
Sosyoekonomi RESEARCH 

ARTICLE 

ISSN: 1305-5577 

DOI: 10.17233/sosyoekonomi.2023.02.07 

Date Submitted: 08.06.2022 

Date Revised: 19.01.2023 

Date Accepted: 26.02.2023 2023, Vol. 31(56), 151-169 

Analysis of The Causality Relationship Among Digitalisation, 
Unemployment Rate, and Divorce Rates: A Research on Türkiye 

Pınar KOÇ (https://orcid.org/0000-0002-7843-1228), Gümüşhane University, Türkiye; 

pinartorun@gumushane.edu.tr 

Kadriye İZGİ-ŞAHPAZ (https://orcid.org/0000-0002-2766-5921), Sakarya University, Türkiye; 

kadriyeizgi@sakarya.edu.tr 

Dijitalleşme, İşsizlik Oranı ve Boşanma Oranları Arasındaki Nedensellik 

İlişkinin Analizi: Türkiye Üzerine Bir Araştırma 

Abstract 

This study investigates the relationship between digitalisation, unemployment, and divorce 

rates in Türkiye by using the Fourier Toda Yamamoto Causality Test from 2007 to 2021. International 

Digital Economy and Society Index (I-DESI) has been used to indicate digitalisation. The results 

suggest that there is unilateral causality from digitalisation to divorce rates. However, there is no 

causality linkage between digitalisation and unemployment rates for the period 2007-2021. Moreover, 

there is no causal connection between unemployment rates and divorce rates. The findings show that 

digitalisation affects divorce rates by disrupting family communication. 
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Öz 

Bu çalışma Türkiye’de dijitalleşme, işsizlik ve boşanma oranları arasındaki nedensellik 

ilişkisini 2007-2021 dönemi için Fourier Toda Yamamoto Nedensellik Testi’ni kullanarak 

araştırmaktadır. Uluslararası Dijital Ekonomi ve Toplum Endeksi dijitalleşme göstergesi olarak 

kullanılmıştır. Çalışma sonuçları sadece dijitalleşmeden boşanma oranlarına doğru tek yönlü bir 

nedensellik ilişkisinin var olduğunu göstermektedir. Fakat, 2007-2021 döneminde Türkiye’de 

dijitalleşme ile işsizlik arasında herhangi bir nedensellik ilişkisi bulunmamaktadır. İşsizlik ile boşanma 

oranları arasında da herhangi bir nedensellik ilişkisi yoktur. Bu bulgu, dijitalleşmenin aile içi iletişimi 

bozarak boşanma oranlarını etkilediğini göstermektedir. 

Anahtar Sözcükler : Dijitalleşme, Boşanma Oranları, Fourier Toda Yamamoto 

Nedensellik Testi, İşsizlik Oranları. 
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1. Introduction 

Technological developments significantly affect economic and social life. The First 

Industrial Revolution, which began with the invention of the steam engine and other 

industrial revolutions, are the most important milestones in human history. In this context, 

population growth, urbanisation, and globalisation dynamics emerged with developments in 

transportation and communication technologies that have considerably increased global 

income. Still, they also have negative consequences, such as environmental degradation and 

working in poor conditions for low wages. 

Even though unemployment rates are expected to rise after all industrial revolutions 

due to capital-intensive technologies instead of labour-intensive technologies, a new 

business model was adopted in each industrial revolution. Industrial revolutions also 

impacted labour markets in different ways. For example, with the first industrial revolution, 

the share of capital in production increased, and a new social class, the working class, 

emerged. This process led to the adoption of a new hierarchical structure based on boss-

worker relations instead of master-apprentice relations (Prisecaru, 2016: 57). In the Second 

Industrial Revolution, electricity was covered in 1870-1914, and oil began to be used as the 

primary energy sources. The Fordist production model was adopted instead of the Taylorist 

production model. Contrary to expectations, this production process transformation caused 

an increase in unskilled labour demand (Mokyr, 2003: 1-2). 

The Third Industrial Revolution, triggered by the end of the Second World War and 

rapidly growing in the 1970s, is also called the era of information technology. In this period, 

automation in production reached advanced levels, and the indirect production model instead 

of the direct product model was adopted. Unlike the second industrial revolution, in this 

period, qualified labour demand increased (Castells, 2005). 

Production became much more complicated in the transition from the First Industrial 

Revolution to the Third Industrial Revolution, and consumer demands diverged. 

