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Abstract

It is of great importance for researchers to find out different ways of accessing microdata, due to the
ever-increasing demand for data and the expectation of reducing the response burden and costs at
the same time. In this sense, statistical matching methods have been used extensively to produce new
data using existing microdata of surveys and registers recently. It has an increasing application area in
social studies such as poverty, deprivation, the effects of newborn on the economic situation of the
household, indebtedness and demography, due to the gradual improvement of the micro estimation
levels. Selection of matching variables among common variables, at this point, is a critical step in terms
of the quality of the microdata to be reached. In the study, while selecting the common variables in
order to estimate consumption expenditures by using Statistics on Income and Living Conditions (2018)
and Household Budget Survey (2018), weights were added to Hellinger Distance and Spearman2
applications as a new approach. In addition, the effects of design variables (stratum and cluster) were
also included in the processes, taking into account the complex structure of both samples. Adding
household level weights and design variables to the statistical processes changed the selected or
unselected common variables dramatically.
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SOSYAL ARASTIRMALAR iCiN iSTATISTIKSEL ESLESTIRME YONTEMINDE ORTAK
DEGiISKENLERIN SECIMINE KARMASIK ORNEKLEM TASARIMININ ETKISi

0z

Surekli artan veri talebi ile birlikte, cevaplayici yiikiiniin ve maliyetlerin dustrilmesi gerekliliginin ayni
anda tezahir etmesi nedeniyle, arastirmacilar icin mikro veriye ulasmanin farkli yollarinin bulunmasi
giderek daha biylk onem arz etmektedir. Bu anlamda, istatistiksel eslestirme yontemi, mevcut
calismalari kullanarak yeni verilerin Uretilmesi icin son donemlerde yogun olarak kullaniimaktadir.
Mikro seviyede yapilan tahmin diizeylerinin giderek iyilestirilmesi nedeniyle, yoksulluk, yoksunluk,
dogumun hanenin ekonomik durumuna etkileri, bor¢luluk ve demografi gibi sosyal arastirmalarda da
artan bir uygulama alanina sahip olmaktadir. Bu noktada, ortak degiskenlerin arasindan eslesme
degiskenlerinin secimi siireci, ulasilacak mikro verinin kalitesi agisindan kritik bir asamadir. Calismada
Gelir ve Yasam Kosullari Arastirmasi (2018) ile Hanehalki Biitce Anketi (2018) verileri kullanilarak
tliketim harcamasi tahmini yapilmasi amaciyla ortak degiskenlerin se¢imi yapilirken, yeni bir yaklasim
olarak Hellinger Distance ve Spearman2 uygulamalarina agirliklar eklenmistir. Ayrica arastirmalarin
karmasik yapilari dikkate alinarak tasarim degiskenleri olan tabaka ve kiime bilgilerinin etkileri de
sureclere dahil edilmistir. Tasarim degiskenlerinin ve agirliklarin istatistiksel stireclere dahil edilmesi
secilen ve secilmeyen ortak degiskenler agisindan dnemli degisikliklere neden olmustur.

Anahtar Kelimeler: istatistiksel Eslestirme, Veri Birlestirme, Ortak Degiskenler, Turkiye.
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INTRODUCTION

Merging data sets coming from different surveys or administrative data in order to get a new
variable which is not available at the same time in both data sets explains the general frame of data
matching procedure. There are some procedures including harmonization of microdata, identifying
variables and merging records corresponding to the same units (households, customers, patients,
products, revenues etc.) from two or more databases. The method enables the researcher to exploit
or to reach more variables from the available data sets. Designing a new survey, pre-test procedures
of surveys, training of interviewers, data collection period and analysis of microdata take long time and
cost high. Instead of these long and costly surveys, producing demanded variables from completed
surveys or registers using data matching methods is more rational and time saving.

Because getting variables from available data sets has many advantages, new sub-methods
and solutions have emerged with the increasing request especially in the past decades (De Waal, 2015).
As a result of this rapid development, data matching procedures were diversified as data fusion,
statistical matching, record linkage etc. Even so statistical matching could be categorized under the
headings parametric approach, nonparametric approach and mixed method. Record linkage could also
be categorized under the headings object identifier matching, unweighted matching of object
characteristics, weighted* matching of object characteristics and probabilistic record linkage.

Micro matching method’s essential issue is to fuse variables using matching variables which
are almost same and available in existing data sets. They are generally called as X and selected from
both data sets according to their similarity in terms of reference period, definition of units,
classification etc. Besides, Y and Z variables are unique, and they are available only in one of the data
sets respectively. The main purpose, most particularly in non-parametric micro matching method, is
to procure a complete set of data including X, Y and Z at micro level. Contingency table or a regression
coefficient may be the outputs of these processes especially at macro or mixed matching level.

Record linkage, in other words object matching is a new research field same as statistical
matching and the aim is to identify the records in data sets representing the same entity.

Each method has various and complex implementing procedures, nevertheless micro matching
or statistical matching and the elimination processes of common variables are our focus. To glance at
surveys for this reason, it has seen that Household Budget Survey has two sub-modules. Individual
module consists of 66 questions and the household module consists of 130 questions. Income and
Living Conditions Questionnaire, in a like manner, has three sub-modules. Individual module consists
of 66 questions, the individual record module consists of 10 and the household module consists of 65
questions. Eliminating and selecting variables from hundreds of data requires a series of statistical
operations. The ultimate goal is to obtain a synthetic® micro file which consist of variables X, Y and Z
jointly. This file is used for further social and economic researches such as poverty, deprivation etc.
Quality of the micro file depends on elimination procedures. Final variables remained after this
elimination period, are named as matching variables and used to get synthetic file. As too much
matching variables cause many statistical problems such as misleading findings, matching noise® etc.,
number of common variables should be reduced to three or four variables. Synthetic data set of X, Y,

4 Weighting is a method using assigned values for each unit in the datasets according to their significance or reliability.
5 Synthetic refers to micro files gained with imputation methods.
6 Matching noise refers to differences between the observed values and imputed values.
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Z gained with three or four matching variables has more accurate values in the sense of convergence
so as to use for further social or economic researches.

