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Abstract

Regression analysis is known as statistical methods applied to model and analyze the relationship
between variables. Regression method can be examined as parametric, non-parametric and
semiparametric regression methods. The parametric regression method assumes that the
dependent variable is in a linear relationship with the independent variables and that the shape of
the relationship is known. If these assumptions are not met, non-parametric regression methods
are applied. However, these methods cause difficulties especially in the interpretation part due to
the problem of multidimensionality when there is more than one independent variable. Thus,
when there is more than one independent variable, some of the independent variables may be in a
linear relationship with the dependent variable, while the other part may be in a nonlinear
relationship. Thus, in order to model these relationships, semiparametric regression methods,
which are the additive combination of parametric and non-parametric regression methods, are
used. In this study, parametric regression method, definition of non-parametric regression method
and assumption conditions are given. It has been shown that the semiparametric regression
method can be applied in cases where these assumptions are not met. Thus, in the study,
regression methods were examined in three different parts, and parametric, non-parametric and
semiparametric regression methods were examined theoretically.
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1. INTRODUCTION Regression analysis gives information about

the existence of a relationship between

Regression analysis, one of the most important
subjects of statistics, is an analysis method
applied to measure the relationship between
two or more variables.
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dependent and independent variables and, if
there is, about the type and strength of that
relationship [1]. In general, regression analysis
investigates whether there is an effect of
another variable on a variable.
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Here, while the dependent variable is one, the
variables that affect it (independent variables)
can be one or more. A regression model with
one independent variable is called simple
linear regression, and a regression model with
more than one independent variable is called
multiple linear regression analysis. Regression
analysis is based on the assumptions that the
independent variables affect the dependent
variable linearly, that the relationship between
dependent and independent variables is
known, and that the dependent variable has a
normal distribution.

However, in many estimation problems, some
of the independent variables do not affect the
dependent variable linearly. Thus, the need to
examine regression models that include
nonlinear or more complex variables arises.

For this reason, regression analysis is
examined in three different groups as
parametric, non-parametric and

semiparametric regression [2].

In the parametric regression model, it is
assumed that the shape of the regression
function is known beforehand. At the same
time, it is assumed that the error variances are
constant for all independent variables, there is
no autocorrelation between the error terms, the
variables are normally distributed, and there is
no multicollinearity problem between the
independent variables [3]. If these conditions
are not met, the estimations made for the
regression function lead to incorrect results
and interpretations. In cases where the
assumptions are not met, these estimations will
not be a good estimation result, so a non-
parametric regression model that can stretch
the linearity assumption in the parametric
regression model is needed. While strong
assumptions are required in the parametric
regression model, these assumptions are not
required in the non-parametric regression
model [4].
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In the non-parametric regression model, the
shape of the function is not predetermined and
there are no assumptions provided in the
parametric regression model. The only part of
the assumption requirement is that the mean of
the error terms is zero and the variance is
finite. Thus, flexibility is created in the
emergence of the relationship between the
variables. In non-parametric regression, it is
known for the ability of the data to express
itself [5]. In addition to its advantages in non-
parametric regression, it also has some
difficulties. One of these challenges is the need
for a large amount of data. Another challenge
is the complexity of operations and the need
for intensive computer use. In cases where the
number of independent variables is more than
two, alternative methods are needed because it
is difficult to apply the analyzes with non-
parametric regression method and to interpret
the graphs [6]. Thus, semiparametric
regression model can be applied in cases

where  parametric and  non-parametric
regression methods are not wused. In
semiparametric  regression models, time

dependent and chance variables are included in
the model with non-parametric methods, while
continuous independent variables are included
in the model with parameric methods [7].

Semiparametric regression method is also
known as partial linear regression method due
to the additive combination of parametric and
non-parametric regression. In the
semiparametric regression method, if the
independent variables are unrelated, the
coefficients of the parametric variables are
estimated by the least squares method, and the
non-parametric variables are estimated by
methods such as spline [8]. The fact that the
semiparametric regression method is less
restrictive than parametric and non-parametric
methods has led to the use of this method
more. In addition, since the sample size is less
important in this method, especially in
applications consisting of small samples, the
researcher has the opportunity to continue the
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practice even if he or she has no knowledge
about the parameter and variable. One of the
most important features that distinguishes the
semiparametric method from other methods is
that the research continues even if the
assumptions are not fulfilled [9].

Recently, in addition to parametric and non-
parametric regression methods, the need for
semiparametric  regression  method has
increased. The aim of this study is to use
semiparametric regression method in addition
to these methods in cases where parametric
and non-parametric regression methods are
insufficient [10].

2. METHODS
2.1. Regression Methods

The regression method is a method applied to
measure the relationship between two or more
variables that have a cause-effect relationship
between them. In the regression, the existence
of the relationship between the variables, and
if there is a relationship, estimations and
predictions about the strength of the
relationship are made. In the regression
method, one of the variables is applied as the
dependent variable and the others as the
independent variable [11].

where x is the independent variable and y is
the relationship between the dependent
variable,

y=fXx) (1)
shown in the form.