Manufacturing mechanisms based on cyber-physics systems were developed to overcome 

the problems arising from increased production and consumption diversity, which were the 

beginning of the fourth industrial revolution. It is possible to control and interfere with 

production processes over the internet by using production mechanisms based on cyber-

physics systems. Moreover, the lower labour costs in developing countries than developed 

countries have led to increased foreign capital investments, and developing countries have 

become production centres (Eğilmez, 2017). Significantly, China became one of the 

countries where American and European companies invested the most. This process can be 

explained by the product cycle hypothesis developed by Vernon (1966). China began to 

produce many products previously made in Europe and devoured the export markets of these 

countries. China’s industrial export rose from 170 billion US dollars in 2006 to 580 billion 

US dollars in 2011 (Ersoy, 2016: 8). This rise of China and the Far East get moved Germany, 

and the German government brought up Industry 4.0 in the 2011 Hannover Fair. The purpose 

of Industry 4.0, representing a new industrial revolution, is to eliminate production errors by 
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minimising labour-based production, increasing flexibility in production, and enabling faster 

and more consumer-oriented product design. When these targets are achieved, the 

competitive production advantage of China and other Far East countries based on cheap 

labour is expected to end (Wyrwicka & Mrugalska, 2017: 383). 

It is expected that scientific and technological advancements called digitalisation 

significantly impact labour markets and unemployment rates. Also, changes in 

unemployment rates can affect family and community life. Using Fourier Toda Yamamoto 

Causality Test, this study investigates the causality linkage between digitalisation, 

unemployment, and divorce rates in Türkiye. 

The rest of this study is organised as follows. The second section gives information 

about literature explaining the relationship between technological developments, 

unemployment and divorce rates. The third second provides information on the methodology 

and data set. Estimation results are given in the fourth section. In the last section, the 

conclusion and policy implications take place. 

2. Literature Review 

Technological developments affect the needed labour demand in production by 

changing production processes. However, there is no consensus on how changes in labour 

demand will affect unemployment rates. Although it was first highlighted by Ricardo (1817) 

that technological development would increase unemployment, the concept of technological 

unemployment was first used by Keynes (1930), which two reasons can explain. First, 

unemployment rates didn’t reach a high level until the 1929 Depression. It is believed that 

Say’s Law states that the production of goods creates its demand is valid in the liberal 

economic system. Therefore, even if unemployment is seen in the economy, this will not last 

long. The flexibility of prices and wages brings about full employment in the economy. 

Technological development contributes to economic wealth by increasing capital 

accumulation, and the economy comes to equilibrium at a higher full employment level. 

Therefore, unemployment rates don’t cause technological development in the liberal 

economic system. Ricardo is the first liberal economist to state that technology will enhance 

unemployment rates. 

Marx (1867) explained how capital-labour substitution would be reflected in labour 

markets based on the Labour Theory of Value. The use of technology leads to higher 

unemployment rates by raising capital accumulation and surplus value. 

With the 1929 economic crisis, classical economics started to be questioned. 

Keynesian economics emerging with the crisis stated that unemployment is temporary, and 

the economy will only sometimes stabilise at full employment. Keynes (1930) expressed 

that technological development would increase unemployment rates and first used the 

concept of technological development. 
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Schumpeter (1942) explained the effects of technological innovations on labour 

markets and economic growth with the concept of “creative destruction.” According to 

Schumpeter (1942), entrepreneurs contribute to economic development by developing new 

products and innovation. Companies with low competitiveness are wiped off the market, and 

economic development occurs through those with high competitiveness. Schumpeter (1942) 

divided innovations into five types; the use of a new production technique, the creation of a 

new market, the creation of an organisational structure, to obtain a new source of raw 

materials, the production of a new good or the improvement of the quality of goods. 

Solow (1957) indicated that factor productivity plays a vital role in economic 

development, and technological development is the primary source of factor productivity. 

Although Solow (1957) stressed that technological development promotes factor 

productivity, he didn’t indicate how it occurs. Therefore, technological development is an 

exogen variable determining economic growth. 

Katsoulacos (1986) addressed the relationship between technological innovations 

and employment in terms of innovations in products and processes. Product innovation 

refers to expanding the range of goods and services enterprises offer. In contrast, process 

innovation refers to changes in enterprises' production techniques and service development 

methods. Katsoulacos (1986) argued that product innovations were more effective than 

process innovations in enhancing employment within the scope of horizontal and vertical 

product differentiation theories. 

Technological innovations affect employment through product and process 

innovations. Van Reenen (1997) analysed the effect of technological innovations on 

employment for British manufacturing firms through panel regression. The results show that 

technological innovations have a positive impact. 

Harrison et al. (2008) investigated the influence of process and product innovations 

on employment growth for companies in France, Germany, Spain, and the UK. The findings 

indicate that technological innovations positively affect employment. However, the 

availability of this employment-enhancing effect of process innovations relies on the 

effective functioning of the market mechanism and the price elasticity of demand. Process 

innovations increase consumer demand by reducing unit production costs and commodity 

prices. 

