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Comparison of some partial methods of the logistic
regression model with the application

Prof. Dr. Haifa Taha Abd Soadad Rashied Hameed AL-Zuhairi
Statistics department / College of Administration & Economics
Mustansiriyah University

Abstract:

The Logistic regression is a type of regression analysis that is used in the
event that the dependent variable is discrete, either 1 or zero, such as
(true or false, white or black, colored or uncolored, infected or
uninfected, ... etc.) and used to predict The probability of a particular
event occurring by adding the values of the variables explained or
associated with the event. It is a more powerful tool because it provides
a test for the significance of the parameters, and it can also include the
gualitative independent variables as well as the effect of the interaction
between the independent variables in the dependent variable with a
two-value value, and one of the advantages of using logistic regression is
that it is less sensitive to deviations from the normal distribution of the
study variables, compared to other methods. And that the problem of
multilinearity appears when there is a relationship between two or more
of the explanatory variables, which leads to estimating the logistic
regression model differently due to the presence of some non-significant
variables, so we need a way to estimate the parameters of a better model
through a comparison between the usual methods and the reduction
methods. They are methods through which the sum of the squares of the
residuals bound by the penalty constraint of the general logistic linear
model is minimized.

Where the shrinkage parameter is assumed so that some coefficients
approach zero or may be equal to zero, and if the parameter is zero, this
means that the capabilities of the model before shrinkage (usual least
squares method) are the same as the capabilities of the model after
shrinkage (which has more than one method). Among the most
important of these methods used is the method of the normal lasso, the
adaptive lasso, the Scad, and the method proposed by the researcher is
the method of the Bayesian lasso - with an exponential natural Gama
distribution. By conducting the simulation process for samples with sizes
(250,200,150,75), the comparison was made by calculating the mean
squared errors and the mean squared absolute errors to get the best
estimate for the parameter B. In order to apply the simulation in reality,
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data were taken from the Ministry of Health regarding pregnant women
(response variable) and several factors affecting miscarriage such as age
and others (explanatory variables), 35 variables, with a frequency of 354
(cases). In addition, calculating the shrinkage parameter and finding the
results for the two methods specifically, which is better.

Keywords: logistic regression, downscaling methods, downscaling
estimator, Lasso method, maximum likelihood method, Lasso Bayesian
method, comparison criteria, testing the goodness of estimators.
ol
S Ol Jud=s glgil (e €95 98 Logistic Regression Guergll Hlu=sdl o
Sgul 9l panl, Uas gl o ) Jio yauo 9l 1 Lol Juaio gl piiall 09S Al (3 pusin
G 989 ddladxb §il) pusing (..., Qlas a8 ol Clas, Oghe 1€ 9l Ol ,
hlas) pady 45 855 581 8151 gy, sl Aade gl Banie Wipiie b A3L5L cpas
Jeladl 86 @iy due gl Aiiwa! Silpiiall oposaiy O 4iSas WS ¢ Olalaoll digine)
Sl plascial blie oo O WS ¢ dapall GUS bl kel (§ Aol olyiiall o
Oly Awhll) Slpiial gedall 2l g Bl ol dpsluu JB1 &1 Gwr g
los duzenss gl lpaiall o AST 9l (il (po A8 3929 i yglas Jasell sl dSine
W ¢ Dginadl pe lpaiall Gany 3925) Cilises Guuargd sl z3gail puds I S5
Bk alaedl Glall iy Bjlae @b e Juadl zagedl lalas pads ddnyls J) zlis
ehaell s Buiiall Glod) Glape Eaazme siual WS (e ol Fhb (py . adadl
Elolaall pany QAR Galill dalre (oL pi o ¢ Guarslll plall Jasdl 255050
T39Il Wlhdde Of gy Mo e dalaadl 068 > (39 ¢ o (Solud U3 9l yasall g
OadEl] dy Z8 93l e lgauds ( (LslaeYl §yiall Olayall dyb) Gadadl i
LASSO , LASSO di,b (» "ol useial (351,Jall U3 ‘@T a9 - (s oo ST (&g )
L 2t — Sn LASSO diyb (p &>l (10 leaudsgs o3 () ddoyhally | o8, (S
4)lae)l cwldy (250,200,150,75) poow lvall 86lxall didos £ly>Ug @NT b
‘_‘L@ST ul.c d}pau L’éﬂao.’\ HIZES)] C)lﬁ))ﬁ Ja.wjiog , ellasyi C)l;u).o .]a.«.uybo ul.wou
slud pass dovall Blig o Wlle Wl QBlgh § 88Lxall Gadatly . B dakaoll yude
Slpaie) Loagg yanll Jio Jasd) bliwd e 8350 Jolge Bey (ol piie) Jaly>
Bl slmly padad)! dalas Qlusy . (Ul>) 354 LSy "usie 35 i (daxmdgs
(a3l ol "o dayYl (551l
, Y diyl | jadadl jube , padadl @hb | G gl Hlassdl d-Ludy il
L Ohadall B39z Hlas, Bjlaall yulas , o g Ayl | wlael ool disybo