The core and objective of the study is based on three research questions:

- “Which factors are effective on the selection period of the matching variables among
common variables in statistical matching?”,

- “How complex sample design effect the selection of the matching variables among common
variables?”

- “Do the variables chosen by traditional methods differ from those chosen with design
variables?”

1. LITERATURE AND THEORETICAL FRAMEWORK
1.1. Literature

Data matching methods, both statistical matching and record linkage, do not back long. Initial
academic struggles in data fusion area to use it for social researches dated back to 1972. Okner merged
basically 1967 Survey of Economic Opportunity and 1966 Tax File in order to produce income
distribution with regard to demographic characteristics. In spite of the ease with which one could get
an estimation of total personal income of United States currently, there were not any register or official
statistics on the size distribution of such income or any cross-classifications of personal income by
typical demographic characteristics of the population. The new micro analytic implementation was
performed so as to generate a set of comprehensive household income dataset to use for social
research.

Kum and Masterson (2008) proved that statistical matching method could be used for medical
researches. 2001 Survey of Consumer Finances containing many elements of wealth at the household
level and Annual Demographic Survey of Current Population Survey data sets used to match. They
aimed to get a measure of economic wellbeing with high representation.

D’Orazio et al. (2006) have summarized the classifications of these approaches as macro and
micro; and parametric, nonparametric and mixed methods. D’Orazio carried out many statistical
matching implementations in his publications (2001, 2011, 2013, 2015, 2017) mostly in the field of
household surveys. Many packages including fusing and hot deck R codes especially in the statmatch’
had written by D’Orazio and his publications contain comprehensive examples about the methods.
Social surveys of European Union were matched to compare many social and economic indicators by
country.

Zacharias (2014), in his study, named "Time Deficits and Poverty" used TURKSTAT microdata
of Household Budget Survey (HBS) and Time Use Survey (TUS) for social research. Time spent on
household production for each individual aged 15 years and older in TUS was transferred into HBS
data. Poverty measures calculated by national offices generally do not contain time deficits. They
assume that all households and individuals have time sufficiently to join to the needs of household
members and underestimate both the scope and the depth of poverty. Their models consider
intrahousehold disparities in time allocation unlike neoclassical model.

7 Statmatch is an add-on package for R environment including functions to implement statistical methods.
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Ahi (2015), in his master thesis, matched two surveys (SILC, HBS) to estimate variables on the
basis of Classification of Individual Consumption According to Purpose’s (COICOP) 12 main expenditure
groups for households. The share of the main expenditure groups such as health, education,
transportation and food has been estimated to analyze current social and economic situation of the
households in Turkey.

Ucar (2017), analyzed the effect of a new-born on household poverty. Consumption
expenditure transferred from Household Budget Survey to a longitudinal® survey (SILC) using non-
parametric micro matching. Longitudinal statistical matching caused many complications with regard
to reference period, weights, calibration, population in and out by years and deflation rates about
revenues. In spite of everything, micro fusion method could be used for a demography thesis so as to
find out relationship between poverty and fertility. While nonparametric micro matching method was
used to generate synthetic data, Rensens’ calibration method was used for complex sample design and
Rassler method was used for validation. Economic indicators were used along with fuzzy measures of
poverty and deprivation index in a comparative way.

Kim (2018) searched how in a best way to facilitate a small overlap of units in a data fusion
situation if data consists of categorical variables. Combined estimator which is a combination of
conditional independence assumption and direct estimators was developed in his paper as a new
approach from small area estimation. Netherland Population Census data (2011) was divided into 3
parts randomly to get new data sets. Occupation and education level variables was used only in one
sample. In other words, donor and recipient sample had only one variable respectively. 36 different
experiments were carried out altering sample size of auxiliary data C, number of matching variables
and total sample size of A and B. Expectation maximization algorithm estimator gave better results
than combined estimator. The main aim was to get occupation and education information at micro
level.

Oztiirk (2019), aimed to evaluate non-parametric statistical matching methods (random, rank
and nearest neighbor distance hot deck methods) in her master thesis. 2014-2015 Time Use Survey of
Turkey and 2014 Life Satisfaction Survey of Turkey were used. Household level weights were used in
logistic regressions. Constrained nearest neighbor distance approach and rank hot deck approach
expected to provide more accurate result but implementations showed the opposite. Random hot
deck especially ‘min’ option and nearest neighbor hot deck provided better results. In the dissertation,
relationship between social indicators such as going to the cinema and theater, watching TV, using
social media etc. and demographic indicators was investigated.

All researchers mentioned above, aimed mainly to generate a micro file in order to use it for
following social and economic research effectively looking for the best data matching method. Since
there are no study evaluating elimination procedures of statistical matching method in literature,
studies closest to the subject are summarized instead of preliminary procedures of the approach.

8 Longitudinal (or panel) survey is a research design involving repeated observations of the same variables of households over
determined periods of time (annually, quarterly, monthly). The survey is repeated annually for four years to the selected
households. Survey selected for any year in these four years is called cross-sectional.
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1.2. Theoretical Framework

Both quantitative and qualitative social science research preferred to collect data needed from
small sized surveys. They also favored large scaled field researches when there is a necessary situation.
Field researches which have large scaled sample size include detailed information but could be
performed only in long periods such as population census, household researches etc. Small sized
surveys, on the other hand, can be more flexible in terms of timeliness but have not got comprehensive
information. It is also possible to encounter representativeness issues. In addition to mentioned
drawbacks, everlasting information demand which is more comprehensive and detailed, in very short
periods and at high quality level compelled researchers and national statistical offices to find new and
alternative methods.

Registers (administrative data) were the first source to produce data from available
information even if they are not designed for statistical purposes initially. Surveys carried out for other
purposes were also considered to be used for data matching methods. These existing data sources
enabled to produce broader and new outputs by use of data fusion and record linkage methods. To
summarize, better quality data, faster publication periods, lower costs for national statistical institutes
and reduced response burden are fundamental contributions of data matching methods. These are
also main objectives of national statistical offices.