Bogliacino & Pianta (2010) stated that product innovations could create jobs and that 

such a situation would positively affect employment. Hall et al. (2008) and Harrison et al. 

(2008) held the same view. However, they also highlighted that the effect size would be 

specified depending on income and substitution effects. The income effect is the 

development of new products and sectors based on technological innovations. Designing a 

more unique and different product to replace an old product that meets the same need is 

called a substitution effect. If the income effect is greater than the substitution effect, the 
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effect that creates jobs and, therefore, the effect that enhances employment would be more 

significant. 

With the Industry 4.0 process, the impact of technological developments on labour 

markets and the unemployment rate began to be reassessed. Walwei (2016) examined how 

digitalisation affects labour markets in Germany. According to the study, digitalisation may 

cause crucial shifts and problems in labour markets. The increasing demand for new 

positions can enhance skill gaps between job requirements and workers’ abilities. Therefore, 

regulations decreasing skill gaps must be made in Germany. 

Ezell (2016) investigated the linkage between digitalisation, unemployment rates, 

and exports. The results show a negative correlation between digitalisation and the 

unemployment rate, while there is a positive correlation between digitalisation and exports. 

Piva & Vivarelli (2018) examined how technological innovations affect employment 

based on R&D expenses. The effect of R&D expenses on employment depends on the 

technology intensity employed in production. R&D expenses in sectors with low technology 

intensity don’t affect employment. 

Veronika & Werner (2018) examined the influence of digitalisation on labour 

markets. According to the study, technological developments have a dual impact on 

employment. Even though some occupations are shed, new professions are created due to 

product and process innovations. In this context, the excellent management of the 

transformation caused by technological developments for economic development is 

essential. 

The Ireland National Skills Council (2018) explored the impact of the digital 

transformation process in the Irish labour markets. The digitalisation process changes the 

structure of labour markets by creating new jobs and eliminating some jobs. But total 

unemployment rates don’t change in the country. 

Freddi (2018) stressed that changes in production and service delivery caused by 

digital industrialisation how to shift the demand for labour. 

Fossen & Sorgner (2019) searched whether the risk of digitalisation leads people 

working in high-risk sectors to change their jobs. The results of the study show that the risk 

of digitisation does not have an impact on non-institutional entrepreneurship. 

Arntz et al. (2019) investigated the digitalisation process and how it affects applied 

business models and demand for qualified labour. According to the findings, demand for 

unskilled labour will decrease, and new business lines and professions, especially those 

related to informatics, will emerge. 

Magwentshu et al. (2019) analysed the effect of digitalisation on the labour markets 

in Africa. A similar study was conducted by Cirillo et al. (2019) in Italy. In this study, it is 
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stated that digitalisation will raise the demand for high-quality labour. The digitalisation 

process is expected to encourage economic growth by improving labour efficiency. 

Zemtsov (2020) examined how covid 19 economic crisis and new technologies 

influence potential unemployment in Russia by using the Frey-Osborne methodology. The 

results show that employment in traditional services can be significantly decreased. 

Bertani et al. (2020) assessed whether digital transformation significantly impacts 

productivity and unemployment. There is a significant correlation between technology 

investments and labour and total factor productivity. But technological unemployment will 

enhance in the long term. 

Shapiro & Mandelman (2021) investigated how digital adaptation and automation 

affect developing countries' labour markets. According to the study, there is a negative 

connection between digital adaptation and self-employment rates. However, there is no 

linkage between digital adoption and unemployment rates. 

Başol & Yalçın (2021) tested the impact of the digital economy on labour market 

indicators in EU countries. It was concluded that the digital economy was improving labour 

market indicators. With the digital economy process, the long-term unemployment rate 

decreased in EU countries. 

Gürtzen et al. (2021) analysed whether digital information technologies improve the 

possibilities of reemployment of unemployed job seekers in Germany. The study revealed 

that internet access enhanced the number of job applications. 

Fodranová & Antalová (2021) addressed the influence of digitalisation on labour 

markets through the correlation between internet users and unemployment rates in European 

countries. According to the results, there is a statistically significant and negative correlation 

in European countries. 

Abbasabadi & Soleimani (2021) examined the nexus between digital technology 

expansion and unemployment rates through cross-sectional regression. According to the 

results, there is an inverted U-shaped relationship between Digital technology and 

unemployment rates. 

Haykal & Makki (2022) dealt with the effect of digitalisation on unemployment rates 

during covid 19 pandemic. The findings show a statistically significant negative relationship 

between digitalisation and unemployment rates, while covid 19 cases are statistically 

insignificant. 

