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Abstract: The effects of advancements in artificial intelligence technologies on the labor market constitute an
important area of research for understanding the economic consequences of technological transformation. This
study aims to examine the relationship between artificial intelligence developments and employment indicators
in the Turkish economy from a nonlinear perspective. In this context, a news-based artificial intelligence index
is used to represent the level of artificial intelligence, while the total employment rate, male employment rate,
and female employment rate are considered to assess the labor market. Monthly data from the period 2015:M1-
2026:M2 were used in the analysis. The stationarity properties of the variables were examined using the Fourier
KPSS test, and the Fourier ADL cointegration approach was employed to identify long-term relationships.
Causal relationships among the variables were analyzed using the efficient asymmetric causality test, which
allows for the differentiation of the effects of positive and negative shocks. The findings indicate that there is
no long-term cointegration relationship between the total employment rate, the male employment rate, the
female employment rate, and the artificial intelligence index. However, the results of the asymmetric causality
analysis reveal a significant causal relationship from positive shocks in the artificial intelligence index to the

* This manuscript was prepared by the researchers with the support of the European Commission within the scope of the
project research titled “Q!te Work - Supporting Digital Competences of Youth Workers in the Transition of Digital Youth
Work Process to Support Quality in all Kind of Learning Mobility” (Project No: 2023-3-TR01-KA153-YOU-000177055),
funded under the Erasmus+ Program. This publication reflects the views only of the authors, and the European Commission
and the Turkish National Agency cannot be held responsible for any use which may be made of the information contained
therein.
Bu makale, Erasmus+ Programi kapsaminda finanse edilen “Qlte Work - Her Tiirlii Ogrenme Hareketliliginde Kaliteyi
Desteklemek Amacwyla Dijital Genglik Calismasina Gegis Siirecinde Genglik Calisanlarmin Dijital Yetkinliklerinin
Desteklenmesi” baslikli proje (Proje No: 2023-3-TR01-KA153-YOU-000177055) arastirmas: kapsaminda, Avrupa
Komisyonunun destegiyle arastirmacilar tarafindan hazirlanmistir. Bu yaymn yalnizca yazarlarin goriislerini yansitmakta
olup Avrupa Komisyonu ve Tiirkive Ulusal Ajansi, yayinda yer alan bilgilerin herhangi bir sekilde kullanilmasindan
sorumlu tutulamaz.
** Corresponding Author: Asst. Prof. Dr., Manisa Celal Bayar University, Kirkaga¢ Vocational School, Department of
Accounting and Tax Applications
Sorumlu Yazar: Dr. Osr. Uyesi, Manisa Celal Bayar Universitesi, Kirkaga¢ Meslek Yiiksekokulu, Muhasebe ve Vergi
Uygulamalar: Béliimii
https://orcid.org/0000-0002-9743-2189
idris.yagmur@cbu.edu.tr
*** Assoc. Prof. Dr., Ankara Hact Bayram Veli University, Faculty of Financial Sciences, Department of Capital Markets
Dog. Dr., Ankara Haci Bayram Veli Universitesi, Finansal Bilimler Fakiiltesi, Sermaye Piyasast Béliimii
https://orcid.org/0000-0001-7207-6686

mustafa-karakus@hbv.edu.tr

Cite as/ Atif: Yagmur, I. & Karakus, M. (2026). Artificial intelligence and gender-based employment dynamics:

Empirical evidence from Tiirkiye / Yapay zeka ve cinsiyete gore istihdam dinamikleri: Tiirkiye’den ampirik kanitlar.

Turkish Studies — Economics, Finance, Politics, 21(01), 3655-3702. [Special Issues Dedicated to Prof. Dr. Mahmut

Ozer], Ankara Bilim University Publications. https://dx.doi.org/10.7827/TurkishStudies.95727

Received/Gelis: 07 May/May1s 2026 Checked by plagiarism sofiware

Accepted/Kabul: 15 September/Eyliil 2026 @

Published/Yayin: 20 September/Eyliil 2026



https://dx.doi.org/10.7827/TurkishStudies.95727
https://orcid.org/0000-0002-9743-2189
mailto:idris.yagmur@cbu.edu.tr
https://orcid.org/0000-0001-7207-6686
mailto:mustafa-karakus@hbv.edu.tr

3656 Idris Yagmur - Mustafa Karakus

female employment rate. In contrast, no significant causal relationship was found between the artificial
intelligence index and either total employment or male employment. Furthermore, no significant causal
relationship was found from employment indicators to the artificial intelligence index. The findings indicate
that the relationship between artificial intelligence and employment may vary depending on the type of
employment and may exhibit an asymmetric causal structure, particularly with regard to female employment.
By analyzing the artificial intelligence-employment relationship in the context of the Turkish economy using
nonlinear methods, this study provides an empirical contribution to the literature on the effects of technological
transformation on the labor market.

Keywords: Artificial Intelligence, Employment, Fourier ADL Cointegration Test, Efficient Asymmetric
Causality Test.

Oz: Yapay zeka teknolojilerindeki gelismelerin isgiicii piyasasi tizerindeki etkileri, teknolojik doniisiimiin
ekonomik sonuglarinin anlagilmasi agisindan dnemli bir arastirma alani olusturmaktadir. Bu ¢alisma, Tiirkiye
ekonomisinde yapay zekd gelismeleri ile istthdam gostergeleri arasindaki iligkiyi dogrusal olmayan bir
perspektifle incelemeyi amacglamaktadir. Bu kapsamda yapay zeka diizeyini temsil etmek amaciyla haber
tabanli yapay zeka endeksi kullanilirken, istihdam piyasasini degerlendirmek i¢in toplam istihdam orani, erkek
istihdam oran1 ve kadin istihdam orani degigkenleri ele alinmigtir. Analizde 2015:M1-2026:M2 donemine ait
aylik veriler kullanilmigtir. Degiskenlerin duraganlik 6zellikleri Fourier KPSS testi ile incelenmis, uzun
donemli iligkilerin belirlenmesi amaciyla Fourier ADL esbiitiinlesme yaklagimimdan yararlanilmistir.
Degiskenler arasindaki nedensellik iliskileri ise pozitif ve negatif soklarin etkilerini ayristirmaya imkan
saglayan etkili asimetrik nedensellik testi ile analiz edilmistir. Elde edilen bulgular, toplam istihdam orani,
erkek istihdam orani ve kadn istihdam orani ile yapay zeka endeksi arasinda uzun dénemli bir egbiitiinlesme
iligkisinin bulunmadigini gostermektedir. Bununla birlikte asimetrik nedensellik sonuglari, yapay zeka
endeksindeki pozitif soklardan kadin istihdam oranina dogru anlamli bir nedensellik iligkisi oldugunu ortaya
koymaktadir. Buna karsilik, yapay zeka endeksi ile toplam istihdam ve erkek istihdami arasinda anlamli bir
nedensellik iligkisi tespit edilmemistir. Ayrica istihdam gdstergelerinden yapay zeka endeksine dogru herhangi
bir anlamli nedensellik iliskisine rastlanmamuistir. Bulgular, yapay zeka ile istihdam arasindaki iligkinin
istihdam tiirlerine gore farklilagabilecegini ve 6zellikle kadin istihdami acgisindan asimetrik bir nedensellik
yapist sergileyebilecegini gostermektedir. Bu caligma, yapay zeka-istihdam iligkisini Tiirkiye ekonomisi
Ozelinde dogrusal olmayan yontemlerle analiz ederek, teknolojik doniisiimiin isgiicii piyasast tizerindeki
etkilerine iliskin literatlire ampirik katki sunmaktadir.

Anahtar Kelimeler: Yapay Zeka, Istihdam, Fourier ADL Esbiitiinlesme Testi, Etkili Asimetrik Nedensellik
Testi.
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Structured Abstract:

Aim

Rapid advances in artificial intelligence (AI) have renewed debate over how Al reshapes labor
markets, yet most empirical evidence concentrates on developed economies and on China, and typically
evaluates AI’s employment effects as if they were uniform across worker groups. Two gaps motivate this study.
First, developing economies such as Tiirkiye, which differ from developed economies in production structure,
technological readiness, and workforce composition, remain underexamined, even though these structural
differences may condition how Al-related developments transmit to employment. Second, the existing
literature largely evaluates total employment or broad skill categories, leaving the gender dimension of Al’s
labor-market effects only partially addressed, despite evidence that female employment is concentrated in
occupations and tasks that may be differently exposed to technological change. The study also addresses a
methodological gap: much of the literature treats the Al-employment relationship as linear and symmetric,
even though the effects of technological transformation are unlikely to unfold identically for positive and
negative developments over time. Accordingly, the aim of this study is to examine the relationship between
Al-related developments, measured through a news-based indicator, and employment outcomes in Tiirkiye,
distinguishing total, male, and female employment, and allowing for the possibility that positive and negative
Al shocks generate asymmetric effects.

Method

This is a quantitative time-series study of the Turkish economy using monthly data covering 2015:M1-
2026:M2. Al developments are proxied by the news-based Al Index from the Economic Policy Uncertainty
(EPU) database, which tracks the daily density of U.S. newspaper articles referencing Al, generative Al,
machine learning, and computer vision; the daily series is converted to monthly frequency. Employment is
measured through three seasonally adjusted TurkStat indicators for the population aged 15 and older: the total
employment rate (TE), the male employment rate (ME), and the female employment rate (FE). The analytical
strategy proceeds in three stages. First, the stationarity properties of all series are assessed with the Fourier
KPSS test of Becker et al. (2006), which accommodates smooth, unknown structural breaks. Second, the long-
term relationship between employment indicators and the Al index is tested using the Fourier ADL
cointegration test developed by Banerjee et al. (2017). Third, causal relationships are examined with the
Efficient Asymmetric Causality Test of Hatemi-J (2024), a SURE-based procedure that decomposes each series
into positive and negative cumulative shock components and tests causality separately for each, allowing the
direction and sign of Al-employment linkages to differ.

Findings

The Fourier KPSS test rejects the null of stationarity for all four series at the 1% level (Al: 0.1745;
TE: 0.5859; ME: 0.5228; FE: 2.1719), indicating that Al, TE, ME, and FE are all non-stationary at level. Since
the critical values for the Fourier ADL cointegration test statistics were not exceeded, the null hypothesis Ho
which states that there is no cointegration cannot be rejected. There is no stable long-term relationship between
employment indicators and the Al index over the sample period. The Efficient Asymmetric Causality Test
results are markedly uneven across employment indicators. No significant causality, in either direction or under
either shock sign, is found between Al and total employment (AI—TE: positive 0.0349, p = 0.8518; negative
0.0014, p = 0.9706; TE—ALI: positive 0.0002, p = 0.9881; negative 0.0020, p = 0.9647) or between Al and
male employment (AI->ME: positive 0.3584, p = 0.5494; negative 0.1488, p = 0.6997; ME—ALI: positive
0.1308, p = 0.7176; negative 0.2236, p = 0.6363). By contrast, a unidirectional causal relationship runs from
Al to female employment under positive shocks only (test statistic = 6.0103, p = 0.0142, significant at 5%);
the corresponding negative-shock relationship is insignificant (0.6706, p = 0.4128), as is causality in the reverse
direction from female employment to Al, under both positive (0.2907, p = .5897) and negative (0.8767, p =
0.3491) shocks.

Conclusion

The findings show that AI’s relationship with employment in Tiirkiye is neither universal nor
symmetric: over the sample period, Al-related developments show no significant cointegrating or causal link
with total or male employment, while a significant, positive-shock-only causal channel runs from Al to female
employment. This pattern distinguishes the study from prior work, most of which either pools employment
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indicators or examines developed and Chinese contexts where Al proxies, labor-market institutions, and skill
distributions differ substantially from Tiirkiye’s. By combining a news-based Al indicator with a gender-
disaggregated, asymmetry-sensitive framework, the study contributes country-specific, high-frequency
evidence to a literature that has so far offered limited insight into how Al-related developments transmit to
labor markets in developing, gender-differentiated contexts. The results suggest that AI’s labor-market effects
should be evaluated in relation to specific employment groups and shock directions rather than as a uniform,
symmetric process, and they provide a basis for future studies to extend this asymmetric, gender-disaggregated
approach to sectoral or occupational employment data as such series become available for Tiirkiye.

Keywords: Artificial Intelligence, Employment, Fourier ADL Cointegration Test, Efficient
Asymmetric Causality Test.
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Résumé Structuré:
Objectif

Les progres rapides de I’intelligence artificielle (IA) ont ravivé le débat sur la maniére dont celle-ci
reconfigure les marchés du travail. Toutefois, la plupart des données empiriques portent sur les économies
développées et la Chine, et les effets de I’IA sur ’emploi sont généralement évalués comme s’ils étaient
homogenes entre les différentes catégories de travailleurs. Deux lacunes motivent cette étude. Premiérement,
les économies en développement, telles que la Tiirkiye, qui se distinguent des économies développées par leur
structure productive, leur degré de préparation technologique et la composition de leur main-d’ceuvre,
demeurent insuffisamment étudiées, alors méme que ces différences structurelles peuvent conditionner la
transmission des évolutions liées a I'IA a I’emploi. Deuxiémement, la littérature existante examine
principalement I’emploi total ou de grandes catégories de qualifications, ne traitant que partiellement la
dimension de genre des effets de I’[A sur le marché du travail, malgré les données indiquant que I’emploi
féminin se concentre dans des professions et des taches susceptibles d’étre exposées différemment au
changement technologique. L’étude répond également & une lacune méthodologique : une grande partie de la
littérature considére la relation entre I’IA et I’emploi comme linéaire et symétrique, alors qu’il est peu probable
que les effets de la transformation technologique se déploient de maniére identique face a des évolutions
positives et négatives au fil du temps. Cette étude vise donc a examiner la relation entre les évolutions liées a
I’TA, mesurées au moyen d’un indicateur fondé sur la couverture médiatique, et les résultats en matiére
d’emploi en Tiirkiye, en distinguant I’emploi total, masculin et féminin, et en admettant la possibilité que les
chocs positifs et négatifs liés a I’'TA produisent des effets asymétriques.

Méthode

Cette étude quantitative de séries temporelles porte sur I’économie turque et mobilise des données
mensuelles couvrant la période allant de janvier 2015 a février 2026 (2015:M1-2026:M2). Les évolutions de
I’TA sont appréhendées au moyen de I’indice d’TA fondé sur la couverture médiatique, issu de la base de
données Economic Policy Uncertainty (EPU). Cet indice mesure la densité quotidienne des articles de journaux
américains faisant référence a I’intelligence artificielle, a I'TA générative, a I’apprentissage automatique et a la
vision par ordinateur ; la série quotidienne est convertie en fréquence mensuelle. L’emploi est mesuré a I’aide
de trois indicateurs corrigés des variations saisonniéres, publiés par 1’ Institut turc de statistique (TurkStat) pour
la population dgée de 15 ans et plus : le taux d’emploi total (TE), le taux d’emploi masculin (ME) et le taux
d’emploi féminin (FE). La stratégie analytique comporte trois étapes. Premiérement, les propriétés de
stationnarité de 1’ensemble des séries sont évaluées a 1’aide du test KPSS de Fourier de Becker et al. (2006),
qui prend en compte des ruptures structurelles progressives et inconnues. Deuxiémement, la relation de long
terme entre les indicateurs d’emploi et I’indice d’IA est examinée au moyen du test de cointégration ADL de
Fourier développé par Banerjee et al. (2017). Troisiémement, les relations de causalité sont étudiées a ’aide
du test efficient de causalité asymétrique de Hatemi-J (2024), une procédure fondée sur I’estimation de
régressions apparemment non liées (SURE). Celle-ci décompose chaque série en composantes cumulées de

www.turkishstudies.net/economy



3660 Idris Yagmur - Mustafa Karakus

chocs positifs et négatifs et teste séparément la causalité pour chacune d’elles, permettant ainsi au sens et au
signe des liens entre I’IA et I’emploi de différer.

Résultats

Le test KPSS de Fourier rejette I’hypothése nulle de stationnarité pour les quatre séries au seuil de 1
% (AL : 0,1745 ; TE : 0,5859 ; ME : 0,5228 ; FE : 2,1719), indiquant que les séries Al, TE, ME et FE sont
toutes non stationnaires en niveau. Les statistiques du test de cointégration ADL de Fourier ne dépassant pas
les valeurs critiques, I"hypothése nulle Ho d’absence de cointégration ne peut étre rejetée. Il n’existe donc pas
de relation stable de long terme entre les indicateurs d’emploi et I’indice d’IA sur la période étudiée. Les
résultats du test efficient de causalité asymétrique varient sensiblement selon les indicateurs d’emploi. Aucune
causalité statistiquement significative n’est observée, dans aucun des deux sens et pour aucun des deux signes
de choc, entre I’TA et I’emploi total (AI—>TE : chocs positifs, 0,0349, p = 0,8518 ; chocs négatifs, 0,0014, p =
0,9706 ; TE—ALI : chocs positifs, 0,0002, p = 0,9881 ; chocs négatifs, 0,0020, p = 0,9647), ni entre I'IA et
I’emploi masculin (AI—-ME : chocs positifs, 0,3584, p = 0,5494 ; chocs négatifs, 0,1488, p=0,6997 ; ME—AI
: chocs positifs, 0,1308, p=0,7176 ; chocs négatifs, 0,2236, p = 0,6363). En revanche, une relation de causalité
unidirectionnelle allant de I’IA vers I’emploi féminin est mise en évidence uniquement pour les chocs positifs
(statistique du test = 6,0103, p = 0,0142, significative au seuil de 5 %). La relation correspondante pour les
chocs négatifs n’est pas statistiquement significative (0,6706, p = 0,4128), pas plus que la causalité dans le
sens inverse, de I’emploi féminin vers I’TA, tant pour les chocs positifs (0,2907, p = 0,5897) que pour les chocs
négatifs (0,8767, p = 0,3491).

Conclusion

Les résultats montrent que la relation entre I’'IA et I’emploi en Tiirkiye n’est ni universelle ni
symeétrique : sur la période étudiée, les évolutions liées a I’IA ne présentent aucun lien de cointégration ou de
causalité statistiquement significatif avec 1’emploi total ou masculin, tandis qu’un canal causal significatif
allant de I'IA vers I’emploi féminin apparait exclusivement pour les chocs positifs. Cette configuration
distingue 1’étude des travaux antérieurs, dont la plupart regroupent les indicateurs d’emploi ou examinent les
contextes des économies développées et de la Chine, ou les mesures indirectes de 1’IA, les institutions du
marché du travail et les distributions des qualifications différent sensiblement de celles de la Tiirkiye. En
associant un indicateur d’IA fondé sur la couverture médiatique a un cadre analytique désagrégé par sexe et
tenant compte de 1’asymétrie, 1’étude apporte des données empiriques a haute fréquence propres au contexte
national & une littérature qui, jusqu’a présent, n’a offert qu’un éclairage limité sur la transmission des évolutions
liées a I’TA aux marchés du travail dans des contextes en développement marqués par des différences de genre.
Les résultats suggérent que les effets de I’[A sur le marché du travail doivent étre évalués en fonction de
catégories d’emploi spécifiques et du sens des chocs, plutét que comme un processus uniforme et symétrique.
Ils fournissent également une base pour de futures recherches visant a étendre cette approche asymétrique et
désagrégée par sexe aux données d’emploi sectorielles ou par profession, a mesure que de telles séries
deviendront disponibles pour la Tiirkiye.

Mots-clés: Intelligence artificielle, emploi, test de cointégration ADL de Fourier, test efficient de
causalité asymétrique.

Resumen Estructurado:
Objetivo

Los rapidos avances en inteligencia artificial (IA) han reavivado el debate sobre como esta reconfigura
los mercados laborales. Sin embargo, la mayor parte de la evidencia empirica se concentra en las economias
desarrolladas y en China, y suele evaluar los efectos de la IA sobre el empleo como si fueran homogéneos entre
los distintos grupos de trabajadores. Dos lagunas de investigacion motivan este estudio. En primer lugar, las
economias en desarrollo, como Tiirkiye, que difieren de las economias desarrolladas en su estructura
productiva, preparacion tecnoldgica y composicion de la fuerza laboral, siguen estando insuficientemente
estudiadas, pese a que estas diferencias estructurales pueden condicionar la transmision de los cambios
relacionados con la IA al empleo. En segundo lugar, la literatura existente analiza principalmente el empleo
total o categorias amplias de cualificacion, por lo que la dimensioén de género de los efectos de la IA sobre el
mercado laboral solo se ha abordado parcialmente, a pesar de la evidencia de que el empleo femenino se
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concentra en ocupaciones y tareas que pueden presentar distintos grados de exposicion al cambio tecnoldgico.
El estudio también aborda una laguna metodoldgica: gran parte de la literatura considera que la relacion entre
la TA y el empleo es lineal y simétrica, aunque resulta poco probable que los efectos de la transformacion
tecnologica se manifiesten de manera idéntica ante cambios positivos y negativos a lo largo del tiempo. En
consecuencia, este estudio tiene como objetivo examinar la relacion entre los cambios relacionados con la IA,
medidos mediante un indicador basado en noticias, y los resultados en materia de empleo en Tirkiye,
distinguiendo entre empleo total, masculino y femenino, y contemplando la posibilidad de que las
perturbaciones positivas y negativas de la IA generen efectos asimétricos.

Método

Se trata de un estudio cuantitativo de series temporales de la economia turca que utiliza datos
mensuales correspondientes al periodo comprendido entre enero de 2015 y febrero de 2026 (2015:M1-
2026:M2). Los cambios en la IA se aproximan mediante el indice de IA basado en noticias de la base de datos
Economic Policy Uncertainty (EPU), que registra la densidad diaria de articulos publicados en periddicos
estadounidenses que hacen referencia a la inteligencia artificial, la IA generativa, el aprendizaje automatico y
la visién por computador; la serie diaria se convierte a frecuencia mensual. El empleo se mide mediante tres
indicadores desestacionalizados del Instituto de Estadistica de Tiirkiye (TurkStat) para la poblacion de 15 afios
0 mas: la tasa de empleo total (TE), la tasa de empleo masculino (ME) y la tasa de empleo femenino (FE). La
estrategia analitica se desarrolla en tres etapas. En primer lugar, las propiedades de estacionariedad de todas
las series se evaluan mediante la prueba KPSS de Fourier de Becker et al. (2006), que permite incorporar
cambios estructurales suaves y desconocidos. En segundo lugar, la relacion a largo plazo entre los indicadores
de empleo y el indice de IA se contrasta mediante la prueba de cointegracion ADL de Fourier desarrollada por
Banerjee et al. (2017). En tercer lugar, las relaciones causales se examinan mediante la prueba eficiente de
causalidad asimétrica de Hatemi-J (2024), un procedimiento basado en la estimacion de regresiones
aparentemente no relacionadas (SURE), que descompone cada serie en componentes acumulados de
perturbaciones positivas y negativas y contrasta la causalidad por separado para cada uno de ellos, permitiendo
que difieran la direccion y el signo de los vinculos entre la IA y el empleo.

