1154.036) (82.195) (258.445) (222.362)
Model 3 Direct 0.264** -0.110%* -0.285%** -0.830%**
(Connec) (0.085) (0.049) (0.088) (0.440)
Indirect | 1.213 -0.504 -1.313 -3.820
(0.897) (0.439) (0.956) (3.201)
Total 1.477% -0.614 -1.599* -4.650
(0.962) (0.479) (1.789) (3.558)
Model 4 Direct 0.548%%* -0.115%* -0.289%** -0.843**
(Integ) (0.172) (0.050) (0.081) (0.429)
Indirect | 3.097* -0.649* -1.633** -4.764
(1.732) (0.430) (0.834) (3.548)
Total 3.646** -0.764* -1.922%* -5.607
(1.873) (0.472) (0.898) (3.922)
Model 5 Direct 0.404** -0.117** -0.324%** -0.937%*
(Public) (0.140) (0.050) (0.102) (0.479)
Indirect | 2.010%* -0.583* -1.610* -4.661
(0.466) (0.466) (1.156) (4.100)
Total 2.414* -0.700 -1.934* -5.599
(1.561) (0.5006) (1.236) (4.499)

Note: Numbers in parentheses () indicate standard error values; *, **, *** indicate significance levels
of 10%, 5%, and 1%, respectively.

Direct effects represent the impact of changes in a country’s digitalization indicators and
control variables on that country’s economic growth, while indirect effects represent the spatial
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spillover effects on the economic growth of neighboring countries. As shown in Table 7, the direct
effects of digitalization indicators—excluding human capital—on economic growth are statistically
significant and positive. A one-unit increase in the DESI index increases the country’s economic
growth by 0.122 percentage points, while connectivity, the integration of digital technology, and the
digitization of public services increase the country’s economic growth by 0.264 percentage points,
0.548 percentage points, and 0.404 percentage points, respectively. Based on these findings, it is
evident that the digitalization indicator with the most pronounced direct effect on the country’s
economic growth is the integration of digital technology. The direct and indirect effects of the human
capital digital indicator on economic growth, however, are insignificant. In particular, the high
standard errors are noteworthy. This situation makes it difficult to interpret the coefficients, as the
point estimates of the variable found to be significant in the model’s SACFE estimation become
insignificant and the standard errors inflate when partial derivatives are taken. For this reason, the
direct and indirect effects of human capital are not interpreted, and the point estimates in the SACFE
model are accepted.

When examining the indirect effects of digital indicators, striking results emerge. The DESI
index shows that the spatial spillover effects of the integration of digital technology and the
digitization of public services are approximately five times greater than their direct effects. In Models
1, 4, and 5, the indirect effects of digitalization indicators on economic growth are statistically
significant at the 10% level. This difference between indirect and direct effects supports the notion
that digital technologies—such as cloud computing, big data, and artificial intelligence—have a high
potential for spatial spillover due to their inherent ability to transcend geographical boundaries
through supply chains and digital platforms. This finding indicates that a country’s digitalization
efforts will have indirect effects not only on its own economic growth but also on the economic
growth of all neighboring countries connected to the Digital Single Market network. These findings
suggest that the growth effects of digitalization are transmitted primarily through cross-border spatial
spillovers rather than purely domestic channels. The fact that the indirect effect of the digital
connectivity indicator is insignificant suggests that the spatial spillover effect of digital connectivity
infrastructure on neighboring countries remains weak. This can be explained by the inherently low
spatial spillover potential of connectivity infrastructure, given its physical and local nature.
Additionally, it can be interpreted that market fragmentation and regulations act as barriers to the
spatial spillover of digital connectivity, despite common policies such as the Digital Single Market.

When examining the decomposition of the effects of control variables, trade openness has a
negative direct effect on economic growth at the 5% significance level in all models except Model
2. The direct effect of a one-unit changes in trade openness on economic growth ranges from -0.110
to -0.120 percentage points. The results are close to the point estimate findings obtained in the
SACFE model. The indirect effects of trade openness are insignificant in all models except Model 4
and Model 5. The fact that the indirect effect of trade openness is significant in models examining
the impact of digital technology integration and the digitization of public services on economic
growth can be explained by the nature of digitization. The absence of a spatial spillover effect of
trade openness in a model that relies heavily on physical infrastructure, such as connectivity, while
the presence of a spatial spillover effect in the integration of digital technology—which encompass
geographically unbounded digital applications like artificial intelligence, cloud computing, and e-
government—and the digitization of public services aligns with the nature of digitization. Similarly,
in public expenditures, there is a negative indirect effect at the 10% significance level outside of
models that include human capital and connectivity as digital indicators. This finding indicates that
public expenditures negatively affect not only their own country’s economic growth but also that of
neighboring countries. This suggests that the crowding-out effect of public spending on the private
sector—which suppresses economic growth—is not limited to the country in question but also affects
neighboring countries within the Digital Single Market network. Finally, the models indicate that
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population growth has a negative direct effect on economic growth at the 5% significance level.
However, population growth has no significant indirect effect on economic growth. This suggests
that the capital-scarcity effect of population growth in the Solow (1956) model operates at the local
level.

Conclusion

This study has two objectives. The first is to examine whether the Digital Single Market
policy adopted by EU countries is hindered by regulations; the second is to analyze whether
digitalization exhibits spatial spillover within the Union. In this context, the impact of digitalization
on economic growth was analyzed using a spatial panel data method for the 2017-2022 period, based
on a sample of 27 EU countries. This study contributes to the literature in three ways. First, it
examines the relationship between digitalization and growth in the EU sample by accounting for
spatial spillovers. Second, it distinguishes the effect of digitalization on economic growth into linear
and spillover effects. Finally, it analyzes the effects of the DESI’s sub-components—connectivity,
human capital, integration of digital technology, and digital public services—on economic growth,
taking spatial spillover into account. Examining the spillover effects of these subcomponents on
economic growth will provide insights into whether regulations act as barriers to the spatial spillover
of digitalization.

The results of the Pesaran CD test and Moran’s I test indicate the presence of spatial
dependence in the models. The results of the LM and Robust LM tests, on the other hand, suggest
that the source of spatial dependence in the models is spatial error and spatial lag. Furthermore, the
results of the F and Hausman tests also indicate that the fixed-effects estimator will produce more
valid estimates than the pooled and random-effects estimators. When the results of these tests are
combined, it is determined that the appropriate model for this study is the fixed-effects SAC
(SACFE) model. According to the findings of the SACFE model, DESI, connectivity, the integration
of digital technology, and the digitization of public services have a positive direct effect on economic
growth at the 1% significance level. The human capital digital indicator, however, has a negative
direct effect on economic growth at the 5% significance level. According to the fixed-effects
estimation results, while the effect of human capital on economic growth is positive, the direction of
the effect turns negative when spatial dependence is taken into account. This situation can be
explained by the fact that an increase in human capital within a country suppresses that country’s
economic growth through labor migration, while creating positive effects in neighboring countries
through spatial spillover. For other digitalization indicators besides human capital, while the
direction of the effect does not change when spatial dependence is considered, the coefficient of the
effect has decreased. This provides insight into the extent to which coefficients in traditional panel
data methods that do not account for spatial dependence are biased. The difference between the R-
squared values of the fixed-effects estimator and those of the spatial panel data model further
confirms the importance of accounting for spatial dependence.

When examining the distinction between direct and indirect effects, the DESI index shows
that the indirect effects of the integration of digital technology and the digitization of public services
are approximately five times greater than the direct effects. This significant difference between
indirect and direct effects demonstrates the strong potential for the spatial spread of digitization
within the Union. This finding points to the effectiveness of the Digital Single Market policy adopted
by the Union. Investments in digitalization made by a country affect not only that country’s economic
growth but also the economic growth of neighboring countries within the Digital Single Market
network. The findings indicate that the primary effect of digitalization stems not from local
investments but from spatial interactions that transcend geographical boundaries. The indirect effects
of the connectivity digital indicator on economic growth are negligible. The fact that the connectivity
indicator differs from other digitalization indicators can be explained by the inherently low potential
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for digital spillover due to the physical nature of connectivity infrastructure. However, this could
also be interpreted as market fragmentation and regulations across the Union creating barriers to
spatial spillover.

When the effects of control variables are examined, trade openness, public spending, and
population growth have negative direct effects on economic growth. According to the fixed-effects
estimation results, while the effect of trade openness on economic growth was insignificant, it
became significant when spatial dependence was considered. The negative effect of trade openness
on economic growth can be explained by the EU’s loss in the ICT market over the past fifteen years
relative to the US and China, as the EU has faced competitive pressure from these countries. The
negative effect of public spending on economic growth, on the other hand, is explained by the
hypothesis proposed by Barro (1990), which states that public spending has a dampening effect on
economic growth once a certain threshold of public spending is reached. It is believed that the EU,
having reached an average public spending level of 45%, has reached the threshold proposed by
Barro (1990). Finally, the negative impact of population growth on economic growth supports the
view put forward by Solow (1956) that population growth suppresses economic growth by leading
to capital dilution.

The findings offer important policy implications for the EU. First, given the strong spatial
spillover effects of digital technology integration, investments by EU countries in digital
technologies such as artificial intelligence, cloud computing, and big data will have cross-border
impacts. The EU, which lags significantly behind the US and China in these areas, can only catch up
if countries within the Digital Single Market invest in digitalization and remove regulatory barriers
to spatial spillover. Second, the insufficient spatial spillover of connectivity infrastructure highlights
not only the nature of digitalization but also market fragmentation within the Union. The confusion
of authority created by the existence of over 270 digital authorities within the Union acts as a barrier
to the spatial expansion of the connectivity digital indicator. To overcome this barrier, inclusive
policies that address the issue of market fragmentation must be developed and implemented.

Despite its contributions to the literature, this study has two main limitations. First, it is
conducted with a short six-year panel due to data constraints. Second, there is the issue of
endogeneity between digitalization and economic growth. In this context, it is recommended that
researchers planning to examine this issue in the future revisit the topic with longer panels if they
have access to the data. Furthermore, it is suggested that the subject be examined using GMM-style
models that consider the endogeneity issue between variables.
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AB’de Dijitallesmenin Ekonomik Biiyiime Uzerindeki Etkisinin Mekansal Panel Veri Analizi
ile incelenmesi

Giris

Dordiincii sanayi devriminin itici giicli olan dijitallesme; yapay zeka, biiyiik veri, bulut
bilisim, nesnelerin interneti, blok zinciri ve robotik sistemler gibi modern dijital teknolojilerin
entegrasyonu ve sinerjisi ile kiiresel ekonomi yapisin1 kdkten degistirmektedir (Myovella vd., 2020;
Kovac vd., 2024). Bu doniisiim toprak ve sermaye gibi geleneksel iiretim faktorleri ikinci plana
iterken ve bilgi ve dijitallestirilmis veri 6n plana g¢ikararak yeni bir ekonomi tiirii olan dijital
ekonominin dogmasina yol agmistir (Zhang vd., 2022; Meng ve Wen, 2024; Basar ve Topalli, 2024).

