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ABSTRACT
The aim of this study was to investigate the relationship between socioeconomic development (SEGE) scores at the provincial level and women’s indicators 
in Türkiye. The research questions include whether there is a relationship between women’s indicators and SEGE scores, how the indicators affect SEGE 
scores, which indicators have a greater impact on SEGE, and how to determine the geographical distribution of the most effective indicators. The dataset 
for this study includes the socioeconomic development index scores of provinces and indicators related to women. The methods used in this study are 
correlation analysis, regression analysis, and spatial analyses (including spatial autoregressive and spatial error models, Moran’s I and Lagrange multiplier 
diagnostics). The study’s results indicate a negative significant relationship between the number of births of women aged 20-39 years and the proportion 
of agriculture in GDP. Conversely, there is a positive significant relationship between the indicator of compulsory insured women and SEGE scores. This 
study highlights the effects of women indicators on SEGE and contributes to the realisation of Sustainable Development Goals (SDGs) 5.5 and 10.2, which 
aim to provide gender equality and inclusion of women in socioeconomic life. The findings can guide the development of women-based strategies and 
policies for sustainable development.
Keywords: Socio-economic Development Index (SEGE), Women indicators, Spatial econometrics

ÖZ
Bu çalışma, Türkiye'de il düzeyindeki sosyo-ekonomik gelişmişlik skorları ile kadın göstergeleri arasındaki ilişkiyi araştırmayı amaçlamaktadır. Bu amaçla 
kadın göstergeleri ile Sosyo-ekonomik Gelişmişlik Endeksi (SEGE) il skorları arasında ilişki olup olmadığı, göstergelerin SEGE skorlarını nasıl etkilediği, hangi 
göstergelerin SEGE üzerinde daha fazla etkisi olduğu, en etkili göstergelerin coğrafi dağılımının nasıl olduğu araştırma soruları olarak belirlenmiştir. İllerin 
Sosyo-ekonomik Gelişmişlik Endeksi skorları ve kadın göstergeleri çalışmanın veri setidir. Bu çalışmada korelasyon analizi, regresyon analizi ve mekansal 
analiz yöntemleri (mekansal otoregresif ve mekansal hata modelleri, Moran's I ve Lagrange çarpanı teşhisi) kullanılmıştır. Çalışmanın sonuçları, 20-39 yaş 
arası kadınların doğum sayısına ilişkin göstergelerin ve tarımın GSYH içindeki payının SEGE skorları ile negatif anlamlı bir ilişkiye sahip olduğunu, zorunlu 
sigortalı kadın göstergesinin ise SEGE skorları ile pozitif anlamlı bir ilişkiye sahip olduğunu ortaya koymaktadır. Bu çalışma, kadın göstergelerinin SEGE 
skorları üzerindeki etkilerini vurgulamaktadır. Toplumsal cinsiyet eşitliğini ve kadınların sosyo-ekonomik hayata dahil edilmesini sağlamak amacıyla 5.5 ve 
10.2 sayılı Sürdürülebilir Kalkınma İlkeleri’ne dikkat çekmektedir. Sürdürülebilir kalkınmayı sağlamak için kadın odaklı stratejilerin ve politikaların 
yönlendirilmesine katkıda bulunmaktadır.
Anahtar kelimeler: Sosyo-ekonomik Gelişmişlik Endeksi (SEGE), Kadın göstergeleri, Mekansal ekonometri
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 1. INTRODUCTION

 Cities have varying social and economic characteristics. In 
Türkiye, the Socio-Economic Development Index (SEGE) is 
calculated at two levels to guide strategies, policies, and 
implementations. Socio-economic development is measured by 
multiple indicators. The undeniable social roles of women in 
different fields also affect socioeconomic development levels. 
National development plans and their programmes emphasise 
the importance of women’s roles in enterprise, the labour force, 
and welfare (Ministry of Family and Social Policies, 2014). 
Women are key subjects for sustainable development. SDG 5.5 
states that women should have equal opportunities for 
participation and leadership in decision-making processes in 
political, economic, and social life. SDG 10.2 advocates for the 
empowerment and inclusion of all individuals in social, 
economic, and political aspects regardless of age, gender, 
disability, or ethnicity, by 2030. The perception and roles of 
women in society have a significant impact on social and 
economic structures. According to TurkStat’s Labour Force 
Statistics for 2023, the labour force participation rate for women 
is 35.5%, while that for men is 71.4%. In 2020, the unemployment 
rate for women was 15%, which is higher than the rate for men 
at 12.3% (TurkStat, Labour Force Statistics, 2023). Recent 
studies have highlighted key indicators for women’s 
empowerment (Abaidoo, 2023), the economic and social effects 
of women (Gurenko, 2023), and poverty reduction (Gebre, 
2020). 

 In the literature, various studies have been conducted on 
socioeconomic development, gender equality, and women’s 
indices. However, the relationship between the existing 
socioeconomic development index and women’s indicators has 
not been explored. This study proposes new gender-based 
indicators of socioeconomic development. This study investigates 
the relationship between indicators of women and the 
Socioeconomic Development Index (SEGE) to contribute to 
poverty reduction, sustainability, and gender equality in 
economic and social life.

 The purpose of this study is to analyse the statistical and 
spatial relationships between indicators of women and 
socioeconomic development. This study demonstrates how 
women indicators affect the socioeconomic development of 
provinces in Türkiye. In Türkiye, Ministry of Industry and 
Technology calculates socioeconomic development scores 
(SEGE) through statistical analyses and comparison based on 
various parameters. Furthermore, an investigation into the 

contributions of women to the social, economic, and political 
development of countries is necessary. For instance, TurkStat 
has analysed statistics related to women since 2012. In line with 
this, women’s statistics are used in this study. These women 
indicators are excluded in the SEGE. This study puts forward 
that the SEGE should include women indicators to promote 
higher levels of socioeconomic development. 