Resultados

La prueba KPSS de Fourier rechaza la hipotesis nula de estacionariedad para las cuatro series al nivel
de significacion del 1 % (Al: 0,1745; TE: 0,5859; ME: 0,5228; FE: 2,1719), lo que indica que las series Al,
TE, ME y FE son todas no estacionarias en niveles. Dado que los estadisticos de la prueba de cointegracion
ADL de Fourier no superaron los valores criticos, no puede rechazarse la hipotesis nula Ho de ausencia de
cointegracion. No existe una relacion estable a largo plazo entre los indicadores de empleo y el indice de TA
durante el periodo muestral. Los resultados de la prueba eficiente de causalidad asimétrica presentan
diferencias marcadas entre los indicadores de empleo. No se encuentra causalidad estadisticamente
significativa, en ninguna de las dos direcciones ni para ninguno de los dos signos de las perturbaciones, entre
la TA y el empleo total (AI-TE: perturbaciones positivas, 0,0349, p = 0,8518; perturbaciones negativas,
0,0014, p = 0,9706; TE—ALI: perturbaciones positivas, 0,0002, p = 0,9881; perturbaciones negativas, 0,0020,
p = 0,9647), ni entre la IA y el empleo masculino (AI->ME: perturbaciones positivas, 0,3584, p = 0,5494;
perturbaciones negativas, 0,1488, p = 0,6997, ME—AI: perturbaciones positivas, 0,1308, p = 0,7176;
perturbaciones negativas, 0,2236, p = 0,6363). En cambio, se identifica una relacion causal unidireccional de
la IA al empleo femenino tinicamente ante perturbaciones positivas (estadistico de prueba=6,0103, p=0,0142,
significativo al 5 %). La relacion correspondiente a las perturbaciones negativas no es estadisticamente
significativa (0,6706, p = 0,4128), como tampoco lo es la causalidad en la direccion inversa, del empleo
femenino a la A, tanto ante perturbaciones positivas (0,2907, p =0,5897) como negativas (0,8767, p=0,3491).

Conclusion

Los resultados muestran que la relacion de la IA con el empleo en Tiirkiye no es universal ni simétrica:
durante el periodo muestral, los cambios relacionados con la IA no presentan ninglin vinculo de cointegracion
ni de causalidad estadisticamente significativo con el empleo total o masculino, mientras que se identifica un
canal causal significativo de la IA al empleo femenino exclusivamente ante perturbaciones positivas. Este
patron distingue el estudio de los trabajos previos, que en su mayoria agrupan los indicadores de empleo o
examinan los contextos de las economias desarrolladas y de China, donde las medidas indirectas de la IA, las
instituciones del mercado laboral y las distribuciones de cualificaciones difieren sustancialmente de las de
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Tiirkiye. Al combinar un indicador de IA basado en noticias con un marco analitico desagregado por sexo y
sensible a la asimetria, el estudio aporta evidencia especifica del pais y de alta frecuencia a una literatura que,
hasta el momento, ha ofrecido una comprension limitada de como los cambios relacionados con la IA se
transmiten a los mercados laborales en contextos en desarrollo caracterizados por diferencias de género. Los
resultados sugieren que los efectos de la IA sobre el mercado laboral deben evaluarse en relacion con grupos
de empleo especificos y con la direccion de las perturbaciones, en lugar de considerarse un proceso uniforme
y simétrico. Asimismo, proporcionan una base para que futuros estudios amplien este enfoque asimétrico y
desagregado por sexo a datos de empleo sectoriales u ocupacionales, a medida que dichas series estén
disponibles para Tiirkiye.

Palabras clave: Inteligencia artificial, empleo, prueba de cointegracion ADL de Fourier, prueba
eficiente de causalidad asimétrica.
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CTpyKTypHpOBaHHAsi AHHOTALUSA:
Heasn

CrtpemutensHoOe pa3BUTHE UCKycCTBeHHOTO nHTeIIekTa (M) BHOBb aKkTyamu3upoBalio JUCKYCCHIO O
TOoM, KakuM obpazom UMW Ttpanchopmupyer pbiHKH Tpyna. OJHAaKO OOJBIIMHCTBO 3MITUPHYECKHUX
WCCIIEIOBAaHUM COCPEAOTOUEHO Ha pa3BUTHIX dKOHOMMKax W Kurae, a BoznedictBue MM Ha 3aHATOCTb, Kak
MPaBUJIO, OIICHUBACTCSA TaK, CIIOBHO OHO OJHMHAKOBO ISl PAa3IMYHBIX TPYNI pabOTHHKOB. Hactosmiee
ucclieioBaHre 00yCIOBICHO ABYMs NpoOelaMH B JUTepaTtype. Bo-TepBhIX, pa3BHBAIOIINECS SKOHOMHUKH,
Takue Kak Typuus, OTIMYAIOIIMECS OT Pa3BUTBIX HKOHOMHUK NPOHU3BOJACTBEHHOH CTPYKTYpOH, ypOBHEM
TEXHOJIOTHYECKOW TOTOBHOCTH M COCTABOM pabodeil CHIIBI, OCTAOTCS HEIOCTATOYHO M3YYCHHBIMU, XOTS ATH
CTPYKTYpPHBIE pa3IW4Hs MOTYT ONpENeNsaTh MEXaHU3MbI Ilepefadn U3MEeHEHHH, cBa3aHHbIX ¢ U, B chepy
3aHATOCTH. BO-BTOPBIX, CyIIecTByIOmas JUTepaTypa MPEUMYIIECTBEHHO pPAacCMaTPUBAECT COBOKYITHYIO
3aHSATOCTh WM YKPYNHEHHBIE KBAJIM(UKAI[MOHHBIE KATErOpWH, BCIEICTBHE YEro TI'eHIEPHOE H3MEpEeHHUE
Bo3zaelcTBus MM Ha pBIHOK TpyZAa PacKphITO JIMIIh YACTUYHO, HECMOTPS Ha CBUIETENHCTBA KOHILEHTPAIUU
JKEHCKOW 3aHATOCTH B NpodeccHsx M BUAaX TPYNOBBIX 3a/a4, KOTOPbIE MOTYT B Pa3jIMUHOW CTENEeHU
MOJBEPraThCsl BIUSHUIO TEXHOJOTMYECKHX HM3MEHeHMH. VccienoBaHue TakKe HAIpaBICHO Ha yCTpaHCHHE
METOAOJIOTHIECKOTO Tpolera: 3HAYHMTENbHAs YacTh JIUTEPaTyphl TPAaKTyeT B3aMMOCBsA3b Mexay WU wu
3aHATOCTBIO KaK JIMHEHHYI0 U CUMMETPUYHYIO, XOTS MaJOBEPOSITHO, YTO MOCIEICTBUS TEXHOJIOTMUECKOH
TpaHcopMaMK pa3BOpPayMBAIOTCS BO BPEMEHHM OJIMHAKOBHIM 00pa3oM MpU  MOJIOKHUTENBHBIX H
OTPHLIATENBHBIX U3MEHEHUAX. COOTBETCTBEHHO, LIE/b HACTOSILET0 UCCIIEAOBaHMS 3aKI0YaeTCsl B U3yUCHUN
B3aUMOCBS3H MEXJly U3MEHEHUAMH, CBsI3aHHBIMU ¢ M1 1 n3MepseMbIMU ¢ TOMOIIBIO HHANKATOPAa Ha OCHOBE
HOBOCTHBIX ITyOJIMKAIMiA, M TIOKa3aTesIMU 3aHATOCTH B TypImu ¢ pasrpaHH4eHHEM COBOKYITHON, MY>KCKO 1
KEHCKOM 3aHATOCTH M YYETOM BO3MOXKHOCTH AaCHMMETPHYHOTO BO3ICHCTBUS TIOJOXHUTEIBHBIX U
OTpHILIATENIbHBIX 1110KOB M.

Meton

Pabota mpenctaBmser co0OM KONMWYECTBEHHOE WCCIEIOBAHNE BPEMEHHBIX pAJOB TYpEIKOH
HKOHOMHKH C HCIIOJIF30BAHNEM MECSUYHBIX JaHHBIX 3a epuo ¢ saBapg 2015 r. o ¢espans 2026 1. (2015:M1-
2026:M2). B kadecTBe NpOKCH-TIOKa3aTens u3MeHeHMH B cdepe MM wucmomsdyercs wunzmekc WU,
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c(hOopMHUpPOBAHHBIN HA OCHOBE HOBOCTHBIX ITyONHMKAIWi U MPEICTaBICHHBIN B 0a3e maHHBIX Economic Policy
Uncertainty (EPU). DTOT WHAEKC OTCIEXKHMBAET E€KEIHEBHYIO IDIOTHOCTh IMyONIMKAIUH B aMEPHKAHCKHUX
raserax, CoAep Kalix YHOMUHAHHS HCKYyCCTBEHHOTO MHTEIUIEKTa, reHepaTiuBHOro MU, MammHHOro 00y4eHns
Y KOMITBIOTEPHOTO 3pEHNS; €XKEIHEBHBIH Psi] IpeoOpa3yeTcst B MECIUHBII. 3aHATOCTE U3MEPSETCS C IIOMOLIBI0
TpEX CE30HHO CKOPPEKTHPOBAHHBIX Mokaszarenei Typenkoro crarucrmiaeckoro mHceruryTta (TurkStat) mms
HaceJIeHHs B Bo3pacte 15 jet u crapmre: obmero yposHs 3ausatocTd (TE), yposas 3ansroctu myxdaud (ME) n
ypoBHs 3aHsTocTH XeHIIWMH (FE). AHanuThueckas cTparerusi BKIIOYaeT TpW dTama. Ha mepBom sTame
CTaIMOHAPHOCTH BCEX PSIOB olleHuBaeTcs ¢ nomouipto Tecta KPSS ¢ komnonenTamu ®ypre, npeayioxkeHHOro
Becker et al. (2006), KOTOPBIi TO3BOJISIET YUUTHIBATH IIJIABHBIE CTPYKTYPHBIE CABUTY HEM3BECTHOTO XapaKTepa.
Ha BTOpOM 3Tarne gonrocpoynasi B3auMOCBSI3b MEXLy ITOKa3aTessiMK 3aHATOCTH 1 nHAekcoM MU npoBepseTcs
C UCIIONIb30BaHMEM TecTa Ha kouHTerpanuio ADL ¢ xomnonentamu @ypee, pazpadorannoro Banerjee et al.
(2017). Ha TpeTseM dTarie IpUYMHHBIE CBSI3H HUCCIIELYIOTCS C TOMOLIBIO 3((EKTUBHOTO TECTa ACHMMETPHYHOM
npranHHOCTH Hatemi-J (2024). Jlanmas mpomexypa OCHOBaHa Ha OIICHWBAaHWM CHCTEMBI BHEIIHE HE
cs3aHHBIX perpeccuid (SURE), pasmaraer kaxaslil psx Ha KyMYJISITHBHBIE KOMIOHEHTHI ITOJIOKUTSIIBHBIX
OTPHULATENBHBIX IIOKOB M MPOBEPSACT NPHYMHHOCTH OTHEIBHO UL KaXKAOW W3 HHX, JOIyCKas passidyus B
HalpaBJICHUH U 3HaKe cBsizeid Mexny VU 1 3aHATOCTBIO.

Pe3yabTaTtsl

Tect KPSS ¢ xomnonentamu ®dypbe oTBepraet HyJE€BYIO TMIOTE3Y O CTALIMOHAPHOCTH Ul BCEX
4eThIPEX psAAoB Ha ypoBHe 3HaunMocTH | % (Al: 0,1745; TE: 0,5859; ME: 0,5228; FE: 2,1719), uto yKa3bIBaeT
Ha HecraroHapHOCTh pAnoB Al, TE, ME u FE B ypoBuax. [lockonbKy cTaTUCTHKM TECTa Ha KOMHTErPaIUIO
ADL c komnoneHtamu @ypbe He MPEBBICHIIN KPUTHYECKUX 3HAYCHUM, HyneBas runore3a Ho 00 oTcyTcTBUM
KOMHTCTpAallMd HE MOXET OBITh OTBEprHyTa. B TeueHHe paccMaTpHUBaeMOro IMEpHoAa YCTOHYMBas
JIOJICOCPOYHAs. B3aMMOCBA3b MEKIY IOKa3aTelsMHu 3aHATOCTH U uHaekcoM MM orcyrcTByeT. Pe3ynbrarhbl
3((eKTUBHOTO TecTa AaCHMMETPHUYHONH NPHUYUHHOCTH CYIIECTBEHHO pAa3JIMYaloTCS B 3aBHCHMOCTH OT
mokasareis 3aHATocTH. CTaTUCTUIEeCKH 3HAYNMast IPUIUHHOCTH He 00OHApYyKeHa HHA B OJTHOM W3 HaIlpaBICHHUHA
W HU TIPU OJJHOM K3 3HAKOB IMIOKOB Mexxny MU u coBokymHOi#t 3aHsTOCTEI0 (AI—TE: nonoXuTEeNbHBIC TIOKK
— 0,0349, p = 0,8518; orpuuarensusie moku — 0,0014, p = 0,9706; TE—AI: nonoxxurenbHble MOKH —
0,0002, p =0,9881; orpunarensusie moxu — 0,0020, p = 0,9647), a Taxke Mexxy M u MyKCKoi 3aHATOCTHIO
(AI->ME: nonoxwurensusle mokn — 0,3584, p = 0,5494; orpunarensubie moku — 00,1488, p = 0,6997;
ME—AI: nonoxurensusie moku — 0,1308, p = 0,7176; orpunarensupie moku — 0,2236, p = 0,6363).
HanpoTus, onHoHanpaBieHHast npuurMHHAs cBsA3b OT MU K jKeHCKOM 3aHATOCTH BBISIBJIEHA HMCKIIFOUUTEIIBHO
MIpY TIOJIOKUTENBHBIX IMOKax (cratuctuka tecta = 6,0103, p = 0,0142; 3naunMocTh Ha ypoBHE 5 %).
CooTBeTcTBYyIOIAs CBS3b MPH OTPUIIATENBHBIX IIOKaX cTaTucTuiecku HesHaunma (0,6706, p = 0,4128), kak u
MPUYUHHOCTh B OOpPAaTHOM HamNpaBlIeHUH — OT JKEHCKOW 3aHAToCTH K MM — Kak MpH TOJOKUTEIbHBIX
(0,2907, p = 0,5897), Tak u npu orpunarensHbIx (0,8767, p = 0,3491) mokax.

3akiouenue

[HonyuenHble pe3ybTaThl NOKA3bIBAIOT, YTO B3aUMOCBsI3b MU u 3ansTOCTH B TypUuu HE SIBISETCS HU
YHUBEPCAIBHONU, HU CHAMMETPUYHOM: B TEUEHHE pACCMATPUBAEMOTr0 EPUOJIa U3MEHEHHUs, cBsizaHHble ¢ U, He
00HApY>KUBAIOT CTATUCTUYECKH 3HAYMMOM KOWHTETPAMOHHOW WM MPHYMHHON CBSI3U C COBOKYITHOW JHOO
MY>KCKOH 3aHSATOCTBIO, TOTAAa KaK 3HAUMMBbIM NPUYUHHBIN KaHan oT MU K dKEeHCKOM 3aHATOCTH HPOSIBISIETCS
WCKITIOYUTENHHO TPU MOJOKHUTEIBHBIX IOKaX. JDTa 3aKOHOMEPHOCTh OTJIMYAET HACTOsIIee UCCIeOBaHNEe OT
MPeaIecTBYIOMUX padoT, OOJBIIMHCTBO M3 KOTOPHIX JHOO paccMaTpuBaeT IOKa3aTeld 3aHATOCTH B
COBOKYITHOCTH, TMOO aHATM3UPYET pa3BUThIe SKOHOMHUKHU U KuTaii, rae mpokcu-nokaszarenn MU, HHCTUTYTHI
pBIHKA TPYJa U pacrpeaeneHne KBaTu(QHUKAIIi CyIecTBEHHO OTIIMIA0TCs OT Typeukux. Couerast HHIUKaTOp
MU Ha ocHOBEe HOBOCTHBIX IyOJIMKAIMA C aHATUTHYIECKUM IOIXO/0M, NPEILyCMaTPUBAIOMIAM Pa3/ieTIbHbIH
aHaJIM3 110 TIOJIY U YUET aCHMMETPHH, UCCIIEZIOBaHNE 000TaIAeT JIUTEPATYPy SIMITUPUIECKUMU PE3yIbTaTaMu,
MOJIyYeHHBIMH Ha OCHOBE BBICOKOYACTOTHBIX JAAHHBIX MO KOHKPETHOH cTpaHe. /o HacTosIIero BpeMeHu 3Ta
JTUTEepaTypa JaBajia JHIIb OrPaHHYCHHOE MPEICTABICHHE O TOM, KaKUM 00pa3oM W3MEHCHWs, CBSI3aHHEIC C
NN, nepenatorcss Ha pPBIHKM TpyJda pa3BUBAIOMIMXCS HKOHOMHUK, XapaKTEpHU3YIOLIUXCS TIeHAEPHBIMU
pa3imuusMu. Pe3ynbTaThl yKa3bBalOT Ha HEOOXOMUMOCTh OIEHKH BozaeiictBus MM Ha peIHOK Tpyna
MPUMEHHUTEIBHO K KOHKDETHBIM TpylIaM 3aHsATbIX M HaIpaBJICHUSM MIOKOB, a HE KaK OJHOPOJHOTO
cumMeTpuyHoro mnponecca. OHH Takke CO3JalOT OCHOBY Ul JajbHEHIINX HUCCIIEOBaHUM, O3B0
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PacopoCTpaHUTh JAaHHBIA aCUMMETPUYHBIN MOAXOJ € Pa3lesIbHbIM aHAJIM30M I10 IOJYy Ha OTpAciEBbIE WIN
npodeccroHaNbHBIEe JaHHBIE O 3aHATOCTH M0 Mepe TOSABICHUS COOTBETCTBYIOIINX PSAAOB s Typrmm.

KuiroueBble cj10Ba: HMCKYCCTBEHHBIM HMHTEIUIEKT, 3aHATOCTb, TeCT Ha KouHTerpauuio ADL c
KoMIoHeHTaMH Dypre, 3PPEKTHBHBIA TECT aCHMMETPUIHON MTPUIMHHOCTH.