Istatistiki veriler dijital doniisiimii ve dijital ekonominin dénem igerisindeki gelisimini
gostermektedir.  Uluslararast Telekomiinikasyon Birligi (ITU) verilerine gore kiiresel internet
kullanim oran1 2005 yilinda %16 iken, bu oran 2024 yili itibariyle %68’e ¢ikmustir. Avrupa %90
internet kullanim orani ile kiiresel dlgekte en dijitallesmis bolgeler arasindadir. Dijital doniisiimiin
hizlanmasinda kritik bir alt yap1 faktorii olan 5G teknolojisinin yayginlagsmasinda benzer durum sz
konusudur. 2024 yilinda kiiresel niifusun %51°1 5G kapsama alaninda iken, Avrupa %72’lik kapsama
orantyla lider konumundadir. Her ne kadar Avrupa dijital alt yapida lider konumda olsa da BIT
pazarinda pay1 son dénemlerde diismiistiir. AB’nin BIT kiiresel pay1 2013 yilinda %21,8 iken bu
oran 2022 yilinda %11,3’e gerilemistir (Kovac vd., 2024). AB’nin dijital altyapida lider konumda
iken BIT pazarindaki paymnm donem igerisinde erimesi bir paradokstur. Bu paradoksun AB’nin
regiilatif baskis1 ve pazar parcalanmisligindan kaynaklandigi ileri siiriilmektedir. AB’nin belirledigi
gerekliliklerin yaninda {iye devletlerin de yiikiimliiliikler eklemesi isletmeler i¢in uyum maliyetleri
yaratarak dijitallesmenin yayilmasina bariyer olmaktadir. Bununla birlikte dijital aglar icin AB
genelinde 270’1 agkin otoritenin varlig1 yetki karmasasi ve biirokratik yiik olusturmaktadir. Bu pazar
par¢alanmigligt smir Otesi islem maliyetini artirarak mekansal ag ekonomisinin olugmasini
engellemektedir. Ayrica dijital altyapt AB igerisinde de heterojen bir dagilima sahiptir. Kuzey ve
Bat1 Avrupa’da yer alan Danimarka, Finlandiya, Liiksemburg ve Hollanda gibi iiye iilkeler dijital
gelisimde yiiksek seviyelerde iken, Giiney ve Dogu Avrupa’da yer alan Bulgaristan ve Romanya gibi
iilkeler dijital altyap: acisindan AB ortalamasinin oldukca altindadirlar. Uye iilkeler arasindaki
bolgesel kiimelenme AB’deki dijital ugurumu yansitmaktadir (Cruz -Jesus vd., 2012; Kovac vd.,
2024).

Son on yilda Cin ve ABD’ye kaptirdigi pazar payimi geri almak ve Birlik igerisindeki dijital
ucurumu kapatmak i¢in AB dijitallesme stratejileri gelistirmeye baslamistir (Demirbag ve Kaya,
2024). Bu stratejiler dogrultusunda AB, 2015 yilinda Dijital Tek Pazar1 olusturarak dijital
yolculugunu baglatmistir. Bu yolculuk 2021 yilinda yaymlanan Dijital Pusula 2030 belgesi ile somut
hedeflere doniismiistiir. 2030 yilina kadar ulasilmasi gereken hedefler dijital beceriler, giivenli dijital
alt yapilar, isletmelerin dijital doniisiimii ve kamu hizmetlerinin dijitallesmesi olmak {izere dort ana
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eksen etrafinda belirlenmistir (Ok¢u ve Diiz, 2023; Kovac vd., 2024). Bu dijital hedeflerin arka
planinda dijitallesmenin ekonomik biiyiime lizerindeki ¢ok boyutlu etkileri yer almaktadir.

Dijitallesmenin ekonomik biiylime tizerindeki ¢cok boyutlu etkileri arz ve talep yonlii kanallar
araciligryla gerceklesmektedir. Arz acisindan bakildiginda, dijitallesme oncelikli olarak sermaye
derinlesmesi ve iggiicii verimligi iizerinden tiretkenligi artirmaktadir (Myovella vd., 2020; Criveanu,
2023). Ozellikle dijitallesme sonucunda siireglerin otomasyonu ve optimizasyonu ile maliyetlerin
diismesi ve yenilik¢i is modellerin yaratilmasi ile verimlilik artmaktadir (Bon, 2021; Criveanu, 2023;
Vu vd., 2025). Bunlarin yaninda egitim ve saglik hizmetlerinde yasanan dijital doniisiim beseri
sermaye gelisimini desteklemektedir (Myovella vd., 2020; Meng ve Wen, 2024). Talep acisindan
incelendiginde ise dijitallesme bagta yeni piyasalarin ve yeni is modellerinin ortaya ¢ikmasina zemin
hazirlayarak ekonomik biiytimeyi desteklemektedir (Criveanu, 2023; Tekdemir ve Cakmakoglu,
2024). Ancak dijitallesmenin arz ve talep yonlii bu etkileri bolgeler arasinda homojen degildir.

Literatiire gore dijitallesmenin ekonomik biliylime {iizerindeki etkileri bdlgelerin
sosyoekonomik gelismislik diizeylerine gore farklilagsmaktadir. Bon (2021), Kovac vd. (2024) ve
Mhaka ve Thazonevi (2024) gelismis bolgelerde dijitallesmenin ekonomik biiylime tizerindeki
etkisinin daha belirgin oldugunu 6ne siirmektedirler. Bu ¢aligmalara gore gelismislik diizeyi diisiik
bolgeler Ar-Ge harcamalari, beseri sermaye ve fiziki altyapinin yetersizliginden dolay1 ekonomik
biiylimeye yeterli katki sunamamaktadirlar (Rehman ve Nunsiante, 2023; Meng ve Wen, 2024;
Tekdemir ve Cakmakoglu, 2024). Bu duruma gore dijitallesme bolgeler arasindaki yakinsamay1
gerceklestirmemekte aksine bolgeler arasindaki esitsizlikleri derinlestirmektedir.

Ote yandan, bilgi akislari, tedarik zincirlerinin entegrasyonu ve isgiicii hareketliligi gibi
kanallar ile dijitallesme mekéansal yayilma yoluyla kendi bolgesinin disindaki bolgeleri
etkilemektedir. Bilgi ve iletisim teknolojilerinin kullaniminin yayginlagmasi teknolojik yayilmalarin
oniindeki mekan ve zaman sinirlarini kaldirarak beserl sermaye birikimini desteklemektedir (Meng
ve Wen, 2024; Du ve Wang, 2025). Bunun yaninda, dijitallesme ile giiglenen tedarik zincirleri ticaret
maliyetini diigiirerek ve kiiresel pazarlama erisimi kolaylastirarak mekansal yayilima etkilerini
artirmaktadir (Rehman ve Nunsiante, 2023; Yin ve Choi, 2025). Ayrica dijitallesme ile ortaya ¢ikan
uzaktan ¢alisma imkan1 ve yeni beceri talebi bolgeler arasindaki emek hareketliligini canlandirarak
mekansal yayilmanin etkilerini pekistirmektedir (Meng ve Wen, 2024).

Literatiirde mekénsal bagimliligi ve heterojenligi dikkate alarak dijitallesme- biiyiime
iligkisini ele a alan caligmalar yetersizdir. Fernandez- Portillo vd. (2020), Olcyzk ve Kuc-Czarnecka
(2022), Akyol vd. (2023), Mura ve Donath (2023) gibi literatiirdeki ¢alismalarin énemli bir kismi
dijitallesmenin ekonomik biiylime {izerindeki etkisini geleneksel panel veri yontemleri ile analiz
etmislerdir. Ancak federasyon ya da birlik altindaki bolgelerin ekonomik biiylime siiregleri dogasi
geregi mekansal olarak birbirine bagimhdir. Bir bolgedeki toplumsal ve ekonomik gelismelerin
komsu bolgeler lizerinde dogrudan ve dolayl etkileri olur (Du ve Wang, 2025, Shang vd., 2025).
Mekansal bagimligin ve heterojenligin géz ardi edilmesi durumunda dijitallesme biiyiime iliskisinin
incelenmesinde bolgeler arasindaki bilgi yayilmasi, isgiicli ve sermaye hareketliligi gibi faktorler
dikkate alinmamaktadir. Bu faktorlerin dikkate alinmamasi degiskenler arasindaki iligskiyi gosteren
katsayilarin sapmali ve tutarsiz olma riskini de beraberinde getirmektedir.

Ayrica literatiirde dijitallesmeyi 6l¢gmede genellikle internet kullanimi, genis bant aboneligi,
mobil telefon sayis1 ve BIT yatirimlari gibi yalnizca tek boyutu dikkate alan gostergeler tercih
edilmistir (Haftu, 2019; Myovella vd., 2020; Konya, 2024; Asik, 2025). Bu gostergeler
dijitallesmenin ¢ok boyutlulugunu ve karmasik yapisim temsil etmede yetersizdir. Bu durumun
farkina varan Fernandez-Portillo vd. (2020), Topcu (2021), Olczyk ve Kuc-Czarnecka (2022), Mura
ve Donath (2023) gibi arastirmacilar ise dijitallesmeyi temsil etmede baglanti, beseri sermaye, dijital
teknolojinin entegrasyonu ve dijital kamu hizmetleri boyutlarini iceren Dijital Ekonomi ve Toplum
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Endeksini (DESI) kullanmiglardir. Bu caligmalar DESI indeksinin ve bilesenlerinin ekonomik
biiyiime lizerindeki etkisini analiz ederlerken mekansal yayillmanin varligini géz ardi etmislerdir.

Bu calisma, literatiir boslugunu doldurmak amaciyla, AB 6rnekleminde DESI indeksi ve
bilesenlerini kullanarak dijitallesmenin ekonomik biiyiime {izerindeki etkisini Mekansal Otoregresif
Model (SAC) ile analiz etmeyi amaglamaktadir. Calisma literatlire {i¢ farkli yonden katki
yapmaktadir. Birincisi, AB iilkeleri O6rnekleminde dijitallesme- biiylime iliskisini mekéansal
bagimhligi ve mekansal soklar1 dikkate alarak incelemektir. Ikincisi, dijitallesmenin ekonomik
biiyiime iizerindeki toplam etkisini dogrudan ve dolayl etkiler seklinde ayristrmaktir. Ugiinciisii ise
DESI’nin bilesenleri olan baglanti, beseri sermaye, dijital teknolojinin entegrasyonu ve dijital kamu
hizmetlerinin ekonomik biiylime iizerindeki etkisini bilesenler 6l¢eginde analiz etmektedir. Bu
sayede dijitallesmenin mekansal yayilmasmin Oniinde regiilatif bariyerlerin olup olmadigi
incelenmektedir.