Liking theory and notion of social distance is important in the sense of the source of data. The
concept of liking theory is mainly about interaction between interviewer and respondent. According
to liking theory, respondents would like to interact interviewers who have similar characteristics
(Vercruyssen et al. 2017). Not only socio-demographic characteristics but also attitudes, religiousness
and background could also improve liking among individuals (Byrne, 1971). Social distance, on the
other hand, implies the differences between individuals in terms of social class, ethnicity, age and
gender (Katz, 1942). When the social distance is considered within surveys, interviewers and
respondents can differ in terms of age, gender, social class, and educational levels. Therefore,
according to liking theory and social distance concept, similarity or dissimilarity between interviewers
and respondents may have considerable effects on building rapport for interviews (Sarag, 2021).
Obtaining the needed data through questionnaires instead of statistical matching or similar methods,
causes various measurement errors and bias®. The relationship between the interviewer and the
respondent can also create bias.

Theoretical frame of statistical matching is substantially based on combining experiments and
combining sample studies. (Cochran 1937), aimed to combine separate sources so as to research in
the field of crop yields using ANOVA® methods and much later than the experiments, methodological
studies emerged for combining sample surveys. There were three main differences between
combining experiments (CX) and combining sample (CS). CS procedures need too much attention
during preparation and coordination phases. It is a great deal of starting with a good planning
especially for multinational surveys contrary to national multidomain surveys which have a
coordination naturally. The second difference of these applications that make up the theory of the SM
method is that while CX concentrates on experiments, CS brings surveys into focus especially on the
probability sampling and simple random selection of subjects. Final point of separation is about
statistical analysis period. Contrary to CX, comprehensive analysis of survey method including joint

9 Bias refers to inclination or prejudice for or against one person or group.
10 ANOVA is an analysis tool used in statistics and means analysis of variance.
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analysis, similarity and comparability is used intensely. Based on these studies, Leslie Kish, in 1999,
described the notion as “theory of combining populations” including different types of cumulation of
rolling samples’ data “sample reported at regular intervals for time periods that overlap with preceding
time periods” (Kish, 1990). Alexander (2001) also suggested that combining data from different
countries or unions had its fundamental problems to experiment.

The process of gaining a definite ground for the theoretical infrastructure has reached a certain
stage with the study of all the sub-headings of the subject in the course of time. Especially in the first
studies, the idea of using the existing data more quickly and effectively came to the fore. In fact, it is
based on the idea of saving time, reducing employee costs and survey expenses for the benefit of the
public. However, with the methodological improvements made as a result of the statistical analyzes
on the data quality, it has been fully established in a theoretical framework. Since misleading findings
of exact statistical matching were evaluated by analogy, improvements in the validity procedures
allowed it to sit on a more solid ground theoretically. Today, studies in this field are entirely aimed at
improving the methodology of the statistical matching in general. In addition to the holistic
perspective, the theoretical infrastructure of each sub-method is developed up to the distinction
between social and economic studies.

2. METHODOLOGY
2.1. Data Sources

Finding convenient data source to get and use for the matching process is main difficulty of
the research. Generally, several social survey results are accessible to use, and matching studies are
largely done using two social surveys. Registers are both complicated to use and difficult to access.
Therefore, two household surveys intended to use “Household Budget Survey (2018)” and “Statistics
on Income and Living Conditions (2018)” and both micro data of surveys obtained from Turkish
Statistical Office (TURKSTAT).

Regulations of TURKSTAT imposes strict rules about micro data demand, confidentiality of
data, ethical issues and usage. Micro data is classified as A and B group. A group data can be utilized
only in the institution with the assigned computer. Time deficit to analyze and match micro data sets
is a problematic issue for this type of data such as population and housing studies. B group data is
suitable for external use. Therefore, SILC and HBS data are preferred. Confidentiality of data is
guaranteed by contract. Micro data sets cannot be shared by no means and statistical estimations
cannot be done at regional basis. As stratum and cluster information enable us to produce regional
based estimations, this information is provided after long negotiations with only alias codes instead of
real variables.

2.1.1. Household Budget Survey (HBS)

Household Budget Survey is collected to produce information about consumption expenditure
and income. Geographic coverage of the survey is all Turkey. Stratified two-staged cluster sampling
method is used. Diaries are given to household members (14+ years old) so as to record individual
consumption expenditures daily. Household Budget Survey consists of 8 tables and 3 separate sub-
data sets as microdata level. These are individual data set, household data set and consumption
expenditure data set. Individual data set consists of 66 questions and the household data set consists
of 130 questions. Consumption expenditure data set consists of 4 subtitles. Classification of
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consumption expenditure is based on COICOP (Classification of Individual Consumption by Purpose).
Data set has an identifier named “unitno” enabling to link subsets of data (TURKSTAT, 2018a).

2.1.2. Statistics on Income and Living Conditions (SILC)

Income and Living Condition Survey is a longitudinal research but it is possible to use it as a
cross-sectional survey collecting for many economic and social purposes. Determining distribution of
income in the country, number of poor people and regional distribution of them, personal income
transitions, material deprivation, general living conditions of people are the main goals of the survey
to answer. Economic activities are recorded by 18 subtitles according to NACE Rev.2 economic activity
classification. Geographic coverage of the survey is all Turkey. Stratified two-stage clustered sampling
approach is used and final sampling unit is household. Face to face computer assisted personal
interview and administrative registers for data editing and missing information were both used.

Micro data of Statistics on Income and Living Conditions questionnaire consists of 9 separate
tables and 3 separate sub-data sets as micro data level. These sub-data sets are individual data set
which has information about only 15+ years old of household members, individual register data set
including information about all household members and household data set. The individual data set
consists of 66 questions, the individual record data set consists of 10 questions and the household data
set consists of 65 questions. Data sets are connected with the help of 2 identifier variables named as
“fertid” and “bilten” (TURKSTAT, 2018b).

2.2. Dataset Preparation and Common Variables

The data preparation process is the first level involving intensive sequences of
implementations. Definitions of variables, contents of them, reference periods of surveys are checked
and response categories including different answers are synchronized (Ugar, 2016). Selection of
common variables (X), and selection of unique variables Y and Z is carried out at this phase named as
harmonization period.