 This study focuses on the following research questions: Is 
there a relationship between women indicators and SEGE 
scores? How do indicators affect SEGE scores? Which indicators 
have a greater impact on SEGE? How can we determine the 
geographical distribution of the most effective indicators?

 The dataset for this study covers 81 provinces of Türkiye. 
SEGE scores and some gender-based indicators were obtained 
from TurkStat, the Ministry of Development, the Ministry of 
Industry and Technology, and the Turkish Employment Agency 
(İşkur) for 2014. The main method used is regression analysis, 
which is supported by descriptive statistics and maps.

 The rest of the study is organised in this way: Section 2 
presents the theoretical and empirical literature. Section 3 
describes the data and methods used. The next section represents 
the empirical results of the study. Finally, the results of the study 
will be evaluated in the conclusion.

 2. Literature Review

 The literature on indicators of women and the socioeconomic 
development index has been investigated both theoretically and 
empirically.

 2.1. Theoretical Literature

 There is an ongoing debate regarding the role of women in 
everyday life, particularly in relation to their unpaid work in the 
home, such as caring for children. This work is often unregistered 
(Ministry of Family and Social Policies, 2014), and as a result, 
women’s contributions to social and economic life are frequently 
overlooked. Furthermore, women face discrimination in both 
their professional and personal lives. The economic sector and 
unemployment rates have been used to justify this issue (Ministry 
of Family and Social Policies, 2014). Women’s earnings differ 
from men’s due to the prevalence of low-wage and temporary 
jobs that are deemed suitable for women. TurkStat has produced 
gender statistics to provide equality between females and males 
in society, consolidate the role of women in socio-economic 
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development, and produce and thrive national and international 
policies (TurkStat, 2022). In line with this aim, TurkStat 
published the first publication in 1995. The first statistic included 
women statistics from 1927 to 1992. Following the emphasis on 
women’s contribution to socio-economic development, TurkStat, 
universities, and other public institutions conducted further 
research. TurkStat subsequently published the Gender Statistics 
Data Set on their website. To prevent discrimination due to 
gender and negative indicators of resource allocation, on the 
other hand, to upgrade the social and economic position of 
women, some indicators have been published since 2012 
(TurkStat, 2022). The “Gender Statistics Publication” highlighted 
Sustainable Development Indicators Goal 5, which achieves 
gender equality and empower all women (TurkStat, 2022). 

 In addition, gender-related indices are used to determine the 
importance of women. Generally, these indices are created by 
comparing women and men (Deniz and Hobikoğlu, 2012). These 
index studies emphasise inequalities between women and men. 
Examples of such indices include the Gender Gap Index, Gender 
Inequality Index, and Gender-Related Development Index 
(GDI), which are developed using indicators from the Human 
Development Index (HDI). The Gender Empowerment Measure 
(GEM), Gender Inequality in Education, and Gender Inequality 
in Economic Activity compare women’s and men’s indicators in 
terms of economics, politics, and education (Deniz and 
Hobikoğlu, 2012).  women’s labour in both house and other 
fields is generally not reflected. The project, which was 
coordinated by the Ministry of Family and Social Policies 
General Directorate of The Status of Women, is the first project 
about analysis of this subject. The project is based on three 
surveys, such as Household Labour Force Survey, the Earnings 
Structure Survey, and the Time Use Survey (Ministry of Family 
and Social Policies, 2014). These surveys were obtained from 
TurkStat, and the Ministry of Family and Social Policies General 
Directorate of The Status of Women were evaluated in terms of 
gender equality. 

 In the statistical research, it is obvious that there is social and 
economic discrimination between women and men in Türkiye. 
According to some data obtained from TurkStat, the youth 
unemployment rate for persons by sex which includes 2014-
2020, women’s youth unemployment rates tend to increase 
(TurkStat, Household Labour Force Survey, 2023). For example, 
women’s youth unemployment rate in 2014 was 20.4%, while 
the rate increased to 30.3% in 2020 (TurkStat, Household Labour 
Force Survey, 2023). In addition, the women’s employment rate 
is 30.3%. In contrast, the male employment rate is 65.3% in 

2023. Additionally, Woman Statistic 2022, published by Turkstat, 
reveals that women play a significant role in housework, and 
Family Structure Research 2021 shows that women are 
responsible for childcare (94,4%), laundry and dishwashing 
(85,6%), cooking, daily tidying, and cleaning of the house 
(85,4%). The statistical indicators claim that women are restricted 
in their roles in both the labour force and social life and are often 
left in the background. The TurkStat report recommends new 
policies to address adverse indicators and improve the 
socioeconomic status of women. Additionally, the report presents 
findings from the Türkiye Family Structure Research on women 
in the workforce. According to the Türkiye Family Structure 
Research (2021), it facilitates women’s participation in social 
activities through employment.

 According to statistical research, some women indicators are 
as follows: 

• Women Giving Birth Between the Ages of 20 and 39 
According to the Place of Residence Dec. refers to the 
number of women who are giving birth during this age 
period. 

• Women Aged 18 and Over Who Can Read and Write gives 
the number of literate women.

• Women Aged 18 and Over who have Graduated from High 
School and Equivalent Vocational Schools refers to women 
who have degrees at the high school level and equivalent 
vocational schools. 

• Women who Graduated from a College or Faculty at the Age 
of 18 and over denotes women who have a degree in college 
or faculty. 