Giris boliimiinii takip eden ikinci boliimde dijitallesme- biiytime iliskisine dair teorik ¢ergeve
ve ampirik literatlir ele almacaktir. Ardindan {i¢iincii bolimde ¢alismada kullanilan veri seti ve
yontem tanitilacaktir. Dordiincii boliimde, ampirik bulgular sunulacak ve degerlendirilecektir. Sonug
boliimiinde bulgular tartisilacak ve politika onerileri gelistirilecektir.

AB’de Dijital Déniisiim Siireci ve Ilgili Literatiir
Politika Cercevesi ve Mevcut Goriiniim

Pazarlan birlestirmek ve iilkeler arasindaki dijital yakinsamay1 gerceklestirmek icin AB
stirdiiriilebilir kalkinmay1 hedefleyen politikalar gelistirmislerdir. Birlik tarafindan 2015 yilinda ilan
edilen Dijital Tek Pazar politikasi ile iiye iilkeler arasinda verinin serbest dolagimi dniindeki engeller
kaldirilarak dijital pazarlarin birlestirilmesi amacglanmistir (Okgu ve Diiz, 2023). Bu politika
tiikketicilerin ve firmalarin ¢evrim i¢i mal ve hizmetlere erisimi, dijital ag ve hizmetlerin
gelisebilecegi uygun ortamin olusturulmasi ve dijital ekonominin biiyiime potansiyelinin maksimize
edilmesi olmak iizere {i¢ ana siitun {izerine insa edilmistir (Bertarini, 2023). COVID- 19 pandemisi
ile 6zellikle hizmet ve ticaretin dijital platformlar lizerinden yapilmasi ve AB’nin dijitallesmede
yeterli diizeyde olmadiginin farkina varmasimin ardindan Birlik 2021 yilinda somut hedeflere
dayanan Dijital On Y1l politikasin1 yaymlamistir. Bu politika; dijital beceriler, dijital altyapilar,
isletmelerin dijital doniisimii ve kamu hizmetlerinin dijitallesmesi olmak iizere dort ana eksen
etrafinda sekillenmistir (European Commission, 2021). Bu politika dogrultusunda 2030 yilina kadar
niifusun %80’inin temel dijital becerilere sahip olmasi ve 20 milyon BIT uzmaninin istihdam
edilmesi hedeflenmistir. Ayrica hanehalklarinin tiimiiniin gigabit internet hizina erigiminin
saglanmasi, kiiresel yar1 iletken ¢ip iiretiminin %20’sinin Birlik icerisinde iiretilmesi ve kuantum
bilgisayarina sahip olunmasi gibi dijital altyapiy1 giiclendirecek hedefler konulmustur. Erisim ve
altyapiy1 gelistirmeye yonelik hedeflerle birlikte isletmelerin de dijitallesmesi amag¢lanmigtir. 2030
yilinda isletmelerin %75’ inin bulut bilisim, biliylik veri, nesnelerin interneti ve yapay zeka kullanmasi
hedeflenmistir. Bunun yaninda 2030 yilinda AB genelinde 250 teknoloji alaninda 250 firmanin
faaliyette bulunmasi amaglanmaktadir. Bir diger eksen olan kamu hizmetleri i¢in 2030 yilinda
vatandaglarin en az %80’inin dijital kimlige sahip olmasi ve saglik hizmetleri basta olmak iizere
temel kamu hizmetlerinin tiimiiniin dijital ortamda sunulmasi hedeflenmektedir (Official Journal of
the European Union, 2022). Dijital Tek Pazar ve Dijital On Y1l politikalarinin hedeflerine ne dlgiide
ulastig1 Avrupa Komisyonu tarafindan gelistirilen DESI indeksi ile izlenmektedir.

DESI indeksi; beseri sermaye, baglanti, dijital teknolojilerin entegrasyonu ve dijital kamu
hizmetleri olmak iizere dort bilesenden olusmaktadir. Bu bilesenlerden beseri sermaye,
hanehalklarmnin internet kullanim becerisi ve BIT uzmanlarmnin istihdamina odaklanarak dijital
doniisiim icin gerekli olan insan kaynagimi ve yetkinliklerini 6l¢er (Ionescu- Feleaga vd., 2023).
Baglanti; sabit ve mobil genis bant kullanimi, 5G yayginligi, internet fiyat1 ve hiz1 gibi faktorleri
kapsayarak dijital altyapmin durumunu gosterir (Ghazy vd., 2022). Dijital teknolojilerin
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entegrasyonu; isletmelerin bulut bilisim, biiyiik veri ve yapay zeka gibi dijital araclar1 benimseme
oranlarin1 igererek is diinyasinin dijitallesme diizeyini Olger. Dijital kamu hizmetleri ise
hanehalklarinin e-devlet, agik veri politikalar1 ve e- saglik hizmetlerini kullanimini 6l¢erek kamu
hizmetlerinin dijitallesmesini kapsamaktadir (Ionescu- Feleaga vd., 2023). AB genelinde
vatandaslarin %56’s1 temel diizeyde dijital becerilere sahip iken, 10,3 milyon kisi BIT uzmani olarak
istihdam edilmektedir. Bu veriler beceri alaninda AB’nin 2030 yil1 i¢in belirledigi hedeflerin dnemli
dlciide gerisinde olduguna isaret etmektedir. isletmelerin dijital doniisiimiinde de benzer durum sdz
konusudur. 2024 yilinda AB isletmelerinin yaklasik %55°1 yapay zeka, bulut bilisim veya veri
analitigi teknolojilerinden en az birini kullanmaktadir. Ayrica AB’deki KOBI’lerin %73’i{i en az
temel diizeyde dijital yogunluga ulasmistir. Bu oranlar 2030 isletmelerin 2030 yil1 hedeflerinin
oldukea gerisinde oldugunu gostermektedir. Dijital alt yapilarda ise durum farklidir. AB hanelerinin
%98’1 sabit genis bant agim ve %94’G 5G teknolojisini kapsamaktadir. Son olarak AB
vatandaglarinin = %56’sinin  kamu  hizmetlerinin internet lizerinden gergeklestirmesi kamu
hizmetlerinin dijitallesmesinde de 2030 yili hedeflerinin gerisinde kalindigin1 gostermektedir
(Eurostat, 2025). Veriler AB’nin dijital beceriler, dijital teknolojilerin entegrasyonu ve dijital kamu
hizmetlerinde 2030 hedeflerin gerisinde kaldigina, ancak dijital altyap: alaninda ise hedeflere yakin
olduguna isaret etmektedir. DESI indeksi verileri AB’nin 2030 hedeflerine ne 6l¢iide yaklastiginin
yaninda {iye iilkeler arasindaki dijital ugurumu da yansitmaktadir. Panel 1, AB iilkelerinin
dijitallesme performansini DESI bilesenleri ile gostermektedir'.

T Yapay zeka ve iiretken yapay zeka uygulamalarinin sosyal bilimler, egitim, arastirma metodolojisi, akademik iiretim ve
farkli uygulama alanlarindaki kullanimi; bu teknolojilerin sundugu imkanlar, doniisiimler, sinirliliklar ve etik sorunlar
tizerine son yillarda hizla genisleyen literatiirde yer alan ¢esitli caligmalar i¢in ayrica bk. Abdulrazagova et al., 2025; Ahmed
& Hamod, 2026; Akyildiz & Akyildiz, 2020; Altindis, 2020; Ardaturk, 2026; Ardug Kara, 2026; Argin, 2025; Arict &
Karaci, 2013; Askun, 2024; Baran, 2022; Basar, 2025; Bayat Arslan & Cuma, 2026; Bekil, 2018; Biiyilikboyact & Yozcu,
2026; Civelek, 2025; Coskun, 2025; Cakmak, 2025; Cark, 2020; Celik et al., 2025; Cora et al., 2026; Dalmis, 2026; Denizci
et al., 2018; Dogru & Hacimiiftiioglu, 2025; Efendioglu, 2023; Ekinci, 2025; Erdem & Demiryakan, 2025, 2026; Ertan,
2026; Giigliiten, 2026; Giinay, 2025; Giizel, 2024; Isik & Dari, 2023; Kan Celik, 2026; Kanat, 2020; Karadag, 2025;
Karakus et al., 2025; Keles, 2018; Keles & Keles, 2017, 2018; Keles et al., 2017; Kizildag, 2023; Kogakoglu & Kogakoglu,
2025; Koksal & Zorlu Kale, 2025; Mazlum & Mazlum, 2025; Odacioglu, 2022; Olger, 2025; Onen, 2025; Ozdemir, 2025,
2026; Romya Bilgin & Kiigiiksabanoglu, 2023; Sakin & Tiirk, 2025; Sandikc1r & Soy, 2026; Saribas, 2025; Sercemeli,
2018; Sert, 2026; Tetik Kiigiikelgi, 2025; Tugcu, 2025; Uygun, 2026; Varol, 2025; Yener & Kése, 2023; Yildirim Altun,
2025; Yildiz, 2025; Y1lmaz, 2025; Zan & Zan, 2025; Zenginaloglu, 2026.
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Panel 1. AB Ulkelerinde DESI Bilesenleri (2022 Yil1)

Panel 1°deki figiirler sirastyla 2022 yil1 icin AB iilkelerinin beseri sermaye, baglanti, dijital
teknolojilerin entegrasyonu ve dijital kamu hizmetleri diizeylerini 6lgen DESI indeks degerlerini
gostermektedir. Begerl sermaye indeks degerleri incelendiginde Birlik igerisindeki mekéansal
kiimelenme dikkat ¢ekmektedir. Iskandinav iilkelerinin dijital becerileri kullanma diizeyi yiiksek
iken, Balkan {ilkelerinin dijital becerileri kullanma diizeyi Birlik ortalamasinin oldukga altindadir.
Dijital baglantida benzer sekilde mekansal kiimelenmenin var iken, beseri sermayeden farkli olarak
lider iilkeler degismektedir. Dijital baglantida Danimarka, Ispanya, Almanya ve Polonya lider iilkeler
iken, Yunanistan, Bulgaristan, Romanya, Hirvatistan gibi iilkeler geri kalanlardir. Dijital
teknolojilerin entegrasyonu dnceki indekslerden daha heterojen bir dagilima sahiptir. Iskandinav
iilkeleri lider konumda iken, AB’nin bagini ¢ektigi Fransa, Almanya gibi {ilkeler Birlik ortalamasinin
gerisindedir. Dijital kamu hizmetleri de benzer sekilde heterojen bir dagilim sergilemektedir. Cografi
olarak komsulugu bulunmayan Ispanya, Belgika, Irlanda ve Finlandiya kamu hizmetlerinin
dijitallesmesinde onde iken, Portekiz, Yunanistan ve Bulgaristan kamu hizmetlerinin
dijitallesmesinde geride kalanlardandir. Dort indeks beraber ele alindiginda Birlik igerisindeki dijital
ucurum ve mekansal kiimelenmelerin varliklar dikkat ¢ekmektedir.