Bogoslov et al. (2022) proved the existence of a strong positive correlation between 

digitalisation and labour market indicators such as employment rates, labour force 

participation and unemployment rates. 



Koç, P. & K. İzgi-Şahpaz (2023), “Analysis of The Causality Relationship Among Digitalisation, 

Unemployment Rate, and Divorce Rates: A Research on Türkiye”, Sosyoekonomi, 31(56), 151-169. 

 

157 

 

Lederman & Zouaidi (2022) investigated the linkage between the incidence of the 

Digital economy and long-term frictional unemployment rates across countries. There is a 

negative partial correlation between national unemployment rates and the incidence of the 

digital economy. 

The OECD (2008) published a report stressing that increasing poverty and 

inequalities have a negative impact on the psychological states of people and family life. 

Also, digitalisation is an essential factor contributing to poverty and inequality. In this 

context, especially in developing countries, technological developments are expected to 

affect divorce rates by changing unemployment rates and disrupting family communication 

through technology addiction. The literature explains the nexus between unemployment and 

divorce rates with four approaches. The first approach is the psychological stress approach. 

According to this approach, developed by Komarovsky (1940), the stress stemming from 

unemployment encourages divorce rates by increasing conflicts in the family. Thus, 

unemployment rates are expected to positively affect divorce rates in this approach. The 

findings obtained by Elder (1974), South (1985), Jensen & Smith (1990), OECD (2008), 

Daliri (2019), Bhalotra et al. (2021), and Virgolino et al. (2022). 

Çakı (2022) stressed that growing inequality due to the liberal economic system has 

an adverse impact on family life. Kersbergen & Vis (2022) noted that digitalisation 

accelerates social change, and rising divorce rates are a part of this social change. 

The second approach is the marital instability approach. By extending the married 

instability model Becker (1973) developed to divorce, Becker et al. (1977) claimed that 

increases in male unemployment enhance divorce rates. However, the opposite is likely 

actual if marriage is considered insurance in economic difficulties. The results obtained by 

Roy (2011), Doiron & Mendolia (2011), Ariizumi et al. (2015), Alola et al. (2020), and 

Hewitt (2021) confirmed the existence of a positive relationship between male 

unemployment rates and divorce rates. But González-Val & Marcén (2017) concluded that 

increasing male unemployment rates decreases divorce rates. Nallo et al. (2022) stated that 

unemployment encourages divorce rates. However, this impact does not vary by gender. 

Another approach is the divorce cost approach. This approach, developed by 

Hoffman (1977), is based on the thought that people decide to divorce by considering the 

losses in welfare and income that may arise after divorce and the costs of divorce. Spouses 

prefer to stay married rather than divorce during high unemployment due to the high divorce 

costs. Thus, there is a negative linkage between unemployment and divorce rates. In this 

context, Peterson (1996) and Smock et al. (1999) argued that divorce has an adverse impact 

on female welfare. Amato & Beattie (2011), Hellerstein et al. (2013), González-Val & 

Marcén (2015), Harman (2021) and, Çuhadar & Cafrı-Açcı (2021) concluded that the cost 

of divorce approach is valid. 

The fourth approach is the hybrid approach developed by Cherlin (2009). The results 

obtained from the psychological stress approach and the cost of divorce approach are 
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addressed in the hybrid system. Relationships between divorce rates and unemployment 

rates may vary over time. The direction of the relationship between unemployment rates and 

divorce rates depends on divorce costs and household living standards. Schaller (2013) has 

emphasised that increases in unemployment rates play a determinative role in marriage and 

divorce rates. Unemployment shocks have a lasting impact on marriage rates, whereas they 

have temporary effects on divorce rates. Baghestani & Malcolm (2014) have found that 

marriage and divorce rates are moving in the same direction as the economic conjuncture. 

González-Val & Marcén (2017) advocated that the unemployment rates are negatively 

related to the marriage rate while the response of the divorce rate to the economic 

conjuncture is mixed. Amri et al. (2022) examined the connection between poverty and 

divorce. The findings show that divorce rates are associated with income level. 

Another channel explaining the impact of technological developments on divorce is 

technological additions; they promote divorce by disrupting family communication. 

Especially in recent years, internet and social media user growth significantly affects family 

life. Studies investigating technology's impact on divorce are increasing daily in this context. 

In this framework, Eichenberg et al. (2017) stated that digital media can be shaped couple 

and family relationships. Valenzuela et al. (2014) revealed that Facebook penetration is 

associated with increasing divorce rates. 