• Women who Graduated with a Master’s degree (Including 5 
or 6-Year Faculties) at the Age of 22 and Older represent 
women who have a master’s degree.  

• Women with a Doctoral Degree Aged 22 and Older refers to 
women who have a doctoral degree.

• The average age of marriage of a women is the average age 
at marriage of couples getting married first in a given year. 
This variable shows the women’s mean age at first marriage.

• Women with Compulsory Insurance refers to women who 
have compulsory insurance.

• Number Of Trainees in Vocational Training Courses refers to 
women who take vocational training courses.

• Number of Trainees in Entrepreneurship Training Programme 
refers to women who take entrepreneurship training courses.

• Number of Trainees in On-Job Training refers to women who 
take on-job training courses.
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• Registered Labour Force represents the number of women 
who participate in the registered labour force.

• Registered Unemployees denote the number of unemployed 
women.

 According to statistical research, some demographic and 
economic indicators are as follows: 

• Variable of Household refers to one person or group of 
persons with or without a family relationship who live in the 
same dwelling. 

• The proportion of agriculture in GDP represents the ratio of 
the agriculture sector to Gross Domestic Product (GDP). 

• The proportion of industry in GDP represents the ratio of the 
industry sector to Gross Domestic Product (GDP).

• The proportion of service in GDP represents the ratio of the 
service sector to Gross Domestic Product (GDP).

 2.2. Empirical Literature

 In the literature, there are many empirical studies on 
socioeconomic development (Table 1).

 Șener and Demirdirek (2014) conducted a study in the 
context of the United Nations Joint Programme on Women-
Friendly Cities 2006, which was applied in some provinces of 
Türkiye. The study emphasised the importance of gender-
sensitive data as a milestone for a women-friendly approach and 
offered that social development policies at the local administration 
level could be developed accordingly.

 Tunç (2018) focussed on gender inequality. She studied 
income level and the level of human development. The aim of 
this study was to demonstrate the impact of gender inequality on 
human development levels. Tunç (2018) conducted a study using 
least squares and cross-sectional analysis methods based on 
income groups in various countries. The dependent variable in 
her study was the level of human development.

 Özdemir and Altıparmak (2005) examined social and 
economic variables. The authors analysed three factors: health, 
education, and enrolment rate, as well as two economic variables, 
financial indicators, and manufacturing industry indicators, 
using factor analysis.

 Gül and Çevik (2014) developed an index for the provinces of 
Türkiye using 49 indicators and basic component analysis. They 
produced two indices and analysed their spatial distributions.

 Sakarya and İbişoğlu (2015) investigated whether there is a 
relationship between the 2011 socioeconomic development 
index (SEGE) and examined indicators using geographically 
weighted regression. 

 Çetin and Sevüktekin (2016) focussed on regional differences 
and sustainability, investigating socio-economic development 
according to indicators from the World Bank, the Organisation 
for Economic Co-Operation and Development (OECD), and the 
United Nations (UN). Çetin and Sevüktekin highlighted spatial 
relationships and used the GeoDa and R-INLA packages to 
conduct their analyses.

Table 1. Empirical literature review

Author(s) Place of Study Period Method(s) Results

Gül and Çevik (2014)
All provinces of 
Türkiye

2010-2012
Component analysis and 
compare existing indices

They evaluated changes in levels of financial development 
over two years. Thus, they offer new financial and invest-
ment policies.

Tunç (2018) 99 countries 2015
methods of least squares 
analysis and cross-sectio-
nal analysis

Their results show that women play a significant role 
in development. They emphasise relationship between 
gender inequality and development.

Çetin and Sevüktekin 
(2016)

All provinces of 
Türkiye

2015

descriptive methods, Mo-
ran’s I, and LISA analyses 
using GeoDa and R-INLA 
packages

They investigated the socioeconomic development of 
different regions spatially. They put forward that there 
are differences between the western and eastern parts of 
Türkiye. However, clustered provinces have homogeneity. 

Sakarya and İbişoğlu 
(2015)

All provinces of 
Türkiye

2011
geographically weighted 
regression using GIS

They put forward that economic indicators explain the 
higher development scores in developed provinces and 
that the rate at which social indicators explain the higher 
development scores in underdeveloped provinces.

Ministry of Development 
(2017)

All provinces of 
Türkiye

2014 Basic component analysis

Scores and levels of socioeconomic development for each 
province were determined, and the ministry evaluated the 
presence conditions of the provinces according to their 
indices.

Șener and Demirdirek 
(2014)

Some plot provinces 
of Türkiye

2006-2014
survey, in-depth inter-
views, and analyses

They evaluated existing indices and offered action plans 
for gender-sensitive studies.



GÖRGÜLÜ, GÖRGÜLÜ / Coğrafya Dergisi – Journal of Geography, 2024, 48: 155-174

159

 SEGE (Socio-economic Development Index), a report 
presented by the Ministry of Development in Türkiye, serves as 
the main study as the provincial level indices become the 
dependent variable in this research. This study investigates the 
role and effect of women on the Socioeconomic Development 
Index (SEGE) in Türkiye.

 This study offers new indicators for SEGE, as it has never 
been studied in a gender-based context before. Some indicators 
related to women correlate with SEGE. These indicators can 
guide social and economic strategies and policies for sustainable 
development and gender equality.
 