Introduction

Statistics is an important social science that contributes to collecting and
analyzing data and extracting results in many areas of medical,
agricultural, industrial and other life. One of the important topics in
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statistics is regression analysis, which is a function of analyzing the
relationship between two or more variables. Estimation or prediction is
make through a probabilistic mathematical model that contains only one
response variable Yi, and one or more explanatory variables Xi.

1- The Theoretical side
1-1- Logistic Regression Model:
It is a statistical model that belongs to the general linear regression
models, as the response variable is binary or multiple, and it is a type of
regression analysis that is used in the event that the dependent variable
is separate, either 1 or zero, such as (true or false, white or black, colored
or uncolored, infected). Alternatively, uninfected ... etc.) It is use to find
the relationship between two variables and to predict the probability of
a particular event occurring by adding the values of the variables
explained or related to the event. It is a more powerful tool because it
provides a test for the significance of the parameters. It can also include
the qualitative independent variables as well as the effect of the
interaction between the independent variables in the dependent
variable of two values.
One of the advantages of using logistic regression is that it is less sensitive
to deviations from the normal distribution of the study variables,
compared to other statistical methods such as discriminant analysis and
linear regression. Logistic regression is important in the field of artificial
intelligence and machine learning, which is performing large and complex
data processing tasks without human intervention, and this, helps
organizations to carry out their data work efficiently and quickly.
The probability function for the variable y is:
m(x) exp (Bo+PB1X1+B2X2++BpXp)
n(t) = Log 1-1(x) = Bo+ x. pm; = 1+ exp (ﬁo+B1X1+32X2+"'+p3ppxp)

The logistic regression model with predictor variable P is expressed as

follows:

It is assumed that Y1, ..., Yn are response variables with values of 0, 1

And that X1, ..., Xn are independent variables, so that Xi = (1,Xi1,..., Xip)
n(t) = e /(1 + €Y

exp (Bo+PB1X1+B2X2+-+BpXp)
1+ exp (Bo+B1X1+B2X2++BpXp)

i =
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The logistic regression model is transformed using logarithm to get:
TL'(X) e/30+B1X1+52X2+"'+Bpo
()

1+ n(x) T 1 4 ePotBixi+Baxat+Bpxp
L ( (%) ) _ 1
Og 1 + T[(x) B 1 + e_(BO'I'81X1+82X2+...+Bpxp)

1-2- Shrinkage Methods:

The problem of multilinear appears when there is a relationship between
two or more of the explanatory variables, which leads to a different
estimation of the logistic regression model due to the presence of some
non-significant variables, so we need a way to estimate the parameters
of a better model through a comparison between the usual methods and
the reduction methods.

Moreover, by them we mean methods through which the sum of the
squares of the residuals bound by the penalty restriction of the general
linear logistic model is minimize, where the shrinkage parameter or the
penalty is assume so that some coefficients approach zero or may be
equal to zero.

Ordinary minimum) is the same as the capabilities of the model after
shrinkage (which has more than one method).

In other words, the parameter estimates shrink towards zero for least
squares estimates. Shrinkage methods do not use the least squares
method, but rather use a different criterion in that there is a penalty
function that penalizes the model for having a large number of
parameters or a large size of parameters that will typically shrink those
parameters towards zero.