Pekanian & Farhadi (2017) analysed the impact of internet addiction on divorce in 

Isfahan by employing logistic regression. The study how that internet addiction has a 

statistically significant effect on divorce rates. 

Zhang et al. (2018) investigated the linkage between mobile phone penetration and 

divorce rates drawing attention to the rapid rise in the divorce rate in China from 2001-2016. 

The study results show a statistically significant and positive correlation between mobile 

phone penetration and the divorce rate in China. Zaitov & Teshayev (2022) stressed that 

technology enhances divorce rates by contributing to family conflicts. 

The crude divorce rate in Türkiye has increased by 47% in the last 20 years, while 

the natural marriage rate has reduced by 20%. In this context, the number of studies on 

factors determining divorce rates in Türkiye has increased recently. This paper focused on 

studies examining the impact of unemployment and technology on divorce rates in Türkiye. 

Yıldırım (2004) claimed that economic problems are one of the factors causing divorce in 

Türkiye. 

Topbaş & Kurt (2007) investigated the nexus between unemployment and divorce 

rates in Türkiye from 1970-2005 by employing the VAR model. The study shows that there 

is a causality from unemployment to divorce. 

Sandalcılar (2012) tested the connection between unemployment and divorce rate 

using a panel causality test at the regional level for 2004-2010. According to the study 

results, the divorce cost approach is valid for Türkiye. 
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Bayrak (2019) analysed the long-term linkage between unemployment rates and 

divorce rates in Türkiye for the period 1980-2017 through the cointegration test with 

structural breaks and Toda Yamamoto Causality Test. According to the findings, there is 

bilateral causality between unemployment and divorce rates from 1980-2017. 

Bayrakçı (2020) examined the impact of unemployment on the individual and the 

family in terms of patriarchy. According to the study’s findings, the increase in the share of 

female labour in the economy can adversely affect family life by exerting pressure on it in 

patriarchal societies like Türkiye. 

Igdeli and Ay (2021) investigated socioeconomic determinants of divorce at the 

regional level through panel regression. The education level of women and male 

unemployment rates are the main determinants of divorce in developed regions. 

Yılmaz (2022) concluded that increasing the 1% in male unemployment rates reduces 

divorce rates by 0.07%. In this context, the marital instability hypothesis is valid in Türkiye 

for 1990-2020. 

Technological developments can affect divorce rates through two channels. The first 

is the unemployment channel. New technologies can indirectly affect divorce rates by 

promoting unemployment. Second, technological developments can directly influence 

divorce rates by creating technical addition. The studies examining the relationship between 

unemployment and divorce rates don’t consider the dynamic relationship between 

digitalisation, unemployment, and divorce rates. In this context, this study contributes to 

related literature in two ways. First, the study investigates the dynamic relations among 

technological development, unemployment, and divorce rates. Second, unlike previous 

studies, the study employs the Fourier Toda Yamamoto Causality Test considering smooth 

structural breaks. Therefore, the study is original methodologically. 

3. Data & Methodology 

This study investigates the causality linkage among digitalisation, unemployment 

rates, and divorce rates. The analysis consists of two phases; firstly, Digital Economy and 

Society Index for Türkiye were created using the 2020 I-DESI Report by published 

EUROSTAT. Then, the causality relationship between digitalisation, unemployment, and 

the divorce rate was investigated through Fourier Toda Yamamoto Granger Causality Test. 

Industry 4.0 was first used at the Hannover Fair in Germany in 2011, and the Digitization 

Index calculated by EUROSTAT began to be estimated in 2013. Calculating the index and 

its components varies from year to year. Therefore, firstly, I-DESI Index for Türkiye was 

calculated by the author using 2020 I-DESI reports -published by EUROSTAT- for 2007-

2021, and the time dimension was expanded to cover previous years. The time dimension of 

the study was limited to 2007-2021. Because the data required to calculate the index are 

limited to this period. Details for the index construction method are given below. 

• Data collection, 
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• Normalization, 

• Estimations of weights, 

• Calculations of the final index. 

The variables used to calculate I-DESI Index for Türkiye are given in Table 1. 