 3. MATERIALS AND METHODS

 Geographical characteristics influence human activities, 
economic activities, and the distribution or choice of settlements. 
Geography is a discipline with multiple branches, including 
human geography and economic geography (Wikipedia, Human 
geography). Human geography examines the impacts of the 
geographical environment on human life and vice versa. 
Additionally, human geography encompasses economic 
geography, given that economic activities ultimately encompass 
human activities. Furthermore, spatial econometrics investigates 
the relationship between variables related to human activities 
and geographical location. Therefore, spatial econometrics 
models are the main method of this research. The field of spatial 
econometrics originated in the 1970s because of the need for 

sub-country data in regional econometric models. Spatial 
econometrics employs a set of techniques that account for 
explicit spatial effects, including spatial interaction and structure. 
Spatial integration refers to spatial autocorrelation, whereas 
spatial structure refers to spatial heterogeneity (Anselin, 2003; 
Paelinck and Klaassen, 1979; Anselin, 1988a). Spatial 
econometrics has traditionally been used in applied econometrics, 
but it is now being applied not only in location- and geography-
based fields such as regional, urban, and real estate economics 
but also in labour, public and environmental economics.

 The study utilised secondary data. First, a dataset was 
compiled (See Appendix Table S1). Existing provincial 2017 
SEGE scores were acquired. The 52 variables in the 2017 SEGE 
present data from 2014 (Ministry of Industry and Technology 
Website). Among the 52 variables, there are three variables 
related to women: age-specific fertility rate (15-49 aged women), 
average daily earnings of women, and proportion of literate 
women. In addition, the share of agricultural production value in 
Türkiye is one of the existing variables of SEGE. Women’s 
indicators and other indicators proposed in this research, which 
are not included in the 52 SEGE indicators, were obtained at the 
provincial level for 2014. The age-specific fertility rate, 
proportion of literate women, and share of agricultural production 
value in GDP are included in regression analysis with different 
units from those existing in SEGE. The collected data were 
converted into rates by dividing the population of each province. 
This study utilised demographic and economic indicators, and 

Fig 1. Method flow chart
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indicators related to women, as independent variables, while 
SEGE scores were used as the dependent variable. The main 
methods employed in the study included descriptive statistics, 
correlation analysis for the independent variables, regression 
analysis, spatial analysis (Moran’s I), and cartogram mapping 
(Fig 1).

 Table 2 provides a data definition table that explains the 
types of variables, their scopes, units, and data sources. All 
variables refer to data from 2014. Marriage age and household 
are measured in numbers, while agriculture, industry, and service 
are measured in per thousand. The SEGE score is measured in 
percentage. The remaining variables are presented as ratios, as 
they are divided by populating each province (Table 2).

 3.1. Descriptive Statistics

 Maps illustrating SEGE scores of provinces for 2017 were 
prepared using the GeoDa programme (Fig 2). A darker colour 
indicates a higher socio-economic development score. It can be 
observed that Ankara and Istanbul have the highest SEGE scores.

 3.2. Correlation Analysis for Independent Variables 
(Multicollinearity)

 If independent variables are correlated, the estimated 
coefficient may be misleading (Duran, 2023). To determine which 
variables are correlated, a correlation analysis was performed 
between the independent variables. One of the independent 
variables that exceeds the threshold is eliminated. Variables above 
0.7 or below -0.7 are accepted as highly correlated. For this study, 
18 variables were identified. Seventeen variables are independent. 

Table 2. Data definition table
Variables The types of Variables Definition Unit Data sources

SEGE_score Dependent Socio-economic Index Percentage
Ministry of Industry 
and Technology, 2014

Agriculture Independent Portion in GDP of Agriculture Per thousand TurkStat, 2014

Assurance Independent Compulsory-Insured Women
Rate (divided by the po-
pulation of the province) 

TurkStat, 2014

Birth Independent

Number of Births of Women 
Between the Ages of 20 and 39 
According to the Place of Residen-
ce

Rate (divided by the po-
pulation of the province) 

TurkStat, 2014

Entrepreneur_training Independent
Number of Trainees in Entrepre-
neurship Training Programme

Rate (divided by the po-
pulation of the province) 

Turkish Employment 
Agency (İşkur), 2014

High_school Independent
Women Aged 18 and Over who 
have Graduated from High School 
and Equivalent Vocational Schools

Rate (divided by the po-
pulation of the province) 

TurkStat, 2014

Household Independent Size of the Household Number TurkStat, 2014
Industry Independent Portion in GDP of Industry Per thousand TurkStat, 2014

Labour_force Independent Registered Labour Force
Rate (divided by the po-
pulation of the province) 

Turkish Employment 
Agency (İşkur), 2014

Literacy Independent
A Woman Aged 18 and Over Who 
Has Literacy

Rate (divided by the po-
pulation of the province) 

TurkStat, 2014

Marriage_age Independent
Average Age of Marriage of a 
Woman

Number TurkStat, 2014

Master Independent
Female Graduate of the Master's 
Degree (Including 5 Or 6-Year 
Faculties) Aged 22 and Over

Rate (divided by the po-
pulation of the province) 

TurkStat, 2014

Onjob_training Independent
Number of Trainees on Job 
Training 

Rate (divided by the po-
pulation of the province) 

Turkish Employment 
Agency (İşkur), 2014

PhD Independent
A Woman with a Doctoral Degree 
Aged 22 and Older

Rate (divided by the po-
pulation of the province) 

TurkStat, 2014

Service Independent Portion in the GDP of Service Per thousand TurkStat, 2014

Vocational_training Independent
Number Of Trainees in Vocational 
Training Courses

Rate (divided by the po-
pulation of the province) 

Turkish Employment 
Agency (İşkur), 2014

University Independent
Female Graduates Of a College Or 
Faculty Aged 18 and Over

Rate (divided by the po-
pulation of the province) 

TurkStat, 2014

Unemployeds Independent Registered Unemployeds
Rate (divided by the po-
pulation of the province) 

Turkish Employment 
Agency (İşkur), 2014



GÖRGÜLÜ, GÖRGÜLÜ / Coğrafya Dergisi – Journal of Geography, 2024, 48: 155-174

161

After multicollinearity, 10 independent variables are preferred. 
These are Birth, Marrige_age, Vocational_training, Entrepreneur_
training, Onjob_training, Phd, Labour_force, Assurance, 
Agriculture, and Industry (Table 3).