1-3- Shrinkage Estimator:

A new estimate produced by shrinking the initial estimate (such as the
sample mean). For example, if two extreme mean values can be
combined to create a more central mean value, repeating this for all
means in the sample will adjust the sample mean, which has shrunk
towards the true population mean. In addition, assuming the penalty
parameter A. Moreover, by using a different criterion represented by the
presence of a penalty function penalizing the model, it will lead to the
reduction as the parameters approach towards zero and get rid of the
variables that have no effect on the model. We will explain in detail the
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four methods and then compare them to find out which one is more
efficient for estimation:
Dozens of shrinkage estimates have been developed by different authors
since Stein first introduced the idea in the 1950s.
Among the most famous:

* LASSO estimator.

* Adaptive LASSO estimator.

* SCAD Estimator

* Baysian LASSO estimator.

1-4- The iterated Lasso for logistic regression

abbreviated to (Least Absolute Shrinkage and Selection Operator) It is
one of the penalty methods of logistic regression and one of the most
famous and most used methods, which appeared for the first time in the
geophysical literature in the year (1982), then it was rediscovered by the
researcher Robert Tibshirani (1996), where he formulated it and how to
perform it.

The lasso is a penalty function of the linear regression model, and it is a
method for estimating the parameters of the regression model and
selecting and organizing variables to increase accuracy in analyzing the
studied phenomenon. Zero so that non-zero coefficients are chosen after
the reduction process to be the most accurate prediction model for
estimation.

f= i(Yi_ Zp:ﬁj xij) + AZP:LBH
i=1 j=1 j=1

Li(B; ) =4 (B) + 137, |B;]

The penalty parameter ?:1 1Bl =41, A=>0

Keep in mind that we have a sample consisting of N cases of covariates
T

Y, which is the result, and explanatory variables  x; = (xl,xz, ...,xp)i

The purpose of lasso function is to solve:

N
ming g {Z(}’i_ Bo — x{ B )2}

Subject to b1 1Bil <4
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Here p, isthe constant coefficient, B = (B4,Bz, ..., Bp) is parameter
vector,

And A a free parameter determines the degree of regulation, and
different values of it lead to different penalty techniques.

Lasso solution
Y- n(xip)] =0
YYi- m(xiB))xy; = Asgn(B;), B #£0,j =1,
|ZqY:- ”(x'iﬁ)]xijl < A, Bj =0,j =21,
1-5- In Maximum Likelihood Method :

The parameter vector 3 with dimensions 1 x (p+1) can be obtained from
taking the logarithm of the function:
n

D [0 (Bo Buxin o, Bpip) + Log(1+ exp(Bo, B, o, pip)]

i=1

P
Brasso =min UV + 2 ) 1]
j=1
1-6- The Bayesian Lasso for logistic regression :-
Abbreviated to (Bayesian Least Absolute Shrinkage and Selection
Operator) , It is also "one of the partial methods of logistic regression,
which was proposed by Bhattacharyya (2022), and is based on the use of
an initial distribution and a posteriori distribution and its combination
with the logistic regression function. Most of the used reduction methods
such as Lasso use the penalty parameter to reduce the coefficients of
irrelevant variables,
Bayesian regression methods that include shrink properties as prior
information are a reasonable alternative approach. Health researchers
often face the problem of predicting a categorical response, depending
on the patient's clinical results, and the initial outcome must be expected,
for example, the patient's discharge, death, or hospitalization. Logistic
regression models allow evaluating the association between the
independent variable(s) and the response variable,
When the response variable contains more than two categories, such as
polynomial logistic regression models, it can deal with a large number of
main and defining effects, environmental effects and the effects of
interactions between the environment and genes.
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This method adds penalty terms to the probability function of the
parameter inference and the minimization leads to a desirable
downsizing behavior of the estimates, namely it "draws the small
coefficients towards zero while slightly affecting the large coefficients,"
thus selecting only the most relevant variables. Assuming
Y1, ..., Yn are dependent variables with values of 0, 1

X1, ..., Xn are independent variables , sothat Xi=(1,Xil,..., Xip),

A is the penalty parameter that modifies the amount of shrinkage, and
when equal to zero leads to the logistic probability without shrinkage.