Literatiir Taramasi

Dijitallesmenin ekonomik biiyiime {izerindeki etkisi Neoklasik ve Igsel biiyiime modelleri
cergevesinde teorik olarak ele alinmistir. Solow (1956)’a gdre sermaye birikimi ve teknolojik
ilerleme uzun dénem ekonomik bilylimenin temel belirleyicileridir. Bu modelde teknoloji dissal bir
degiskendir. Solow (1956), kisi basina diisen gelir artisinin tek kaynaginin teknolojik ilerleme
oldugunu belirtmektedir. Ayrica Neoklasik modele gdre sermaye birikiminin azalan verimler
yasasina tabi olmasindan dolay1 teknolojik digsal sokun yoklugunda ekonomiler uzun vadede
duragan duruma yakinsayacaktir. Mankiw, Romer ve Weil (1992), beseri sermayeyi Solow (1956)
modeline eklemleyerek Genisletilmis Solow modelini gelistirmislerdir. Bu modelde fiziki ve beseri
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sermayenin birlesmesinden olusan genis tanimli sermaye igin de teknolojik sokun yoklugunda azalan
getirilerin gegerli oldugunu gostermistir. Romer (1986) ve Lucas (1988) tarafindan gelistirilen igsel
biiylime modelinde ise Neoklasik modellerin aksine teknolojik gelisme icsel bir degiskendir. Bu
modele gore teknolojik gelisme ve dijitallesme hanehalklarinin fayda maksimizasyonu, firmalarin
kar maksimizasyonu amaciyla gerceklestirdikleri Ar-Ge ve beseri sermaye yatirimlarinin giktilaridir.
Dijitallesme; bilginin yayilmasini saglayarak islem maliyetlerini diisiiriir ve ag etkileri olusturur.
Icsel biiyiime modelleri Neoklasik biiyiime modellerinin aksine artan getiriler varsayimina
dayanmaktadir. Romer (1986), sermaye birikiminin azalan verimler yasasina tabi olmayacagindan
dolay1 ekonominin sinirsiz biiyiime gerceklestirebilecegini ileri siirmektedir. Neoklasik ve I¢sel
biiylime modellerinin ileri siirdiigii dijitallesmenin ekonomik biiyiime {izerindeki pozitif yonlii etkisi
literatiirdeki ampirik ¢alismalarin biiyiik gogunlugu tarafindan da desteklenmektedir.

Literatiir kullanilan 6rneklem ve yontem agisindan farklilik gostermektedir. Czernich vd.
(2011), Habibi ve Zabardast (2020), Myovella vd. (2020), Konya (2024) OECD iilkeleri
ornekleminde; David (2019), Myovella vd. (2020), Solomon ve Klyton (2020) Afrika Ulkeleri
ornekleminde; Zhang vd. (2022) Kusak ve Yol Giizergah1 6érnekleminde; Evangelista vd. (2014),
Pradhan vd. (2019), Olczyk ve Kuc-Czarnecka (2022), Akyol vd. (2023), Mura ve Donath (2023)
AB ornekleminde dijitallesmenin ekonomik biiylime iizerindeki etkisini incelemiglerdir. Bunun
yaninda Kadochnikova vd. (2022), Varlamova ve Kadochnikova (2023) Rusya’nin bdlgeleri
ornekleminde, Shang vd. (2025) Cin’in bolgeleri 6rnekleminde dijitallesmenin ekonomik biiyiime
iizerindeki etkisini analiz etmislerdir.

Orneklemin yaninda galismalar yontemsel olarak da farklilasmaktadir. Czernich vd. (2011),
Evangelista vd. (2014), David (2019), Habibi ve Zabardast (2020) gibi ¢aligmalarda dinamik panel
veri yontemi tercih edilirken, Olcyzk ve Kuc-Czarnecka (2022), Zhang vd. (2022), Akyol vd. (2023)
gibi caligmalarda statik panel veri yontemi tercih edilmistir. Bu ¢aligmalarin Kadochnikova vd.
(2022), Varlamova ve Kadochnikova (2023), Shang vd. (2025) c¢alismalarinda mekansal
ekonometrik yontemler kullanmislardir. Literatiir incelendiginde mekansal ekonometrik yontemlerin
iilke gruplart 6rneklemlerinde kullamlmadigi dikkat cekmektedir. Ozellikle AB gibi isgiicii ve
sermaye hareketliliginin {ilkeler arasinda yliksek oldugu bir orneklemde bir iilkedeki dijital
gelismenin komsu iilkelerin ekonomik biiyiimesi lizerinde etkisini dikkate almamak sonuglarin yanli
ve tutarsiz olmasina yol acar. Ayrica Dijital Tek Pazar stratejisi ile iilkeleri dijital altyap: ve dijital
teknolojilerin entegrasyonu agisindan birbirine baglamay1 AB’de dijitallesmenin mekansal yayilmasi
hedeflenmektedir. Bu hedefin ne 6l¢iide gergeklestigi iilkeler arasindaki mekansal etkilesimi dikkate
alan yontemler ile incelenebilir. Bu baglamda AB 6rnekleminde dijitallesmenin ekonomik biiyiime
iizerindeki etkisi literatiirdeki bosluga isaret etmektedir. Bunun AB 6rnekleminde DESI gibi ¢cok
katmanli bir indeksin alt bilesenlerinin dogrudan ve dolayli etkilerinin incelenmemesi de literatiirdeki
bir diger bosluga isaret etmektedir. Her ne kadar Ghazy vd. (2022), Tekdemir ve Cakmakoglu (2024),
DESI indeksi ve dort alt bilesenin ekonomik biiylime iizerindeki etkisini panel dinamik panel veri
yontemi ile incelese de etkileri ayristirmamistir. Ayrica Tekdemir ve Cakmakoglu (2024)’un beseri
sermaye DESI alt bileseninin ekonomik biiylime {izerindeki negatif yonlii etkisi iilkeler arasindaki
emek hareketliligini gostermektedir. Diger yandan dijital teknolojilerin entegrasyonunun ekonomik
biiyiime tizerindeki negatif etkisi ise regiilasyonlarin dijital yayillmanin 6niinde engel olabilecegine
isaret etmektedir. Literatirde AB Ornekleminde regiilasyonlarin dijitallesmenin mekansal
yayilmasimi engelleyerek ekonomik biiyiime {izerindeki etkisini inceleyen ¢alismanin olmamasi da
literatiirdeki bir diger bosluktur. Bu bosluklar1 gidermek amaciyla ¢calismada AB 6rmekleminde DESI
indeksi ve dort alt bilesenin kullanilarak dijitallesmenin ekonomik biiyiime tizerindeki etkisinin
mekansal panel veri yontemi ile analiz edilmistir.
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Veri ve Yontem
Veri Seti ve Degiskenler

Calismada 27 AB tilkesi 6rnekleminde dijitallesmenin ekonomik biiyiime tizerindeki etkileri
2017-2022 dénemi yillik verileri kullanilarak analiz edilmistir. Ek A, 6rneklem {ilkelerin listesini
vermektedir. Analiz doneminin baslangi¢ yilinin 2017 olarak se¢ilmesinin arkasinda metodolojik ve
politik gerekgeler vardir Metodolojik olarak, mekansal panel veri yonteminin gereklilikleri
dogrultusunda analizde dengeli panel veri kullanilacagindan dolay1 Avrupa Komisyonu tarafindan
yayinlanan DESI alt bilesenleri 27 AB iilkesi i¢in 2017 yili itibariyle dengeli panel veri yapisina
kavugmustur. Politik agidan ise 2017 yili, Dijital Tek Pazar stratejisinin yayimlandigi ve AB’nin
politika odagini alt yapidan dijital teknoloji entegrasyonu basta olmak iizere veri ekonomisine
kaydirdigi doniim noktasidir. Analiz déneminin 2022 yilinda sonlandirilmasmin gerekgesi ise
Avrupa Komisyonu tarafindan yayimlanan DESI ve alt bilegenlerine iligkin dengeli panel veri setine
bu yildan sonra erisilememesidir.

Literatiirdeki Neoklasik ve i¢sel biiylime modelleri referans alinarak olusturulan kavramsal
gerceveler dogrultusunda c¢alismada bagimli degisken olarak ekonomik biiylime oranlar
kullanilmistir. Kurulacak ampirik modellerde temel bagimsiz degiskenler olarak ise DESI indeksi ve
dort temel bileseni kullanilmigtir. Bunlar sirasiyla; dijital doniisiim i¢in gerekli olan insan kaynagini
ve yetkinliklerini yansitan beseri sermaye, sabit ve mobil genis bant alt yapisini temsil eden baglanti,
isletmelerin bulut bilisim, biiyiik veri ve yapay zeka gibi araglart benimseme diizeylerini 6lgen dijital
teknolojilerin entegrasyonu ve kamu hizmetlerinin dijitallesme diizeyini gosteren dijital kamu
hizmetleridir. Dijitallesmenin ekonomik biiyiime iizerindeki net etkisini ayristirmak ve ampirik
modellerdeki eksik degisken sapmasinin dniine gegmek igin biiylime teorilerini referans alarak disa
aciklik, niifus biliylimesi ve kamu harcamalar1 gostergeleri kontrol degiskenleri olarak analize
edilmigtir. Grossman ve Helpman (1991), ticari agikligin bilgi yayilimi, dl¢cek ekonomileri ve
teknoloji transferleri kanallar1 {izerinden ekonomik biiylimeye katki sagladigini belirtmislerdir.
Ayrica Ersoy ve Aalioua (2018) ihracat hacminin artmasinin ekonomik biiyiime {izerinde artirict
etkisi oldugunu ampirik olarak kanitlamigtir. Dijitallesme ile ayni bilgi yayilimi kanalin1 kullanan
ticari acgikligin modele eklenmesi dijitallesmenin dijital entegrasyondan kaynaklanan biiylime
katkisini ayristirmasini saglayacaktir. Solow (1956), niifus biiylimesinin sermaye seyrelmesine yol
acarak ekonomik biiylimeyi yavaglatacagini one siirmiistiir. Demografik dinamiklerin ekonomik
biiylime iizerindeki etkisini kontrol etmek i¢in bu degisken modele eklenmistir. Barro (1990), kamu
harcamalar1 yoluyla dijital alt yap1 yatinnmlarinin gerceklestigini belirtmektedir. Bu baglamda kamu
harcamalar1 degiskeni modele dahil edilerek kamu altyap: yatirimlarindan kaynaklanan biiyiime
katkis1 ayristirilacaktir. Calismada kullanilan makroekonomik degiskenlere ait veriler Diinya
Bankas1 Kalkinma Gostergeleri (WDI) veri tabanindan derlenirken, dijitallesme verileri (DESI)
Avrupa Komisyonu veri tabanindan derlenmistir. Analizde kullanilan degiskenlere ait tanimlayici
istatistikler Tablo 1’de sunulmaktadir.
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Tablo 1. Tanimlayici Istatistikler