Harmonization period consists of bringing into line the definition of statistical units,
harmonization of reference period of surveys or registers, controlling of coverage of population for
both surveys, controlling of classification of economic activity, adjusting for missing data and
measurement errors and derived variables which have to be created (Laan, 2000). This period is
performed to harmonize and compliance two data sets in order to use them for further processes.

Reference Person is defined differently in the two surveys. While household budget survey
definition is referenced the member receiving the highest income in the household, Income and Living
Conditions Survey definition is based on age and management and decision role in the household. Due
to two different content of reference person, reassignment the reference person for the Income and
Living Conditions Survey is done. In this sense, the reference person was reassigned with the SAS
Enterprise program based on the column (FG140) containing the total income item in the data set. The
data, which is 82.16% compatible before reassignment, has been made fully compatible after the
process. As eight variables of common variables (X) are connected to the reference person, this
reassignment process has enabled the matching quality to be increased.

Household Size is not available in the Income and Living Conditions Survey on the contrary to

Household Budget Survey. Therefore, the household size variable is generated for Income and Living
Conditions Survey making use of the individual register data set.
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Harmonization of Classifications contains response categories of variables coded not in the
same way. Response categories were created for reference person’s age group and reference person’s
number of weekly working hours. The answers to the marital status question, which has different
response categories, were harmonized. The answers to the education question were divided into
subcategories. The answer of the reference person’s economic activity of work and heating system of
the dwelling question have been harmonized. Differences of response categories for ownership of
mobile, computer, internet, washing machine, refrigerator, dishwasher, air conditioner and car were
classified in a harmonized way.

Derivation of Variables is also very important issue in order to create and use for further
processes. Demographic variables that are important and necessary to be used in data matching
procedures were created in both data set. These are mainly about number of elderly, women, adult,
children and employed persons in the household.

Harmonization of Household Income was a problematic issue. Although the sub-items of the
income variable are the same in both surveys, income variable in SILC refers to the preceding year.
Having tried many different ways to solve the problem, TURKSTAT CPI (Consumer Price Index) was
used to bring into compliance income variables.

Choice of Donor and Recipient depends mostly on sample size of the surveys but it may alter
according to target of study (D’Orazio, 2017). Surveys with smaller sample size is generally recipient
and larger sample sized survey is donor. This approach prevents us from syntax errors occurring in hot
deck procedures in R Studio. Nevertheless, Income and Living Conditions Survey is assigned as the
recipient and Household Budget Survey is assigned as the donor data set. This phase is compulsive to
reduce common variables in the Hellinger distance, spearman and regression applications.

Choice of Target Variables which means Y and Z variables, is also necessary for further stages.
Y is income variable in the Income and Living Conditions Survey (recipient) and Z is household
consumption expenditure in the Household Budget Survey (donor). These variables should be assigned
elaborately to use in the statistical applications.

At the end of the harmonization period, common variables (X) and matching variables have to
be determined according to multicollinearity. There are still 39 common variables and it is too much

to match data sets effectively.

Table 1. List of the selected common variables and abbreviations

HSIZE Household Size

NUM_CHI Number of children (0-17) in the household
NUM_ADU Number of adults (18-64) in the household
NUM_ELD Number of elderly (65+) in the household
NUM_WOM Number of women in the household
ALL_ADU All household members are adults

ALL_ELD All household members are elderly
ALL_WOM All household members are women
NUM_EMP Number of employed people

NUM_EMP_INC Number of individuals with employee income
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NUM_SELF_EMP_INC Number of individuals with self-employed income
NUM_RET_INC Number of individuals with retired income
REF_SEX Reference person's sex

REF_AGE Reference person's age group

REF_MAR Reference person's marital status

REF_EDU Reference person's education

REF_PRO Reference person's professional status
REF_OCC Reference person's occupation

REF_ECO Reference person's economic activity of work
REF_WHRS Reference person's number of weekly working hours
DWE Dwelling type

TENURE Tenure status

RENT_CAT Current rent related to occupied dwelling
ROOM_NUM Number of rooms

TOT_AR Total space available to the household (m2)
HEAT _SYS Heating system of the dwelling

BATH Bath or shower in dwelling

TOILET Indoor flushing toilet for sole use of household
PIPED_WAT Piped water

HOT_WAT Hot water

MOBILE Mobile

COMP Computer

INTERNET Internet

WASH_M Washing machine

REFRIG Refrigerator

DISH_W Dishwasher

AIR_CON Air conditioner

CAR Car

DIS_INC_CAT Total disposable household income

2.3. Statistical Methods

Regression analysis is extensively used to reduce the number of selected common variables as
sole method. As we have household weights for both surveys, “HB40 for Income and Living Conditions
Survey” and “FACTOR for Household Budget Survey”, these variables are utilized in Hellinger Distance,
spearman2 and regression analysis as a new technique to observe and evaluate the effect on the
elimination period. Design variables are also benefitted as a new approach to investigate how complex
sample designs effect the selection period.

2.3.1. Hellinger Distance
Hellinger Distance is a mathematical formulation developed by Ernst Hellinger in 1909 and
takes final values between 0 and 1 representing similarity of variables. Probabilities of the response

categories is fundamental for the formula. While zero indicates exact similarity, one indicates no
similarity between the same variables of donor and recipient sample. Because Hellinger Distance
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method is easy to calculate similarity and does not need information about sample design, it is very
useful and common.

Formula 1. Hellinger Distance Formula

2
HD (DR) = 53K, (- fm)

D: Donor (Household Budget Survey)

R: Recipient (Income and Living Conditions Survey)

K:  Total number of the cells

nDi: The frequency of response categories in Household Budget Survey

nRi: The frequency of response categories in Income and Living Conditions Survey

N: Total size of the contingency table.

In the academic literature for calculation results of Hellinger Distance method, variables having 5
percentages and above is not accepted for further analysis because there is no similarity between
them. Therefore, variables excessing that cutoff value are considered incompatible for ongoing
periods.

2.3.2. Spearman2!

Even if the Hellinger Distance method eliminates several common variables, there are
generally still too many variables and having so much variables might lead to undesirable noise
effecting synthetic data sets of statistical matching. Additional approach to select matching variables
from remained common variables is spearman2 method which computes squares of Spearman’s rho
rank according to type of variables. Hmisc package in R studio was installed for further analysis
processes.