IR IR:
EE0)

FT gfgaa (an  fa vl 3 9 f9u=t &1 goifad o & fs Al 90 IoiRI &1 {59 TR
TTifod Bt & | JUT, Sifemi=r srgvast=a Tt fawmiid srfeqawimaft 3fiR 919 W &fad § aur ammaa:
AR TR Al & YHTG! T Hedie- 39 YRUN & 1Y Hd & 1 3 YT 4! & fafts wg! & veade
&1 I8 T & MY-SfRTert I IR g1 uga, g ot faswmasiia sifarawinatt &1 uafw sreag gt
BT 8, TIai% 3 ITG TR, MBI daRdl 3R SRiad & WRa & deu # fasRyd srfagawrsit
I 8, 3R A TS Faram ASHIR aeb AL-Taieh uRad=f & yuTal & TaRor ot JHIfAd &R It
& | G, Aio[eT Ul JReAd: TH3T SR ST TS HIRTd A0 o7 Hedidh ol 7, o o dTelR
W Al & YHTE! &1 A ST Fad SHifie U I TSR gon g | a8 fufay 37 wedt & Sravig s+ g8
& ot gxifa B o Afge AsiIR U2 saaqumat 3R wrf § fgd g o W wienfie s uRads &1 e g 8t
Ihdl B | T8 HTTT Th UglaiTd Rl b1 Ht Taiferd Hvar 3: Tifecd &1 T §ST HIT Al 3R ISR &
Ty B ¥RAP Td AR AT 8, STaich GHY & Y JHRIAD 3R THRIAD TR P Uid WeNiIba
TR & FHIET BT THH T Y Ybe BT SRHTH 8| daTIR, 3T 3100 &1 I JHRIR- TR
Thdd gRT A T AL-Teef aRad=t ok gfehd & Aohr Taeh ufkomdt & ofa Teer o1 oieor a1 8
TH JHY, GBY SR AR ISR & ofa N faa 711 § U1 9 WHTGT &1 GHTied foar Tan § fob Al &
T 3R BUITHD 3T AT THTT ITT HR IJhd § |

gsfa

I8 e BT Srefeal IR SMUTRT Ueh HIATEHD hIel-4ell L &, T STaR] 2015 A BRas
2026 (2015:M1-2026:M2) T & HIRIP AT s! BT IUTNT fobat a1 81 AL-Taeht uRad=i &t anfifes Hifq
SHFRIYTAT (Economic Polzcy Uncertainty, EPU) ST & JHTEAR-HTYTRT Al Jadbih & H1egd ¥ fA=fua
forar T B | U8 YEsie SMfke! THRRYA § HiHY , SRFET AL TR AT 3R dregeR fawH
maﬁamﬁaﬁé@%%uwaﬁaﬁmw% SjEell I HTRI S1gf & uRafdid T T
21 ASHTR BT {70 Jfhd iR dT TR (TurkStat) P 15 Y 3R ITY 31 1Y B SR § Taifera
T At = A g ohad! gRT fhar 71T §: IHY AR R (TE), T AR &% (ME) 3R Afgar
AR &R (FE) | fazawuretss Iurifa dtF ==on & Tanferd gt 81 uga =ror &, 9t yaeratt o fRuRar
Taieh faRIaraft BT M e Becker et al. (2006) % BRI KPSS TR0 gRT fba 1 8, oY Wb TS SR
RIS Al o) TR FHRAT ¢ | GER TRUN H, ISR Thdd! 3R Al JIHIH & d1d SrdbIed
&t BT THET Banerjee et al. (2017) GRT fAHRIT BRIR ADL TETHIGH T URIE01 I fsar 7 g1 iR
TR H, HROMT Taiel BT S Hatemi-J (2024) b & SAANT HROMT G0 GRT 1 T3 § | Tg UTefd:
WWW(SURE)WMWW% S A% 4/l B YIS AR BUTEHS Tt
3{TaTd o] # faufed Sl 8 aUT Ud® °edh & il SITHT-3TRT HIRUIAT BT U0 Hcil 3| 3 UBR,
Tg Al 3R AR & o9 el o femm qut fag & fma & srafa Tt g1

fremrufere uomm

BRAR KpSs TRIemr It IR gaansii & oy fRRdT &t Y RS BT 1% TdHdr TR R
SGIHR BT § (AL 0.1745; TE: 0.5859; ME: 0.5228; FE: 2.1719), R Tard firefdn 8 f& AL TE, ME
3R FE it 310 TR U H 3fRR § | Ifh BRI ADL TgTHIEH - URIENT] & iRk g 4 shifdds A1
¥ 31 61 UTY T, SN TEHHTG A & U B L GRS Ho T SRATHR g1 fopdT Sff FabvelT |
THAT Mafd & GRM ISR Hdbdd! 3R Al GBS & o1 Bls (R LrdbIicrs & Tal urdm Tl g&f
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AT HRUT URTef0T & TRUM JASHTR Hbdd! & s WY 0 I T &1 AL 3R T AR & o
fat +ft fa=m & gut eTeTe a1 HuTd, fpat i R & 3maTd & Sidvid Tife g U § e SR
TaY UTS TS (AI-TE: YT SMTETd 0.0349, p = 0.8518; FHUMHD TAT 0.0014, p = 0.9706; TE—AL
eI 3MTETd 0.0002, p = 0.9881; FBUMED STETT 0.0020, p = 0.9647) | T UHR, Al 3R T3V AR &
o i B Frefes BRI TS UTE T (A1—ME: =T 3MTHTd 0.3584, p = 0.5494; FBUITHD MTHTT 0.1488,
p=0.6997; ME—AI: Y-ITcH® 3ATHTd 0.1308, p = 0.7176; FOMHD ST 0.2236, p = 0.6363) | IHb [AURI,
HId YTHS ATaTal & AT Al § AfeAr AR Bt 3R ThieRiig HRUr Faie grar T (aieron
TiRSTDBT = 6.0103, p = 0.0142, TN 5% TR R I1F §) | HUMHS ATETA & Sfarfd Jefda Jae qrefe gt
2 (0.6706, p = 0.4128) | ST UBR, ARG AR J Al B 3R fIuRd 32 & SR, 41D (0.2907, p =
0.5897) 3R FBUMH (0.8767, p = 0.3491), T YHR & HTHTI & Sfavid 3T 71

e

frep a2ifa € b qfha & Al 3R AR & g Gay 7 af gy § 3R 7 &) Fafdd | T
3fafy & SR Al-Haeh URad=i &1 TU a1 J3y AR & W1y Hig e TgaHTaher a1 HRUM
ey g1 U T, Safd Al ¥ Afedl AR & 3R Te A HRUNES TR0l HITH dad Y-
3{TeTdl & Sfafd e 81 98 Ufaey 9 3reg= o) gdad! Y § 31erT Il 8, 8 § st ar ay
SRR Hebdep| BT FHfdbd R0l Rl © Sfual AR srefeqaarati SR =4 & HaHl 1 srere o
&, T8l Al & U A1, 91 SOIR &t TR 3R PN faaRor gihd ¥ waid &9 9 i § 1 THmER-
YTRA Al Hbddh BI fehT & YR W GYeh qUT SrAfiif-dadl faxayunars Smar & Iy daifod
HP g 3(egg Hiolal e o SX1-fARY, I=-3afy aral srHas g Wed &1 ANTEM HRdl g | 31§ db
=9 TR A 39 fawa & it 3= uem o1 § b famra=fia ok e ©u § fanfa Jeuf & Al
oRkad= 47 SNRY a% g TR =i gid &1 TR Tdhd HRd § b o7 I9R W Al & gHTEl &1
i UhaHT- Ud JHIHE Ufehar & U B & & Joig fafRiy AR gl 8k Smardl &1 fazmaf &
HaH H foar ST =few | 3 uRRom widwr & srere o e U SiyR Hl v #-d &, o qfhd & forg
eI YA IUA B TR 3 I U7 ol o 3MUR TR GYSH VDI I &FAR YT IaHIdR
AR 3HTp st dep fawaTid fovar S g |

ST Xeg: P gfawdl, SR, BRAT ADL TgHHTb ¢ ULEUI, G&f SHIHT BHRUIT U0 |

Yapilandirilmis Ozet:
Amacg

Yapay zekd (YZ) alanindaki hizli ilerlemeler, YZ’nin is giici piyasalarini nasil yeniden
sekillendirdigine iliskin tartigmalar1 yeniden giindeme tagimistir. Bununla birlikte, ampirik kanitlarin biiyiik
boliimii gelismis ekonomilere ve Cin’e odaklanmakta ve YZ’nin istihdam {izerindeki etkilerini genellikle farklt
calisan gruplar1 arasinda homojenmis gibi degerlendirmektedir. Bu galisma, literatiirdeki iki bosluktan hareket
etmektedir. 11k olarak, iiretim yapisi, teknolojik hazirlik diizeyi ve is giiciiniin bilesimi bakimindan gelismis
ekonomilerden farklilasan Tiirkiye gibi gelismekte olan ekonomiler yeterince incelenmemistir. Oysa bu yapisal
farkliliklar, YZ ile iliskili gelismelerin istihdama nasil yansidigim belirleyebilir. Ikinci olarak, mevcut literatiir
biiyiik 6lciide toplam istihdami veya genis beceri kategorilerini degerlendirmekte; kadin istihdaminin
teknolojik degisime farkli diizeylerde maruz kalabilecek meslek ve gorevlerde yogunlagtigina iligkin kanitlara
ragmen, YZ’nin is gilicii piyasasi lizerindeki etkilerinin toplumsal cinsiyet boyutunu yalnizca kismen ele
almaktadir. Calisma ayrica yontemsel bir boslugu da ele almaktadir: Teknolojik doniisiimiin etkilerinin zaman
igerisinde olumlu ve olumsuz gelismeler karsisinda ayni bigimde ortaya ¢ikmasi beklenmemesine ragmen,
literatiiriin 6nemli bir boliimii YZ-istihdam iliskisini dogrusal ve simetrik olarak degerlendirmektedir. Bu
dogrultuda ¢alismanin amaci, haber temelli bir gostergeyle dlgiilen YZ ile iligkili gelismeler ile Tiirkiye’deki
istthdam sonuglar1 arasindaki iliskiyi; toplam, erkek ve kadin istihdamini ayr1 ayr ele alarak ve pozitif ve
negatif YZ soklarmin asimetrik etkiler yaratabilecegi olasiligini dikkate alarak incelemektir.
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Yontem

Bu calisma, Tirkiye ekonomisine iliskin 2015:M1-2026:M2 donemini kapsayan aylik verilerin
kullanildig1 nicel bir zaman serisi arastirmasidir. YZ alanindaki gelismeler, Ekonomik Politika Belirsizligi
(Economic Policy Uncertainty, EPU) veri tabaninda yer alan haber temelli YZ Endeksi aracilifiyla temsil
edilmektedir. Bu endeks, ABD gazetelerinde yapay zeka, iiretken yapay zeka, makine 6grenmesi ve bilgisayarli
goriiye atifta bulunan haberlerin giinlik yogunlugunu izlemekte; glinlik seri aylik frekansa
doniistiiriilmektedir. Istihdam, Tiirkiye Istatistik Kurumunun (TUIK) 15 yas ve iizeri niifusa iliskin mevsim
etkilerinden arindirilmis ti¢ gostergesiyle 6l¢iilmektedir: toplam istihdam orani (TE), erkek istihdam orani
(ME) ve kadin istihdam orani1 (FE). Analitik strateji ii¢ asamadan olugmaktadir. ilk olarak, tiim serilerin
duraganlik 6zellikleri, yumusak ve bilinmeyen yapisal kirilmalar1 dikkate alan Becker et al. (2006) Fourier
KPSS testiyle degerlendirilmektedir. Tkinci olarak, istihdam gostergeleri ile YZ endeksi arasindaki uzun
donemli iliski, Banerjee et al. (2017) tarafindan gelistirilen Fourier ADL esbiitiinlesme testiyle sinanmaktadir.
Uciincii  olarak, nedensellik iliskileri Hatemi-J’nin (2024) Etkin Asimetrik Nedensellik Testi ile
incelenmektedir. Goriiniirde iligkisiz regresyon tahminine (SURE) dayanan bu yontem, her seriyi pozitif ve
negatif birikimli sok bilesenlerine ayristirmakta ve her bir bilesen i¢in nedenselligi ayr1 ayri sinayarak YZ-
istihdam baglantilarinin yon ve igaret bakimindan farklilasmasina olanak tanimaktadir.

Bulgular

Fourier KPSS testi, dort serinin tamamu igin duraganlik sifir hipotezini %1 anlamlilik diizeyinde
reddetmektedir (Al: 0,1745; TE: 0,5859; ME: 0,5228; FE: 2,1719). Bu sonug, Al, TE, ME ve FE serilerinin
timiiniin diizeyde duragan olmadigini gostermektedir. Fourier ADL esbiitiinlesme testi istatistikleri kritik
degerleri agsmadigindan, esbiitiinlesme bulunmadigini ifade eden Ho sifir hipotezi reddedilememektedir.
Orneklem dénemi boyunca istihdam géstergeleri ile YZ endeksi arasinda istikrarli bir uzun dénem iliskisi
bulunmamaktadir. Etkin Asimetrik Nedensellik Testi sonuglari, istthdam gostergeleri arasinda belirgin bigimde
farklilagsmaktadir. YZ ile toplam istihdam arasinda, her iki yonde de gerek pozitif gerekse negatif soklar
bakimindan anlamli bir nedensellik saptanmamistir (AI—TE: pozitif 0,0349, p = 0,8518; negatif 0,0014, p =
0,9706; TE—ALI: pozitif 0,0002, p = 0,9881; negatif 0,0020, p = 0,9647). Benzer sekilde, YZ ile erkek istthdami1
arasinda da anlamli bir nedensellik bulunmamigtir (AI-ME: pozitif 0,3584, p = 0,5494; negatif 0,1488, p =
0,6997; ME—ALI: pozitif 0,1308, p =0,7176; negatif 0,2236, p = 0,6363). Buna karsilik, yalnizca pozitif soklar
altinda YZ’den kadin istihdamina dogru tek yonlil bir nedensellik iligkisi saptanmustir (test istatistigi = 6,0103,
p = 0,0142; %5 diizeyinde anlamli). Negatif soklara iliskin karsilik gelen iliski anlamli degildir (0,6706, p =
0,4128). Kadm istihdamindan YZ’ye dogru ters yondeki nedensellik de hem pozitif (0,2907, p = 0,5897) hem
de negatif (0,8767, p = 0,3491) soklar altinda anlamsizdir.

Sonug

Bulgular, Tiirkiye’de YZ ile istihdam arasindaki iligkinin ne tiim istihdam gruplari igin gecerli ne de
simetrik oldugunu gostermektedir. Orneklem dénemi boyunca YZ ile iliskili gelismelerin toplam veya erkek
istihdamiyla anlamli bir esbiitiinlesme ya da nedensellik baglantist bulunmazken, YZ’den kadn istihdamina
dogru yalnizca pozitif soklar altinda isleyen anlamli bir nedensellik kanali ortaya ¢ikmaktadir. Bu Oriintii,
calismayi, cogunlukla istihdam gostergelerini toplulastirarak ele alan veya YZ’yi temsil eden gostergelerin, is
giicli piyasast kurumlarinin ve beceri dagilimlarinin Tiirkiye’den onemli Olglide farklilastigi gelismis
ekonomilere ve Cin’e odaklanan onceki arastirmalardan ayirmaktadir. Calisma, haber temelli bir YZ
gostergesini cinsiyete gore ayristirtlmis ve asimetriyi dikkate alan bir analiz ¢ercevesiyle birlestirerek, YZ ile
iligkili gelismelerin gelismekte olan ve toplumsal cinsiyet bakimindan farklilagan baglamlarda is giicii
piyasalarina nasil aktarildigi konusunda bugiine kadar smirli bilgi sunan literatiire iilkeye 6zgii, yiiksek
frekansli ampirik kanitlar saglamaktadir. Sonuglar, YZ’nin is giicii piyasasi iizerindeki etkilerinin tek tip ve
simetrik bir siire¢ olarak degil, belirli istihdam gruplart ve soklarin yonleriyle baglantili olarak
degerlendirilmesi gerektigine isaret etmektedir. Ayrica bu sonuglar, Tiirkiye icin ilgili seriler kullanilabilir hale
geldikce, gelecekteki arastirmalarda s6z konusu asimetrik ve cinsiyete gore ayristirilmis yaklasimin sektdrel
veya mesleki istthdam verilerine genisletilmesine temel olusturmaktadir.

Anahtar Kelimeler: Yapay zeka, istihdam, Fourier ADL esbiitiinlesme testi, etkin asimetrik
nedensellik testi.
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Introduction

Rapid advancements in Al technologies are leading to significant transformations in the
organization of economic activities, the structure of production processes, and the functioning of
labor markets. Unlike previous technological innovations, Al is not merely a technology that
automates physical production processes; rather, it is a general-purpose technology due to its capacity
for learning, prediction, decision-making, information processing, and performing non-routine
cognitive tasks. For this reason, the economic impacts of Al are assessed not only in terms of
technological progress and productivity gains but also in terms of its effects on the nature of work,
task distribution, skill requirements, and employment dynamics (Frank et al., 2019).

The relationship between Al and employment represents a current extension of the long-
standing debates regarding the effects of technological change on labor markets. The effects of
technological advancements on employment have traditionally been analyzed through the
mechanisms of labor substitution and labor complementarity. It has long been emphasized that
technological change transforms workers’ skill requirements and the relative demand structure in the
labor market (Goldin & Katz, 2008). On the one hand, it is argued that Al, by automating certain
tasks, could reduce the demand for human labor, particularly in routine and standardized jobs. On
the other hand, the complementary technology approach argues that Al can increase workers’
productivity, create new areas of work, and generate new employment opportunities through the
expansion of economic activity (Autor, 2013; Autor, 2015; Bessen, 2019; Webb, 2020). For this
reason, the effects of Al on employment must be examined not only in terms of changes in the total
volume of employment but also in terms of the transformation of jobs, task structures, and the skills
possessed by workers.

The empirical literature shows that the effects of Al on labor markets do not manifest in the
same way across all economies and worker groups. The level of exposure to Al can vary depending
on factors such as the nature of tasks involved in occupations, workers’ skill levels, sectoral
specialization, and the capacity of economic institutions to adapt to technological transformation.
While Felten et al. (2021) demonstrate that levels of exposure to Al show significant differences
across occupations, sectors, and regions, Pizzinelli et al. (2023) show that the effects of Al on the
labor market may vary depending on countries’ economic and institutional characteristics. These
findings indicate that the relationship between Al and employment should not be viewed as a
unidirectional process that produces the same outcomes for all worker groups.

One of the key challenges in examining the economic impacts of Al is determining how to
measure technological progress using an appropriate indicator. Traditional technology indicators are
largely based on metrics such as the number of patents, R&D expenditures, robot usage, or realized
technological investments. However, for rapidly evolving technologies such as Al, these indicators
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may not fully reflect the visibility of technological transformation on the economic agenda or its
early-stage developments. For this reason, in recent years, text-based indicators based on news
intensity have begun to be used as alternative measurement tools to track the economic impacts of
technological developments in a more timely and dynamic manner (Shapiro et al., 2022). In this
context, news-based Al indicators offer an alternative approach aimed at reflecting the visibility of
Al developments on the economic agenda as well as the interest, attention, and perceived visibility
of economic actors toward the technology rather than the actual level of technology adoption. This
study also uses the news-intensity-based Al Index to measure Al developments.

A review of the existing literature reveals that studies on the relationship between Al and
employment have largely focused on developed economies, Asian economies particularly China and
indicators designed to directly measure the use of Al. Studies such as those by Mutascu (2021),
Guliyev (2023), Algiil (2024), Saba and Ngepah (2024), and Chen et al. (2025) have examined the
effects of Al on employment using examples from different countries and sectors; however, a
significant portion of the existing empirical evidence is concentrated on developed economies and
Asian economies, particularly China. In contrast, studies examining the relationship between the
intensity of Al-related news coverage, economic visibility, and employment dynamics in developing
economies remain limited.

In addition, a significant portion of existing studies focuses on total employment, sectors, or
skill groups (Gu et al., 2022; Huo et al., 2024; Feng et al., 2026). However, the effects of
technological transformation may not manifest in the same way across different groups of workers.
Indeed, Liang et al. (2025) demonstrate that the effects of Al on low-skilled female workers may be
more pronounced than those on male workers. This highlights the importance of examining the
relationship between Al and employment not only in terms of overall employment levels but also by
taking the gender dimension into account.

In this context, the Turkish economy presents an important area of research. Tirkiye is a
developing economy where, on the one hand, digital transformation and Al applications are gaining
increasing importance on the economic agenda, and on the other hand, it has a production structure,
skill distribution, and labor market characteristics that differ from those of developed economies.
Therefore, examining the relationship between the volume of news coverage related to Al and
employment dynamics in Tiirkiye could provide important empirical evidence on how technological
transformation affects labor markets in developing economies.

Furthermore, the effects of technological transformations may not unfold in a linear or
symmetrical manner over time. While the widespread adoption of Al technologies may initially
create pressure to displace labor in certain tasks, in the long term, different outcomes may emerge
through increased productivity, the creation of new areas of activity, and the expansion of production
capacity. For this reason, it is important to examine the relationship between Al and employment not
only through mean effects but also through asymmetric approaches that take into account the
different outcomes of positive and negative shocks (Shin et al., 2014; Hatemi-J, 2024).

This study examines the relationship between Al developments and employment indicators
in the Turkish economy. The Al Index, published in the EPU database, is used to measure Al
developments. Employment dynamics are assessed using the indicators of the total employment rate,
the female employment rate, and the male employment rate. Using monthly data from the period
2015:M1-2026:M2, the study analyzes the relationship between Al developments and employment
indicators within the framework of nonlinear and asymmetric approaches. In this context, the study
first examines the stationarity properties of the time series using the Fourier KPSS test, investigates
the long-run relationship between variables using the Fourier ADL cointegration test, and finally
analyzes the causal relationships between positive and negative changes in the Al indicator and
employment indicators using the Hatemi-J (2024) Efficient Asymmetric Causality Test approach.
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This study contributes to the literature in three ways. First, it examines the relationship
between Al and employment in the Turkish economy specifically through a news-based Al indicator,
as opposed to actual technology investments. Second, it conducts a comparative analysis of the
effects of technological transformation on different groups of workers by examining employment
indicators for females and male separately, in addition to total employment. Third, by combining
Fourier-based methods with an asymmetric causality approach, it analyzes the nonlinear structure of
the Al-employment relationship and the differing effects of positive and negative Al shocks on
employment.

Literature Review

The literature on the relationship between Al and employment has expanded rapidly in recent
years and has focused on different countries, sectors, and worker groups. These studies show that the
effects of Al on employment are not one-sided; rather, they yield different results depending on the
Al indicator used, the economy under study, and the structure of the labor market.

Studies examining the general relationship between Al and employment indicate that
technological transformation should not be viewed solely as a process that reduces employment.
Mutascu (2021) analyzed the impact of Al on unemployment using data from 23 developed countries
with high levels of technology for the period 1998-2016, employing a panel threshold model and the
System-GMM method. The findings show that the effect of Al on unemployment is not linear and
that, particularly under conditions of low inflation, an increase in the use of Al has a positive effect
on reducing unemployment. Similarly, Guliyev (2023) examined the relationship between Al
development and unemployment using dynamic panel data analysis and the System-GMM estimator
based on data from 24 developed countries for the period 2005-2021, and found that an increase in
the level of Al reduces unemployment rates. These studies suggest that, under appropriate economic
conditions, Al in developed economies may serve not as a labor substitute but as a factor that supports
employment through increased productivity and the creation of new areas of activity.

However, the effects of Al on employment may vary by sector. Algiil (2024), by analyzing
data from 17 leading countries in Al technologies for the 1998-2017 period using the DOLS and
FMOLS methods, demonstrated that Al innovations increased total employment and employment in
the service sector, while having a job-reducing effect in the industrial and agricultural sectors. This
result indicates that Al can affect labor markets simultaneously through both complementary and
substitutive mechanisms. Cetin and Kutlu (2025), on the other hand, examined data from 29 countries
for the 2017-2021 period using the System-GMM method and determined that Al has a positive and
significant effect on employment. However, the study found that the interaction effect between Al
and labor productivity weakened this positive relationship. This suggests that the employment effects
of Al depend not only on the level of technology but also on how that technology is integrated into
production processes.

Studies examining the role of Al in economic growth, production capacity, and employment
also highlight the broader macroeconomic impacts of technological transformation. Behara et al.
(2026) used data from the 1985-2022 period for the Indian economy to examine the impact of Al on
economic growth and its role in the sectoral employment channel using the Dynamic ARDL
approach. The results indicate that Al significantly boosts economic growth, but the effect emerging
through the employment channel remains more limited. Saba and Ngepah (2024), on the other hand,
analyzed the relationship between Al investments, economic growth, and employment in BRICS
countries during the 2012-2022 period using the CS-ARDL method and found a long-run equilibrium
relationship among the variables. These studies demonstrate that Al can influence labor markets not
only through direct employment effects but also through the channels of investment, growth, and
production capacity.
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The impacts of Al are being examined not only in terms of the quantity of employment but
also in terms of the quality of employment and the skill composition of the workforce. Studies in this
area show that technological transformation does not produce the same outcomes for different groups
of workers. Chen et al. (2025) examined the effects of Al use on employment quality by analyzing
panel data from Chinese prefecture-level cities for the 2011-2019 period using a two-way fixed-
effects model. The findings reveal that while Al increases productivity, its effects on employment
quality vary depending on regional characteristics. Gu et al. (2022), on the other hand, used panel
data from China’s provincial-level cities covering the 2007-2020 period to investigate the impact of
Al development on employment in the service sector and demonstrated that Al exerts both direct and
indirect effects in the service sector. However, these effects were found to differ depending on
regional economic structure, human capital, and technological adaptation capacity.