Degiskenler | Min Maks. Mean Standart SD/ Gozlem
sapma mean(CV) sayisi
grw -10.940 16.256 2913 4.307 1.479 162
desi 19.400 69.600 42.520 10.582 0.249 162
human 6.869 17.848 11.412 2.354 0.206 162
connec 3.168 19.272 9.404 3.205 0.341 162
integ 2.530 14.772 7.375 2.602 0.353 162
public 1.853 22.975 14.326 4.186 0.294 162
open 28.340 202.330 125.580 34.018 1.330 162
gov 20.700 61.700 45.060 7.160 0.159 162
popgr -1.812 4.052 0.279 0.932 3.340 162

Tablo 1’de ekonomik biiyiime, disa agiklik ve niifus biiyliimesi degiskenlerindeki varyasyon
katsayisinin (CV) birden yiiksek olmasi AB iilkeleri arasindaki 6nemli 6lgiideki heterojenligin
varligini dogrulamaktadir. Varyasyon katsayisinin birden kii¢iik oldugu dijitallesme gostergelerinde
ise minimum ve maksimum degerler arasindaki fark Birlik igerisindeki dijital uguruma isaret
etmektedir. Dijital gostergeler kendi igerisinde degerlendirildiginde beserl sermaye gostergesi
iilkeler arasinda daha homojen bir dagilim sergilerken, dijital teknolojilerin entegrasyonu gostergesi
iilkeler arasinda daha heterojen bir dagilim sergilemektedir. Kamu harcamalarinin GSYH’ya orani
ise diger degiskenlere gore iilkeler arasinda en homojen dagilima sahip kontrol degiskenidir.
Degiskenlere iliskin tanimlayici istatistikler incelendikten sonra analiz i¢in kurulacak ampirik
modellerde olasi bir ¢coklu dogrusal baglant1 sorununun varligini sinamak i¢in hesaplanan degiskenler
arasindaki korelasyon matrisi Tablo 2’de verilmektedir.

Tablo 2: Korelasyon Matrisi

grw desi human | connec | integ public | open gov popgr
grw 1.000 | 0.048 | -0.001 | 0.094 | 0.041 0.024 | 0.190 | -0.447 | 0.088
desi 0.048 1.000 | 0.834 0.757 1 0.889 ]10.927 |0.219 |0.120 | 0.456
human | -0.001 | 0.834 1.000 0379 10798 10.759 ]0.202 | 0.120 | 0.506
connec | 0.094 | 0.757 | 0.379 1.000 | 0.59 0.588 ]0.122 ] 0.117 ] 0.163
integ 0.041 0.889 | 0.798 0.559 1.000 | 0.749 | 0.086 | 0.193 | 0.4445
public | 0.024 | 0.927 | 0.076 0.588 | 0.749 1.000 | 0.293 | 0.026 | 0.466
open 0.190 ] 0.219 | 0.201 0.122 | 0.086 | 0.293 1.000 | -0.475 | 0.529
gov -0.447 |1 0.120 | 0.120 0.117 ]0.193 ]0.026 | -0.475 | 1.000 | -0.199
popgr | 0.088 | 0.456 | 0.506 0.163 | 0.445 ]0.466 | 0.529 |-0.199 | 1.000

Tablo 2’ye gore kontrol degiskenleri arasindaki korelasyon katsayilar literatiirde genel kabul
goren 0.80 kritik esiginin oldukga altindadir (Gujarati ve Porter, 2009). Bu durum kontrol
degiskenleri arasinda coklu dogrusal baglantinin olmadigimi ve modelde kalmasi gerektigini
gostermektedir. Dijitallesme gostergelerinin korelasyon katsayilar incelendiginde DESI skorunun
alt bilesenleri ile arasindaki yiiksek korelasyon ¢oklu dogrusal baglantinin varliina isarettir. Ayrica
DESI alt bilesenleri kendi arasinda degerlendirildiginde beseri sermaye ve dijital teknolojiler
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dogrusal baglant1 sorununa isaret eder. Bu nedenle DESI indeksi ve alt bilesenleri ayn1 modelde yer
almamalidir. Bu baglamda ¢alismada dijitallesme gdstergeleri icin ayr1 modeller kurulmus ve her
gostergenin ekonomik biiyiime tizerindeki etkisi bagimsiz olarak analiz edilmistir.

Yontem

Korelasyon matrisinin ardindan dijitallesmenin ekonomik biiylime iizerindeki etkisini
mekansal bagimlilig1 hesaba katarak incelemek amactyla mekansal panel veri yontemi kullanilmistir.
Analizde bu yontemin tercih edilmesinin temel gerekcesi AB iilkeleri arasindaki yiiksek ticari ve
teknolojik entegrasyondan dolay1 dijitallesmenin mekansal yayilma potansiyelidir. Dijital Tek Pazar
ve Dijital On Y1l gibi ortak dijital politikalart benimseyen ve yiiriiten iilkeler arasinda etkilesim
kaginilmazdir. Bu etkilesimin varliginin inkéar edilmesi sonuglarin yanl ve tutarsiz olmasina yol
acacaktir. Bu nedenle calismada ilk olarak iilkeler arasindaki etkilesimin varligi Pesaran (2004)
tarafindan gelistirilen CD testi ile sinanmistir. CD testinin bulgularinin birimler arasinda yatay kesit
bagimliliginin varligina igaret etmesi durumunda, bu durumu g6z ardi eden geleneksel panel veri
yontemleri gecerliligini yitirecek ve mekansal modellere gegis istatistiksel bir zorunluk haline
gelecektir. Seriler arasinda olasi bir yatay kesit bagimliliginin tespit edilmesinin ardindan, bu
bagimliliginin yapisin1i modelleyebilmek amaciyla mekansal agirlik matrisinin (W) ampirik modele
dahil edilmesi gerekmektedir.

Calismada tilkeler arasindaki ekonomik ve ticari etkilesimin cografi sinir komsulugu iliskisi
ile sinirli kalmadig tilkeler arasi cografi mesafe arttikga mekansal yayilmanin etkisinin zayiflayacagi
varsayimina dayanan ters mesafe agirlik matrisi kullanilmistir. Bu matris yalnizca sinir
komsuluklarin1 dikkate alan matrislerden farkli olarak 6rneklemde yer alan tiim bolgesel birimler
arasindaki komsuluk iligkilerini dikkate alir. Ters mesafe agirlik matrisi modele eklemlenerek,
analizdeki degiskenlerin AB ornekleminde mekénsal bir kiimelenme sergileyip sergilemedigi
Kiiresel Moran’s I testi ile sitnanmustir.

Moran’s I testi ile mekansal otokorelasyonun varligina rastlanilmasinin ardindan, mekéansal
otokorelasyonun kaynaginin belirlenmesi gerekir. Mekansal otokorelasyonun kaynaginin mekansal
gecikme mi yoksa mekansal hata m1 yoksa her ikisi mi oldugunun tespiti icin LM ve Diren¢li LM
testlerine basvurulmustur. Siradan en kiiciik kareler tahmincileri kullanilarak kurulan dogrusal bir
modelde tasarlanan Direngli LM testleri mekansal bagimliligin bagimli degisken tizerinde mi yoksa
ortak soklardan kaynakli olarak hata terimi tizerinde mi yogunlastigini belirlemeyi hedefler. Ancak
mekansal bagimliligin yalnizca mekénsal hata ya da mekansal gecikmenin sadece biri iizerinde
yogunlasacagi kisitlamasi spesifikasyon hatasina yol agar. Bu nedenle ¢alismanin metodolojik
altyapisi mekansal hata ve mekansal gecikme etkilerinin her ikisini barindiran Mekansal Otoregresif
model (SAC) lizerinde kurulmustur.

Kelejian ve Prucha (1998) tarafindan gelistirilen ve ¢alismanin metodolojik altyapisini
olusturan SAC modeli Denklem 1 ve Denklem 2’de sunulmaktadir.

Vie=04p Xi=1 Wij ¥ijt 2 i1 Xit Bt ie (1)
Ui=AWuy + &t ()

Denklem 1’de yer alan y;, i lilkesinin t yilinda ekonomik biiyiimesini, x;; ise dijitallesme
gostergeleri basta olmak iizere modele dahil edilen agiklayici degiskenleri temsil etmektedir.
Denklem 1 ve Denklem 2’de bulunan W ters mesafe agirlik matrisine, u;; birimlerin karsilagtigi ortak
soklar1 yansitan hata terimine karsilik gelmektedir. Denklem 1’de yer alan p, komsu iilkelerdeki
ekonomik biliylimenin lilke ekonomik biiyilimesi {izerindeki mekansal yayilma etkisini gdsteren
mekansal otoregresif katsayiy1 temsil etmektedir. Denklem 2’de yer alan A parametresi ise iilkelerin
karsilastigi ve model igerisinde yer almayan ortak ekonomik ve politik soklardan kaynakli olusan
mekansal hata katsayisini ifade etmektedir.
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LeSage ve Pace (2009), mekénsal otokorelasyonun oldugu modellerde standart dogrusal
regresyon katsayr yorumunun gecerliligini yitirecegini ileri siirmektedir. Standart bir modelde
katsay1, bagimli degiskenin bagimsiz degiskene gore kismi tiirevini temsil ederken, mekansal
modellerde bu durum katsayilarin dogrudan yorumlanmasi, geri besleme etkisini gdz ard1 ettigi i¢in
yaniltici tahminlere yol agacaktir. Bu nedenle LeSage ve Pace (2009), toplam etkinin dogrudan ve
dolayli bilesenlerine aynstirilmasim1 savunmustur. Bu dogrultuda etki ayrigtirmasi yoluyla
dijitallesmenin sadece tilkenin ekonomisi iizerindeki etkisi degil komsu ekonomilere iligskin yayilma
dinamikleri de analiz kapsamina dahil edilecektir.

Bulgular

Bu galigma 2017-2022 donemi AB iilkelerinde dijitallesmenin ekonomik biiyiime tizerindeki
etkisini mekansal panel veri yontemi ile analiz etmistir. Mekansal panel veri analizine gegmeden
oOnce analizin ilk agsamasinda mekansal etkileri dikkate almayan sabit etkiler yontemi ile model analiz
edilmis ve ardindan modeldeki seriler arasindaki yatay kesit bagimliliginin varlig1 test edilmistir.