Table 2. Types of variables in SILC and HBS

VARIABLES TYPE OF DATA
X Common Var. Categoric

Y Household Income Var. (SILC) Continuous

Z Consumption Expenditure Var. (HBS) Continuous

Spearman? applied for both data sets separately so as to get two tables including adjusted rho2 values
for each variable.

spearman2(Y~varl+var2+..., data= a)

spearman2(Z~ varl+var2+..., data=b)

Spearman2 procedure, used for second elimination method to reduce unnecessary variables and find
out variables which have more explanatory power, is calculated using unweighted data invariably as
Hellinger Distance is. This situation may cause that some variables left or out. So weighted calculation
was used to avoid from that problem. Package wCorr and function weightedCorr were used in R

11 Spearman method is a rank correlation and introduced by Charles Spearman in 1904.
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program. The function could be used only with numeric categories so response categories of ref_whrs,
tot_ar and dis_inc_cat were recategorized accordingly using numeric instead of ranks.

weightedCorr(x=dataSvarl,
y=dataSvar2, method = c(“Spearman”), weights = dataSweight)

2.3.3. Regression Analysis

Linear regression or logistic regression is performed prevalently according to type of
dependent variables (categoric or continuous). As weights are generally ignored in regression analysis
made for statistical matching, similar to the Hellinger Distance and spearman2 calculation period, in
this study they were used as a new method and both weighted and unweighted regressions were run
after dummy variables®? created.

Finding matching variables processes from common variables normally ends up at this phase,
selected variables approved after regression analysis can be easily used in non-parametric or
parametric matching processes. However, effect of the design variables on the selection period will be
investigated.

Effect of design variables, since it is thought to affect the common variable selection decision,
is important for this study. Thus, in this stage, cluster and stratum information was included in the
analysis process along with remained variables in order to observe the effect of design variables.

3. RESULTS
3.1. Results of Hellinger Distance Calculations

The first analysis results of Hellinger Distance pointed out that nine common variables have
values out of range as seen in the figure below. If we do not insert household weights in the HD
calculations, these nine variables will not use for following processes.

As mentioned in the methodology section, variables with a score under 5 percentages
accepted as convenient for the following phases. First unweighted results in the figure 1 indicate that
nine variables excessing that cutoff value are considered incompatible for ongoing periods. In another
word, they do not have any similarity between them.

The same procedures are repeated with weights. When household weights named as “HB040”
and “FAKTOR” included in calculation of response categories’ percentages (nDi and nRi), mean value
was decreased from 3.2 to 2.4 and four of the nine variables became reusable for following processes.
Figure 2 exhibits the weighted results.

12 Dummy variables refer to variables taking only the value 0 or 1 to indicate the absence or presence of some categorical
effect.
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Figure 1. Hellinger distance results of the common variables (unweighted)
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Figure 2. Hellinger distance results of the common variables (weighted)
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Reference person's number of weekly working hours, reference person's sex, reference
person's occupation and reference person's professional status are proper to use owing to the new
approach in the statistical matching. Table 3 shows weighted and unweighted scores of four variables.
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Table 3. Weighted and unweighted scores of the 4 variables

NAME OF VAR. WEIGHTED HD SCORE | UNWEIGHTED HD SCORE
REF WHRS 4,7 5,2
REF SEX 4,0 5,4
REF PRO 4,0 5,2
REF OCC 3,6 5,5

3.2. Results of Spearman2 Calculations

Unweighted calculation of adjusted rho2 values are represented in the table below. As
variables scored over ten percent indicate strong explanatory power, eleven variables scored over ten
percent in both data set could be used for further stages. These are disposable income categories,
reference person's education, number of employed people, heating system of the dwelling, number
of individuals with employee income, internet, number of adults (18-64) in the household, dwelling
type and ownership of computer, dishwasher and car. Excluding disposable income categories for both
surveys which have highest scores, reference person's education status has highest value for Income
and Living Conditions Survey. On the other side, ownership of car has highest value for Household

Budget Survey.
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Table 4. Adjusted rho2 values (unweighted)

Spearman rhoA2 Response variable:YINCOME spearman rhoA2 Response variable:ZCONSUMPTION