 3.3. Regression Analysis

 Spatial regression models include spatial lag and spatial error 
models. Spatial lag is used to evaluate the existence and strength 
of spatial interaction. Regression analysis was performed in 
RStudio. We refer to the following regression equation (1) to 
answer the research questions:

SEGE_scorei = Birthi + Marriage_agei + Vocational_trainingi + 
Entrepreneur_trainingi + Onjob_trainingi + Phdi + 
Labour_forcei + Assurancei + Agriculturei + Industryi (1)  
i: provinces i: 1,……81

 3.4. Spatial Analyses (Moran’s I, SEM, SAR)

 According to Tobler’s first law of geography in 1969, 
everything is related to everything else, but closer objects are 
more related (Duran, 2023). Moran introduced Moran’s I statistic 
in 1948. Moran’s I is a specification test for spatial autocorrelation 
(Anselin, 2003). It is a commonly used indicator of global spatial 
autocorrelation. It became popular with the classic work on 
spatial autocorrelation by Cliff and Ord in the 1973s. This is a 
cross-product statistic between a variable and its spatial lag, and 
it refers to deviations from its mean (GeoDa Website, 5a). It is a 
two-dimensional analogue of a test for univariate time series 
correlation (Anselin, 2003; Cliff and Ord, 1973). Moran’s I is the 
best local test, and it presents better performance than other tests 
used in simulation experiments. If Moran’s I value is close to 1, 
there is a positive significant relationship. If Moran’s I value is 
close to 1, there is a negative significant relationship. When 
Moran’s I value becomes 0, there is no autocorrelation. According 
to Anselin (1996), the Moran scatterplot consists of a plot with 
the spatially lagged variable on the y-axis and the original 
variable on the x-axis (GeoDa website, 5a). The slope of the line 
in the scatterplot is equal to Moran’s I. The scatterplot contains 
four quadrants. If the line runs from the lower left quadrant to the 
upper right quadrant, this direction indicates positive spatial 
autocorrelation (similar values at neighbouring locations) 
(GeoDa Website, 5a). Positive spatial autocorrelation also 
indicates high-high and low-low spatial autocorrelation. 
However, if the line runs from the lower right to the upper left 
quadrant, it corresponds to a negative spatial autocorrelation 
(dissimilar values at neighbouring locations). In other words, 
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negative spatial autocorrelation also refers to high-low and low-
high spatial autocorrelation (GeoDa website, 5a).

 Another specification test is LM. The LM test was suggested 
by Burridge (1980) for the estimation of the model under the 
null. LM also provides a distinction between a spatial error and 
a spatial lag alternative (Anselin, 2003). Moran’s I is slightly 
better than the LM test in small samples, but the performances of 
the LM test and Moran’s I do not distinguish from each other in 
larger samples (Anselin, 2003). 

 The spatial error model is defined as nuisance dependence 
(Anselin, 2003). The spatial error model is applied for correcting 
of potentially biassing effect of the spatial autocorrelation. SEM 
stands for Spatial Error Models and stands for Spatial 
Autoregressive Model. SAR works with spatial data and creates 
and manages spatial weighting matrices.

 3.5. Cartogram Map

 In academic geography research, area cartograms, which are 
a type of thematic map, are important visualisation tools. Area 
cartograms use dimension and distance according to a variable 
instead of the dimension and distance of the earth’s surface 
(Şahı̇n and Şahı̇n, 2019). In other words, area cartograms are a 
combination of statistical data and geographical areas. Cartogram 
is an example of a non-linear optimisation problem (GeoDa 
Website, 3a). The cartogram map replaces the original layout 
with geometric shapes, such as circles, rectangles, and hexagons. 
There are many variations in the cartogram. Area cartograms can 
be classified as contiguous, non-contiguous, dorling (circular), 
and rectangular cartograms (Şahı̇n and Şahı̇n, 2019; Dent et al., 

2009; Van Kreveld and Speckmann, 2007; Nusrat, Alam, 
Scheidegger and Kobourov, 2018; Tyner, 2010). The circular 
cartogram, which was developed by Dorling, shows each 
element on the map in the form of a circle so that they do not 
overlap each other. It preserves neither spatial appearance nor 
topology. This makes it easier to compare and interpret the data 
distribution on the cartogram (Şahı̇n and Şahı̇n, 2019). The 
cartogram map differs from a standard choropleth map in that it 
is proportional to the value of the variable for the location, 
whereas a standard choropleth map here reflects the size of the 
polygon corresponding to the area of the location in question 
(GeoDa Website, 3a). GeoDa works with a circular cartogram, 
which represents the area units and proportional values observed 
at that location. The cartogram map in GeoDa shows the 
proportional value observed in areal units, based on the size and 
colour of the circles. In this study, bubbles in the cartogram maps 
refer to the provinces of Türkiye. The colour of the bubbles 
refers to SEGE, and the size of the bubble denotes independent 
variables. Dark blue represents low SEGE scores, and red 
represents the most developed provinces in terms of social and 
economic. If the size of the bubbles is larger, the value of the 
indicators is high.