Tablo 3. Direngli Sabit Etkiler (Driscoll Kraay Tahmin) Sonuglari

Model 1 Model 2 Model 3 Model 4 Model 5
desi 0.268***

(0.061)
human 1.876**

(0.770)
connec 0.568***
(0.126)
integ 1.012%**
(0.285)
public 0.967***
(0.221)

open -0.091 0.001 -0.072 -0.047 -0.105

(0.075) (0.076) (0.072) (0.075) (0.077)
gov -0.869*** -0.782%** -0.813*** -0.824*** -0.934%**

(0.114) (0.120) (0.109) (0.116) (0.121)
popgr -2.004*** -2.103*** -1.928*** -1.828%* -2.141%**

(0.7006) (0.748) (0.702) (0.720) (0.709)
R-kare 0.325 0.259 0.330 0.293 0.324
F testi 10.714%*** 10.069*** 11.318*** 11.196%*** 9.924%*x*
Hausman 43.751%** 26.856%** 54.151%** 31.212%** 45.403***
Breusch Pagan | 73.354*** 87.468%** 77.172%** 76.370%*** 70.916%**
Pesaran CD 27.027*** 27.422%*%* 27.838*** 27.482%** 26.159%**

Not: () icindeki sayilar standart hata degerlerini gosterir; *, **, *** ise sirasiyla %10, %5 ve %]l
anlamlilik diizeylerini belirtir.
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Tablo 3’teki F testi ve Hausman test sonuglar1 bes model i¢in de sabit etkiler tahmincisinin
analiz i¢in uygun se¢im oldugunu gostermektedir. Ayrica modeller i¢in R-kare degerleri 0.293 ile
0.330 arasindaki degismekte olup, bu bulgu modellerin bagimsiz degiskenlerin ekonomik
biiylimedeki varyasyonun yaklasik yiizde otuzunu acgikladigina isaret etmektedir. Aciklayicilik
oraninin sinirli kalmasi; modelde olasi kontrol degisken eksikligi, i¢gsellik sorunu ve mekansal
bagimlilik gibi faktorlerin yontem tarafindan yakalanamadigini gostermektedir. Breusch- Pagan
testi, modellerde degisen varyans sorununun oldugunu belirtmektedir. Ayrica Pesaran CD testi de
modellerdeki seriler arasinda yatay kesit bagimliliginin varligint dogrulamaktadir. Bu yiizden
calismada degisen varyans ve yatay kesit bagimlilig1 sorunlarina karsi direngli tahminler tireten
Driscoll- Kraay tahmincisi kullanilmistir. Driscoll- Kraay tahmin bulgularina goére dijitallesme
gostergeleri ekonomik biiyiimeyi istatistiksel olarak anlamli diizeyde pozitif yonde etkilemektedir.
Bulgular DESI alt bilesenlerinin ekonomik biiylime iizerindeki etkisinin genel indekse gore daha
giiclii oldugunu gostermektedir. Bu durum genel indeksin, bilesenler arasindaki heterojen etkileri
yumusatmasindan kaynaklanmaktadir. Alt bilesenler arasinda ise beseri sermaye ve dijital
teknolojilerin entegrasyonun ekonomik biiyiime {izerindeki etkisi kamu hizmetlerinin dijitallesmesi
ve baglantiya gore daha baskindir.

Dijitallesme gdstergelerinin yaninda ticari agiklik, kamu harcamalari ve niifus biiyiimesinin
de ekonomik biiyiime tizerindeki etkileri incelenmistir. Tablo 3’e gdre tiim modellerde ticari agikligin
ekonomik biliylime iizerinde anlamli etkisi bulunamamigstir. Kamu harcamalarinin ve niifus
biiylimesinin ise tiim modeller i¢cin ekonomik biiyiime tizerinde negatif yonlii etkiye sahiptir. Pesaran
CD testinin dogruladigi yatay kesit bagimlili§inin mekansal bir yapiya sahip olup olmadigini tespit
etmek amaciyla Kiiresel Moran’s I testi, LM ve Direngli LM testleri uygulanmigstir. Moran’s 1 testi
sonuglar1 Tablo 4’te sunulmaktadir.

Tablo 4. Moran’s I Testi Sonuglar1

Yil Moran’s I | Moran p degeri
istatistigi
2017 0.028 0.039
2018 0.025 0.046
2019 0.024 0.048
2020 0.020 0.060
2021 0.021 0.057
2022 0.018 0.064

Ekonomik biiyiime serisinde mekansal otokorelasyonun varligt Moran’s 1 testi ile
stnanmistir. Moran’s I testi sonuglarina gore 2017-2022 yillar1 arasinda ekonomik biiyiime serisinde
mekansal otokorelasyon vardir. Tespit edilen bu mekansal etkinin mekansal gecikme ya da mekansal
hatadan kaynaklandigini tespit etmek amaciyla LM ve direncli LM testlerine bagvurulmustur. LM ve
diren¢li LM test sonuglar1 Tablo 5’te sunulmaktadir.

Tablo 5. LM ve Direnc¢li LM Test Sonuglari

LM Testleri Model 1 Model 2 Model 3 Model 4 Model 5
LM gecikme 398.840*** | 452.910*** | 402.070*** | 436.780%** | 38]1.780%**
LM hata 440.670%%* | 472.540*** | 456.910*** | 455.270%*** | 420.800***
Direncli LM gecikme | 48.057*** | 48.696*** | 43.957*%* | 54, 175%%* | 48.922%**
Direncgli LM hata 89.882%** | $8.320%%* | 98.792%** | 72.659*** | 87.942%**
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Tablo 5’teki LM test sonuglart bes model icin de mekansal gecikme ve mekénsal hatanin
varligmmi inceleyen sifir hipotezinin reddedildigini ortaya koymaktadir. LM test sonuglarinin
mekansal etkilerin ikisinin de varligina isaret etmesinin ardindan (Anselin vd., 1996), standart LM
testlerinin birbirinin varliginda sapmali sonuclar iiretebilmesinden dolay1 direncli LM testlerine
basvurulmustur. Direngli LM testleri de bes modelin tamaminda mekansal gecikme ve mekansal
hatanin birlikte var oldugunu dogrulamaktadir. LM ve direngli LM test sonuglarina dayanarak
mekansal hata ve mekansal gecikme etkilerinin ikisini de barindiran SAC arastirmanin mekansal
modeli olarak tanimlanmistir. Ayrica Hausman testi, F testi, LM ve diren¢li LM testlerinin bulgulari
birlestirildiginde analiz i¢in en uygun modelin sabit etkili SAC (SACFE) modeli oldugu
gozlenmektedir. SACFE model sonuglar1 Tablo 6’da raporlanmaktadir.

Tablo 6. SACFE Modeli Sonuglar

Model 1 Model 2 Model 3 Model 4 Model 5
desi 0.101%**

(0.029)
human -1.309**

(0.633)
connec 0.224%*x*
(0.065)
integ 0.443%**
(0.127)
public 0.337%**
0.106

open -0.101*** -0.094** -0.093** -0.093** -0.098**

(0.039) (0.038) (0.037) (0.038) (0.040)
gov -0.253%** -0.357*** -0.242%*%* -0.233%*%* -0.270%**

(0.068) (0.094) (0.070) (0.060) (0.072)
popgr -0.751%** -0.425 -0.704** -0.681** -0.781%%*

(0.352) (0.356) (0.356) (0.343) (0.357)
rho 0.863%** -0.332 0.850%** 0.881%** 0.862%**

(0.048) (0.403) (0.055) (0.040) (0.049)
lambda -0.275 0.924*** -0.130 -0.460 -0.263

(0.369) (0.034) (0.364) (0.373) (0.369)
R-kare 0.534 0.630 0.539 0.531 0.530

Not: () icindeki sayilar standart hata degerlerini gosterir; *, **, *** ise sirasiyla %10, %5 ve %l
anlamlilik diizeylerini belirtir.

Tablo 6’da modeller i¢in uyum iyiligi ol¢iitiinii yansitan R-kare degerleri 0.530 ile 0.630
arasinda degismekte olup, bu bulgu mekansal yayilma etkilerinin modellere dahil edilmesinin
modellerin agiklayicilik giiciinii 6nemli 6l¢iide artirdigini gostermektedir. Tablo 6 incelendiginde,
Model 2 hari¢ tiim modeller i¢in rho katsayis1 %1 anlamlilik diizeyinde mekansal gecikme etkisinin
varligin1 ortaya koymaktadir. Rho katsayisinmn 0.850 ile 0.881 arasinda degismesi AB iilkeleri
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arasindaki mekansal bagimliligin oldukea giiclii olduguna isaret etmektedir. Bu bulgu, bir iilkenin
ekonomik biiylime performansinin 6nemli Olgiide komsu iilkelerin biiylime dinamiklerinden
etkilendigini gostermektedir. Bununla birlikte lambda katsayis1 sadece ikinci modelde %1 anlamlilik
diizeyinde olup, bu bulgu bu model i¢in {ilke ekonomik biiylimesinin komsu iilkelerdeki ekonomik
soklardan etkilendigine isaret etmektedir. Model 2’nin diger modellerden farkli olarak mekansal
bagimliligi mekansal gecikme yerine mekansal hata iizerinden sergilemesi, nitelikli isgiliciiniin
iilkeler arasindaki yiiksek fiziksel ve dijital hareketliligine baglanabilir.