The effects of Al on skill groups are fueling debates about how technological transformation
could lead to polarizing outcomes in the labor market. Feng et al. (2026) examined the impact of Al
on inclusive growth using panel data from the China Household Finance Survey for the 2011-2019
period and city-level Al indicators, analyzed through panel fixed-effects models. The findings
indicate that while Al can support inclusive growth by increasing employment opportunities for low-
skilled workers, the effects vary across different skill groups. Feng et al. (2026), on the other hand,
analyzed the impact of Al on the employment structure using panel data from 276 Chinese cities
covering the 2008-2022 period and found a U-shaped relationship in the employment shares of high-
and low-skilled workers and an inverted U-shaped relationship for medium-skilled workers. This
finding suggests that Al may lead to restructuring in the labor market by creating pressure for
transformation, particularly in jobs requiring medium skill levels.

The effects of Al, which vary depending on skill levels, may be more pronounced in
developing economies. Giwa and Ngepah (2024a) examined the impact of Al on skilled employment
in the South African economy using data from 2012:Q1 to 2021:Q4, employing an ARDL model and
a Granger causality test. Initial estimation results indicate that Al has a positive effect on skilled
employment in both the short and long term; however, when structural breaks are taken into account,
the relationship becomes negative and statistically significant. In the study by Giwa and Ngepah
(2024b), conducted by the same researchers, the relationship between Al adoption and low-skilled
employment in the South African economy was analyzed using the VECM approach. The findings
indicate a negative relationship between Al and low-skilled employment in the long run, as well as
a one-way causality from Al investments to low-skilled employment. These results suggest that the
substitution effect of Al may be particularly strong for routine tasks requiring low skills.

The effects of Al on regional labor markets also constitute an important area of research in
the literature. He and Tong (2026) examined the relationship between Al adoption, skill
development, and employment rates using data from China’s 31 provincial-level regions (excluding
Hong Kong, Macau, and Taiwan) for the 2011-2023 period. The findings indicate that Al adoption
increases regional employment rates, but the effect varies depending on demographic structure and,
in particular, the level of population aging. Zhang (2026), on the other hand, analyzed the impact of
Al development on regional employment quality using panel data from China’s 30 provinces for the
2011-2022 period and found that Al improves employment quality. However, the fact that the effect
varies in magnitude across the eastern, central, and western regions indicates that technological
transformation must be evaluated in conjunction with regional economic capacity and human capital.

Another key point emphasized in the literature is that the effects of Al on employment may
change over time. Huo et al. (2024) examined the relationship between the level of Al development
and employment using provincial panel data from China’s manufacturing sector for the 2011-2020
period and identified a positive U-shaped relationship. According to their findings, while the labor-
substitution effect is more pronounced in the early stages of technological transformation, in the long
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run, employment-creating effects strengthen through productivity gains, the emergence of new job
roles, and the expansion of production capacity. Li et al. (2025), on the other hand, examined the
impact of Al on the quality of employment for the rural workforce using panel data from 30 Chinese
provinces covering the 2008-2022 period and demonstrated that Al improves the quality of
employment for the rural workforce by increasing opportunities for education, skill development,
and learning.

The effects of Al on the skill structure and the demographic characteristics of workers
indicate that technological transformation may produce asymmetric outcomes for different groups of
workers. Liang et al. (2025) analyzed the impact of Al development on the skill composition of the
workforce using a two-way fixed-effects model based on panel data from 30 Chinese provinces
covering the 2010-2022 period. The findings show that Al reduces demand for low-skilled labor
while increasing demand for medium- and high-skilled labor. Furthermore, threshold effect analyses
reveal a nonlinear relationship between Al and demand for low-skilled labor. One of the study’s key
findings is that the negative impact of Al on low-skilled female workers is stronger than that on male
workers. This result demonstrates that technological transformation can produce different outcomes
not only based on skill level but also on the demographic characteristics of workers.

As for highly educated workers, it appears that Al has a more complementary effect. Marinas
et al. (2024) used data from 78 countries covering the 2019-2022 period to examine the impact of
the Al Readiness Index on the employment of highly educated workers using panel data analysis.
The findings indicate that employment of highly educated workers increases in countries with a high
level of Al readiness. This result suggests that, for certain skill groups, Al may function as a
technology that complements rather than substitutes human capital. In contrast, Handel (2026)
evaluated the view that Al and robotic technologies would lead to mass job losses by using U.S.
employment data from 2010 to 2023. The study reveals that there is no strong evidence of large-scale
technology-driven job losses and that the transformation has occurred more gradually.

Studies that examine the combined effects of Al and automation technologies on
employment indicate that the specific technology indicator used can be a determining factor in the
results. Okur and Ozdemir (2025) analyzed the impact of Al and automation technologies on
employment dynamics in G7 countries using a balanced panel dataset covering the 2010-2024 period.
The findings indicate that investments in Al have negative effects on employment in the long term,
while robot density can yield different results depending on the economic structure. Furthermore,
causality analyses indicate the existence of a unidirectional relationship from Al investments to
employment. This result demonstrates that the effects of Al on employment are related not only to
the presence of the technology but also to the sectors and production processes in which it is used.

Studies on the manufacturing sector and robotics, meanwhile, provide important evidence
aimed at explaining the balance between the labor-substitution and labor-complementarity
mechanisms of Al. Shen and Zhang (2024) examined the impact of Al on employment using panel
data from 30 Chinese provinces covering the 2006-2020 period, employing a two-way fixed-effects
model and a two-stage least squares method. The findings indicate that Al technologies, represented
by industrial robots, can increase the total number of jobs in firms. Furthermore, it was determined
that increases in productivity, capital deepening, and developments in the division of labor limit the
potential employment-reducing effects of Al In another study conducted by Shen (2024) using panel
data from 2006 to 2022, similarly examined the impact of Al on employment in the manufacturing
sector and concluded that, contrary to the traditionally held view that “machines will replace human
labor”, Al technologies can increase the total number of jobs under certain economic conditions.
These studies demonstrate that the relationship between Al and employment cannot be explained
solely by the substitution mechanism; complementary channels such as productivity gains, the
emergence of new job roles, and production expansion must also be taken into account.
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Studies examining the long-term relationships between Al, employment, and productivity
also demonstrate that the effects of technological transformation on labor markets must be assessed
within a broader economic framework. Tekin-Balc1 and Demirel (2025) examined the relationship
between Al technologies, employment, and productivity using data from 10 countries for the 2002-
2021 period, employing the VECM, cointegration tests, and Granger and Toda-Yamamoto causality
analyses. The study used indicators such as patent applications, R&D expenditures, and high-tech
product exports to represent Al. The findings indicate that there are long-term positive relationships
between Al indicators and employment and productivity, as well as multidirectional causal
relationships among the variables. This result demonstrates that Al is not merely a technology that
alters the nature of existing jobs, but can also generate indirect employment effects by expanding
economic activity through productivity gains.

Studies examining the effects of Al on the employment structure in terms of institutional,
regional, and sectoral differences reveal that technological transformation is sensitive to the
economic environment. Wang et al. (2024) examined the impact of Al on the employment structure
using panel data from China’s provincial level for the 2010-2019 period, employing a fixed-effects
model, a mediation model, a threshold effect model, and spatial heterogeneity analyses. The findings
indicate that Al supports the development of the labor force structure, but the effect varies depending
on economic structure, regional characteristics, and technological capacity. This result suggests that
the effects of Al may vary not only across countries but also among regions within the same country.

Studies at the firm level also show that the employment effects of Al are closely related to
the way technology is used and a firm’s innovation capacity. Yang (2022) measured Al innovations
using a keyword-matching method based on patent texts, drawing on data from firms operating in
Taiwan’s electronics sector for the 2002-2018 period. Empirical results indicate that Al technologies
are positively associated with firm productivity and employment. However, it was also found that
technological innovations other than Al generate productivity and employment-boosting effects of a
similar magnitude. This finding suggests that the effects of Al on employment cannot be attributed
solely to a specific technology but must be evaluated within the context of a broader technological
innovation ecosystem.

Studies examining the effects of Al on the sectoral labor force structure show that
technological transformation has altered not only the number of jobs but also the nature of jobs and
the required skill sets. Yang et al. (2025) analyzed the impact of Al capital on urban employment
using panel data from 31 provinces in China’s agricultural sector for the 2010-2019 period. The
findings indicate that an increase in Al capital produces different outcomes for low-, medium- and
high-skilled workers. In particular, Al-driven transformation appears to be more pronounced in the
employment structure of the highly skilled workforce. In contrast, Zhao et al. (2025) matched robot
usage data from Chinese provinces with sector-level employment data, employing a two-way fixed-
effects model, a threshold regression model, and the Spatial Durbin Model. The findings indicate
that robot use has a negative effect on employment in China’s manufacturing sector and that an
increase in robot density can lead to employment losses in certain regions and sectors. These results
demonstrate that, in addition to the complementary effects of Al and automation technologies, they
can also create a substitution effect in standardized and automation-friendly tasks.

Overall, the existing literature indicates that the relationship between Al and employment is
complex, multidimensional, and sensitive to the economic context. A significant portion of the
studies has examined the effects of Al on labor markets using panel data methods at the country,
region, sector, or firm level, focusing particularly on developed economies and China. A common
finding in the literature is that Al does not have a unidirectional effect on employment; mechanisms
of technological complementarity and labor substitution can occur simultaneously. In other words,
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while Al creates new opportunities for some groups of workers, it can also exert transformative
pressures on certain types of jobs and skill sets.

However, there are some significant research gaps in the existing literature. First, the
majority of empirical studies focus on developed countries, the BRICS economies, and China in
particular. While studies based on the Chinese example provide important evidence regarding the
regional, sectoral, and skill-based effects of Al, caution is required when generalizing these findings
to developing economies with different institutional structures and levels of technological
advancement. Since developing economies such as Tiirkiye differ from developed economies in
terms of access to technology, production structure, the educational profile of the workforce, and
sectoral distribution, it is important to examine the effects of Al on employment on a country-specific
basis. Second, a significant portion of existing studies focuses on total employment, sectors, or skill
groups. However, the potential differing effects of Al on female and male workers are addressed
only to a limited extent in the literature. Technological transformation processes may produce
different outcomes for gender groups due to variations in the sectoral distribution of workers,
occupational structure, and skill characteristics. Given that female employment tends to be
concentrated in certain service sectors and routine cognitive tasks, examining the gender dimension
of the relationship between Al and employment constitutes an important area of research in the
literature. Third, a significant portion of existing empirical studies focuses on the linear nature of the
relationship between Al and employment. However, the effects of technological innovations may
not occur in the same direction or with a constant magnitude over time. While the initial phase of Al
adoption may lead to a substitution effect in certain occupations, different outcomes may emerge in
the long term through productivity gains, the emergence of new production sectors, and the
expansion of economic activities. Therefore, asymmetric approaches that account for the direction
of Al shocks are important for a more comprehensive understanding of the effects of technological
transformation on employment.

This study examines the relationship between Al and employment in the Turkish economy
using monthly data from the period 2015:M1-2026:M2, with the aim of addressing these research
gaps. The study’s contribution to the literature is evident in three key areas. First, rather than using
traditional indicators such as patent counts, robot density, or R&D expenditures to represent Al, the
study employs the news-based Al Index from the EPU database. The index values, which are reported
at a daily frequency, are converted to a monthly frequency for inclusion in the analysis. This approach
offers an alternative indicator for measuring the visibility of developments in Al technologies in the
news and their reflections in economic debates. Second, the study examines the effects of Al on
employment not only in terms of total employment but also by distinguishing between the total
employment rate and the employment rates for male and female. In this way, it contributes to the
gender dimension, which has been underrepresented in the literature. Third, Fourier-based analyses
and the Hatemi-J (2024) Efficient Asymmetric Causality Test are used to account for the nonlinear
and asymmetric characteristics of the relationship between Al and employment. This methodological
approach allows us to assess not only the impact of changes in the Al indicator on employment but
also whether positive and negative Al shocks produce different outcomes.

In this regard, unlike the existing literature, this study examines the Al-employment
relationship in the context of Tiirkiye an emerging economy using monthly high-frequency data and
a gender-disaggregated analysis. The study’s approach is based on the assumption that the effects of
Al on different employment indicators may not be in the same direction or of the same magnitude.
In this context, the study aims to provide new empirical findings to the literature by separately
evaluating the effects of Al on total employment, female employment, and male employment in the
case of Tiirkiye.
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Data and Model

In this study, the relationship between Al and employment is examined using monthly data
from the period 2015:M1-2026:M2 for Tiirkiye. The analysis period was determined based on the
availability of data for the Al index and consists of a total of 134 observations.

The Al data used in this study was obtained from the Al Index published in the EPU database.
This index measures the daily density of news articles in U.S. newspapers containing the keywords
“artificial intelligence”, “generative Al (GenAl)”, “machine learning”, and “computer vision”. The
Al index, published on a daily basis, was converted to a monthly frequency for use in the analyses
to ensure consistency with employment data. The employment variables were derived from
seasonally adjusted labor force statistics published by the Turkish Statistical Institute (TurkStat). In
this context, three different employment indicators were utilized: the total employment rate (TE) for
those aged 15 and older, the male employment rate (ME), and the female employment rate (FE). The
aim is to jointly evaluate the relationship between the Al index and not only total employment but
also employment indicators that differ by gender.

The definitions of the variables used in the study and their data sources are presented in Table
1, while descriptive statistics for the variables are presented in Table 2.

Table 1. Definition of Variables and Data Source

Variables Definition Data Source

Al Artificial 1qt§111gence, genAl, machine learning, EPU Index
computer vision
Employment to population ratio, ages 15+, total (%)

TE (Seasonally adjusted main labour force indicators) TurkStat
Employment to population ratio, ages 15+, male (%)

ME (Seasonally adjusted main labour force indicators) TurkStat

. . o
FE Employment to population ratio, ages 15+, female (%) TurkStat

(Seasonally adjusted main labour force indicators)

The following empirical models were developed to analyze the long-term relationship
between the Al index and employment indicators.

TEt = ﬁo + ﬁlAIt + Et

ME, = By + P14l + & 1

FEt = ﬂo +[31A1t + &t

In the model, Al; represents the Al index; Sy is represents the constant term; f; represents
the slope coefficient; &; represents the error term; =2015:M1,...,2026:M2 represents the monthly

observation period; and TE,, ME,, and FE; represent the total, male, and female employment rates,
respectively.

Table 2. Descriptive Statistics

Variables Observation Mean Std. Dev. Min. Max.
Al 134 297.139 333.0689 45.30323 1473.702
TE 134 46.74104 1.931816 40.3 50
ME 134 64.50821 2.144377 55.9 67.3
FE 134 29.35075 1.968311 25 33.1

As shown in Table 2, during the analysis period, the mean value of the Al index was
calculated as 297.139, with a minimum value of 45.30 and a maximum value of 1.473. The mean
employment rates were 46.74% for total employment, 64.50% for male employment, and 29.35%
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for female employment. Furthermore, the fact that the standard deviation of the Al index is higher
than that of the employment variables indicates that the intensity of news coverage related to Al
fluctuated significantly during the analysis period.

Methodology

In this study, a three-stage econometric approach was adopted to examine the long-run
relationship and causality dynamics between Al and employment indicators. In the first stage, the
Fourier KPSS stationarity test which accounts for structural breaks and nonlinearities was applied to
determine the stationarity properties of the time series. In the second stage, the Fourier ADL
cointegration test was used to investigate the existence of a long-run relationship between the
variables. In the final stage, based on the assumption that positive and negative shocks may have
different effects on the variables, the Hatemi-J (2024) Efficient Asymmetric Causality Test was
applied to determine the direction of the relationship and identify asymmetric causality relationships.
This methodological approach allows for the analysis of the relationship between the Al index and
employment indicators not only within a linear and symmetric framework but also by taking
structural changes and positive/negative shocks into account. Thus, the study aims to evaluate the
effects of Al developments on the Turkish labor market more comprehensively.

Fourier KPSS Stationarity Test

The Fourier KPSS stationarity test developed by Becker et al. (2006) to determine the
stationarity properties of the time series is based on the KPSS-type stationarity test proposed by
Kwiatkowski et al. (1992). Unlike the classical KPSS test, this method incorporates soft structural
breaks that may occur in the time series into the model via Fourier functions. Thus, stationarity
analysis can be performed without predetermining the number, timing, or form of the breaks.

The Fourier approach flexibly represents structural changes by adding sine and cosine terms
to the deterministic component, thereby reducing biases that may arise from neglecting structural
breaks. The null hypothesis (Ho) of the test states that the series is stationary, while the alternative
hypothesis (H;) states that it is not. In this study, the model and test statistic for the Fourier KPSS
test are presented using the following equations.

The stationarity test developed by Becker et al. (2006) begins with the data generation
process described in Equations 2 and 3 below:

Ve = X(B+Ziy+ 1+ & 2
Te = T+ U 3)

The error term &, is defined as shown above, while u; denotes an independent and identically
distributed random variable with variance o2. Here, X, = [1] is used for a level-stationary process
of y;, and X; = [1,t]’ is used for a trend-stationary process.

1= o (29 o (5]

Equation 4 is used to detect a break in the deterministic term. Here, k represents the
frequency, and T represents the sample size. Under the null hypothesis, 02 = 0, meaning that the
process described by Equations 2 and 3 is stationary.

_ +zn: '(ant)+zn:b (ant)_ <T c
ar = a k_laksm 7 K cos(——); n<s (5)

k=1

In Equation 5, n represents the number of frequencies in the approximation, while &
represents a specific frequency. It is possible to improve the approximation by starting with n = 1
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and adding additional frequencies. When n = 772, the fit of a(f) becomes perfect. Furthermore, to
make the problem solvable, Becker et al. (2006) proposed the following Fourier approximation using
a single-frequency component:

. (2mkt 2wkt
a(t)EZ{y:ylsm( T >+ yzcos( T ) (6)

In Equation 6, k represents the selected frequency for the approximation, while y = [y;,v2]’
measures the amplitude and phase of the frequency component. Under the null hypothesis, which
allows for the presence of a time-varying intercept, only a minor adjustment is required in the KPSS
statistic. Simply put, &, represents the residuals obtained from the following regressions (Becker et
al., 2006: 385):

_ (2mkt 2wkt
yt:a+ylsln( T )+y2cos( T >+ e (7a)

. (2mkt 2wkt
yt:a+ﬁt+y151n( T )+y2cos< T )+ e (7b)
In this way, the test statistics listed below can be obtained:

1 X7, 8.(k)?
7, (k) or 1.(k) = Ez:t_lﬁ—zt() ®

Here, S, (k) = Z§=1 €j, where &; are the OLS residuals obtained from Equations 7a and 7b.

As in the KPSS, a nonparametric estimate of the long-run variance, &2, is obtained by selecting a lag
parameter / and a set of weights w; forj =1, ..., I

62=7p+2 Z w; ¥ )

Here, 7; denotes the j-th sample autocovariance of the residuals &; obtained from Equation
7a or 7b. Becker et al. (2006) have stated that when determining the appropriate value of £, the value
of k that yields the minimum sum of squared residuals should be selected. The null hypothesis that
02 =0 does not imply any specific assumption regarding the presence of breaks in the data
generation process. Furthermore, if a nonlinear trend is not present in the data generation process, it
may be possible to achieve greater statistical power by using the standard KPSS test. Therefore, it
becomes desirable to test for the absence of a nonlinear trend (y; = ¥, = 0). The F-test statistic for
this hypothesis is calculated as shown in Equation 10 below:

SSRo—SSRy (k)
Fi(k) = W i=ut (10)
T—-q

Here, SSR(k) represents the sum of squared residuals obtained from Equation 7a or 7b. ¢
denotes the number of regressors, while SSRy denotes the sum of squared residuals obtained from
the regression without trigonometric terms (Becker et al., 2006: 382-391).

Fourier ADL Cointegration Test

The Fourier ADL cointegration test, developed by Banerjee et al. (2017) to examine the long-
term relationship between time series, is based on the work of Enders and Lee (2012). This method
extends the traditional ADL cointegration approach using Fourier functions, thereby enabling more
reliable results to be obtained in the presence of structural breaks.

The Fourier ADL approach incorporates the smooth changes in the deterministic component
into the model using sine and cosine functions in cointegration analysis, thereby eliminating the need
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to predetermine the number and dates of breaks. In the analysis, the Fourier ADL model used, based
on Enders and Lee (2012), defines the deterministic term d(¢) using the Fourier approximation in

Equation 11:
q q
) 2kt
d(t)=yo+zyl,k sm( >+zyz,k COS( T ) q
k=1 k=1

In the equation, y, represents the standard deterministic term, which includes a constant and
a linear trend, while & denotes a specific single frequency. g represents the number of frequencies
included in the approach, and T represents the number of observations.

IA

2wkt 1
- (1n

T
2

Similar to the study by Banerjee et al. (1998), the conditional model in Equation 12 is used
to describe the Fourier ADL test procedure:

Ay;p = d(@) + 61Y16-1 TV Vor-1 + @'Aysr + & (12)

Here, y, ¢, and y,; are n x 1 vectors consisting of parameters and explanatory variables. The
deterministic term d(#) in Equation (11) contains a nonlinear function of time. The dependent variable
V4t 1S a univariate process, and §; is a scalar. In more general cases, delays in Ay;; and Ay,; are
allowed to account for possible serial correlation in &.

In the test, the null hypothesis (Ho) states that there is no cointegration relationship among
the variables, while the alternative hypothesis (H:) states that a long-run cointegration relationship
exists. The test statistic is defined as follows:

5

tj‘D L= — = (1 3)

56(51)

Here, 8, is the OLS estimator of §; in Equation (12), and se(a) denotes the standard error
of §; obtained from the OLS estimate of Equation (12) (Banerjee et al., 2017: 116-117).