 4. RESULTS 

 Regression analysis showed that birth (number of births of 
women aged 20-39 by place of residence), insurance (women 
with compulsory insurance), and agriculture (share of agriculture 
in GDP) are highly correlated with the SEGE score (Table 4). 
Briefly, the indicator of birth is significant at 0.05%, while 
assurance and agriculture are significant at 0.001%. The indicator 
of birth has a negative coefficient value. This shows that there is 

Fig 2. Geographical distribution of SEGE scores
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a negative relationship with SEGE. A high birth rate results in 
low sociocultural and economic potential. Assurance refers to 
women who have compulsory insurance. Women’s labour with 

assurance has a positive effect on SEGE. Unfortunately, SEGE 
scores are low in provinces where women work without 
insurance. On the other hand, agriculture has a negative effect on 
SEGE. This explains the fact that unqualified and temporary 
labourers work in agriculture. In addition, the geographical 
distribution of these indicators is visualised in GeoDa (See 
Appendix Fig S1-S3).

Graphic 1. Scatter plots

Table 4. Regression results
Residuals:     
Min 1Q Median 3Q Max
-0.90007 -0.27495 -0.05909 0.19960 2.27757

Variables Coefficient
Standard 

Error
T-Tests    

(t-Value)
p-Value 
(Pr(>|t|))

Birth      -5.54E+01 2.37E+01 -2.335 0.022410 *
Marriage_age            8.20E-02 8.89E-02 0.923 0.359106
Vocational_training    4.78E+01 5.21E+01 0.917 0.362242
Entrepreneur_training  7.40E+01 4.02E+02 0.184 0.854277
Onjob_training        -2.88E+02 2.11E+02 -1.366 0.176184
Phd -1.06E+02 1.46E+02 -0.722 0.472920
Labour_force          -9.00E+00 1.10E+01 -0.815 0.417736
Assurance 2.12E+01 5.19E+00 4.086 0.000115 ***
Agriculture -4.80E-02 1.39E-02 -3.445 0.000968 ***
Industry 6.52E-03 8.53E-03 0.765 0.447077
Signif. codes: 0 ‘***’  0.001 ‘**’  0.01 ‘*’  0.05 ‘.’  0.1 ‘ ’ 1

Residual standard error: 0.5467 on 70 degrees of freedom

F-statistic: 19.76 on 10 and 70 DF

p-value: < 2.2e-16

Table 5. Heteroscedasticity and normality tests

REGRESSION DIAGNOSTICS  
MULTICOLLINEARITY CONDITION NUMBER   167.479246
TEST ON NORMALITY OF ERRORS   
TEST  DF VALUE  PROB
Jarque-Bera 2 112.0454 0
DIAGNOSTICS FOR HETEROSKEDASTICITY  
RANDOM COEFFICIENTS
TEST  DF VALUE  PROB
Breusch-Pagan test 10 52.7123 0
Koenker-Bassett test     10 15.5735 0.11251
SPECIFICATION ROBUST TEST
TEST  DF VALUE  PROB
White 65 78.213 0.12588

Table 6. Moran’s I statistics
Data Moran I statistic P-value 
Birth      0.2709995918 < 2.2e-16
Marriage_age            0.2095496367 < 2.2e-16
Vocational_training    -0.0210447559 0.76
Entrepreneur_training  0.0007937842 0.2029
Onjob_training        0.0239053941 0.013
Phd 0.0863685246 1.463E-09
Labour_force          0.0894077360 3.844E-10
Assurance 0.3120649643 < 2.2e-16
Agriculture 0.0709854915 2.549E-07
Industry 0.2341304512 < 2.2e-16
Spatial Weight Matrix: Inverse Distance 
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 Scatter plots illustrate the relationship between each variable 
and SEGE scores (Graphic 1). It is clearly seen that women 
giving birth between the ages of 20 and 39 according to the place 
of residence and proportion of agriculture in GDP have a negative 
relationship with SEGE scores, whereas women with compulsory 
insurance have a positive relationship with SEGE scores at the 
provincial level. 

 Traditionally, heterogeneity can be included in the random 
coefficient model. Testing for spatial error dependence and 
heteroskedastic error variance can be based on the Lagrange 
Multiplier approach (Anselin, 1988). No problems of 
heteroscedasticity or normality were found (Table 5).

 The results of Moran’s I spatial dependency test are shown 
below (Graphic 2). The spatial analysis was performed using a 
spatial weight matrix (inverse distance) in RStudio. According to 
the values of Moran’s I, birth, marriage age, assurance, and 
industry have relatively positive significant spatial autocorrelation 
since these values are closer to 1 than the other variables (Table 6). 

 Lagrange multiplier diagnostics for spatial dependence were 
assessed using RStudio (Table 7). SARMA was significant at 
0.01%. Therefore, we can say that spatial lag dependence and 
spatial error dependence are valid. 

 The spatial autoregressive model (SAR) was performed in 
RStudio. Its type is lag, and its spatial weight matrix is the 
inverse distance. Coefficients refer to the asymptotic standard 
errors (Table 8). 

 The spatial error model (SEM) has an error type. Coefficients 
refer to the asymptotic standard errors (Table 9). The table shows 
the lambda value, LR test value, and p-value.

 Additionally, GeoDa was used to illustrate significance maps 
that display locations with a significant local statistic, as well as 
LISA (Local Indicators of Spatial Association) (univariate) 
cluster maps for three variables that are highly related to SEGE 
(GeoDa Website, 6a).