Tablo 6’daki sonuclar, beseri sermaye hari¢ diger dijitallesme gostergelerinin (DESI,
baglanti, dijital hizmetlerin entegrasyonu ve kamu hizmetlerinin dijitallesmesi) ekonomik biiyiime
iizerinde %1 anlamlilik diizeyinde pozitif yonlii etkiye sahip oldugunu gostermektedir. Beseri
sermayenin ise ekonomik biiylime lizerinde %5 anlamlilik diizeyinde negatif yonlii etkisi vardir.
Beseri sermayenin digindaki dijitallesme gostergelerinin ekonomik bilylime {izerindeki etkileri sabit
etkiler tahmin sonuglariyla uyusmaktadir. Beseri sermayenin tahmin sonuglarinin sabit etkiler tahmin
sonuglartyla ¢elismesi mekansal bagimliligin ihmal edilmesinin tahmin katsayilarint 6nemli 6l¢iide
saptirmasina baglanabilir. Ayrica beseri sermayenin ekonomik bilylime {izerindeki pozitif yonlii
etkisinin negatif olarak degismesi bir iilkedeki beseri sermaye artisinin emek gocii yoluyla o iilkenin
ekonomik biiyiimesini baskilarken komsu iilkelere pozitif mekansal yayilma olusturmasi ile
aciklanabilir. DESI indeksi, baglanti, dijital teknolojilerin entegrasyonu ve kamu hizmetlerinin
dijitallesmesi gostergelerinin ekonomik bilylime lizerindeki etki katsayis1 sabit etkiler modeline gére
kiigiilmiistiir. Bu durum bu modellerdeki toplam etkinin 6nemli bir kisminin mekénsal gecikme ile
komsu {ilkelerdeki ekonomik biiyiimenin iilke ekonomik biiyiimesi iizerindeki mekénsal yayilma
etkisinden ayristirilmasi ile net etkinin ortaya c¢ikmasindan kaynaklanmaktadir. AB gibi ortak
ekonomik, politik ve giivenlik politikalarim takip eden sermaye ve emek hareketliliginin serbest
oldugu, siirlarin biiyiik 6l¢tide kalktig1 bir olusumda bir iilkedeki ekonomik gelismenin diger tilkeyi
ekonomik olarak etkilemesi ¢ok dogaldir. Bu yilizden mekansal yayilmay1 hesaba katmamak sabit
etkiler tahmin sonuglarindaki gibi yaniltict sonuglar verecektir. Beseri sermaye dijitallesme
gostergesinin ekonomik biiylime iizerindeki azaltici etkisi Imran vd. (2022), Tekdemir ve
Cakmakoglu (2024)’i desteklemektedir. Diger dijitallesme gostergelerinin ekonomik biiyiime
iizerindeki artirici etkisi ise Ghazy vd. (2022)’1 desteklemektedir.

Dijitallesme gostergelerinin yaninda ticari acgiklik, kamu harcamalar1 ve niifus biiyiimesi
kontrol degiskenlerinin ekonomik biiyliime {iizerindeki etkileri de mekansal bagimliligin dahil
edilmesiyle farklilagmistir. Sabit etkiler tahmin sonuglarina gére ekonomik biiyiime {izerinde anlaml
etkiye sahip olmayan ticari aciklik SACFE model bulgularina gére %5 anlamlilik diizeyinde
ekonomik biiyiimeyi negatif etkilemektedir. Bu bulgu Grossman ve Helpman (1991) ile
celismektedir. Bu durum ortalama %125 gibi ticari agikliga sahip olan AB’nin ABD ve Cin
karsisinda rekabet baskisinda kalarak son 15 yilda ciddi 6lgiide BIT pazarini kaybetmesi ile de
aciklanabilir. Kamu harcamalarinin ve niifus biiylimesinin ekonomik biiyiimesi iizerindeki etkisi ise
mekansal yayillmalarin dikkate alinmasiyla sinirlanmistir. Kamu harcamalarinin ekonomik biiyiime
tizerindeki negatif yonlii etkisi Barro (1990)’nun igsel bliylime modeli ¢ergevesinde agiklanabilir.
Barro (1990), kamu harcamalarinin ekonomik biiylime iizerindeki etkisinin dogrusal olmadigini,
belli bir esige kadar pozitif, belirli bir esikten sonra ise negatif yonlii olacagini belirtmistir. AB
ortalama kamu harcamalarinin %45 diizeylerinde olmasi bu esigin asilmig olabilecegine isaret
etmektedir. Bu sonuglar Sezer (2018)’in kamu tarafindan yapilan iletisim yatirimlarinin ekonomik
biiylime {izerinde artirict etkisi bulgusu ile de ¢elismektedir. Son olarak niifus biiyiimesinin ekonomik
biiyiime tizerindeki negatif etkisi Solow (1956)’un niifus biiyiimesinin sermaye seyrelmesine yol
acarak ekonomik biiylimeyi yavaslatacagi hipotezini desteklemektedir. Bu sonu¢ Mizirak ve
Gomleksiz (2017) bulgularini desteklemektedir.

LeSage ve Pace (2009), SAC modelindeki katsayilarin bagimsiz degiskenlerin bagimli
degisken tlizerindeki marjinal etkileri yakalamada yetersiz kaldigini ifade etmislerdir. Bu nedenle, bu
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calisma SACFE modelindeki agiklayict degiskenlerin dogrudan, dolayli ve toplam etkilerini tahmin
etmeye yonelmistir ve sonuglart Tablo 7’de raporlanmaktadir.

Tablo 7. Dolayli ve Dogrudan Etkiler (SACFE)

Dijitallasme | open gov popgr
gostergeleri
Model 1 Direct 0.122%x** -0.120** -0.304*** -0.902%**
(DESI) (0.039) (0.050) (0.091) (0.450)
Indirect | 0.608%* -0.602 -1.515* -4.502
(0.420) (0.457) (1.028) (3.807)
Total 0.729%* -0.723 -1.819* -5.404
(0.450) (0.497) (1.098) (4.179)
Model Direct -1.313 -0.095 -0.358 -0.426
(Human) (42.776) (3.046) (9.583) (8.222)
Indirect | 0.331 0.024 0.090 0.108
(1111.264) (79.149) (248.863) (214.148)
Total -0.982 -0.071 -0.268 -0.319
(1154.036) (82.195) (258.445) (222.362)
Model 3 Direct 0.264** -0.110%* -0.285%** -0.830%**
(Connec) (0.085) (0.049) (0.088) (0.440)
Indirect | 1.213 -0.504 -1.313 -3.820
(0.897) (0.439) (0.956) (3.201)
Total 1.477* -0.614 -1.599* -4.650
(0.962) (0.479) (1.789) (3.558)
Model 4 Direct 0.548** -0.115%* -0.289%*** -0.843**
(Integ) (0.172) (0.050) (0.081) (0.429)
Indirect | 3.097* -0.649* -1.633** -4.764
(1.732) (0.430) (0.834) (3.548)
Total 3.646** -0.764* -1.922%* -5.607
(1.873) (0.472) (0.898) (3.922)
Model 5 Direct 0.404** -0.117** -0.324*** -0.937**
(Public) (0.140) (0.050) (0.102) (0.479)
Indirect | 2.010* -0.583* -1.610%* -4.661
(0.466) (0.466) (1.156) (4.100)
Total 2.414%* -0.700 -1.934%* -5.599
(1.561) (0.506) (1.236) (4.499)
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Not: () i¢indeki sayilar standart hata degerlerini gosterir; *, **, *** ise sirastyla %10, %5 ve %1
anlamlilik diizeylerini belirtir.

Dogrudan etki, bir iilkedeki dijitallesme gostergeleri ve kontrol degiskenlerinin
degisimlerinin iilke ekonomik biiylimesi iizerindeki etkisini, dolayli etki ise komsu iilkelerin
ekonomik biiyiimesi iizerindeki mekansal yayilma etkisini temsil etmektedir. Tablo 7’de beseri
sermayenin digindaki dijitallesme gostergelerinin ekonomik biiyliime {izerindeki dogrudan etkileri
istatistiksel olarak anlamli ve pozitiftir. DESI indeksindeki bir birimlik artis iilkenin ekonomik
biiytimesini 0.122 puan artirirken, baglanti, dijital teknolojilerin entegrasyonu ve kamu hizmetlerinin
dijitallesmesi sirastyla 0.264 puan, 0.548 puan, 0.404 puan iilkenin ekonomik biiyiimesini
artirmaktadir. Bu bulgular dogrultusunda tilkenin ekonomik biiylimesi iizerinde en belirgin dogrudan
etkiye sahip olan dijitallesme gostergesinin dijital teknolojilerin entegrasyonu oldugu goriilmektedir.
Beserl sermaye dijital gostergesinin ekonomik biiyiime iizerinde dogrudan ve dolayl etkileri ise
anlamsizdir. Ozellikle standart hatalarmin yiiksekligi dikkat cekmektedir. Bu durum modelin SACFE
ile tahminindeki nokta tahminlerinin anlamli bulunan degiskenin, kismi tiirevler alindiginda
dogrudan ve dolayli etkilerin anlamsizlagmasi ve standart hatalarinin sismesi katsayilarin
yorumlanmasini zorlastirmaktadir. Bu yilizden beseri sermayenin dogrudan ve dolayli etkileri
yorumlanmamakta ve SACFE modelindeki nokta tahminler kabul edilmektedir.

Dijital gostergelerin dolayli etkileri incelendiginde ise carpici sonuglar dikkat cekmektedir.
DESI indeksi, dijital teknolojilerin entegrasyonu ve kamu hizmetlerinin dijitallesmesinin dogrudan
etkilerinin yaklasik bes kati mekansal yayilma etkileri vardir. Model 1, Model 4 ve Model 5’te
dijitallesme gostergelerinin ekonomik biiylime {izerindeki dolayli etkileri %10 anlamlilik
diizeyindedir. Dolayli etkiler ile dogrudan etkiler arasindaki bu fark bulut biligim, biiyiik veri ve
yapay zeka gibi dijital teknolojilerin dogast geregi cografi sinirlart asan tedarik zincirleri ve dijital
platformlar aracilifiyla mekansal yayilma potansiyelinin yiiksek oldugunu desteklemektedir. Bu
bulgu bir iilkedeki dijitallesme ¢abalarinin yalnizca o iilkedeki ekonomik biiylimeyi degil Dijital Tek
Pazar agina bagh tiim komsularin ekonomik biiylimesi {izerinde de dolayl etkileri olacagina isaret
etmektedir. Bu durum dijitallesmenin asil giiclinlin yerel yatirimlar yerine simir 6tesi mekansal
etkilesimlerden kaynaklandiginin ampirik kanitidir. Baglanti dijital gostergesinin dolayli etkisinin
anlamsiz olmasi ise dijital baglanti altyapilarinin komsu iilkelere mekansal yayilma etkisinin zayif
kaldigina isaret etmektedir. Bu durum, baglanti altyapisinin fiziksel ve yerel nitelikte oldugundan
dogas1 geregi mekansal yayilma potansiyelinin diisiik olmasi ile agiklanabilir. Ayrica pazar
par¢alanmigliginin ve regiilasyonlarin Dijital Tek Pazar gibi ortak politikalara ragmen dijital
baglantinin mekansal yayilmasini 6niinde engel teskil ettigi seklinde yorumlanabilir.