Table: 1 

The Main and Sub-Components of the I-DESI Index 

Component Rate Sub-Component Rate Database 

Connectivity 0,25 

Fixed Broadband Subscriptions (Per 100 people) (FBS) 0,33 OECD  

Mobile Cellular Subscriptions (Per 100 people) (MCS) 0,22 ITU  

Speed (International Bandwidth, in Mbit/s) 0,33 ITU  

Affordability (Fixed Broadband Basket Prices) 0,11 ITU  

Human Capital 0,25 Percentage of the ICT personnel in total employment 100 EUROSTAT  

Use of Internet Services 0,15 

Use of Internet 0,25 TURKSTAT  

Individuals purchase goods or services over the Internet 0,25 TURKSTAT 

The use of İnternet Banking 0,25 The Banks Association of Türkiye  

The use of the Internet in Individuals interact with public authorities 0,25 TURKSTAT 

Digital Integration 0,20 

Having Website of Enterprises 0,25 TURKSTAT 

Enterprises that receive orders for goods/services via website or EDI 0,25 TURKSTAT 

Computer Usage in Enterprises 0,25 TURKSTAT 

İnternet Usage in Enterprises 0,25 TURKSTAT 

E-Government 0,15 

The number of E-Government user 0,33 CBDDO  

The number of E-Government Institutions 0,33 CBDDO 

The Number of E-Government Service 0,33 CBDDO 

After the data set had been compiled, the normalisation was made using the min-max 

method because the data set includes different units of measurement. The Min-max method 

is formulated as follows. 

Xi−Xmin

Xmax−Xmin
 (1) 

where Xi , Xmin and Xmax denote original observation value, minimum observation value, and 

maximum observation value, respectively. 

Another stage is to determine the weights. The size of the weights depends on the 

number of subdimensions. The equal weights imply that all variables are worth the same in 

the composite. The total weighting of all factors must equal 100%. In the case of unequal 

weights, the higher weights can be applied to data with broad coverage (OECD, 2008: 32). 

In this study, the weights are determined through the 2020 I-DESI Report published by 

EUROSTAT. In the last stage, the value of I-DESI is calculated using the components and 

their weights. 

The causality linkage among technological development, divorce, and 

unemployment rates is analysed after calculating I-DESI for Türkiye. The variables are as 

follows. 

(I-DESI; DR; UR) (2) 
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where DESI represents technological developments. DR donates divorce rates. UR indicates 

unemployment rates. Divorce rates and unemployment rates have been obtained from 

TURKSTAT. The causal linkage between the variables can be described as follows. 

I − DESIt = α0 + γ1sin (
2πkt

T
) + γ2cos (

2πkt

T
) + β1 ∑ I − DESIt−i

I+dmax
i=1 +

β2 ∑ URt−i
I+dmax
i=1 + ut (3) 

URt = α0 + γ1sin (
2πkt

T
) + γ2cos (

2πkt

T
) + β1 ∑ URt−i

I+dmax
i=1 + β2 ∑ DESIt−i

I+dmax
i=1 + ut (4) 

DRt = α0 + γ1sin (
2πkt

T
) + γ2cos (

2πkt

T
) + β1 ∑ DRt−i

I+dmax
i=1 + β2 ∑ URt−i

I+dmax
i=1 + ut (5) 

URt = α0 + γ1sin (
2πkt

T
) + γ2cos (

2πkt

T
) + β1 ∑ URt−i

I+dmax
i=1 + β2 ∑ DRt−i

I+dmax
i=1 + ut (6) 

I − DESIt = α0 + γ1sin (
2πkt

T
) + γ2cos (

2πkt

T
) + β1 ∑ I − DESIt−i

I+dmax
i=1 +

β2 ∑ DRt−i
I+dmax
i=1 + ut (7) 

DRt = α0 + γ1sin (
2πkt

T
) + γ2cos (

2πkt

T
) + β1 ∑ DRt−i

I+dmax
i=1 + β2 ∑ I − DESIt−i

I+dmax
i=1 + ut

 (8) 

where γ1 and γ2 represent smooth structural breaks, β1 measures whether the previous 

values of the dependent variable play a decisive role on the current values of the dependent 

variables in each of the equations above, while β2 measure the previous values of the 

independent variable play a decisive role on the current values of the dependent variables in 

each of equations above. If β2 is statistically significant, there is a causal connection between 

selected variables. 

3.1. Fourier Toda Yamamoto Causality Test 

The causality test was developed by Granger (1969). If there is causality from 𝑥𝑡 to 

𝑦𝑡 , then past values of xt can be used to predict yt. Both of the series must be stationary to 

test the causality relationship between two variables. If the series aren’t stationary in level 

value, the first difference of the series must be calculated. Like Granger causality, this test 

requires a differencing process in case the series are non-stationary. The differencing process 

causes leads to loss of information. Toda Yamamoto causality test developed by Toda 

&Yamamoto (1995) offers the ability to test causality between the variables without needing 

the differencing process. Granger and Toda Yamamoto’s causality tests do not consider 

structural breaks. To compensate for this deficiency, Enders & Jones (2016) developed 

Fourier Granger Causality Test by extending the Granger Causality test equation with 

Fourier functions. That way, structural breaks in causality tests have not been ignored. 