n 14 T
L,(B) = Zyixiﬁ log (1 +e"iTﬁ) + 1 <Z|Bj|r> , 7>0.
i=1 j=1

ﬁk} )

Ly(B) = Z)ll lekﬁk — n;log (1 + eZh= oxlkﬁk (izp:
i=1 =t

k=1

Different values of r lead to different penalties.
) Log (P) = X[ B

— T
1+e Xi B

Where: Pi =

Prior dis.
We have:

1. Theparameter f; i=12,..,k , Bi~N(0,0?).

2. of i=12,..,k , P(c?)= Aexp(-Ac?),A >0.

3. Theparameter A ~ Gamma (a,b), We name the logistic
Regression model with this normal-exponential-gamma (BLASSO-NEG).

P(o?) = j (P(0? |2) P(A)d(A) = ¢
0 (b(a?|b+1)

P(B ;i 0%ly) < p(IBP(Blo*)p(a?))

polp) = | [a= po'" and p(slo?
i=1
Letis Ais Diagonalmatrix Y , A=14

The parameter dis. p(Bly) xp(yIB)r(h)

1
Log p(Bly) = Z[y,-Log pi+ 11— y)Log(1—py)]— 2 BT AB + constant
i=1

a+1
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1-7- Estimates quality standards:
Among the criteria, that we use to compare the results of the four
methods used to estimate the parameters of the model: -

Mean squares of MSE errors
Absolute value of mean squared errors |MSE|, AMSE
Akaike's Information Criteria AIC

BwnNpE

Bayesian Information Criterion BIC

2- Test the significance of the logistic regression model
coefficients for the four methods:
To test the significance of the regression model coefficients of the Lasso,
and Bayesian Lasso methods, the Wald test statistics are used for each
parameter of the logistic regression coefficient corresponding to each
explanatory variable in order to test the null hypothesis (the null
hypothesis), which states that the effect of the logit coefficient is equal
to zero" according to Wald's statistic formula:
b

Wald = E

b The value of the coefficient of the logistic regression model for

the explanatory variable

[([SE)] b isthe value of the standard error of the coefficient of the

explanatory variable

When Wald test tabular value = 3.8415

Sig=1 Thevariableis Sig=0 The variableis

Note :- that the test statistic follows the chi-square distribution of X 2
and by comparing the calculated value with the tabular value, in case it
is less, the null hypothesis is accepted, and vice versa, the alternative
hypothesis is accepted at the confidence limits of 0.01, 0.05, meaning
that the effect of the coefficient is not equal to zero in the community
from which the sample was drawn, which is Moral.

Data:- Xi ,i=1,2,...,n were n=35 Case =354
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3- Simulation results / Experimental aspect

Table No. (1) Mean value of 0 and variance of 1 with 1000 repetitions

Methods LASSO BAYES
A 0.0018 0.0173
NoTS AIC 180.2763 122.3132
MSE 0.260806
MAE 0.090076 0.051693
A 0.00026 0.0005
N=150 AIC 282.6247 147.7074
MSE 0.25799 0.066576
MAE 0.089878 0.040797
A 0.00023 0.0076
AIC 352.7347 561.8105
N=200 MSE 0.258055
MAE 0.089819 0.033475
A 0.0002 0.2972
AIC 422.1967 1767.26
N=250 MSE 0.259808
MAE 0.090197 0.041654

Table No. (2) Mean value of 0 and variance of 2 with 1000 repetitions

Methods LASSO BAYES
A 0.0043 0.3333
N=75 AIC 178.1558 136.6873
MSE 0.266089 0.171661
MAE 0.090871 0.069262
A 0.00024 0.0017
N=150 AIC 278.5725 301.7659
MSE 0.264709 0.072028
MAE 0.090939 0.044488
A 0.00025 0.0040
N=200 AIC 349.9496 1080.909
MSE 0.262677 0.08675
MAE 0.090524 0.042424
N=250 A 0.00027 0.0215
AIC 419.9862 2256.898
MSE 0.263537 0.115463
MAE 0.090841 0.043581
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Simulation results / the applied aspect
Table No. (3) Practical results / Real data chart

LASSO B ADLASSO B SCAD B BAYES B
MSE 0.2327 0.2538 0.2503 0.2134
MAE 0.4741 0.4253 0.5003 0.4144
AIC 552.5064 339.7298 570.959 72
BIC 269.3136 56.537 287.7661 | 211.1929-
Lamda 0.0445 0.000045 0.0433 0.000031

Table No. (4) Shows the results

Methods LASSO Wald Sig. BAYES Wald Sig.