Kontrol degiskenlerin etki ayristirmasi incelendiginde ticari agiklik Model 2 hari¢ tim
modellerde %5 anlamlilik diizeyinde ekonomik biiylime iizerinde negatif dogrudan etkiye sahiptir.
Ticari agikliktaki bir birim degisimin ekonomik biiylime iizerindeki dogrudan etkisi-0.110 ile-0.120
puan arasinda degismektedir. Sonuglar, SACFE modelinde elde edilen nokta tahmin bulgularina
yakindir. Ticari acikligin Model 4 ve Model 5 hari¢ dolayl etkileri anlamsizdir. Dijital teknolojilerin
entegrasyonu ve kamu hizmetlerinin dijitallesmesinin ekonomik biiylime tlizerindeki etkisinin
incelendigi modellerde ticari acikligin dolayli etkisinin anlamli olmasi ise dijitallesmesinin dogasi
ile aciklanabilir. Baglant1 gibi biiyilik 6l¢iide fiziksel altyapiya gereksinim duyan modelde ticari
acikligin mekansal yayilma etkisinin olmamasi, yapay zeka, bulut bilisim ve e- devlet gibi cografi
sinir tanimayan dijital uygulamalart kapsayan dijital teknolojilerin entegrasyonu ve kamu
hizmetlerinin dijitallesmesinde mekansal yayilma etkisinin olmas1 dijitallesmenin dogasina
uygundur. Benzer sekilde kamu harcamalarinda da beseri sermaye ve baglanti dijital gostergelerinin
bulundugu modeller disinda %10 anlamlilik diizeyinde negatif dolayli etki vardir. Bu bulgu, kamu
harcamalarmin sadece kendi iilke ekonomik biiylimelerini degil komsu iilkelerin ekonomik
biiylimelerini de negatif yonlii etkiledigini gostermektedir. Bu durum kamu harcamalarinin 6zel
sektorii dislama etkisi yaratarak ekonomik bilylimeyi baskilamasinin sadece o iilkeyle sinirh
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kalmadigini1 Dijital Tek Pazar aginda yer alan komsu {ilkeleri de etkiledigine isaret etmektedir. Son
olarak modellerde niifus biiylimesinin ekonomik biiylime tizerinde %5 anlamlilik diizeyinde negatif
dogrudan etkiye sahiptir. Bununla birlikte niifus biiylimesinin ekonomik biiylime iizerinde anlamli
dolayli etkisi yoktur. Bu durum Solow (1956) modelindeki niifus biiylimesinin sermaye seyrelmesi
etkisinin yerel diizeyde isledigini gostermektedir.

Sonug¢

Bu calismanin iki amaci vardir. Birincisi, AB {ilkeleri tarafindan benimsenen Dijital Tek
Pazar politikasinin regiilasyonlar tarafindan engellenip engellenmedigini incelemek, ikincisi ise
dijitallesmenin Birlik icerisinde mekansal yayillma gosterip gostermedigini analiz etmektir. Bu
baglamda 2017-2022 donemi igin, 27 AB iilkesinden olusan bir 6rneklemde dijitallesmenin
ekonomik biiyiime iizerindeki etkisi mekansal panel veri yontemi ile analiz edilmistir. Bu ¢alisma
literatiire ii¢ sekilde katkida bulunmaktadir. Bunlardan ilki, AB iilkeleri 6rnekleminde dijitallesme
biiyiime iliskisini mekansal yayilmalar1 hesaba katarak incelemektedir. ikincisi, dijitallesmenin
ekonomik biiyiime {izerindeki etkisi dogrusal ve yayilma etkiler seklinde ayrigtirmaktadir.
Sonuncusu ise, DESI'nin alt bilesenleri olan baglanti, beseri sermaye, dijital teknolojilerin
entegrasyonu ve dijital kamu hizmetlerinin ekonomik biiyiime iizerindeki etkilerini mekansal
yayilmay1 da dikkate alarak analiz etmektir. Alt bilesenlerin ekonomik biiylime iizerindeki yayilma
etkisini inceleme regiilasyonlarin dijitallesmenin mekansal yayilmasinin o6niinde engel olup
olmadigina dair ipuglar1 sunacaktir.

Pesaran CD testi ve Moran’s I testi sonuglari modellerde mekansal bagimliligin varligina
isaret etmektedir. LM ve direngli LM testleri sonuglar1 ise modellerde mekénsal bagimliligin
kaynaginin mekansal hata ve mekansal gecikme oldugunu belirtmektedir. Ayrica F ve Hausman testi
sonuglar1 da sabit etkiler tahmincisinin havuzlanmis ve tesadiifi etkiler tahmincisine gore daha
gecerli tahminler iiretecegine isaret etmektedir. Bu testlerin sonuglar birlestirildiginde ¢alismanin
modeli i¢in uygun modelin sabit etkiler SAC (SACFE) modeli oldugu kararlastirilmistir. SACFE
modeli bulgularina gére DESI, baglanti, dijital teknolojilerin entegrasyonu ve kamu hizmetlerinin
dijitallesmesinin ekonomik biiylime tizerinde %1 anlamlilik diizeyinde pozitif dogrudan etkisi vardir.
Beseri sermaye dijital gostergesinin ise ekonomik biiyiime iizerinde %5 anlamlilik diizeyinde negatif
dogrudan etkisi vardir. Sabit etkiler tahmin bulgularina gore beseri sermayenin ekonomik biiyiime
iizerindeki etkisi pozitif iken mekansal bagimlilik hesaba katildiginda etkinin yonii negatife
doniigmiistiir. Bu durum bir iilkedeki beseri sermaye artisinin emek gocii kanali ile o iilkenin
ekonomik biiylimesini baskilarken, komsu lilkelere mekansal yayilma ile pozitif etkiler olugturmasi
ile agiklanabilir. Beserl sermaye digindaki diger dijitallesme gostergelerinin mekansal bagimlilig
dikkate alma ile etkinin yonii degismese de etkinin katsayisi kiigiilmiistiir. Bu durum mekansal
bagimlilig1 dikkate almayan geleneksel panel veri yontemlerindeki katsayilarin ne dlgiide saptigi
hakkinda bilgi vermektedir. Sabit etkiler tahmincisinin R-kare degerleri ile mekansal panel veri
modelinin R-kare degerleri arasindaki fark da mekéansal bagimliligi dikkate almanin 6nemini
dogrulamaktadir.

Dogrudan ve dolayl etkilerin ayrigtirmasi incelendiginde DESI indeksi, dijital teknolojilerin
entegrasyonu ve kamu hizmetlerinin dijitallesmesinin dogrudan etkilerinin yaklasik bes kat1 kadar
dolayl1 etkileri vardir. Dolayli etkiler ile dogrudan etkiler arasindaki bu belirgin fark dijitallesmenin
Birlik igerisindeki mekansal yayilma potansiyelinin giiclinii gostermektedir. Bu bulgu Birlik
tarafindan benimsenen Dijital Tek Pazar politikasinin etkinligine isaret etmektedir. Bir iilke
tarafindan dijitallesmeye yapilan yatirim sadece o iilkenin ekonomik biiyiimesine degil Dijital Tek
Pazar agindaki komsu {ilkelerin ekonomik bilylimesini de etkilemektedir. Bulgular dijitallesmenin
asil etkisinin yerel yatirimlardan ziyade cografi smirlarni asan mekansal etkilegsimlerden
kaynaklandigin1 gostermektedir. Baglanti dijital gostergesinin ekonomik biiylime lizerindeki dolayl
etkileri anlamsizdir. Baglant1 gdstergesinin diger dijitallesme gostergelerinden farklilagmasi baglanti
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altyapisinin fiziksel nitelikte oldugundan dogasi1 geregi dijital yayilma potansiyelinin diisiik olmast
ile agiklanabilir. Bununla birlikte, Birlik genelindeki pazar pargcalanmishigl ve regiilasyonlarinda
mekansal yayilma oniinde bariyer olusturdugu seklinde yorumlanabilir.

Kontrol degiskenlerin etkileri incelendiginde ticari agiklik, kamu harcamalar1 ve niifus
biiyiimesinin ekonomik biiyiime iizerinde negatif dogrudan etkileri vardir. Sabit etkiler tahmin
bulgularina gore ticari agikligin ekonomik biiylime tizerindeki etkisi anlamsiz iken, mekéansal
bagimliligi hesaba katma ile etki anlamli hale gelmistir. Ticari acikligin ekonomik biiyiime
iizerindeki negatif etkisi ABD ve Cin tarafindan rekabet baskisinda kalan AB’nin bu iilkelere kars1
son on bes yildaki BIT pazarindaki kaybu ile agiklanabilir. Kamu harcamalarinin ekonomik biiyiime
iizerindeki negatif yonlii etkisi ise Barro (1990) tarafindan ileri siiriilen belirli bir kamu harcamasi
esiginden sonra kamu harcamalariin ekonomik biiylime iizerinde azaltic1 etkiye sahip olacagi
hipotezi ile agiklanmaktadir. Ortalama %45 kamu harcamasina erisen AB’nin Barro (1990)’nun ileri
stirdligii esige eristigi diigiiniilmektedir. Son olarak niifus biiyiimesinin ekonomik biiyiime tizerindeki
negatif yonlii etkisi ise Solow (1956) tarafindan One siiriilen niifus biiyiimesinin sermaye
seyrelmesine yol acarak ekonomik biiyiimeyi baskilayacagi gorisiinii desteklemektedir.

Bulgular AB igin dnemli politika ¢ikarimlart sunmaktadir. Birincisi, dijital teknolojilerin
entegrasyonun giiclii mekansal yayilmasi dikkate alindiginda AB iilkelerinin yapay zeka, bulut
bilisim ve biiyilik veri gibi dijital teknolojilere yapacagi yatirimin sinir asan etkileri olacaktir. Bu
alanlarda ABD ve Cin’in 6nemli 6l¢iide gerisinde kalan AB’nin bu iilkeleri yakalamas1 ancak Dijital
Tek Pazar agindaki iilkelerin dijitallesmeye yatirim yapmas: ve mekansal yayilmalarin 6niindeki
regiilatif bariyerleri kaldirmas1 ile gerceklesebilir. Ikincisi baglant1 altyapisinin mekansal
yayillmasimin yetersiz olmasi dijitallesmenin dogasinin yaninda Birlik igerisindeki pazar
par¢alanmighigini gostermektedir. Birlik igerisinde 270°ten fazla dijital otoritenin olmasinin
olusturdugu yetki karmasasi baglant1 dijital gostergesinin mekansal yayilmasimin 6niinde bariyer
olusturmaktadir. Bu bariyerin Oniine ge¢mek igin pazar pargalanmigligi sorununu giderecek
kapsayici politikalar tiretilmeli ve uygulanmalidir.

Bu calisma literatiire katkilarina ragmen iki temel smirlamaya sahiptir. ilki, veri kisitindan
dolay1 alt1 yillik kisa bir panel ile ¢alisilmaktadir. ikincisi ise dijitallesme ve ekonomik biiyiime
arasindaki igsellik sorunudur. Bu baglamda gelecek donemde bu konuyu incelemeyi diisiinen
arastirmacilarin veriye erismesi durumunda daha uzun panellerle konuyu yeniden ele almasi
Onerilmektedir. Ayrica degiskenler arasindaki i¢sellik sorununu dikkate alan GMM tarzi modellerle
konunun incelenmesi de dnerilmektedir.
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