Nazlıoğlu et al. (2016) developed Fourier Toda Yamamoto Causality Test, which considers 

structural breaks without needing the differencing process. Fourier Toda Yamamoto 

Causality Test is formulated as follows. 
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𝑌𝑡 = 𝛼0 + 𝛾1𝑠𝑖𝑛 (
2𝜋𝑘𝑡

𝑇
) + 𝛾2𝑐𝑜𝑠 (

2𝜋𝑘𝑡

𝑇
) + 𝛽1 ∑ 𝑌𝑡−𝑖

𝐼+𝑑𝑚𝑎𝑥
𝑖=1 + 𝛽2 ∑ 𝑋𝑡−𝑖

𝐼+𝑑𝑚𝑎𝑥
𝑖=1 + 𝑢𝑡 (9) 

𝑋𝑡 = 𝛼0 + 𝛿1𝑠𝑖𝑛 (
2𝜋𝑘𝑡

𝑇
) + 𝛿2𝑐𝑜𝑠 (

2𝜋𝑘𝑡

𝑇
) + 𝜃1 ∑ 𝑌𝑡−𝑖

𝐼+𝑑𝑚𝑎𝑥
𝑖=1 + 𝜃2 ∑ 𝑋𝑡−𝑖

𝐼+𝑑𝑚𝑎𝑥
𝑖=1 + 𝑣𝑡 (10) 

where k, T, I and dmax represent the number of optimal frequencies, the number of 

observations, the number of optimal lag length and degree of the maximum integration, 

respectively. The test is based on Wald Statistic. The null hypothesis denotes there is no 

causality one variable to the other variable. If the value of calculated Wald is less than the 

value of critical Wald, the null is not rejected. 

4. Estimation Results 

Firstly, the stationarity degree of the variables must be determined. Fourier ADF Uni 

Root Test was applied to determine the stationarity degree of the variables. The Fourier 

terms, including the model, must be statistically significant for the FADF test statistic to be 

valid. If the Fourier terms are not statistically significant, the ADF test statistic must be used. 

The Fourier ADF and ADF unit root test results are given in Table 2. 

Table: 2 

The Results of the Fourier Unit Root Test 

Variables 
Fourier ADF ADF 

f Min KKT F Test Stat FADF ADF P 

I-DESI 1 0,2237 4,09 0,199 -1,726 0,3965 

UR 1 11,396 17,237* -3,73*** - - 

DR 1 0,0096 3,4677 0,020 -2,215 0,4464 

∆ I-DESI - - - - -5,012 0,0020* 

∆DR - - - - -3,832 0,0498** 

 F critical values for k =1 ve T=100 at 1%, 5%, and 10% are 10,35, 7,58, 6,35 and FADF. 

Critical values are -4,42, -3,81 and -3,49, respectively. 

 *, **, *** represent 1%, 5% and 10% significance levels, respectively. 

F statistics are used to test the validity of Fourier ADF test statistics. According to 

Table 2, the F statistic calculated for UR is statistically significant. But the F statistic 

calculated for I-DESI and DR is not statistically significant. In that case, the FADF unit root 

test results can be used for UR, while the effects of the ADF unit root test can be used for I-

DESI and DR. The findings show that UR is stationary in level while I-DESI and DR are 

stationary at first differences. Thus, the degree of maximum cointegration is one. The results 

of the Fourier Toda Yamamoto Causality Test are given in Table 4. 

Table: 3 

The Results of the Fourier Toda Yamamoto Causality Test 

H0 k Wald Stat Bootstrap P Value Decision 

I-DESI ⇏UR 1 1,384 0,278 H0 is not rejected 

UR ⇏I-DESI 1 3,543 0,113 H0 is not rejected 

UR ⇏DR 1 0,587 0,469 H0 is not rejected 

DR ⇏UR 1 0,033 0,859 H0 is not rejected 

I-DESI ⇏DR 1 3,868 0,098*** H0 is rejected 

DR⇏I-DESI 1 0,437 0,527 H0 is not rejected 

*** represents a 10% significance level. k is the optimal frequency value. 
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Whether there is, the causality linkage is decided by using bootstrap p values. If 

bootstrap p values are more significant than 0.10, there is unilateral causality from one 

variable to another variable. The existence of the causal relationship between the variables 

means that the selected independent variables can be used as a policy instrument in 

controlling the dependent variables. As shown in Table 3, It is seen that there is no causality 

relationship between digitalisation and unemployment rates. Also, there is no causality 

linkage between unemployment rates and divorce rates. Only there is unilateral causality 

from digitalisation to divorce rates. These findings imply that digitalisation levels of the past 

period cannot be used to predict unemployment rates in the next period in Türkiye. Also, 

unemployment rates of the past period are not a leading indicator for digitalisation in 

Türkiye. Similarly, the previous period’s unemployment rates don’t provide information on 

future divorce rates. 