rhoz F dfi dfz p adjusted rho2 n rho2 F dfl df2 P Adjusted rho2 n
REF_WHRS 0.127 B76.51 4 24063 Q v, 127 24068 REF_WHRS 0.062 194.15 4 11823 0.0000 0.061 11828
REF_SEX 0.018 433,54 1 24066 0 0.018 24068 REF_SEX 0.036 438.52 1 11826 0.0000 0.036 11828
REF_PRO 0.057 1443.22 1 24066 0 0.057 24068 REF_PRO 0.020 242.92 1 11826 0.0000 0.020 11828
REF_0OCC 0.010 239.42 1 24066 0 0.010 24068 REF_0OCC 0.004 48.22 1 11826 0.0000 0.004 11828
DIS_INC_CAT 0.951 92031.86 5 24067 () = 051 24068 DIS_INC_CAT 0.483 2212.81 5 11822 0.0000 = 483 11828
HOT_WAT 0.083 2173.54 1 24066 0 0.083 24068 HOT_WAT 0.051 629.19 1 11826 0.0000 0.050 11828
REF_EDU 0.260 B8466.15 1 24066 () e .260 24068 REF_EDU 0.153 2134.97 1 11826 0.0000 e 0.153 11828
MOBILE 0.042 1063.32 1 24066 0 0.042 24068 MOBILE 0.028 336.41 1 11826 0.0000 0.028 11828
PIPED_WAT 0.007 178.46 1 24066 0 0.007 24068 PIPED_WAT 0.003 40.53 1 11826 0.0000 0.003 11828
NUM_EMP 0.189 5595.07 1 2406F () e 3,189 24068 NUM_EMP 0.116 1547.11 1 11826 0.000) e 0.116 11828
TOT_AR 0.131 opg. 45 4 24063 () e 0, 13] 24068 TOT_AR 0.093 301.99 4 11823 0.0000 0.092 11828
HEAT_SYS 0.166 AT7R7.77 1 24066 () = 0,166 24068 HEAT_SYS 0.144 1987.70 1 11826 0.000(Q = 144 11828
TENURE 0.013 326. 58 1 24066 0 0.013 24068 TENURE 0.001 11.59 1 11826 0.0007 0.001 11828
ROOM_NUM 0.115 3142.46 1 24066 () w0, 115 24068 ROOM_NUM 0.076 968.72 1 11826 0.0000 0.076 11828
NUM_EMP_TINC 0.153 4347.93 1 24066 ) e .153 24068 NUM_EMP_INC 0.105 1386.09 1 11826 0.0000 =0 105 11828
TOILET 0.040 992.87 1 24066 0 0.040 24068 TOILET 0.049 607.29 1 11826 0.0000 0.049 11828
INTERNET 0.200 6023.60 1 24066 () e 0,200 24068 INTERMNET 0.195 2864.84 1 11826 0.0000 e 0,195 11828
NUM_SELF_EMP_TNC 0.001 18.75 1 24066 0 0.001 24068 NUM_SELF_EMP_INC 0.000 0.00 1 11826 0.9815 0.000 11828
BATH 0.021 518.38 1 24066 0O 0.021 24068 BATH 0.015 178.42 1 11826 0.0000 0.015 11828
NUM_ADU 0.130 3582.57 1 24066 () =0 130 24068 NUM_ADU 0.117 1562.42 1 11826 0.0000 == 0 117 11828
NUM_CHI 0.003 65.60 1 24066 O 0.003 24068 NUM_CHI 0.012 138.50 1 11826 0.0000 0.011 11828
REFRIG 0.015 377.61 1 24066 0 0.015 24068 REFRIG 0.010 118.41 1 11826 0.0000 0.010 11828
NLIM_WOM 0.018 432.46 1 24066 0 0.018 24068 NUM_WOM 0.024 286.37 1 11826 0.0000 0.024 11828
ALL_ELD 0.075 1949, 86 1 24066 0 0.075 24068 ALL_ELD 0.075 956.62 1 11826 0.0000 0.075 11828
AIR_COM 0.030 744.43 1 24066 0 0.030 24068 AIR_COM 0.039 485.29 1 11826 0.0000 0.039 11828
DISH_W 0,193 5744.91 1 24066 () =0 103 24068 DISH_W 0.154 2148.06 1 11826 0.000Q =0 154 11828
COMP 0.219 6756.05 1 2406f [ = 0 219 24068 COMP 0.181 2612.60 1 11826 0.0000 e 0,181 11828
CAR 0.176 5130.40 1 24066 (| =————— 0.176 24068 CAR 0.203 3005.93 1 11826 0Q.000) = 0,203 11828
WASH_M 0.034 855.80 1 24066 0 0.034 24068 WASH_M 0.022 259.87 1 11826 0.0000 0.021 11828
DWE 0,125 3453.41 1 24066 () = 0,125 24068 DWE 0.117 1562.45 1 11826 0.0000 e 0.117 11828
NUM_ELD 0.026 6£39.91 1 24066 0 0.026 24068 NUM_ELD 0.039 483.93 1 11826 0.0000 0.039 11828
HSIZE 0.052 1330.3% 1 24066 0 0.052 24068 HSIZE 0.060 76l1.20 1 11826 0.0000 0.060 11828
ALL_WOM 0.067 1740.08 1 24066 0 0.067 24068 ALL_WOM 0.049 610.44 1 11826 0.0000 0.049 11828
ALL_ADU 0.004 g7.41 1 24066 0 0.004 24068 ALL_ADU 0.000 4.09 1 11826 0.0432 0.000 11828
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Weighted calculation of adjusted rho2 values indicates that two variables having proper values for the
unweighted spearman?2 calculation received values outside of the specified ranges. Therefore, heating
system and dwelling type variables did not use for the further analysis.

Table 5. Adjusted rho2 values (weighted)

VARIABLES SILC HBS

REF_WHRS 0,07553 0,04815 NA
REF_SEX 0,01725 0,0455 NA
REF_PRO 0,0647 0,0284 NA
REF_OCC 0,00903 0,00349 NA
DIS_INC_CAT 0,94095 0,48399 *ox
HOT_WAT 0,07044 0,04297 NA
REF_EDU 0,23539 0,12932 *ox
MOBILE 0,04649 0,02755 NA
PIPED_WAT 0,0059 0,00331 NA
NUM_EMP 0,21147 0,13859 *
TOT_AR 0,12319 0,08644 NA
HEAT_SYS 0,1372 0,09354 NA
TENURE 0,02024 0,00353 NA
ROOM_NUM 0,112 0,07147 NA
NUM_EMP_INC 0,16431 0,10428 *ox
TOILET 0,03523 0,03987 NA
INTERNET 0,20128 0,17621 *ox
NUM_SELF_EMP_INC 0,00151 0,00056 NA
BATH 0,01746 0,01302 NA
NUM_ADU 0,15268 0,13425 *k
NUM_CHI 0,00452 0,01343 NA
REFRIG 0,01526 0,00689 NA
NUM_WOM 0,02848 0,03397 NA
ALL_ELD 0,08658 0,08186 NA
AIR_CON 0,03236 0,03289 NA
DISH_W 0,17833 0,12872 *ox
COMP 0,21597 0,16444 *ox
CAR 0,16582 0,19915 *ox
WASH_M 0,03467 0,01831 NA
DWE 0,10973 0,08951 NA
NUM_ELD 0,02686 0,03209 NA
HSIZE 0,07038 0,07547 NA
ALL_WOM 0,07655 0,06244 NA
ALL_ADU 0,00226 0,00008 NA

Only nine variables can be used for further analysis. Disposable income categories, reference
person's education, number of employed people, number of individuals with employee income,
internet, number of adults (18-64) in the household and ownership of computer, dishwasher and car.
Adding weighting procedure to calculation of Spearman2 leads to change the matching variables to be
used in the following periods.
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3.3. Regression Results

Results of both the Hellinger Distance and spearman2 show that household level weights could
significantly change the elimination period. In the additional third step to reduce matching variables
to a reasonable number so as to avoid errors caused by introducing too much matching variables into
the statistical matching processes, household level weights are used too. Table 6 indicates that which
variables get appropriate values in which analysis. Ownership of computer, car, dish washer and
disposable income categories are matching variables according to regression results.