Efficient Asymmetric Causality Test

Traditional causality tests assume that the effects of positive and negative shocks on variables
are symmetric. However, in economic relationships, the effects of positive and negative changes may
differ. Therefore, this study employs the Efficient Asymmetric Causality Test developed by Hatemi-
J (2024) to identify potential asymmetric causality relationships among variables. In the Hatemi-J
(2024) approach, the variables under analysis are decomposed into positive and negative innovation
components. For two time-series variables, Z; and Z», the process is defined as follows:

t
tt+1)
Zl,t =a-+ bt + Zl,t—l + eil't = at + Tb + Zl,O + Z ellj (14)
j=1
t
t(t+1)
ZZ,t =c+ dt + ZZ,L'—l + ezjt =ct+ Td + ZZ,O + z ezlj (15)
j=1

For =1,...,T. Here, e; represents the error terms for each case where i= 1, 2; the symbols a,
b, c, and d represent the deterministic coefficients to be estimated; and Z;  represents the initial value
of the variable i. Granger and Yoon (2002) suggest to identify the positive and negative innovations
as ef;:=max(ey;,0), ef:=max(ey;,0), ery: = min(e;,0) and ez, = min(e,,,0). Using
these values, the partial cumulative sums of the variables (Zf tr L1 ts Z{ ¢ and Z ;) can be calculated
as follows:
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t(t+1
Z$ =p<at+[¥]b+zllo>+26fj (16)
j=1
t
_ tt+1) B
Ziy =0 —-p)|at+ — b+7, +Zel’j a7
j=1
t(t+1
Z{t=q<at+[¥]b+zm>+2egj (18)
j=1
t
B tt+1) B
Zz't = (1 - q) at + T b + Zl,O + Zezd' (19)
j=1

Here, p and g are weight coefficients representing the proportions of observations indicating
positive changes in variables Z; and Z,, respectively. This transformation ensures that the sum of the
positive and negative components yields each variable in its original form: Zf, + Zi, = Z; ; and
I3+ 275 = Zyy.

The causal relationships between the positive and negative components obtained are
examined using the SURE-based (Seemingly Unrelated Regression Estimation) efficient estimation
approach proposed by Hatemi-J (2024). The method takes into account that the error terms associated
with the positive and negative components may be correlated with one another; therefore, the SURE
method is used instead of the standard VAR approach. This approach provides efficient estimation
results equivalent to those of the Feasible Generalized Least Squares method. Rejection of the null
hypothesis (Ho) indicates the presence of an asymmetric causal relationship between the relevant
positive or negative shock components.

In this study, the Efficient Asymmetric Causality Test was applied to identify causal
relationships based on positive and negative shocks between the artificial intelligence (Al) index and
the total employment rate (TE), the male employment rate (ME), and the female employment rate
(FE).

Empirical Findings

In this section, empirical findings regarding the relationship between the Al index and
employment variables are presented within the framework of stationarity, cointegration, and
asymmetric causality analyses.

Table 3. Results of the Fourier KPSS Stationarity Test

Variables KPSS Stat. K 1% Crritical 5% Critical 10% Critical
Value Value Value
Al 0.1745%%* 1 0.0716 0.0546 0.0471
TE 0.5859%#* 1 0.0716 0.0546 0.0471
ME 0.5228%%*%* 1 0.0716 0.0546 0.0471
FE 2.1719%** 2 0.2022 0.1321 0.1034

Note: *** indicates rejection of the null hypothesis of stationarity at the 1% significance level (Becker et al., 2006).

The results of the Fourier KPSS stationarity test, which was applied to determine the
stationarity properties of the variables used in the study, are presented in Table 3. An examination of
Table 3 reveals that the Fourier KPSS test statistics for all variables are higher than the critical values.
Accordingly, the null hypothesis (Ho) of stationarity is rejected. The results indicate that the Al, TE,
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ME, and FE series are not stationary at the level. This finding indicates that the series are not
stationary and that it is appropriate to conduct cointegration analyses to investigate a possible long-
run relationship among the variables.

Table 4. Results of the Fourier ADL Cointegration Test
1% Critical 5% Critical 10% Critical

Model Test Statistics Value Value Value k
TE -2.1955 -4.4307 -3.7458 -3.3692 2
ME -2.1867 -4.4307 -3.7458 -3.3692 2
FE -1.7876 -4.4307 -3.7458 -3.3692 2

The results of the Fourier ADL cointegration test, conducted to investigate the long-run
relationship among the variables, are presented in Table 4. According to the results, the test statistic
was calculated as -2.1955 for the TE model, -2.1867 for the ME model, and -1.7876 for the FE model.
All of these values are greater than the critical value of -3.3692 at the 10% significance level.
Therefore, the null hypothesis (Ho), which states that there is no long-run cointegration, cannot be
rejected. In other words, there is no stable, co-moving relationship between employment indicators
and the Al index in the long run. However, to identify possible nonlinear and asymmetric causal
relationships among the variables, efficient asymmetric causality tests developed by Hatemi-J (2024)
were applied.

Table 5. Results of the Efficient Asymmetric Causality Test

Direction Shock Test Statistics Prob. Value Decision
AI-TE Positive 0.0349 0.8518 There is no causality.
Negative 0.0014 0.9706 There is no causality.
TE—AI Positive 0.0002 0.9881 There is no causality.
Negative 0.0020 0.9647 There is no causality.
AI-ME Positive 0.3584 0.5494 There is no causality.
Negative 0.1488 0.6997 There is no causality.
ME—AI Positive 0.1308 0.7176 There is no causality.
Negative 0.2236 0.6363 There is no causality.
AI—-FE Positive 6.0103** 0.0142 There is causality.
Negative 0.6706 0.4128 There is no causality.
FE—AI Positive 0.2907 0.5897 There is no causality.
Negative 0.8767 0.3491 There is no causality.

Note: ** indicates statistical significance at the 5% level.

The results of the Hatemi-J (2024) asymmetric causality test, applied to determine causality
relationships based on positive and negative shocks between variables, are presented in Table 5. An
examination of the results reveals that there is no asymmetric causal relationship between Al and the
total employment rate with respect to either positive or negative shocks. Similarly, no statistically
significant causal relationship was found between Al and the male employment rate for shocks in
either direction.

In contrast, a unidirectional and statistically significant causal relationship was identified
based on positive shocks from the Al index to the female employment rate. This finding suggests
that positive developments in Al technologies may serve as a supportive factor for female
employment. However, no significant relationship in the same direction was found for negative
shocks. Therefore, it appears that the relationship between Al and female employment is not
symmetrical and emerges only through positive Al shocks. On the other hand, no significant causal
relationship was found for either positive or negative shocks from the female employment rate to the
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Al index. This result indicates that changes in female employment do not serve as a factor explaining
changes in the Al indicator.

Generally, the results of the Efficient Asymmetric Causality Test reveal that there is a one-
way causal relationship between the variables under examination, based solely on positive shocks
from Al to female employment. In contrast, no significant relationship was found between Al index
and total employment or male employment.

Conclusions and Policy Recommendations

In this study, the relationship between Al and the Turkish labor market was examined using
monthly data from the period 2015:M1-2026:M2. In the analysis, the Al Index was used to represent
Al, while the total employment rate, male employment rate, and female employment rate were used
as employment indicators. The relationships among the variables were analyzed using the Fourier
KPSS stationarity test, the Fourier ADL cointegration test, and the Hatemi-J (2024) asymmetric
causality test.

Empirical findings indicate that there is no long-run cointegration relationship between the
Al index and employment indicators. This result suggests that there is no statistically significant
long-run relationship between Al developments and employment indicators in Tiirkiye during the
period under review. Similarly, the results of the asymmetric causality test revealed that there is no
significant causal relationship in terms of either positive or negative shocks between Al and total
employment or male employment. In contrast, a unidirectional and significant causal relationship
was identified from positive shocks in Al toward female employment. This finding suggests that
positive developments in Al technologies may serve as a supportive factor for female employment.
This finding suggests that positive shocks in the Al index may be a precursor to changes in female
employment. However, the absence of a significant causal relationship between negative Al shocks
and female employment indicates that adverse developments stemming from Al were not associated
with a significant decline in female employment during the period under study.

Based on the findings of this study, Al policies must be evaluated not only from the
perspective of automation-driven job losses but also in terms of their potential to create new
employment opportunities. In particular, the finding of a positive relationship between Al and female
employment highlights the importance of policies aimed at increasing female participation in the
digital economy. In this context, it is recommended that educational programs designed to develop
female knowledge and skills in the fields of Al and digital technologies be supported. Furthermore,
since the study’s findings indicate that Al has not yet brought about a significant change in total
employment, it is important for policymakers to develop balanced policies that take into account the
potential impacts on different employment groups, rather than viewing Al solely as a factor that
causes job losses. In particular, initiatives that encourage the use of Al technologies in job-creating
sectors can help maximize the positive outcomes of technological transformation.

In conclusion, this study shows that the relationship between Al and employment in Tiirkiye
is neither universal nor homogeneous; the effects may vary depending on the type of employment.
The findings indicate that there is no significant causal relationship between the Al index and total
employment or male employment, but that it may be a potentially supportive factor for female
employment.

This study has some limitations. First, the Al Index used represents the intensity of
information related to global Al developments rather than the direct level of Al usage in Tirkiye.
Second, due to the availability of the Al Index, the data period is limited to 2015:M1-2026:M2.
Future studies could examine the effects of Al on the labor market more comprehensively by using
more detailed employment indicators broken down by sector or occupation.
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Giris

Yapay zeka teknolojilerindeki hizli gelismeler, ekonomik faaliyetlerin organizasyonu,
iretim silireglerinin yapisi ve isgiicli piyasalarmin igleyisi ilizerinde Onemli doniisiimlere yol
agmaktadir. Onceki teknolojik yeniliklerden farkli olarak yapay zeka, yalnizca fiziksel iiretim
stireclerini otomatiklestiren bir teknoloji olmaktan ziyade; 6grenme, tahmin, karar verme, bilgi
isleme ve rutin olmayan biligsel gorevleri gergeklestirme kapasitesi sayesinde genel amacli bir
teknoloji niteligi tagimaktadir. Bu nedenle yapay zekanin ekonomik etkileri, yalnizca teknolojik
ilerleme ve verimlilik artiglar1 ¢ergevesinde degil, ayn1 zamanda islerin niteligi, gérev dagilima,

beceri gereksinimleri ve istthdam dinamikleri iizerindeki etkileri agisindan da degerlendirilmektedir
(Frank vd., 2019).

Yapay zeka ile istihdam arasindaki iligki, teknolojik degisimin isgiicii piyasalar iizerindeki
etkilerine yonelik uzun siiredir devam eden tartismalarin giincel bir uzantisini olusturmaktadir.
Teknolojik gelismelerin istihdam {izerindeki etkileri geleneksel olarak emek ikamesi ve emek
tamamlayiciligi mekanizmalari iizerinden ele alinmaktadir. Teknolojik degisimin, ¢alisanlarin beceri
gereksinimlerini ve isglicii piyasasindaki goreli talep yapisim1 doniistiirdigi uzun siiredir
vurgulanmaktadir (Goldin ve Katz, 2008). Bir taraftan yapay zek&nin belirli gorevleri
otomatiklestirerek oOzellikle rutin ve standartlastirilmig islerde insan emegine olan talebi
azaltabilecegi ileri siiriilmektedir. Diger taraftan tamamlayici teknoloji yaklasimi, yapay zekanin
calisanlarin iretkenligini artirabilecegini, yeni gorev alanlari olusturabilecegini ve ekonomik
faaliyetlerin genislemesi yoluyla yeni istihdam firsatlar1 yaratabilecegini savunmaktadir (Autor,
2013; Autor, 2015; Bessen, 2019; Webb, 2020). Bu nedenle yapay zekanin istihdam tizerindeki
etkilerinin yalnizca toplam istihdam miktarindaki degisimler iizerinden degil, ayn1 zamanda islerin
doniisiimii, gorev yapisi ve ¢alisanlarin sahip oldugu beceriler agisindan incelenmesi gerekmektedir.

Ampirik literatiir, yapay zekanin isgiicli piyasalar iizerindeki etkilerinin biitiin ekonomiler
ve ¢alisan gruplari agisindan ayni bi¢cimde ortaya ¢ikmadigini gostermektedir. Yapay zekdya maruz
kalma diizeyi; mesleklerin icerdigi gorevlerin niteligi, c¢alisanlarin beceri diizeyi, sektorel
uzmanlagma ve ekonomik kurumlarin teknolojik doniisiime uyum kapasitesi gibi faktorlere baglh
olarak farklilagabilmektedir. Felten vd. (2021), yapay zekdya maruz kalma diizeylerinin meslekler,
sektorler ve bolgeler arasinda onemli farkliliklar gdsterdigini ortaya koyarken, Pizzinelli vd. (2023)
yapay zekanin igglicli piyasasi lizerindeki etkilerinin tilkelerin ekonomik ve kurumsal 6zelliklerine
bagli olarak degisebilecegini gostermektedir. Bu bulgular, yapay zeka-istihdam iliskisinin tek yonlii
ve tiim c¢alisan gruplar1 i¢in ayn1 sonuglart doguran bir siire¢ olarak degerlendirilmemesi gerektigine
isaret etmektedir.

Yapay zekanin ekonomik etkilerinin incelenmesindeki temel sorunlardan biri, teknolojik
gelismenin uygun bir gdsterge ile nasil 6l¢iilecegidir. Geleneksel teknoloji gostergeleri ¢gogunlukla
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patent sayilari, Ar-Ge harcamalari, robot kullanimi veya gergeklesmis teknolojik yatirimlar gibi
gostergelere dayanmaktadir. Ancak yapay zeka gibi hizli gelisen teknolojiler agisindan bu
gostergeler, teknolojik doniigiimiin ekonomik glindemdeki goriiniirliigiinii ve erken donem
gelismelerini tam olarak yansitmayabilir. Bu nedenle son yillarda haber yogunluguna dayali metin
tabanli gostergeler, teknolojik gelismelerin ekonomik etkilerini daha zamanl ve dinamik bigimde
izlemek amaciyla alternatif 6lglim araglari olarak kullanilmaya baslanmistir (Shapiro vd., 2022). Bu
kapsamda haber tabanli yapay zeka gdstergeleri, teknolojinin fiili kullanim diizeyinden ziyade yapay
zekd gelismelerinin ekonomik giindemdeki goriiniirligiinii ve teknolojiye yonelik ekonomik
aktorlerin teknolojiye yonelik ilgisini, dikkatini ve algisal goriinlirligiinii yansitmaya yonelik
alternatif bir yaklasim sunmaktadir. Bu ¢calisma da yapay zeka gelismelerini 6l¢mek amaciyla haber
yogunluguna dayali Artificial Intelligence Index gostergesini kullanmaktadir.

Mevcut literatiir incelendiginde, yapay zeka ve istihdam iligkisine yonelik ¢alismalarin
biiyiik 6l¢iide gelismis ekonomiler, 6zellikle Cin olmak iizere Asya ekonomileri ve yapay zeka
kullanimint dogrudan 6lgmeye yonelik gostergeler iizerine yogunlastigl goriilmektedir. Mutascu
(2021), Guliyev (2023), Algiil (2024), Saba ve Ngepah (2024) ve Chen vd. (2025) gibi ¢aligmalar
yapay zekanin istihdam tizerindeki etkilerini farkli iilke ve sektdr Ornekleri iizerinden incelemis
olmakla birlikte, mevcut ampirik kanitlarin énemli bir bolimii gelismis ekonomiler ile Cin bagta
olmak iizere Asya ekonomileri iizerinde yogunlagsmaktadir. Buna karsilik gelismekte olan
ekonomilerde yapay zekaya iligkin haber yogunlugu, ekonomik goriintirliik ve istihdam dinamikleri
arasindaki iligkiyi inceleyen calismalar sinirh kalmaktadir.

Bunun yaninda mevcut calismalarin 6nemli bir boliimii toplam istihdam, sektorler veya
beceri gruplart lizerine yogunlagsmaktadir (Gu vd., 2022; Huo vd., 2024; Feng vd., 2026). Ancak
teknolojik doniigiimiin farkli ¢alisan gruplar iizerindeki etkileri aynmi bigimde ortaya ¢ikmayabilir.
Nitekim Liang vd. (2025), yapay zekanin diisiik vasifli kadin ¢alisanlar {izerindeki etkilerinin erkek
calisanlara gore daha belirgin olabilecegini gostermektedir. Bu durum, yapay zeka-istihdam
iligkisinin yalnizca toplam istihdam diizeyi agisindan degil, ayn1 zamanda cinsiyet boyutu dikkate
almarak incelenmesinin 6nemini ortaya koymaktadir.

Tiirkiye ekonomisi bu baglamda 6nemli bir arastirma alani sunmaktadir. Tiirkiye, bir yandan
dijital doniisim ve yapay zeka uygulamalarinin ekonomik giindemde giderek daha fazla Gnem
kazandig1, diger yandan gelismis ekonomilerden farkli iiretim yapisi, beceri dagilimi ve isgiicii
piyasasi Ozelliklerine sahip olan gelismekte olan bir ekonomidir. Bu nedenle yapay zekéya iliskin
haber yogunlugu ile Tiirkiye’deki istihdam dinamikleri arasindaki iligkinin incelenmesi, gelismekte
olan ekonomilerde teknolojik doniisiimiin isgiicli piyasalarina nasil yansidigna iligkin dnemli
ampirik kanitlar saglayabilir.

Ayrica teknolojik doniisiimlerin etkileri zaman igerisinde dogrusal ve simetrik bigimde
gerceklesmeyebilir. Yapay zekd teknolojilerinin yayginlasmasinin baslangi¢ asamalarinda bazi
gorevlerde emek ikamesi baskisi ortaya cikabilirken, uzun donemde verimlilik artisi, yeni faaliyet
alanlarinin olusmasi ve iiretim kapasitesinin genislemesi yoluyla farkli sonuglar ortaya ¢ikabilir. Bu
nedenle yapay zeka-istihdam iliskisinin yalnizca ortalama etkiler lizerinden degil, pozitif ve negatif
yonlii soklarin farkli sonuglarini dikkate alan asimetrik yaklagimlar araciligtyla incelenmesi 6nem
tasimaktadir (Shin vd., 2014; Hatemi-J, 2024).

Bu caligma, Tiirkiye ekonomisinde yapay zeka gelismeleri ile istihdam gdstergeleri
arasindaki iligkiyi incelemektedir. Yapay zeka gelismelerini 6lgmek amaciyla EPU veri tabaninda
yayimlanan Yapay Zeka Endeksi kullamlmaktadir. Istihdam dinamikleri ise toplam istihdam orant,
kadin istihdam oram1 ve erkek istihdam oram gostergeleri araciligiyla degerlendirilmektedir.
Calismada 2015:M1-2026:M2 donemine ait aylik veriler kullanilarak yapay zeka gelismeleri ile
istihdam gostergeleri arasindaki iliski dogrusal olmayan ve asimetrik yaklagimlar ¢er¢evesinde analiz
edilmektedir. Bu kapsamda ¢alismada oncelikle serilerin duraganlik 6zellikleri Fourier KPSS testi
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ile incelenmekte, degiskenler arasindaki uzun donemli iliski Fourier ADL esbiitiinlesme testi ile
aragtirtlmakta ve son olarak yapay zekad gostergesindeki pozitif ve negatif yonlii degisimlerin
istihdam gostergeleri lizerindeki nedensellik iliskileri Hatemi-J (2024) Etkili Asimetrik Nedensellik
Test yaklasimi kullanilarak analiz edilmektedir.

Bu c¢alisma, ii¢ acidan literatiire katki saglamaktadir. ilk olarak, yapay zeka-istihdam
iligkisini ger¢eklesmis teknoloji yatirnmlarindan farkli olarak haber tabanli bir yapay zeka gostergesi
araciligiyla Tiirkiye ekonomisi 6zelinde incelemektedir. ikinci olarak, toplam istihdamin yani sira
kadin ve erkek istihdam gostergelerini ayr1 ayri ele alarak teknolojik doniisiimiin farkli calisan
gruplari iizerindeki etkilerini karsilastirmali olarak incelemektedir. Ugiincii olarak, Fourier tabanli
yontemler ve asimetrik nedensellik yaklasimini birlikte kullanarak yapay zeka-istihdam iliskisinin
dogrusal olmayan yapisini ve pozitif/negatif yonlii yapay zeka soklarinin istihdam {izerindeki farkl
etkilerini analiz etmektedir.

Literatiir Taramasi

Yapay zeka ve istihdam iligkisine yonelik literatiir son yillarda hizla genislemis ve farkl
iilke, sektor ve calisan gruplar ilizerinde yogunlagmistir. Bu caligmalar, yapay zekénin istihdam
iizerindeki etkilerinin tek yonli olmadigini; kullanilan yapay zekd gostergesine, incelenen
ekonomiye ve isglicii piyasasinin yapisina bagli olarak farkli sonuglar ortaya koydugunu
gostermektedir.

Yapay zekd ile istihdam arasindaki genel iliskiyi inceleyen ¢aligmalar, teknolojik
doniigiimiin yalnizca istihdam azaltici bir siire¢ olarak degerlendirilmemesi gerektigine isaret
etmektedir. Mutascu (2021), 1998-2016 doneminde yiiksek teknoloji diizeyine sahip 23 gelismis
iilkeye ait verileri kullanarak yapay zekanin igsizlik lizerindeki etkisini panel esik modeli ve Sistem-
GMM yontemiyle analiz etmistir. Bulgular, yapay zekanin igsizlik tizerindeki etkisinin dogrusal
olmadigini ve ozellikle diisiik enflasyon kosullarinda yapay zekd kullanimindaki artisin issizligi
azaltic1 yonde etkili oldugunu gostermektedir. Benzer sekilde Guliyev (2023), 2005-2021 déneminde
24 gelismis lilkeye ait veriler iizerinden dinamik panel veri analizi ve Sistem-GMM tahmincisi
kullanarak yapay zeka gelisimi ile issizlik arasindaki iliskiyi incelemis ve yapay zeka diizeyindeki
artigin igsizlik oranlarmi diislirdiiglinii ortaya koymustur. Bu c¢aligmalar, gelismis ekonomilerde
yapay zekanin uygun ekonomik kosullar altinda emek ikame eden degil, iiretkenlik ve yeni faaliyet
alanlar1 yoluyla istihdami destekleyen bir unsur olabilecegini gostermektedir.