 Because of regression and Moran’s I, in GeoDa, the LISA 
cluster and significant maps were illustrated with queen weighted 
for three significant variables. These variables are birth (the 
number of births of women between the ages of 20 and 39 Graphic 2. Moran’s I plots

Table 7. Lagrange Multiplier Diagnostics for spatial dependence

Lagrange multiplier diagnostics
Spatial Weight Mat-
rix: Inverse Distance 

P-value 

Spatial Error Dependence-LM Test 
(Lmerr)

0.7277 0.3936

Spatial Lag Dependence-LM Test 
(LMlag)

9.0129 0.002681

Spatial Error Dependence Sub-spatial 
Lag -Locally robust LM test (RLMerr)

2.5513 0.1102

Spatial Lag Dependence Sub-Spatial 
Error- Locally robust LM test (RLMlag)

10.836 0.0009952

SARMA 11.564 0.003082
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according to the place of residence), assurance (compulsory 
insured women), and agriculture (proportion in GDP of 
agriculture). LISA provides a statistic with an assessment of 
significance for each location (GeoDa Website, 6a).

 Moran’s I value for birth is 0.69 (Graphic 3). This means that 
there is a positive spatial autocorrelation. In other words, 
provinces with a high number of women giving birth between 
the ages of 20 and 39 are geographically grouped together, with 
those with a low number of such women situated in close 
proximity to each other. 

 A high number of women giving birth is defined as a value 
that is above the average. The LISA cluster map shows that high 
values are located in the southeast of Türkiye (Fig 3). In the 
southeast of Türkiye, 15 provinces are clustered together. In the 
northern and western parts of Türkiye, 16 provinces demonstrate 
spatial autocorrelation. The small number of women giving birth 
between the ages of 20 and 39 years are grouped together. This 
clustering indicates the influence of geographic factors on the 
age at which women give birth. 

Table 8. SAR results
Residuals:     
Min 1Q Median 3Q Max
-0.838838 -0.232823 -0.091498 0.230314 2.100987
Variables Coefficient Standard Error z-Value  p-Value (Pr(>|z|))
Birth      -4.373E+01 2.06E+01 -2.1182 0.03416
Marriage_age            3.492E-02 7.74E-02 0.4514 0.65169
Vocational_training    4.82E+01 4.52E+01 1.0656 0.28658
Entrepreneur_training  1.00E+02 3.49E+02 0.2869 0.77421
Onjob_training        -4.16E+02 1.84E+02 -2.2628 0.02365
Phd -8.92E+01 1.27E+02 -0.7028 0.48220
Labour_force          1.55E-01 9.64E+00 0.0161 0.98719
Assurance 1.46E+01 4.61E+00 3.1689 0.00153
Agriculture -5.75E-02 1.21E-02 -4.7427 2.11E-06
Industry -7.13E-03 7.60E-03 -0.9386 0.34795
Rho: 0.80337, LR test value: 8.9062, p-value: 0.0028421
Asymptotic standard error: 0.12907

Log likelihood: -55.66122 for lag model

ML residual variance (sigma squared): 0.22492, (sigma: 0.47425)

LM test for residual autocorrelation

test value: 0.46945, p-value: 0.49324

Table 9. SEM results
Residuals:     
Min 1Q Median 3Q Max
-0.824105 -0.273297 -0.063396 0.187382 2.221290
Variables Coefficient Standard Error z-Value  p-Value (Pr(>|z|))
Birth      -5.11E+01 2.24E+01 -2.2833 0.0224140
Marriage_age            6.65E-02 8.04E-02 0.8264 0.4085607
Vocational_training    6.21E+01 4.63E+01 1.3398 0.1803072
Entrepreneur_training  -4.75E+01 3.59E+02 -0.1321 0.8948782
Onjob_training        -3.25E+02 1.90E+02 -1.7106 0.0871614
Phd -8.19E+01 1.29E+02 -0.6345 0.5257477
Labour_force          -3.19E+00 1.00E+01 -0.3175 0.7508388
Assurance 1.87E+01 4.90E+00 3.816 0.0001356
Agriculture -5.54E-02 1.27E-02 -4.3639 1.28E-05
Industry -1.42E-03 8.08E-03 -0.1752 0.8609256
Lambda: 0.77062, LR test value: 2.1865, p-value: 0.13923
Asymptotic standard error: 0.15669

Log likelihood: -59.02107 for error model

ML residual variance (sigma squared): 0.24528, (sigma: 0.49525)
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 The LISA significance map justifies that the level of 
significance increases in the southeast of Türkiye (Fig 4). There 
is a significant correlation between the high number of women 
giving birth in the southeast and their geographical location. 
Furthermore, provinces in the western part of Türkiye exhibited 
a notable correlation with their geographic locations at the 0.05 
significance level.

 Women’s empowerment is a key indicator of socioeconomic 
development. Insurance for working women varies according to 
several factors, such as cultural norms, educational attainment, 
and awareness in the local context. Moran’s I value for assurance 
is 0.72 (Graphic 4). This means that there is a significant positive 
spatial autocorrelation. 

Graphic 3. Moran’s I plot for birth

Fig 3. LISA cluster map for birth

Fig 4. LISA significance map for birth
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 The geographical correlation indicates that assurance 
variables with high values are surrounded by high values in the 
west of Türkiye. Conversely, low-low values are situated in the 
eastern region of Türkiye (Fig 5). This means that the 
socioeconomic characteristics of geographical locations impact 
women’s employment with insurance. For example, the level of 
education attained, economic activities based on geographic 
characteristics, working conditions, and the attitudes towards 
women all affect women’s assurance in their working lives.

 The significance map shows that the most significant values 
are mostly in the east of Türkiye (Fig 6). This highlights the 
variability in women’s assurance based on their geographical 
location. The assurance variable demonstrates a significant 
spatial autocorrelation.