Table 6. Regression results (weighted and unweighted)

REGRESSION LINEAR LOG LINEAR

SAMPLE SILC ‘ HBS |SILC HBS SILC ‘ HBS |SILC HBS FREQ
VARIABLES WEIGHTED UNWEIGHTED WEIGHTED UNWEIGHTED
NUM_EMP X X X X X 5/8
DWE X X X 4/8
comp X X X X X X X 8/8
DISH_W X X X X X X X 7/8
CAR X X X X X X X 8/8
DIS_INC_CAT X X X X X X X 8/8
INTERNET X X X X 4/8
NUM_ADU X X X 3/8
REF_EDU X X 2/8

When design variables are attached the regression analysis, different results are observed.
Unlike traditional analyses, 2 variables (humber of adults and ownership of internet) that were not
included in the previous regressions were found as significant for Household Budget Survey. Four final
variables (ownership of computer, ownership of dish washer, ownership of car and disposable income
categories) found proper to match similar to the previous results.

The same analysis was carried out for SILC. When complex sample design took into account, 6
variables obtained sufficient results for matching. Four of them are the same variables found by
traditional methods but number of adults and number of employed people are the variables found as
a result of consideration of complex sample design. Table 7 shows regression results with design
variables.

Table 7. Regression results (with design variables)

VARIABLES SILC_DV HBS_DV
NUM_ADU X X
NUM_EMP X

NUM_EMP_INC

REF_EDU

COMP X X
INTERNET X
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DISH_W X X
CAR X X
DIS_INC_CAT X X

Studies in the literature are limited to certain patterns for Hellinger Distance, spearman2 and
regressions. Here, an additional contribution has been made in terms of adding weights and design
variables to each of the elimination methods. Adding weights in Hellinger Distance and spearman2 and
regressions with design variables are innovations of the study. Although it is not the subject of the
article, it has been observed that the validation of statistical matching results made with the matching
variables obtained as a result of including the design variables, provide accurate information at micro
level.

4. CONCLUSION AND DISCUSSIONS

Linear regression analysis results, calculated Hellinger Distance and spearman2 percentages
indicate that weights and design variables have significant effects on the choosing phase of the
statistical matching method separately. Variables excluding for next stage calculations due to their
analysis scores (>%5 for HD and <%10 for spearman2) could be utilized after these factors included the
calculations as a new method. This situation means that studies on this field may ignore some matching
variables for not using design variables in procedures. Advantage of using design variables in the
elimination processes is to generate more accurate estimations. On the other hand, shortcoming of
this approach, design variables are very difficult to obtain.

Evaluating the processes in terms of weights, four fundamental variables about reference
person related to demographic and labor force indicators could be added owing to weighted and
recalculated percentages of response categories. While these four vital indicators included and reused,
on the contrary, two variables excluded due to weighted recalculation of spearman2 method. Common
variables having not representativeness to be matching variables deducted from the list and variables
with high correlation used for regression analysis.

Regression analysis with traditional approaches firmly showed that four variables were final
regressors to be used for matching phases. When complex sample design considered, “number of
adults” variable found out as common variables for SILC and HBS. Besides, number of employed people
and ownership of internet variables became useable variables for SILC and HBS respectively.

Although statistical matching method offers a very wide usage opportunity, it is still not used
widely enough. It can be used in sociological researches such as immigration, economic and social
studies on immigrants, where it is difficult to reach sufficient and comprehensive data. Different
registers or surveys of Immigration Department, Ministry of Interior, Address Based Population
Registration System etc. can be exploited to find out current sociological situation of immigrants in
Turkey. Sociological and economic solution proposals can be implemented more accurately and quickly
by considering the results of this research. It will be also beneficial for researchers who want to work
in this field to consider design variables in terms of data quality.
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OZET

Sosyal arastirma yontemlerinde, 6zellikle hanehalki ¢alismalarinda son donemlerde yogun bir
kullanim alanina ulasan veri eslestirme g¢alismalari zamanla yeni istatistiksel uygulamalari da biinyesine
dahil etmektedir. Bu galismada gelir ve yasam kosullari arastirmasi 2018 yili verileri ile hanehalki biitge
anketi 2018 yili verileri kullanilarak gelir ve yasam kosullari mikro veri setinde mevcut olmayan
hanehalki tiketim harcamasi degiskeninin biitce anketinden istatistiksel eslestirme yontemiyle
aktarilmasi saglanmistir. Eslestirme kalitesini belirleyen en 6nemli etken olan ortak degiskenlerin
secimi stireci klasik yontemlerle yapilmis olup bu yéntemlere ilaveten agirlik ve tasarim degiskenleri de
surece ilk kez dahil edilmistir.

Ortak degisken seciminden sonraki sireclerde parametrik ya da parametrik olmayan
yontemlerin uygulanmasinda genel bir uygulama silsilesi mevcut oldugundan siireglere yeterli bir
sekilde mudahale yapilmasi ¢ok fazla mimkiin olamamaktadir. Ancak halihazirdaki tiim degiskenlerin
elenip ortak degiskenlerin tespit edilmesinden sonraki eslestirme degiskenlerinin secimi ise yeniliklere
actk olan bir alandir. Tabakali, iki asamali kiime 6rneklemesi ile hanelerin segiminin yapildigi iki anket
¢alismasinda da tasarim degiskenleri ve hane agirlik bilgileri ilk kez dikkate alinarak degisken seg¢im
sureglerine olan etkisi veri kalitesinin artirilmasi yoniinde degerlendirilmistir.