Bununla birlikte yapay zekanin isttihdam iizerindeki etkileri sektorlere gore
farklilagabilmektedir. Algiil (2024), yapay zeka teknolojilerinde oncii 17 ilkenin 1998-2017
donemine ait verilerini DOLS ve FMOLS ydntemleriyle analiz ederek yapay zeka inovasyonlarinin
toplam istihdam ve hizmet sektorii istihdamini artirdigini, buna karsilik sanayi ve tarim sektorlerinde
istthdam azaltic1 etkiler olusturdugunu gdstermistir. Bu sonug, yapay zekanmn ayni anda hem
tamamlayici hem de ikame edici mekanizmalar yoluyla iggiicii piyasalarini etkileyebilecegine isaret
etmektedir. Cetin ve Kutlu (2025) ise 2017-2021 doneminde 29 iilkeye ait verileri Sistem-GMM
yontemiyle incelemis ve yapay zekdnin istihdam iizerinde pozitif ve anlaml etkisi oldugunu
belirlemistir. Ancak ¢aligmada yapay zeka ile isgiicli verimliligi arasindaki etkilesim etkisinin bu
olumlu iligkiyi zayiflattigi bulunmustur. Bu durum, yapay zekamin istihdam etkilerinin yalnizca
teknoloji diizeyine degil, teknolojinin iiretim siireclerine entegrasyon bi¢imine de bagli oldugunu
gostermektedir.

Yapay zekénin ekonomik biiyiime, iiretim kapasitesi ve istihdam arasindaki roliinii ele alan
calismalar da teknolojik doniisiimiin daha genis makroekonomik etkilerine dikkat ¢ekmektedir.
Behara vd. (2026), Hindistan ekonomisi i¢in 1985-2022 dénemine ait verileri kullanarak yapay
zekanin ekonomik biiyiimeye etkisini ve sektorel istihdam kanali {izerindeki roliinii Dinamik ARDL
yaklagimiyla incelemistir. Sonuglar, yapay zekanin ekonomik biiylimeyi énemli dlclide artirdigim
ancak istihdam kanali {izerinden ortaya ¢ikan etkinin daha sinirli kaldiginm1 gostermektedir. Saba ve
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Ngepah (2024) ise BRICS iilkelerinde 2012-2022 doneminde yapay zeka yatirimlari, ekonomik
biiylime ve istihdam arasindaki iligkiyi CS-ARDL yontemiyle analiz etmis ve degiskenler arasinda
uzun doénemli denge iliskisi bulundugunu ortaya koymustur. Bu ¢alismalar, yapay zekénin isgiicii
piyasalarini yalnizca dogrudan istihdam etkileri aracilifiyla degil, yatirim, biiylime ve {iretim
kapasitesi kanallar1 {izerinden de etkileyebilecegini gostermektedir.

Yapay zekanin etkileri yalnizca istihdam miktar1 agisindan degil, ayn1 zamanda istthdamin
niteligi ve ¢alisanlarin beceri yapist agisindan da incelenmektedir. Bu alandaki ¢alismalar, teknolojik
doniisiimiin farkli ¢alisan gruplari izerinde ayni sonuclar1 olusturmadigini gostermektedir. Chen vd.
(2025), Cin’in il diizeyindeki sehirlerine ait 2011-2019 dénemi panel verilerini iki yonlii sabit etkiler
modeliyle analiz ederek yapay zeka kullaniminin istihdam kalitesi iizerindeki etkilerini incelemistir.
Bulgular, yapay zekanin iiretkenligi artirmasina ragmen, istthdam kalitesi {izerindeki etkilerin
bolgesel ozelliklere bagh olarak degistigini ortaya koymaktadir. Gu vd. (2022) ise Cin’in eyalet
diizeyindeki 2007-2020 dénemi panel verilerini kullanarak yapay zeka gelisiminin hizmet sektorii
istihdamui tizerindeki etkisini arastirmis ve yapay zekanin hizmet sektdriinde hem dogrudan hem de
dolayli etkiler olusturdugunu gostermistir. Ancak bu etkilerin bolgesel ekonomik yapi, insan
sermayesi ve teknolojik uyum kapasitesine gore farklilastigi goriilmektedir.

Yapay zekanin beceri gruplari izerindeki etkileri, teknolojik doniistimiin isgiicli piyasasinda
kutuplastirici sonuglar olusturabilecegine iliskin tartigsmalar gliclendirmektedir. Feng vd. (2026), Cin
Hanehalki Finans Anketi’nden elde edilen 2011-2019 donemi panel verileri ile sehir diizeyindeki
yapay zeka gostergelerini kullanarak yapay zekanin kapsayici biiyiime iizerindeki etkisini panel sabit
etkiler modelleri aracilifiyla incelemistir. Bulgular, yapay zekanin diisiik vasifli ¢alisanlarin istihdam
olanaklarimi artirarak kapsayici bitylimeyi destekleyebildigini ancak farkli beceri gruplar agisindan
etkilerin ayni olmadigimi gostermektedir. Feng vd. (2026) ise Cin’in 276 sehrine ait 2008-2022
donemi panel verilerini kullanarak yapay zekanin istihdam yapisi iizerindeki etkisini analiz etmis ve
yiiksek ve diigiik vasifli ¢alisanlarin istihdam paylarinda U bigimli, orta vasifli ¢alisanlarda ise ters
U bigimli bir iliski bulundugunu ortaya koymustur. Bu sonug, yapay zekanin 6zellikle orta beceri
diizeyindeki iglerde doniisiim baskis1 olusturarak isgiicli piyasasinda yeniden yapilanmaya neden
olabilecegini gostermektedir.

Gelismekte olan ekonomilerde yapay zekanin beceri diizeyine gore farklilagan etkileri daha
belirgin bi¢cimde ortaya cikabilmektedir. Giwa ve Ngepah (2024a), Giliney Afrika ekonomisinde
yapay zekanin vasifli istihdam iizerindeki etkisini 2012:Q1-2021:Q4 dénemine ait verilerle ARDL
modeli ve Granger nedensellik testi kullanarak incelemistir. ilk tahmin sonuglari, yapay zekanin
vasifli istihdam {izerinde kisa ve uzun dénemde pozitif etkili oldugunu gosterirken, yapisal kirilmalar
dikkate alindiginda iliskinin negatif ve anlamli hale geldigi belirlenmistir. Ayn1 aragtirmacilar
tarafindan gergeklestirilen Giwa ve Ngepah (2024b) calismasinda ise Giiney Afrika ekonomisinde
yapay zeka benimsenmesi ile diigiik vasifli isttihdam arasindaki iliski VECM yaklagimiyla analiz
edilmistir. Bulgular, uzun donemde yapay zeka ile diigiik vasifli istihdam arasinda negatif iligki
bulundugunu ve yapay zeka yatirimlarindan diisiik vasifli istihdama dogru tek yonlii nedensellik
oldugunu gostermektedir. Bu sonuglar, yapay zekanin 6zellikle rutin ve diisiik beceri gerektiren
gorevlerde ikame etkisinin daha gii¢lii olabilecegine isaret etmektedir.

Yapay zekanin bolgesel isgiicii piyasalar1 lizerindeki etkileri de literatiirde dnemli bir
arastirma alani olusturmaktadir. He ve Tong (2026), Cin’in 31 eyalet diizeyindeki bdlgesine ait
(Hong Kong, Makao ve Tayvan hari¢) 2011-2023 donemi verilerini kullanarak yapay zeka
yayginligi, yetenek gelisimi ve istihdam oram arasindaki iligkiyi incelemistir. Bulgular, yapay zeka
yayginligmin bolgesel istthdam oranlarimi artirdigini ancak etkinin demografik yap1 ve ozellikle
niifus yaglanma diizeyine bagl olarak degistigini gostermektedir. Zhang (2026) ise Cin’in 30
eyaletine ait 2011-2022 donemi panel verileriyle yapay zeka gelisiminin bolgesel istihdam kalitesi
izerindeki etkisini analiz etmis ve yapay zekanim istihdam kalitesini artirdigim ortaya koymustur.

www.turkishstudies.net/economy



3686 Idris Yagmur - Mustafa Karakus

Bununla birlikte etkinin dogu, merkez ve bati bolgelerinde farkli biiyiikliiklere sahip olmasi,
teknolojik doniisiimiin bolgesel ekonomik kapasite ve insan sermayesi ile birlikte degerlendirilmesi
gerektigini gostermektedir.

Yapay zekanin istihdam iizerindeki etkilerinin zaman iginde degisebilecegi de literatiirde
vurgulanan 6nemli konular arasindadir. Huo vd. (2024), Cin imalat sektoriine ait 2011-2020 donemi
eyalet panel verilerini kullanarak yapay zeka gelismisligi ile istihdam arasindaki iliskiyi incelemis
ve pozitif U bicimli bir iligki tespit etmistir. Buna gore teknolojik doniisiimiin baglangic asamalarinda
emek ikamesi etkisi daha belirgin olurken, uzun dénemde verimlilik artis1, yeni gorev alanlarinin
olusumu ve tiretim kapasitesindeki genisleme yoluyla istihdam yaratici etkiler giiglenmektedir. Li
vd. (2025) ise Cin’in 30 eyaletine ait 2008-2022 dénemi panel verileriyle yapay zekanin kirsal
isgliciiniin istihdam kalitesi iizerindeki etkisini incelemis ve yapay zekanin; egitim, beceri gelistirme
ve 0grenme firsatlarim artirarak kirsal isgiicliniin istihdam kalitesini iyilestirdigini gostermistir.

Yapay zekanin beceri yapisi ve calisanlarin demografik o6zellikleri tizerindeki etkileri,
teknolojik doniisiimiin farkli ¢alisan gruplar agisindan asimetrik sonuglar olusturabilecegini ortaya
koymaktadir. Liang vd. (2025), Cin’in 30 eyaletine ait 2010-2022 dénemi panel verilerini kullanarak
yapay zeka gelisiminin istihdamin beceri yapisi iizerindeki etkisini iki yonlii sabit etkiler modeliyle
analiz etmistir. Bulgular, yapay zekdnin diisiikk vasifli isgiliciine yonelik talebi azalttigini, buna
karsilik orta ve yiiksek vasifli isgiiciine yonelik talebi artirdigini1 gostermektedir. Ayrica esik etkisi
analizleri, yapay zeka ile diisik vasifli iggiicii talebi arasinda dogrusal olmayan bir iligki
bulundugunu ortaya koymaktadir. Calismanin 6nemli bulgularindan biri, yapay zekanin diisiik vasifli
kadin ¢alisanlar {izerindeki olumsuz etkisinin erkek ¢alisanlara gére daha giiclii olmasidir. Bu sonug,
teknolojik donilisiimiin yalnizca beceri diizeyine gore degil, ¢alisanlarin demografik 6zelliklerine
gore de farkli sonuglar olusturabilecegini gostermektedir.

Yiksek egitimli calisanlar agisindan ise yapay zekanin daha ¢ok tamamlayici etkiler
olusturdugu goriilmektedir. Marinas vd. (2024), 78 iilkeye ait 2019-2022 dénemi verilerini
kullanarak Yapay Zeka Hazirlik Endeksi’nin yiiksek egitimli ¢alisanlarin istihdami tizerindeki
etkisini panel veri yontemiyle incelemistir. Bulgular, yapay zeka hazirlik diizeyi yiiksek iilkelerde
yiiksek egitimli calisanlarin istihdaminin arttigini gostermektedir. Bu sonug, yapay zekanin belirli
beceri gruplar agisindan insan sermayesini ikame eden degil, tamamlayan bir teknoloji olarak
isleyebilecegini gostermektedir. Buna karsilik Handel (2026), ABD ekonomisinde 2010-2023
donemine ait istihdam verilerini kullanarak yapay zeka ve robotik teknolojilerin kitlesel is
kayiplarina yol agacagi yoniindeki goriisleri degerlendirmistir. Calisma, teknoloji kaynakli bityiik
Olcekli bir istihdam kaybina iligskin giiglii kanit bulunmadigini ve doniisiimiin daha ¢ok kademeli
bigcimde gerceklestigini ortaya koymaktadir.

Yapay zekd ve otomasyon teknolojilerinin istihdam iizerindeki etkilerini birlikte ele alan
caligmalar, kullanilan teknoloji gdstergesinin sonuglar iizerinde belirleyici olabilecegini
gostermektedir. Okur ve Ozdemir (2025), G7 iilkelerinde yapay zeka ve otomasyon teknolojilerinin
istihdam dinamikleri iizerindeki etkisini 2010-2024 donemini kapsayan dengeli panel veri seti ile
analiz etmistir. Bulgular, yapay zeka yatirimlarinin uzun dénemde istihdam iizerinde negatif etkiler
olusturdugunu, robot yogunlugunun ise ekonomik yapiya bagl olarak farkli sonuglar verebildigini
gostermektedir. Ayrica nedensellik analizleri, yapay zeka yatirnmlarindan istihdama dogru tek yonlii
bir iligkinin bulunduguna isaret etmektedir. Bu sonug, yapay zekanin istihdam iizerindeki etkilerinin
yalnizca teknolojinin varligiyla degil, hangi sektorlerde ve hangi iiretim siireglerinde kullanildigiyla
iligkili oldugunu ortaya koymaktadir.

Imalat sektdrii ve robot teknolojileri iizerine yapilan galismalar ise yapay zekanin emek
ikamesi ve emek tamamlayiciligi mekanizmalar arasindaki dengeyi aciklamaya yonelik 6nemli
kanitlar sunmaktadir. Shen ve Zhang (2024), Cin’in 30 eyaletine ait 2006-2020 dénemi panel
verilerini kullanarak yapay zekéanin istihdam {izerindeki etkisini iki yonlii sabit etkiler modeli ve iki
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asamali en kiiciik kareler yontemiyle incelemistir. Bulgular, endiistriyel robotlarla temsil edilen
yapay zeka teknolojilerinin isletmelerde toplam is sayisini artirabildigini gostermektedir. Ayrica
verimlilik artis1, sermaye derinlesmesi ve is boliimiindeki gelismelerin yapay zekanin olas1 istthdam
azaltici etkilerini sinirlandirdigi belirlenmistir. Shen (2024) tarafindan Cin’in 30 eyaletine ait 2006-
2022 donemi panel verileri kullanilarak gerceklestirilen diger ¢aligmada da benzer bi¢imde yapay
zekadnin imalat sektoriindeki istihdam etkisi incelenmis ve geleneksel olarak oOne siiriilen
“makinelerin insan emeginin yerini alacag1” yaklasiminin aksine, belirli ekonomik kosullarda yapay
zeka teknolojilerinin toplam is sayisini artirabilecegi sonucuna ulagilmistir. Bu calismalar, yapay
zekéa-istihdam iligkisinin yalnizca ikame mekanizmasiyla agiklanamayacagini; verimlilik artisi, yeni
gorev alanlarinin ortaya c¢ikmasi ve iiretim genislemesi gibi tamamlayict kanallarin da dikkate
alimmasi gerektigini gostermektedir.

Yapay zeka, istihdam ve verimlilik arasindaki uzun dénemli iligkileri inceleyen arastirmalar
da teknolojik doniisiimiin isgiicii piyasalari tizerindeki etkilerinin daha genis bir ekonomik ¢ercevede
degerlendirilmesi gerektigini ortaya koymaktadir. Tekin-Balc1 ve Demirel (2025), 10 iilkeye ait
2002-2021 donemi verilerini kullanarak yapay zeka teknolojileri, istihdam ve verimlilik arasindaki
iligkiyi VECM, esbiitlinlesme testleri, Granger ve Toda-Yamamoto nedensellik analizleri araciligiyla
incelemistir. Calismada yapay zekay1 temsil etmek amaciyla patent bagvurulari, Ar-Ge harcamalari
ve yliksek teknolojili {iriin ihracat1 gibi gostergeler kullanilmistir. Bulgular, yapay zeka gostergeleri
ile istihdam ve verimlilik arasinda uzun dénemli pozitif iligkiler bulundugunu ve degiskenler
arasinda ¢ok yonlii nedensellik iliskileri oldugunu gostermektedir. Bu sonug, yapay zekanin yalnizca
mevcut iglerin niteligini degistiren bir teknoloji olmadigini, ayn1 zamanda iiretkenlik artis1 yoluyla
ekonomik faaliyetleri genisleterek dolayli istihdam etkileri olusturabilecegini gostermektedir.

Yapay zekanmn istihdam yapisi iizerindeki etkilerinin kurumsal, bolgesel ve sektorel
farkliliklar agisindan incelendigi calismalar, teknolojik doniisiimiin ekonomik cevreye duyarl
oldugunu ortaya koymaktadir. Wang vd. (2024), Cin’in eyalet diizeyindeki 2010-2019 dénemi panel
verilerini kullanarak yapay zekanin istihdam yapisi tizerindeki etkisini sabit etkiler modeli, aracilik
modeli, esik etki modeli ve mekansal heterojenlik analizleri aracilifiyla incelemistir. Bulgular, yapay
zekanin isgiicli istihdam yapisinin gelisimini destekledigini ancak etkinin ekonomik yapi, bolgesel
ozellikler ve teknolojik kapasiteye bagli olarak farklilagtigimi gostermektedir. Bu sonug, yapay
zekanin etkilerinin yalnizca iilkeler arasinda degil, ayni iilke icerisindeki bolgeler arasinda da
farklilagabilecegine isaret etmektedir.

Firma diizeyindeki caligmalar da yapay zek&nin istihdam etkilerinin teknoloji kullanim
bi¢cimi ve yenilik kapasitesiyle yakindan iligkili oldugunu gostermektedir. Yang (2022), Tayvan
elektronik sektdriinde faaliyet gosteren firmalara ait 2002-2018 donemi verilerini kullanarak yapay
zeka yeniliklerini patent metinlerinden elde edilen anahtar kelime eslestirme yontemiyle 6lemiistiir.
Ampirik sonuglar, yapay zekad teknolojilerinin firma verimliligi ve istihdam ile pozitif iligkili
oldugunu gostermektedir. Bununla birlikte yapay zeka disindaki teknolojik yeniliklerin de benzer
biiyiikliikte verimlilik ve istihdam artirici etkiler olusturdugu belirlenmistir. Bu bulgu, yapay zekanin
istihdam {izerindeki etkilerinin tek bagina belirli bir teknolojiye indirgenemeyecegini, daha genis bir
teknolojik yenilik ekosistemi igerisinde degerlendirilmesi gerektigini goéstermektedir.

Sektorel isgiicli yapisi agisindan yapay zekanin etkilerini inceleyen c¢aligmalar, teknolojik
doniisiimiin yalnizca is sayisin1 degil, islerin niteligini ve gerekli beceri setlerini de degistirdigini
gostermektedir. Yang vd. (2025), Cin tarim sektoriinde 2010-2019 donemine ait 31 eyalet panel
verilerini kullanarak yapay zeka sermayesinin kentsel istihdam tizerindeki etkisini analiz etmistir.
Bulgular, yapay zeka sermayesindeki artisin diisiik, orta ve yiiksek vasifli iggiicli lizerinde farkli
sonuglar olusturdugunu gostermektedir. Ozellikle yiiksek vasifli isgiiciiniin istihdam yapisinda yapay
zeka kaynakli doniisiimiin daha belirgin oldugu goriilmektedir. Buna karsilik Zhao vd. (2025), Cin
eyaletlerinden elde edilen robot kullanim verilerini sektor diizeyindeki istihdam verileriyle
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eslestirerek iki yonlii sabit etkiler modeli, esik regresyon modeli ve Uzamsal Durbin Modeli
kullanmigtir. Bulgular, robot kullaniminin Cin imalat sektorii istihdami tizerinde negatif etkili
oldugunu ve robot yogunlugundaki artigin belirli bolgelerde ve sektorlerde istihdam kayiplarina
neden olabildigini gostermektedir. Bu sonuclar, yapay zeka ve otomasyon teknolojilerinin
tamamlayici etkilerinin yaninda, standartlastirilmis ve otomasyona uygun gorevlerde ikame etkisi de
olusturabilecegini ortaya koymaktadir.

Genel olarak degerlendirildiginde mevcut literatiir, yapay zeka-istihdam iligkisinin karmasik,
cok boyutlu ve ekonomik baglama duyarli bir yapiya sahip oldugunu gostermektedir. Calismalarin
onemli bir bolimii {ilke, bolge, sektor veya firma diizeyinde panel veri yontemleri kullanarak yapay
zekanin isgilicii piyasalari iizerindeki etkilerini incelemis ve 6zellikle gelismis ekonomiler ile Cin
ornegine yogunlagsmustir. Literatiirdeki ortak bulgu, yapay zekanin istihdam iizerinde tek yonlii bir
etkiye sahip olmadigi; teknolojik tamamlayicilik ve emek ikamesi mekanizmalarinin ayni anda
ortaya cikabildigidir. Bagka bir ifadeyle yapay zeka bazi ¢alisan gruplari igin yeni firsatlar yaratirken,
belirli is tiirleri ve beceri gruplari agisindan doniisiim baskisi olusturabilmektedir.