 The eastern regions of Türkiye are suitable for agricultural 
production. The share of agriculture in GDP is a variable of 
socioeconomic development. It is concentrated in the eastern Graphic 4. Moran’s I plot for assurance

Fig 5. LISA cluster map for assurance

Fig 6. LISA significance map for assurance
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part of Türkiye. This increases the need for agricultural workers. 
In general, women are forced to leave school and engage in 
unpaid family work. Moran’s I value for agriculture is 0.25 
(Graphic 5). This means that there is a positive spatial 
autocorrelation. In consideration of the proximity of Moran’s I 
value to 1, spatial autocorrelation may be regarded as relatively 
weak.

 There are mostly low-low and high-high clusters according 
to geographical conditions (Fig 7). In the provinces in the 
northwest of Türkiye, the proportion of the agricultural sector in 

GDP is relatively low. The region is home to a diverse range of 
economic sectors, with a particular focus on industry and 
tourism. Nevertheless, the northeastern provinces of Türkiye 
account for a high proportion of the agricultural sector in GDP.  

 The most significant clustered units are in the northwest and 
northeast of Türkiye (Fig 8). This indicates that the spatial 
autocorrelation is significant.

 Geographical characteristics affect the economic structure 
and directly the socioeconomic level of the provinces. Moran’s I 
value for the SEGE score is 0.63 (Graphic 6). This means that 
there is a positive spatial autocorrelation. 

 The LISA cluster map for the SEGE score shows that high 
values are surrounded by high values, and low values are 
surrounded by low values (Fig 9). In the eastern regions of 
Türkiye, the lack of job opportunities, the role of women in these 
areas, and the prevalence of unskilled labour have resulted in the 
underdevelopment of social and cultural life. However, the high 
SEGE scores observed in the western provinces are related to 
their geographical location.

  Mostly, the provinces with the highest significance level are 
clustered in the southeast of Türkiye (Fig 10). It can be argued 
that the correlation between low SEGE values and their 
geographical location is more significant than that between high 
SEGE values and their geographical location.

 The cartograms presented below illustrate the relationship 
between SEGE and indicators that exhibit a significant 
correlation with SEGE (Fig 11-13). The eastern provinces of 
Türkiye exhibit low SEGE scores, while they exhibit high birth 
rates. It can be observed that women with children are unable to 
participate actively in socioeconomic life, which results in lower 
SEGE scores in the eastern part of Türkiye (Fig 11). 

 An examination of the insurance indicator reveals that 
women in the western part of Türkiye work with insurance (Fig 
12). Women employed in the eastern part of Türkiye do not have 
social security. Therefore, it is recommended that the provision 
of insurance for working women should enhance socioeconomic 
development in the eastern part of Türkiye.
 
 Finally, the proportion of agriculture in GDP is high in the 
eastern part of Türkiye (Fig 13). However, agriculture has an 
inverse relationship with SEGE scores. 

Graphic 5. Moran’s I plot for agriculture

Graphic 6. Moran’s I plot for SEGE scores
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Fig 7. LISA cluster map for agriculture

 Fig 8. LISA significance map for agriculture

Fig 9. LISA cluster map for SEGE scores
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Fig 10. LISA significance map for SEGE scores

Fig 11. Cartogram map of birth

Fig 12. Cartogram map of assurance
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 5. CONCLUSIONS

 This study examined the relationship between SEGE scores 
and indicators related to women and other indicators not included 
in SEGE. The empirical results show that SEGE scores have a 
highly significant correlation with birth (the number of births of 
women between the ages of 20 and 39 according to the place of 
residence), assurance (compulsory insured women), and 
agriculture (proportion in GDP of agriculture). In addition, these 
three indicators and SEGE scores have positive spatial 
autocorrelations. They demonstrate clustering according to the 
related geographical location. This case can be considered in the 
context of both human and economic geography. the geographical 
characteristics of a region affect the social, cultural, and 
economic structures in place. In addition, the geographical 
characteristics of a region will shape attitudes towards women 
and their roles in society. The findings indicate that women’s 
participation in social and economic life is constrained by their 
reproductive roles and familial responsibilities. This case has a 
negative impact on socioeconomic development. On the other 
hand, the indicator of assurance indicates that women with 
compulsory insurance are aware of their social, cultural, and 
economic rights. This has a beneficial effect on SEGE. Finally, 
agriculture has a negative relationship with SEGE because the 
proportion of agriculture in GDP may reflect insufficient 
economic diversity.  

 The results confirm that there is discrimination against 
women and gender inequality because women’s roles in society 
are restricted. Women are also ignored. For example, certain age 
groups of women are absent from social life due to the burden of 
responsibilities such as having children and caring for them. In 
addition, women should have the same rights as men in business. 

The insurance indicator in this study indicates that when women 
have access to basic rights such as insurance, they contribute to 
the social and economic development of provinces.

 This study contributes to the existing literature by focussing 
on the impact of women’s indicators based on geographical 
location on SEGE scores. This study highlights that the status of 
women is an important factor in determining the socioeconomic 
development level of cities. Some social policies, such as flexible 
working conditions and women-friendly programmes in social 
and economic life, should be developed. It is also recommended 
that the role of women in the family structure should be given 
greater consideration in the context of educational life. The study 
emphasises the need to include women’s indicators in the 
socioeconomic development index. In this way, more effective 
decisions can be made for sustainable development. As a result, 
this study can serve as a guide for empowering women and 
changing the role of women in society.  
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Fig S1. Geographical Distribution of Birth (The Number of Births of Women Between the Ages of 20 and 39 According to the Place of Residence)

Fig S2. Geographical Distribution of Assurance (Compulsory Insured Women)

Fig S3. Geographical Distribution of Agriculture (Proportion in GDP of Agriculture)