Veri setleri degerlendirilip aralarinda korelasyon olan degiskenler belirlendikten sonra kalan 39
degisken icin ilk olarak Hellinger Distance yontemine gore hesaplama yapiimis olup 9 degisken
temsiliyet yetenegi yeterli olmadigindan kapsam disina alinmistir. Ancak her iki ankete ait agirhklar
SPSS programi araciligiyla kullanilarak, cevap kategorilerinin oranlari yeniden hesaplanmistir. Bu
hesaplama sonucunda ilk degerlendirmelere gore kullanilmamasi gereken 4 degisken yiizde 5 esik
degerinin altina inmesi nedeniyle sonraki stiregler icin kullanilabilir hale gelmistir. Yenilenmis ve hane
agirhklan dahil edilmis Hellinger Distance hesabi sonucu olusan oranlar ile referans kisinin haftalk
calisma saati, referans kisinin cinsiyeti, referans kisinin ¢alisma durumu ve referans kisinin ¢alisma
bilgisi gibi dnemli demografik ve ekonomik faaliyet degiskenlerinin izleyen sireglerde kullanima uygun
oldugu tespit edilmistir.

Ortak degiskenlerin kategorik bir veri tipine sahip oldugu, hedef degiskenler olan Y ve Z
degiskenlerinin ise sirekli (continuous) bir veri tipi yapisina sahip oldugu durumlarda eleme
sureglerinde kullanilabilecek bir yontem olan spearman2 metodu da ilk olarak geleneksel bir sekilde
yani hicbir agirlik bilgisi formile eklenmeden hesaplanmistir. Burada sadece 11 degiskenin istatistiksel
eslestirme sirecleri icin uygun oldugu, kalan 23 degiskenin ise kullanilamayacagl sonucu ortaya
¢tkmistir. R Studio programi ile wCorr paketi biinyesindeki weightedCorr fonksiyonu kullanilarak
spearman2 hesabina hane agirliklari dahil edilmistir. ilk defa kullanilan bu yéntem ile yapilan yeni
hesaplamalarda sadece 9 degiskenin referans deger olan ylizde 10 ve Uzeri seviyelerde deger aldigi
goérilmistir. ilk hesaplamalarin aksine, hanede kullanilan isitma sitemi sekli ile oturulan evin hangi tip
oldugu ile ilgili olan 2 temel degiskenin bu yeni yaklasim sayesinde eslestirme degiskeni olarak
kullanilamayacagi tespit edilmistir. Dolayisiyla agirlik bilgisinin bu asamada da énemli bir etkiye sahip
oldugu gorilmektedir.

Hedef degiskenlerinin tipine gbre uygulanacak dogrusal ya da lojistik regresyon analizi,
degisken seciminde tek basina veya bu ¢calismada uygulandigi lizere birka¢ asamadan sonra nihai segim
amaciyla kullanilabilen bir metot olarak karsimiza ¢ikmaktadir. Burada dncelikli olarak her iki anket
verisi icin dogrusal regresyon analizi agirlikh ve agirliksiz olarak uygulanmistir. Daha sonra hedef
degiskenler icin log alinarak agirlikli ve agirliksiz olmak (zere SPSS ve SAS Enterprise Uzerinden
regresyonlar gerceklestirilmistir. Sonuglar incelendiginde 8 farkli uygulamada 4 degiskenin nihai
degisken olarak kullanilabilecegi anlasiimistir. Bunlar hanede bilgisayara sahip olma durumu, hanede
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bulasik makinesine sahip olma durumu, hanede arag¢ sahibi olma durumu ile harcanabilir gelir
kategorileri degiskenleri olarak 6n plana ¢ikmaktadir.

Temsil yetenegi ve korelasyon katsayisi yiksek olan bu 4 degisken ile istatistiksel eslestirme
sureglerine devam edilebilmesi miimkin olmakla birlikte, bu calismada tasarim degiskenleri olan
tabaka ve kiime (blok) bilgilerinin regresyon analizi sirecine dahil edilerek olasi etkileri gozlemlenmek
istenmistir. Bolgesel tahmin yapmaya imkan verebilecegi igin gelir ve yasam kosullariigin kiime bilgileri;
hanehalki biitce anketi igin ise tabaka ve kiime bilgileri sanal kodlar ile Tiirkiye istatistik Kurumu’ ndan
temin edilmistir.

Hanehalki Biitce Anketi verilerine tasarim degiskenleri eklenerek yapilan analizler sonucunda
agirlikh ve agirliksiz olarak yapilan regresyon analizlerinden farkli sonuglara ulasiimistir. Hanedeki 15-
64 yas arasi birey sayisi ile internet sahipligi degiskenlerinin, bu hesaplamalarda yiliksek temsiliyete
sahip oldugu icin, eslestirme degiskenleri olarak kullanilabilme imkani dogmustur. Daha Onceki
analizlerde nihai eslesme degiskeni olarak secilen dort degiskenin bu hesaplamada da uygun olduklari
tekrar test edilmistir.

Gelir ve Yasam Kosullari Arastirmasi verilerine tasarim degiskenleri eklenerek yapilan analizler
sonucunda da agirlikli ve agirliksiz olarak yapilan regresyon analizlerinden farkli sonuglara ulasiimistir.
Daha onceki hesaplamalarda farkli sonuglar veren hanedeki yetiskin sayisi degiskeni, tasarim
degiskenleri dahil edildiginde ortak degisken olma kriterlerini karsilamigtir. Ayrica GYK igin ¢alisan sayisi
ve HBA icin de internet sahipligi degiskenleri olumlu sonuglar vermistir. Geleneksel yontemlerle
ulasilan dort degiskene ise bu yontemlerle de ulasiimistir.

Diinyada ve Tirkiye’ de son yillarda devam eden go¢men ve siginmacilarla ilgili sosyolojik ve
sosyo-ekonomik durumun tespitine yonelik arastirmalar igin istatistiksel eslestirme yéntemi yeni bir
yaklasim sunabilme kapasitesine sahiptir. idari kayitlar ve cesitli amaclarla derlenen anket verileri
birlestirilerek alt kirllimlarda veri Gretimi miimkindr. Proje destekli ve uzun siireli arastirmalarla elde
edilen verilere, bu yontemle daha az maliyetle ve daha hizli bir sekilde ulasilabilir. Gé¢men ve
siginmacilarla ilgili arastirma yapanlarin, istatistiksel eslestirme yontemini kullanirken makalede
bahsedilen sekilde anket verilerine ait tasarim degiskenlerini de dikkate almasi, ulasacaklari bulgularin
kalitesi agisindan da son derece faydal olacaktir.
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