Bununla birlikte mevcut literatiirde 6nemli bazi arastirma bosluklar1 bulunmaktadir. Tlk
olarak, ampirik caligmalarin biiylik boliimii gelismis iilkeler, BRICS ekonomileri ve 6zellikle Cin
iizerine yogunlagsmaktadir. Cin 6rnegine dayali calismalar yapay zekanin bolgesel, sektorel ve beceri
temelli etkilerine iliskin 6nemli kanitlar sunmakla birlikte, bu bulgularin farkli kurumsal yapiya ve
teknolojik gelismislik diizeyine sahip gelismekte olan ekonomilere aktarilmasinda dikkatli olunmasi
gerekmektedir. Tiirkiye gibi gelismekte olan ekonomilerde teknolojiye erisim kapasitesi, liretim
yapisl, isgiiciliniin egitim profili ve sektorel dagilim gelismis ekonomilerden farkli oldugundan, yapay
zekann istihdam {izerindeki etkilerinin iilke 6zelinde incelenmesi 6nem tasimaktadir. Tkinci olarak,
mevcut ¢alismalarin 6nemli bir kismi toplam istihdam, sektorler veya beceri gruplari {izerine
yogunlagmaktadir. Bununla birlikte yapay zekanin kadin ve erkek calisanlar {izerindeki olas1 farkli
etkileri literatiirde smirli bi¢imde ele alinmaktadir. Teknolojik doniisiim siirecleri, calisanlarin
sektorel dagilimi, meslek yapist ve beceri 6zellikleri nedeniyle cinsiyet gruplar iizerinde farkli
sonuglar olusturabilir. Ozellikle kadm istihdammin belirli hizmet sektdrlerinde ve rutin biligsel
gorevlerde yogunlasabildigi dikkate alindiginda, yapay zeka-istihdam iliskisinin cinsiyet boyutuyla
incelenmesi literatiirde dnemli bir arastirma alam olusturmaktadir. Uciincii olarak, mevcut ampirik
calismalarin 6nemli bir boliimii yapay zeka ile istihdam arasindaki iliskinin dogrusal yapisina
odaklanmaktadir. Ancak teknolojik yeniliklerin etkileri zaman igerisinde ayni yonde ve sabit
biiylikliikte gergeklesmeyebilir. Yapay zekanin yayginlagsmasinin baslangic asamasinda bazi
mesleklerde ikame etkisi ortaya ¢ikarken, uzun dénemde verimlilik artigi, yeni liretim alanlarinin
olugmasi ve ekonomik faaliyetlerin genislemesi yoluyla farkli sonuglar ortaya ¢ikabilir. Bu nedenle
yapay zeka soklarimin yoniinii dikkate alan asimetrik yaklasimlar, teknolojik doniisiimiin istihdam
tizerindeki etkilerinin daha kapsamli bigimde anlasilmasi agisindan 6nem tagimaktadir.

Bu calisma, s6z konusu arastirma bosluklarin1 gidermek amaciyla Tiirkiye ekonomisinde
yapay zeka ile istihdam arasindaki iliskiyi 2015:M1-2026:M2 donemine ait aylik veriler kullanarak
incelemektedir. Calismanin literatiire katkis1 ii¢ temel noktada ortaya ¢cikmaktadir. Tlk olarak, calisma
yapay zekay1 temsil etmek amaciyla patent sayilari, robot yogunlugu veya Ar-Ge harcamalari gibi
geleneksel gostergeler yerine, EPU veri tabaninda yer alan haber temelli Yapay Zeka Endeksi’ni
kullanmaktadir. Giinliik frekansta sunulan endeks degerleri aylik frekansa doniistiiriilerek analize
dahil edilmektedir. Bu yaklasim, yapay zeka teknolojilerine iligskin gelismelerin haber ortamindaki
goriiniirliigiinii ve ekonomik tartismalardaki yansimalarini dlgmeye yonelik alternatif bir gdsterge
sunmaktadir. ikinci olarak, ¢alisma yapay zekanin istihdam iizerindeki etkilerini yalmzca toplam
istthdam acisindan degil, toplam istihdam orami ile birlikte erkek ve kadin istihdam oranlari
ayriminda ele almaktadir. Boylece literatiirde sinirh kalan cinsiyet boyutuna katki saglanmaktadir.
Ugiincii olarak, yapay zeka ile istihdam arasindaki iliskinin dogrusal olmayan ve asimetrik
ozelliklerini dikkate almak amaciyla Fourier tabanli analizler ve Hatemi-J (2024) Etkili Asimetrik
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Nedensellik Testi kullanilmaktadir. Bu yontemsel yaklagim, yalnizca yapay zeka gostergesindeki
degisimlerin istihdam tizerindeki etkisini degil, pozitif ve negatif yonlii yapay zeka soklarinin farkl
sonuglar olusturup olusturmadigini da degerlendirmeye olanak saglamaktadir.

Bu yoniiyle calisma, mevcut literatiirden farkli olarak yapay zekéa-istihdam iliskisini
gelismekte olan bir ekonomi olan Tiirkiye baglaminda, aylik yiiksek frekansh veriler ve cinsiyet
ayrimi temelinde incelemektedir. Caligmanin yaklasimi, yapay zekanin farkli isttihdam gdstergeleri
iizerindeki etkilerinin ayni yonde ve aymi biiyiiklilkkte gerceklesmeyebilecegi varsayimina
dayanmaktadir. Bu kapsamda ¢alisma, yapay zekanin toplam istihdam, kadin istihdami ve erkek
istihdamu {izerindeki etkilerini ayr1 ayr degerlendirerek Tiirkiye 6rneginde literatiire yeni ampirik
bulgular saglamay1 amaglamaktadir.

Veri ve Model

Bu caligmada, yapay zeka ile istihdam arasindaki iliski Tirkiye orneginde 2015:M1-
2026:M2 donemine ait aylik veriler kullanilarak incelenmektedir. Analiz donemi, yapay zeka
endeksinin veri kullanilabilirligi esas alinarak belirlenmis olup toplam 134 gézlemden olusmaktadir.

Caligmada kullanilan yapay zeka verisi, EPU veri tabaninda yayimlanan Yapay Zeka
Endeksinden elde edilmistir. S6z konusu endeks, ABD gazetelerinde “yapay zeka”, “iiretken yapay
zekd (GenAl)”, “makine 6grenimi” ve “bilgisayar gdrme” anahtar kelimelerini iceren haberlerin
giinlik yogunlugunu olgmektedir. Giinliik frekansta yayimlanan yapay zekd endeksi, istihdam
verileriyle uyumlu hale getirilmesi amaciyla aylik frekansa doniistiiriilerek analizlerde kullanilmistir.
Istihdam degiskenleri ise Tiirkiye Istatistik Kurumu (TUIK) tarafindan yayimlanan mevsim
etkilerinden arindirilmis isgiicii istatistiklerinden elde edilmistir. Bu kapsamda, 15 yas ve tizeri
toplam istihdam orani (TE), erkek istihdam oran1 (ME) ve kadin istihdam oran1 (FE) olmak iizere ii¢
farkli isttihdam gostergesinden yararlanilmistir. Boylece yapay zeka endeksi ile toplam istihdamin
yan1 sira cinsiyete gore farklilasan istihdam gostergeleri arasindaki iligkinin Dbirlikte
degerlendirilmesi amaglanmaktadir.

Caligmada kullanilan degiskenlerin tanimlar1 ve veri kaynaklar1 Tablo 1’de, degiskenlere
iliskin tanimlayicu istatistikler ise Tablo 2’de sunulmaktadir.

Tablo 1. Degiskenlerin Tanimi1 ve Veri Kaynagi

Degiskenler Tanim Veri Kaynag
Al Yapay zeka, genAl, makine 6grenimi, bilgisayar gérme EPU Endeksi
TE 15+ niifusa gore istthdam orani, toplam (%) TUIK
(Mevsimsellikten arindirilmis temel isgiicli gostergeleri)
L . o
ME 15+ .erkek.lerde istihdamin nu.fusna _ orant ( A?) TUIK
(Mevsimsellikten armndirilmig temel iggiicli gdstergeleri)
L . N
FE 15+ kadinlarda istthdamin niifusa orant (%) TUIK

(Mevsimsellikten arindirilmis temel isgiicli gostergeleri)

Yapay zeka endeksi ile istihdam gostergeleri arasindaki uzun donemli iligkinin analiz
edilmesi amaciyla asagidaki ampirik modeller olusturulmustur.

TEt = ,80 + BIAIL' + St

ME; = Bo + B1Al + & €Y

FEt = BO + :81AIL' + gt

Modelde Al; yapay zeka endeksini; Sy sabit terimi; £; egim katsayisini; & hata terimini;

=2015:M1,...,2026:M2 aylik gbzlem donemini; TE;, ME; ve FE; ise sirasiyla toplam, erkek ve kadin
istihdam oranlarini temsil etmektedir.
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Tablo 2. Aciklayici Istatistikler

Degiskenler Gozlem Ortalama Std. Dev. Minimum Maksimum
Al 134 297.139 333.0689 45.30323 1473.702
TE 134 46.74104 1.931816 40.3 50
ME 134 64.50821 2.144377 55.9 67.3
FE 134 29.35075 1.968311 25 33.1

Tablo 2’de goriildiigii lizere, analiz doneminde yapay zeka endeksinin ortalama degeri
297.139, minimum degeri 45.30 ve maksimum degeri 1473.702 olarak hesaplanmustir. Istihdam
oranlarmin ortalamasi toplam istihdam i¢in %46.74, erkek istihdami i¢in %64.50 ve kadin istihdami
icin %29.35’tir. Ayrica yapay zeka endeksinin standart sapmasinin istihdam degiskenlerine kiyasla
daha yiiksek olmasi, analiz doneminde yapay zekaya iliskin haber yogunlugunun 6nemli 6l¢iide
dalgalandigin1 gostermektedir.

Metodoloji

Bu calismada, yapay zeka ile istihdam gostergeleri arasindaki uzun donemli iligski ve
nedensellik dinamiklerini incelemek amaciyla ti¢ asamali1 bir ekonometrik yaklasim benimsenmistir.
[k asamada, serilerin duraganlik dzelliklerini belirlemek amaciyla yapisal kirilmalar1 ve dogrusal
olmayan o6zellikleri dikkate alan Fourier KPSS duraganlik testi uygulanmustir. ikinci asamada,
degiskenler arasindaki uzun donemli iligkinin varligini arastirmak i¢in Fourier ADL esbiitlinlesme
testi kullanilmistir. Son asamada ise degiskenler arasindaki pozitif ve negatif soklarin farkl: etkiler
yaratabilecegi varsayimindan hareketle, iligkinin yoniinii ve asimetrik nedensellik iligkilerini
belirlemek amaciyla Hatemi-J (2024) Etkili Asimetrik Nedensellik Testi uygulanmistir. Bu
metodolojik yaklagim, yapay zeka endeksi ile istihdam gostergeleri arasindaki iliskinin yalnizca
dogrusal ve simetrik bir ¢ercevede degil, ayn1 zamanda yapisal degisimler ve pozitif/negatif soklar
dikkate alinarak analiz edilmesine olanak saglamaktadir. Boylece ¢aligsma, yapay zeka gelismelerinin
Tiirkiye isgiicii piyasasi Uzerindeki etkilerini daha kapsamli bir sekilde degerlendirmeyi
amaclamaktadir.

Fourier KPSS Duraganlik Testi

Caligmada serilerin duraganlik Ozelliklerini belirlemek amaciyla Becker vd. (2006)
tarafindan gelistirilen Fourier KPSS duraganlik testi, Kwiatkowski vd. (1992) tarafindan 6nerilen
KPSS tipi duraganlik testine dayanmaktadir. Bu yontem, klasik KPSS testinden farkli olarak
serilerde meydana gelebilecek yumusak yapisal kirilmalar1 Fourier fonksiyonlari araciliiyla modele
dahil etmektedir. Boylece kirilmalarin sayisi, zamani veya bigimi 6nceden belirlenmeden duraganlik
analizi gergeklestirilebilmektedir.

Fourier yaklagimi, deterministik bilesene siniis ve kosiniis terimlerinin eklenmesiyle yapisal
degisimleri esnek bir bigimde temsil etmekte ve yapisal kirilmalarin ihmal edilmesinden
kaynaklanabilecek yanliliklar1 azaltmaktadir. Testin temel hipotezi (Ho) serinin duragan oldugunu,
alternatif hipotezi (H,) ise duragan olmadigini ifade etmektedir. Calismada Fourier KPSS testine ait
model ve test istatistigi agagidaki denklemler yardimiyla gosterilmektedir.

Becker vd. (2006) tarafindan gelistirilen duraganlik testi, asagida yer alan Denklem 2 ve
3’teki veri liretme siireci ile baglamaktadir:

Ve=XeB+Ziy+ e+ & 2)

Tp = T+ U 3)

Turkish Studies — Economics, Finance, Politics 21(O1)


https://turkishstudies.net/economy-yonetim?modul=kullanici_profil&user_id=296937
https://turkishstudies.net/economy-yonetim?modul=kullanici_profil&user_id=296937

Artificial Intelligence and Gender-Based Employment Dynamics... 3691

Yukarida yer alan &, hata terimini, u, ise ¢ varyansh bagimsiz ve dzdes dagilin ifade
etmektedir. Burada X; = [1], y;’nin diizey duragan bir siireci i¢in, X, = [1, t]’ ise trend-duragan bir
siire¢ i¢in kullanilmaktadir.

2, = [sin (Z22), cos (22| @

Denklem 4, deterministik terimdeki bir kirilmay1 yakalamak icin kullanilmaktadir. Burada &
frekans, 7T ise drneklem biiyiikliigiinii ifade etmektedir. Sifir hipotezi altinda g;; = 0, yani Denklem
2 ve 3 ile agiklanan siire¢ duragan olmaktadir.

_ +zn: _(2nkt)+zn:b (ant)_ <T .
ar = ay k_laksm T % COS 7 ) n 5 (5)

Denklem 5°te yer alan n, yaklasimda yer alan frekanslarin sayisini, & ise belirli bir frekansi
temsil etmektedir. » = 1’den baglayarak ve ilave frekanslar eklenerek yaklasimi iyilestirmek miimkiin
olabilmektedir. n = 7/2 degerine ulasildiginda, a(f) uyumu miikemmel hale gelmektedir. Ayrica
sorunu ¢oziilebilir hale getirmek i¢in Becker vd. (2006), tek frekansl bir bilesen kullanan asagidaki
Fourier yaklagimini 6nermislerdir:

. (2mkt 2kt
a(t)EZéy:ylsln( T )+ yzcos( T ) (6)

Denklem 6°da yer alan k yaklasim igin segilen frekansi temsil ederken, y = [y;,v,] ise
frekans bileseninin genligini ve yer degistirmesini 0lgmektedir. Sifir hipotezi altinda zamanla
degisen bir kesisimin varligina izin verirken KPSS istatistiginde sadece kii¢iik bir degisiklige ihtiyag
vardir. Basit bir sekilde é; asagidaki regresyonlardan elde edilen kalintilar1 géstermektedir (Becker
vd., 2006: 385):

. (2mkt 2wkt
yt=a+ylsln( T )+y2cos< T )+ e (7a)

_ (2mkt 2wkt
yt=a+,8t+y151n( T )+y2cos< T )+ e (7b)
Bu sekilde asagida yer alan test istatistikleri elde edilebilmektedir:

1 X7, 8. (k)?
7, (k) or 1.(k) = ﬁz:t_}—zt() ®

Burada S, (k) = Z§=1 é; ve &;, 7Ta ve 7b numarali denklemden elde edilen OLS kalintilardr.

KPSS’de oldugu gibi uzun dénem varyansinin parametrik olmayan bir tahmini &2, bir kesme
gecikmesi parametresi / ve bir dizi agirhk w; segilerek j = 1, ... , [ elde edilmektedir:

62=7p+2 Z w; ¥ C)

Burada 7;, Denklem 7a veya 7b’den elde edilen é; kalintilarinin j’inci 6rnek otokovaryansini
ifade etmektedir. Becker vd. (2006) &’nin uygun degeri belirlenirken en kiigiik kalinti kareler
toplamini veren k degerinin secilmesi gerektigini ifade etmislerdir. Bos hipotez i¢in o2 = 0 olmast,
veri liretme siirecinde kirilmalarin varligina iligkin 6zel bir varsayimda bulunmamaktadir. Ayrica
dogrusal olmayan trend veri tiretme siirecinde mevcut degilse, standart KPSS testini kullanarak daha
fazla gii¢ elde etmek miimkiin olabilmektedir. Dolayisiyla dogrusal olmayan bir trendin (y; =y, =
0) yoklugunu test etmek arzu edilir hale gelmektedir. Bu hipotez icin F test istatistigi asagida yer
alan Denklem 10’daki gibi hesaplanmaktadir:
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SSRo—SSR4 (k)

Fi(k) = W; i=ut (10)

T—q
Burada SSRi(k) Denklem 7a veya 7b’den elde edilen karesel artiklar toplamini temsil

etmektedir. g regresor sayisini, SSRy ise trigonometrik terimler olmaksizin regresyondan elde edilen
karesel artiklar toplamini ifade etmektedir (Becker vd., 2006: 382-391).

Fourier ADL Esbiitiinlesme Testi

Serilerin uzun donemli iligkisini incelemek amaciyla Banerjee vd. (2017) tarafindan
gelistirilen Fourier ADL esbiitiinlesme testi, Enders ve Lee (2012) ¢alismasina dayanmaktadir. Bu
yontem, geleneksel ADL esbiitiinlesme yaklagimini Fourier fonksiyonlar ile genisleterek yapisal
kirilmalarin varligi altinda daha giivenilir sonuglar elde edilmesine olanak saglamaktadir.

Fourier ADL yaklasimi, esbiitiinlesme analizinde deterministik bilesendeki yumusak
degisimleri siniis ve kosiniis fonksiyonlar1 ile modele dahil etmekte, boylece kirilmalarin sayis1 ve
tarihinin 6nceden belirlenmesine ihtiya¢ duymamaktadir. Analizde kullanilan Fourier ADL modeli,
Enders ve Lee (2012)’ya gore, Denklem 11°deki Fourier yaklagimmi kullanarak d(¢) adh

deterministik terimi tanimlanmustir:
q
) Ss (). o] !
2 1 eos () a3 (1)

Denklemde yer alan y,, bir sabit ve dogrusal egilimi iceren olagan deterministik terimini, £
belirli bir tek frekansi gostermektedir. g ise yaklasimda yer alan frekans sayisini, 7 ise gozlem
sayisini temsil etmektedir.

q
. (2mkt
d(t) =y + Z Vik sm( T
k=1

Banerjee vd. (1998) calismasina benzer sekilde, Fourier ADL test prosediiriinii agiklamak
i¢in Denklem 12’deki kosullu model kullanilmaktadir:

Ay;r = d@) + 61y1-1 V' Vo-1 + @'Aya + & (12)

Burada y, ¢ ve y,; parametreler ve aciklayici degiskenlerden olusan n x 1 boyutlu
vektorlerdir. Deterministik terim d(¢), (11) numarali denklemde zamanin dogrusal olmayan bir
fonksiyonunu igerir. Bagimli degisken y;; tek degiskenli bir siirectir ve §; bir skalerdir. Daha genel
durumlarda, &;’deki olasi seri korelasyonu kontrol etmek i¢in Ay,; ve Ay,, nin gecikmelerine izin
verilir.

Testte temel hipotez (Ho) degiskenler arasinda esbiitiinlesme iligkisinin bulunmadigini,
alternatif hipotez (H,) ise uzun donemli esbiitiinlesme iliskisinin varligini ifade etmektedir. Test
istatistigi ise su sekilde tanimlanmaktadir:

5

F 1 13
tADL se (51) ( )

Burada &;, (12) numarali denklemdeki §;’in OLS tahmincisidir ve se(a), (12) numarali

denklemin OLS tahmininden elde edilen &, ’in standart hatasini ifade etmektedir (Banerjee vd., 2017:
116-117).

Etkili Asimetrik Nedensellik Testi

Geleneksel nedensellik testleri, degiskenler {iizerindeki olumlu ve olumsuz soklarin
etkilerinin simetrik oldugunu varsayar. Ancak ekonomik iligkilerde, olumlu ve olumsuz
degisikliklerin etkileri birbirinden farkli olabilir. Bu nedenle bu ¢alismada degiskenler arasindaki
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potansiyel asimetrik nedensellik iliskilerini tespit etmek amaciyla Hatemi-J (2024) tarafindan
gelistirilen Etkili Asimetrik Nedensellik Testi kullanilmaktadir. Hatemi-J (2024) yaklasiminda,
analiz edilen degiskenler pozitif ve negatif inovasyon bilesenlerine ayristirilir. Z; ve Z> adli iki zaman
serisi degiskeni icin bu siire¢ su sekilde tanimlanmaktadir:

tt+1) :
Zl,t =a + bt + Zl,t—l + eil’t = at + 2 b + Zl,O + Z el']‘ (14)
=1
t
tt+1)
Zz't =c+ dt + Zz,t—l + ezjt =ct+ 2 d + ZZ,O + Z ezlj (15)

j=1
t=1,...,Tigin. Burada, e;, i=1, 2 oldugu her durum i¢in hata terimlerini temsil eder; a, b, ¢ ve
d sembolleri, tahmin edilecek deterministik katsayilar temsil eder; Z; o, i degiskeninin baslangi¢
degerini temsil eder. Granger ve Yoon (2002), pozitif ve negatif inovasyonlari su sekilde
tanimlamay1 onermektedir: ef y: = max(el't, 0), ey = max(ezrt, 0), e = min(el,t, 0) ve ey i =
min(ez,t, 0) seklinde tanimlanmasini 6nermektedir. Bu degerler kullanilarak, degiskenlerin kismi
kiimiilatif toplamlar1 (Z{,, Z1;, Z3, ve Z3 ) asagidaki gibi hesaplanabilir:

t

+ t(t+1) +
Zl‘t—p<at+[ > ]b+ZLO>+;eLj (16)
tt+1) :
Z;t=(1—p)<at+[ > ]b+Zl,O>+Ze1_J a7
j=1
tt+1)
zZ3 =q<at+[ ]b+Z,>+ ey (18)
2.t ) 1,0 ]Zl 2,j
tt+1) -

1

—.
Il

Elde edilen pozitif ve negatif bilesenler arasindaki nedensel iligkiler, Hatemi-J (2024)
tarafindan 6nerilen SURE tabanli verimli tahmin yaklagimi kullanilarak incelenmistir. Bu yontem,
pozitif ve negatif bilesenlerle iliskili hata terimlerinin birbirleriyle korelasyonlu olabilecegini dikkate
almaktadir; bu nedenle, standart VAR yaklagimi yerine SURE yontemi kullanilmaktadir. Bu
yaklasim, FGLS yontemine esdeger verimli tahmin sonuglar1 saglamaktadir. Sifir hipotezinin (Ho)
reddedilmesi, ilgili pozitif veya negatif sok bilesenleri arasinda asimetrik bir nedensel iliskinin
varligimi gostermektedir.

Bu ¢alismada, yapay zeka (Al) endeksi ile toplam istihdam orani (TE), erkek istihdam orani
(ME) ve kadm istihdam oram1 (FE) arasindaki pozitif ve negatif soklara dayali nedensel iliskileri
belirlemek amaciyla Etkili Asimetrik Nedensellik Testi uygulanmistir.