5. Conclusion and Policy Recommendations 

Divorce and high unemployment are the most critical problems of modern life. When 

statistics are examined, it is seen that the crude marriage rates have decreased by about 20%, 

and the crude divorce rates have increased by about 50% in the last 20 years. In addition, 

Türkiye is one of the countries with the highest unemployment rate among EU countries. 

The available statistics show that divorce rates have followed a similar course to 

unemployment rates. Therefore, studies examining unemployment’s impact on divorce rates 

have recently increased. The studies analysing the connection between unemployment and 

divorce rates in Türkiye don’t consider the digitalisation process's influence on 

unemployment and divorce rates. But digitalisation can affect divorce rates via 

unemployment and technological addiction channels. High unemployment from 

digitalisation is expected to promote divorce rates by triggering psychological stress. Also, 

digitalisation can enhance divorce rates by disrupting family communication through 

technological addiction. This study investigated dynamic relationships among digitalisation, 

unemployment, and divorce rates in Türkiye. The findings show no causality relationship 

between digitalisation and unemployment rates. This result can be explained digitalisation 

process in Türkiye is still in its fancy. 0.3% of SMEs in Türkiye have used high-tech 

(Kalkınma Bakanlığı, 2018: 23). Also, according to TURKSTAT (2021) statistics, the share 

of R&D expenditures in GDP was 1,13% in 2021. 

As of December 2022, the number of companies operating in technology 

development zones was 8677. It’s too early to say that the digital transformation process's 

net impact on employment is negative. Moreover, not only will the digitalisation process 

destroy some businesses, but it will also create new businesses. What’s important here is 

how to eliminate increasing job-skill mismatch due to new technology. It is estimated that 

smart automation systems can eliminate job-skill mismatches (KPMG, 2021). 

Also, there is no causality linkage between unemployment rates and divorce rates. 

This result is not consistent with the results obtained by Topbaş and Kurt (2007) and Bayrak 

(2019). This inconsistency in results comes from the differences in the method. Causality 
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tests that do not consider structural breaks were applied in mentioned studies. But structural 

breaks may cause changes in the causal relationships between the variables. Unlike other 

studies, this study finds structural breaks. In addition, all studies cover different periods. The 

absence of a causality relationship between unemployment and divorce rates means that 

policies to improve employment cannot effectively reduce divorce rates in Türkiye. 

However, there is unilateral causality from digitalisation to divorce rates. This finding is 

consistent with the results of Zhang et al. (2018) and Zaitov & Teshayev (2022). When the 

conclusions obtained are evaluated together, it can be said that digitalisation increases 

divorce rates not via unemployment but through technological addition. Problems such as 

internet addiction and excessive social media encourage divorce by disrupting family 

communication. According to data from TURKSTAT (2021), the most important reasons 

for divorce in Türkiye were irresponsible and careless attitudes and cheating. In this context, 

reckless and negligent attitudes and cheating may be linked to technological addition. 

One practical recommendation of this study for policymakers is to give rehabilitation 

services based on personality tests and consulting and training services in family and 

community health centres. And further, education programs on the use of informed 

technology for both children and adults must be organised. Stress and anger management 

are essential to decrease family conflicts and improve family life quality. Therefore, stress 

and anger management in education programs can also be organised. In practice, the quality 

of consulting and training services offered by family and community health centres is 

measured by conducting satisfaction surveys to persons who benefit from their services. The 

efficiency of the rehabilitation models based on personal characteristics can be measured by 

developing the quality of family life index for people offering training and consultancy 

services. 

This study examined the causality relationship among technological development, 

unemployment and divorce rates in Türkiye. Further research can investigate the causality 

between technological development and male unemployment. The same model can be tested 

using different econometric techniques, and the results can be compared. Another research 

can examine the causal nexus among technological development, female employment, and 

divorce rates in Türkiye. In addition, this study analyses the causal linkage among 

technological development, unemployment and divorce rates in Türkiye at the macro level. 

However, the impact of the technical acquisition on divorce in Türkiye has not yet been 

analysed empirically. In this context, the effect of technological expansion on divorce rates. 

The number of studies examining technological developments' implications on economic 

and social life is limited. In this framework, this study is expected to shed light on future 

research. 

In terms of limitations of the study, the time dimension in this study covers the period 

2007-2021. Because the datasets used to calculate the values of I-DESI can be reached only 

during this period. 
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