Constant -1.10261 1.373333 0 14.58087 0.751807 0
x1 0 0 0 -2.89975 17.66754 1
x2 0 0 0 -1.86489 17.26774 1
x3 0 0 0 2.075023 134.7509 1
x4 0.467998 87.15934 1 11.07507 651.5928 1
x5 0 0 0 3.964936 -3.47862 0
X6 0 0 0 -0.14785 0.805053 0
X7 0 0 0 -2.67531 -737.434 0
x8 0 0 0 4.901702 29.04195 1
x9 0 0 0 -1.16659 7.099813 1
x10 0.037026 28.17539 1 2.791139 -102.054 0
x11 0 0 0 -0.19396 1.721278 0
x12 0 0 0 32.97147 79.05724 1
x13 0 0 0 -0.0304 0.328499 0
x14 0 0 0 0.555553 -4.63049 0
x15 0 0 0 -0.01306 0.108855 0
x16 0 0 0 2.209889 18.69149 1
x17 -0.00706 -3.71293 0 5.69171 56.26704 1
x18 0 0 0 3.076329 -78.0534 0
x19 0 0 0 -7.36898 13.95081 1
x20 0 0 0 -0.15186 0.256604 0
x21 0 0 0 5.00664 -17.2227 0
x22 0 0 0 50.23825 64.51828
x23 0 0 0 -4.57261 3.713257 0
x24 0 0 0 -0.05517 0.027698

86



Journal of Statistical Sciences Edition No.:22, March 2024

Methods LASSO Wald Sig. BAYES Wald Sig.
x25 0 0 0 2.688829 -4.9486 0
x26 0 0 0 1.002206 5.341749 1
x27 0 0 0 0.205508 -0.08675 0
x28 0 0 0 11.15969 47.64421 1
x29 0 0 0 0.163936 0.748349 0
x30 0 0 0 -33.2652 74.00046 1
x31 0 0 0 0.123379 -3.08149 0
x32 0 0 0 4.170775 -2.48864 0
x33 0 0 0 0.803512 -2.76054 0
x34 0 0 0 5.676594 -16.5728 0
x35 0 0 0 -0.44507 1.371928 0
Sum 2 14
MSE 0.2327 0.4844
MAE 0.4741 0.4844

Lamda 0.0445 0.000031

4- Conclusions and recommendations

4-1- Conclusions:

1. Employing the Lasso Bayes method (Lasso - Gamma Exponential
Normal) is the best efficient and most accurate in the second case for
values of mean = 0 and variance = 1, and the possibility of applying it
in the case of data that follows a linear or nonlinear distribution,
logistic distribution, normal distribution, exponential distribution,
Poisson...

2. When calculating the value of A (the shrinkage parameter) based on
the bootstrap method, at a sample size of 75 we find that the BLASSO
method is the best based on the lowest AIC value, while for other
sample sizes the LASSO method was the best.

3. From the simulation results, it appears that the value of the
comparison standard MAE decreases as the sample size increases,
while the value of MSE and AlC increases as the sample size increases.

4. 6. From the Wald test, the significance of the explanatory variables
was determined so that non-significant variables were deleted and
excluded from the logistic model, sig = 0, non-significant, the variable
is removed, sig = 1, significant, the variable remains, as 21 variables
were excluded by the BLASSO method.
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4-2- Recommendations

1.

The possibility of applying downscaling methods to other studies in
the field of health, agriculture, ... and other areas of life due to their
accuracy and efficiency and the exclusion of variables that have no
effect.

We suggest applying the Bayesian adaptive Lasso method to the data
of this thesis or other data, due to the possibility of its application in
terms of the closeness of the Lasso model to the adaptive Lasso.
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