Ampirik Bulgular

Bu boliimde, yapay zeka endeksi ile istihdam degiskenleri arasindaki iligkiye yonelik
ampirik bulgular; duraganlik, esbiitiinlesme ve asimetrik nedensellik analizleri cercevesinde
sunulmaktadir.
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Tablo 3. Fourier KPSS Duraganlik Testi Sonuclari

Degiskenler KPSS Stat. k %ll)el;;i:ik %ls)elg::ik % ll;)elg(el:ﬁk
Al 0.1745%** 1 0.0716 0.0546 0.0471
TE 0.5859%*%*%* 1 0.0716 0.0546 0.0471
ME 0.5228%*%* 1 0.0716 0.0546 0.0471
FE 2.1719%** 2 0.2022 0.1321 0.1034

Not: *** jsareti, %1 anlamlilik diizeyinde duraganlik sifir hipotezinin reddedildigini gésterir (Becker vd., 2006).

Caligmada kullanilan degiskenlerin duraganlik 6zelliklerini belirlemek amaciyla uygulanan
Fourier KPSS duraganlik testi sonuglari Tablo 3’te sunulmaktadir. Tablo 3 incelendiginde, tiim
degiskenlere ait Fourier KPSS test istatistiklerinin kritik degerlerden daha yiiksek oldugu
goriilmektedir. Buna gore duraganlig ifade eden Ho hipotezi reddedilmektedir. Elde edilen sonuglar,
Al, TE, ME ve FE serilerinin diizey degerlerinde duragan olmadigin1 gostermektedir. Bu bulgu,
serilerin seviyede duragan olmadigmi ve degiskenler arasindaki olast uzun donemli iliskinin
arastirilmast amaciyla esbiitiinlesme analizlerinin uygulanmasinin uygun oldugunu ortaya
koymaktadir.

Tablo 4. Fourier ADL Egsbiitiinlesme Testi Sonuglari
Test %1 Kritik %S5 Kritik %10 Kritik

Model Istatistikleri Deger Deger Deger k
TE -2.1955 -4.4307 -3.7458 -3.3692 2
ME -2.1867 -4.4307 -3.7458 -3.3692 2
FE -1.7876 -4.4307 -3.7458 -3.3692 2

Degiskenler arasindaki uzun dénemli iliskinin arastirilmasi amaciyla uygulanan Fourier
ADL egsbiitiinlesme testi sonuglart Tablo 4’te gosterilmektedir. Sonuglara gore, TE modeli igin test
istatistigi -2.1955, ME modeli i¢in -2.1867 ve FE modeli i¢in -1.7876 olarak hesaplanmistir. Bu
degerlerin tamami %10 anlamlilik diizeyindeki kritik deger olan -3.3692’den daha biiyiik
durumdadir. Dolayisiyla uzun donemli esbiitiinlesmenin olmadigimi ifade eden Ho hipotezi
reddedilememektedir. Bagka bir ifadeyle istthdam gostergeleri ile yapay zeka endeksi arasinda uzun
donemde birlikte hareket eden istikrarli bir iliski bulunmamaktadir. Bununla birlikte, degiskenler
arasindaki olast dogrusal olmayan ve asimetrik nedensellik iligkilerinin belirlenebilmesi amaciyla
Hatemi-J (2024) tarafindan gelistirilen Etkili Asimetrik Nedensellik Testleri uygulanmaistir.

Tablo 5. Etkili Asimetrik Nedensellik Testi Sonuglari

Yon Sok Test istatistikleri Olasihk Degeri Karar
AI-TE Pozitif 0.0349 0.8518 Nedensellik iligkisi yoktur.
Negatif 0.0014 0.9706 Nedensellik iliskisi yoktur.
TE—AI Pozitif 0.0002 0.9881 Nedensellik iliskisi yoktur.
Negatif 0.0020 0.9647 Nedensellik iliskisi yoktur.
AI-ME Pozitif 0.3584 0.5494 Nedensellik iligkisi yoktur.
Negatif 0.1488 0.6997 Nedensellik iligkisi yoktur.
ME—AI Pozitif 0.1308 0.7176 Nedensellik iligkisi yoktur.
Negatif 0.2236 0.6363 Nedensellik iligkisi yoktur.
AI-FE Pozitif 6.0103** 0.0142 Nedensellik iligkisi vardir.
Negatif 0.6706 0.4128 Nedensellik iliskisi yoktur.
FE—AI Pozitif 0.2907 0.5897 Nedensellik iligkisi yoktur.
Negatif 0.8767 0.3491 Nedensellik iligkisi yoktur.

Not: ** isareti, %5 diizeyinde istatistiksel anlamlilig1 gosterir.
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Degiskenler arasindaki pozitif ve negatif soklara dayali nedensellik iliskilerini belirlemek
amaciyla uygulanan Hatemi-J (2024) asimetrik nedensellik testi sonuglart Tablo 5’te sunulmaktadir.
Sonuglar incelendiginde, yapay zeka ile toplam istihdam orani arasinda pozitif veya negatif soklar
acisindan herhangi bir asimetrik nedensellik iligkisi bulunmadig1 goriilmektedir. Benzer sekilde,
yapay zeka ile erkek istihdam orani arasinda da her iki yondeki soklar i¢in istatistiksel olarak anlamli
bir nedensellik iliskisine rastlanmamistir. Buna karsilik, yapay zeka endeksinden kadin istihdam
oranina dogru pozitif soklar temelinde tek yonlii ve istatistiksel olarak anlamli bir nedensellik iligkisi
tespit edilmistir. Bu sonug, yapay zekadaki pozitif soklarin kadin istihdamindaki degisimlerin dnciilii
olabilecegini gostermektedir.

Ancak negatif soklar acisindan ayni yonde anlamli bir iliski bulunmamistir. Dolayisiyla
yapay zeka ile kadin istihdami arasindaki iliskinin simetrik olmadig1 ve yalnizca pozitif yapay zeka
soklar1 lizerinden ortaya ¢iktigi goriilmektedir. Diger taraftan, kadin istihdam oranindan yapay zeka
endeksine dogru pozitif veya negatif soklar agisindan anlamli bir nedensellik iligkisi bulunmamustir.
Bu sonug, kadin istihdamindaki degisimlerin yapay zeka gostergesindeki degisimleri aciklayan bir
unsur olmadigini géstermektedir.

Genel olarak degerlendirildiginde, etkili asimetrik nedensellik testi sonuglari, incelenen
degiskenler arasinda yalnizca yapay zekadan kadin istihdamina dogru pozitif soklar temelinde tek
yonlii bir nedensellik iligkisi oldugunu ortaya koymaktadir. Buna karsin yapay zeka ile toplam
istihdam ve erkek istihdami arasinda anlamli bir iliski bulunmamagtir.

Sonuc ve Politika Onerileri

Bu calismada, yapay zeka ile Tiirkiye isgiicii piyasasi arasindaki iliski 2015:M1-2026:M2
donemine ait aylik veriler kullanilarak incelenmistir. Analizde yapay zekay1 temsilen Yapay Zeka
Endeksi (Al), istihdam gostergeleri olarak ise toplam istihdam orani (TE), erkek istihdam oran1 (ME)
ve kadin istihdam orani (FE) kullanilmistir. Degiskenler arasindaki iliskiler Fourier KPSS duraganlik
testi, Fourier ADL egbiitiinlesme testi ve Hatemi-J (2024) asimetrik nedensellik testi araciligiyla
analiz edilmistir.

Ampirik bulgular, yapay zeka endeksi ile istihdam gostergeleri arasinda uzun dénemli bir
esbiitiinlesme iliskisinin bulunmadigin1 gostermektedir. Bu sonug, incelenen dénemde yapay zeka
gelismeleri ile Tirkiye’deki istihdam gdstergeleri arasinda istatistiksel olarak anlamli bir uzun
donemli iligski bulunmadigina isaret etmektedir. Benzer sekilde, asimetrik nedensellik testi sonuglari
yapay zeka ile toplam istihdam ve erkek istihdami arasinda pozitif veya negatif soklar agisindan
anlamli bir nedensellik iligkisi olmadigini ortaya koymustur. Buna karsilik, yapay zekadaki pozitif
soklardan kadin istihdamina dogru tek yonli ve anlamli bir nedensellik iligkisi tespit edilmistir. Bu
bulgu, yapay zeka teknolojilerindeki olumlu geligsmelerin kadin isttihdami agisindan destekleyici bir
unsur olabilecegini gostermektedir. Bu bulgu, yapay zeka endeksindeki pozitif soklarin kadin
istthdamindaki degisimlerin onciilii olabilecegine isaret etmektedir. Bununla birlikte, negatif yapay
zeka soklar ile kadin istihdami arasinda anlamli bir nedensellik iliskisi bulunmamasi, yapay zeka
kaynakli olumsuz gelismelerin incelenen donemde kadin istihdaminda anlamli bir azalisla iligkili
olmadigini géstermektedir.

Caligmanin sonuglart dogrultusunda, yapay zeka politikalarinin yalnizca otomasyon
kaynakli isttihdam kayiplar1 perspektifinden degil, ayn1 zamanda yeni istihdam firsatlar1 yaratma
potansiyeli agisindan da degerlendirilmesi gerekmektedir. Ozellikle yapay zekanin kadi istihdami
ile pozitif yonlil iligkisinin bulunmasi, kadinlarin dijital ekonomiye katilimini artirmaya ydnelik
politikalarin 6nemini ortaya koymaktadir. Bu kapsamda, kadinlarin yapay zeka ve dijital teknolojiler
alanindaki bilgi ve becerilerini gelistirmeye yonelik egitim programlarinin desteklenmesi
onerilmektedir. Ayrica, ¢aligma sonuglar1 yapay zekanin mevcut donemde toplam istihdam tizerinde
anlamli bir degisim olusturmadigim gosterdiginden, politika yapicilarin yapay zekdyi yalnizca
istihdam kaybi yaratan bir unsur olarak degerlendirmek yerine, farkl istihdam gruplan {izerindeki
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olasi etkileri dikkate alan dengeli politikalar gelistirmesi énem tagimaktadir. Ozellikle yapay zeka
teknolojilerinin istihdam yaratict alanlarda kullanimimi tesvik eden uygulamalar, teknolojik
doniigiimiin olumlu sonuglarinin artirilmasina katki saglayabilir.

Sonug olarak, bu calisma Tiirkiye 6rneginde yapay zeka ile istihdam arasindaki iliskinin
genel ve homojen olmadigini; etkilerin istihdam tiirlerine gore farklilasabilecegini gostermektedir.
Bulgular, yapay zeka endeksi ile toplam istihdam ve erkek istihdami arasinda anlamli bir nedensellik
iligkisi bulunmadigini ancak kadin istihdami agisindan potansiyel olarak destekleyici bir unsur
olabilecegini ortaya koymaktadir.

Bu ¢alismanin bazi siirliliklart bulunmaktadir. 1k olarak, kullamlan Yapay Zeka Endeksi
dogrudan Tiirkiye’deki yapay zeka kullanim diizeyini degil, kiiresel yapay zeka gelismelerine iliskin
bilgi yogunlugunu temsil etmektedir. Ikinci olarak, veri dsnemi yapay zeka endeksinin erisilebilirligi
nedeniyle 2015:M1-2026:M2 donemiyle sinirlidir. Gelecek galigmalar, sektdr veya meslek bazli
daha ayrintili istihdam gostergeleri kullanarak yapay zekanin isgiicii piyasasi iizerindeki etkilerini
daha kapsamli sekilde inceleyebilir.
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  𝛼  ( t ) ≅   Z  t ′ 𝛾 =   𝛾 1   sin  (   2 𝜋 k t  T ) +     𝛾 2   cos  (   2 𝜋 k t  T )                                                                                                                                                   ( 6 )


  𝛾 =    [   𝛾 1   ,   𝛾 2 ] ′


      e ~  t


    y  t = 𝛼 +   𝛾 1   sin  (   2 𝜋 k t  T ) +   𝛾 2   cos  (   2 𝜋 k t  T ) +     e  t                                                                                                                                               ( 7 a )


    y  t = 𝛼 +   𝛽  t +   𝛾 1   sin  (   2 𝜋 k t  T ) +   𝛾 2   cos  (   2 𝜋 k t  T ) +     e  t                                                                                                                           ( 7 b )


    y  t = 𝛼 +   𝛽  t +   𝛾 1   sin  (   2 𝜋 k t  T ) +   𝛾 2   cos  (   2 𝜋 k t  T ) +     e  t                                                                                                                           ( 7 b )


    𝜏  𝜇  ( k )     or       𝜏  𝜏  ( k ) =  1    T 2     ∑  t = 1  T        S ~  t ( k ) 2      𝜎 ~ 2                                                                                                                                                                                                 ( 8 )


      S ~  t  ( k ) =   ∑  j = 1  t      e ~  j


      e ~  j


      𝜎 ~ 2


    w  j


      𝜎 ~ 2 =     𝛾 ~ 0 + 2  ∑    w  j     𝛾 ~  j                                                                                                                                                                                                                                                 ( 9 )


      𝛾 ~  j


      e ~  t


    𝜎  u 2 = 0


    𝛾 1 =   𝛾 2 = 0


    F  i  ( k ) =       S S R 0 −   S S R 1 ( k ) 2      S S R 1 ( k )  T − q ,             i = 𝜇 , 𝜏                                                                                                                                                                                                   ( 10 )


  d ( t ) =   𝛾 0 +   ∑  k = 1  q    𝛾  1 , k   sin  (   2 𝜋 k t  T ) +   ∑  k = 1  q    𝛾  2 , k   cos  (   2 𝜋 k t  T ) ,                 q ≤   T 2                                                                 ( 11 )


    𝛾 0


  ∆   y  1 t =   d  ( t ) +   𝛿 1   y  1 , t − 1 +   𝛾 ′   y  2 , t − 1 +   𝜑 ′ ∆   y  2 t     +   𝜀  t                                                                                                                                 ( 12 )


  𝜑


    y  2 t


    y  1 t


    𝛿 1


  ∆   y  1 t


  ∆   y  2 t


    𝜀  t


    t  A D L  F =         𝛿 1 ^  s e  (     𝛿 1 ^ )                                                                                                                                                                                                                                                                   ( 13 )


      𝛿 1 ^


    𝛿 1


  s e  (     𝛿 1 ^ )


      𝛿 1 ^


    Z  1 , t = a + b t +   Z  1 , t − 1 +   e  i 1 , t = a t +   t  ( t + 1 ) 2 b +   Z  1 , 0 +   ∑  j = 1  t    e  1 , j                                                                         ( 14 )


    Z  2 , t = c + d t +   Z  2 , t − 1 +   e  2 , t = c t +   t  ( t + 1 ) 2 d +   Z  2 , 0 +   ∑  j = 1  t    e  2 , j                                                                             ( 15 )


    Z  2 , t = c + d t +   Z  2 , t − 1 +   e  2 , t = c t +   t  ( t + 1 ) 2 d +   Z  2 , 0 +   ∑  j = 1  t    e  2 , j                                                                             ( 15 )


    e  i


    Z  i , 0


    e  1 , t + : = m a x  (   e  1 , t , 0 )


    e  2 , t + : = m a x  (   e  2 , t , 0 )


    e  1 , t − : = m i n  (   e  1 , t , 0 )


    e  2 , t − : = m i n  (   e  2 , t , 0 )


    Z  1 , t +


    Z  1 , t −


    Z  2 , t +


    Z  2 , t −


    Z  1 , t + = 𝜌  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  1 , j +                                                                                                                                                 ( 16 )


    Z  1 , t − =  ( 1 − 𝜌 )  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  1 , j −                                                                                                                         ( 17 )


    Z  1 , t − =  ( 1 − 𝜌 )  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  1 , j −                                                                                                                         ( 17 )


    Z  2 , t + = q  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  2 , j +                                                                                                                                                 ( 18 )


    Z  2 , t + = q  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  2 , j +                                                                                                                                                 ( 18 )


    Z  2 , t − =  ( 1 − q )  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  2 , j −                                                                                                                         ( 19 )


    Z  2 , t − =  ( 1 − q )  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  2 , j −                                                                                                                         ( 19 )


    Z  1 , t + +   Z  1 , t − =   Z  1 , t


    Z  2 , t + +   Z  2 , t − =   Z  2 , t


           T E  t =   𝛽 0 +   𝛽 1   A I  t +   𝜀  t     M E  t =   𝛽 0 +   𝛽 1   A I  t +   𝜀  t     F E  t =   𝛽 0 +   𝛽 1   A I  t +   𝜀  t }                                                                                                                                                                                                                                     ( 1 )


    A I  t


    y  t =     X  t ′ 𝛽 +   Z  t ′ 𝛾 +     r  t +   𝜀  t                                                                                                                                                                                                                             ( 2 )


    r  t =     r  t − 1 +   u  t                                                                                                                                                                                                                                                                         ( 3 )


    𝜀  t


    u  t


    𝜎  u 2


    X  t =  [ 1 ]


    y  t


      X  t =  [ 1 , t ] ′


    Z  t =    [ sin  (   2 𝜋 k t  T ) ,   cos  (   2 𝜋 k t  T ) ] ′                                                                                                                                                                                                         ( 4 )


    𝜎  u 2 = 0


    𝛼  t =   𝛼 0 +   ∑  k = 1  n    𝛼  k   sin  (   2 𝜋 k t  T ) +   ∑  k = 1  n    b  k   cos  (   2 𝜋 k t  T ) ;                 n <   T 2                                                                                     ( 5 )


  𝛼


  𝛼  ( t ) ≅   Z  t ′ 𝛾 =   𝛾 1   sin  (   2 𝜋 k t  T ) +     𝛾 2   cos  (   2 𝜋 k t  T )                                                                                                                                                   ( 6 )


  𝛾 =    [   𝛾 1   ,   𝛾 2 ] ′  


      e ~  t


    y  t = 𝛼 +   𝛾 1   sin  (   2 𝜋 k t  T ) +   𝛾 2   cos  (   2 𝜋 k t  T ) +     e  t                                                                                                                                               ( 7 a )


    y  t = 𝛼 +   𝛽  t +   𝛾 1   sin  (   2 𝜋 k t  T ) +   𝛾 2   cos  (   2 𝜋 k t  T ) +     e  t                                                                                                                           ( 7 b )


    y  t = 𝛼 +   𝛽  t +   𝛾 1   sin  (   2 𝜋 k t  T ) +   𝛾 2   cos  (   2 𝜋 k t  T ) +     e  t                                                                                                                           ( 7 b )


    𝜏  𝜇  ( k )     or       𝜏  𝜏  ( k ) =  1    T 2     ∑  t = 1  T        S ~  t ( k ) 2      𝜎 ~ 2                                                                                                                                                                                                 ( 8 )


      S ~  t  ( k ) =   ∑  j = 1  t      e ~  j


      e ~  j


      𝜎 ~ 2


    w  j  


      𝜎 ~ 2 =     𝛾 ~ 0 + 2  ∑    w  j     𝛾 ~  j                                                                                                                                                                                                                                                 ( 9 )


      𝛾 ~  j


      e ~  t  


    𝜎  u 2 = 0


    𝛾 1 =   𝛾 2 = 0


    F  i  ( k ) =       S S R 0 −   S S R 1 ( k ) 2      S S R 1 ( k )  T − q ,             i = 𝜇 , 𝜏                                                                                                                                                                                                   ( 10 )


  d ( t ) =   𝛾 0 +   ∑  k = 1  q    𝛾  1 , k   sin  (   2 𝜋 k t  T ) +   ∑  k = 1  q    𝛾  2 , k   cos  (   2 𝜋 k t  T ) ,                 q ≤   T 2                                                                 ( 11 )


    𝛾 0


  ∆   y  1 t =   d  ( t ) +   𝛿 1   y  1 , t − 1 +   𝛾 ′   y  2 , t − 1 +   𝜑 ′ ∆   y  2 t     +   𝜀  t                                                                                                                                 ( 12 )


  𝜑


    y  2 t


    y  1 t


    𝛿 1


    𝜀  t


  ∆   y  1 t


  ∆   y  2 t


    t  A D L  F =         𝛿 1 ^  s e  (     𝛿 1 ^ )                                                                                                                                                                                                                                                                   ( 13 )


      𝛿 1 ^


    𝛿 1


  s e  (     𝛿 1 ^ )


      𝛿 1 ^


    Z  1 , t = a + b t +   Z  1 , t − 1 +   e  i 1 , t = a t +   t  ( t + 1 ) 2 b +   Z  1 , 0 +   ∑  j = 1  t    e  1 , j                                                                         ( 14 )


    Z  2 , t = c + d t +   Z  2 , t − 1 +   e  2 , t = c t +   t  ( t + 1 ) 2 d +   Z  2 , 0 +   ∑  j = 1  t    e  2 , j                                                                             ( 15 )


    Z  2 , t = c + d t +   Z  2 , t − 1 +   e  2 , t = c t +   t  ( t + 1 ) 2 d +   Z  2 , 0 +   ∑  j = 1  t    e  2 , j                                                                             ( 15 )


    e  i


    Z  i , 0


    e  1 , t + : = m a x  (   e  1 , t , 0 )


    e  2 , t + : = m a x  (   e  2 , t , 0 )


    e  1 , t − : = m i n  (   e  1 , t , 0 )


    e  2 , t − : = m i n  (   e  2 , t , 0 )


    Z  1 , t +


    Z  1 , t −


    Z  2 , t +


    Z  2 , t −


    Z  1 , t + = 𝜌  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  1 , j +                                                                                                                                                 ( 16 )


    Z  1 , t − =  ( 1 − 𝜌 )  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  1 , j −                                                                                                                         ( 17 )


    Z  1 , t − =  ( 1 − 𝜌 )  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  1 , j −                                                                                                                         ( 17 )


    Z  2 , t + = q  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  2 , j +                                                                                                                                                 ( 18 )


    Z  2 , t + = q  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  2 , j +                                                                                                                                                 ( 18 )


    Z  2 , t − =  ( 1 − q )  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  2 , j −                                                                                                                         ( 19 )


    Z  2 , t − =  ( 1 − q )  ( a t +  [   t  ( t + 1 ) 2 ] b +   Z  1 , 0 ) +   ∑  j = 1  t    e  2 , j −                                                                                                                         ( 19 )