The purpose of the regression method is to
examine the existence of the relationship
between the independent variables on the
dependent variable and to estimate the values
that the dependent variable can take [12]. The
regression method is shown in three different
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groups as parametric, non-parametric and
semiparametric regression [13].

2.1.1. Parametric regression method

The method of examining the mean
relationship ~ between  dependent  and
independent variables with a mathematical
function and determining the parameters in
this function clearly is called parametric
regression [14]. Parameters are measures such
as mean, variance and ratio of the population.
In the parametric regression method, the
X1, X2, ..., X, arguments are assumed to be
linear. X = (xq, x5, ..., xp)represents the mean
of y dependent variable versus the change in
independent variables [15],

y=XpB + ¢ 2)
shown in the form.

The parametric regression method is based on
assumptions. It assumes that the functional
shape between the independent variables, Xz,
is considered linear and that the 8 parameters
are finite [15].

2.1.2. Nonparametric regression method

Non-parametric regression model created with
the dependent variable (y)and the
independent variable (x), whose relationship
with the dependent variable is unknown,

yvi=flx)+e, i=12,..,n (3)
shown in the form. In the non-parametric
regression method, besides estimating the

parameters, it aims to estimate the unknown
mean function f(x;).

Although there are no limiting assumptions
when estimating in non-parametric regression,
some features must be provided. When the
number of independent variables is large, it
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becomes increasingly difficult to make an
estimation. Thus, the interpretation of the
resulting graphics becomes more complicated
[16]. Thus, it causes the problem of
dimensionality. In addition to these situations,
it is difficult to apply discrete independent
variables in the non-parametric regression
method and to interpret the effects of the y
variable with the increase in the number of
independent variables. As a result of these
difficulties, the application of the
semiparametric regression method provides an
advantage [17].

2.1.3. Semiparametric regression method

Semiparametric regression method, in which
some of the variables in the model are
considered as parametric and the other part as
non-parametric regression,

Yi=a+xfi+ ..+xp+ fl(xjﬂ) + -4+
fre(xp) + € 4)

is expressed as. In this model, j variables have
a linear effect on the dependent variable y and
represent the parametric part of the model. It
creates a non-linear effect on the dependent
variable y of other variables and represents the
non-parametric part of the model. Since more
than one variable is considered in the non-
parametric regression part, the problems that
occur in the non-parametric regression method
are also valid for these models. In order to
eliminate the problems that occur, the
variables in the non-parametric part of the
model are included in the model additively,
and a new model is created. In addition, there
may be dummy variables in the parametric
part of the model [18].

At the stage of model creation, first of all, the
variables are determined. Then, the functional
or mathematical shape of the model should be
determined. While creating the mathematical
figure, first of all, the graphics should be
interpreted. By interpreting the graphs created
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with the dependent variable and the
independent variables, information is given
about the structure of the relationship between
the variables. After examining the graphs of
the variables, a semiparametric regression
model is applied in which some of the
independent  variables are suitable for
parametric and the other part is suitable for
non-parametric relationships. The parametric
part of the semiparametric regression method
creates the linear relationship, and the non-

parametric part creates the nonlinear
relationship. For  this  reason, the
semiparametric regression method is also

called semi-linear methods.

Iterative algorithms are generally applied in
the estimation of semiparametric regression
methods. These algorithms are many
algorithms used for estimation of methods and
these algorithms are analyzed in many
computer programs. The most preferred
programs in the analysis of these algorithms
are R software, SAS software and Stata
software [15].

When the independent variables in the
semiparametric  regression  model are
unrelated, the coefficients of the variables in
the parametric part of the model are analyzed
with the least squares method, and the non-
parametric variables are analyzed with the
estimations of non-parametric methods such as
spline. However, in the semiparametric
regression method, the parametric and non-
parametric parts of the model may be related
to each other [13]. Algorithms are needed in
which the relationships between the variables
are taken into account when relevant. The
most preferred among these algorithms are the
backward fit algorithm, the Newton-Raphdon
algorithm, the Speckman approach and the
partial spline approaches [16].
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3. CONCLUSIONS AND DISCUSSION

When there is more than one independent
variable in the regression analysis, some of the
independent variables may be in a linear
relationship with the dependent variable, while
the other part may be in a nonlinear
relationship. In addition, in cases where the
number of independent variables is more than
two, it becomes difficult to apply non-
parametric regression analyzes and interpret
graphs. In order to model such relationships,
semiparametric regression methods, which are
a combination of parametric and non-
parametric regression methods, are used.

In this study, first of all, parametric regression
method,  definition  of  non-parametric
regression method and assumption conditions
are given. It has been shown that the
semiparametric regression method can be
applied in cases where these assumptions are
not met. Thus, in the study, regression
methods were examined in three different
parts, and parametric, non-parametric and
semiparametric  regression methods were
examined theoretically.
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