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Abstract

The study is on the Binary logistic models of home ownership among civil
servants in Wukari, Nigeria. The data used is of primary source using ques-
tionnaires. The multicollinear data, as well as the reduced data using the
Principal component analysis and the stepwise regression methods to
determine the factors that chiefly account for home ownership, were x-rayed.
Four components were selected out of six namely grade level of respondent,
cadre of institution of service of respondent, family size of respondent and
age of respondent. The four components selected accounted for 87.78 percent
of the variation and four variables were selected from them. The logit model
for home ownership status is obtained from the selected variables. Test for
the adequacy of the model was carried out using the count & which indicates
how useful the explanatory variables are in predicting the response variables
and can be referred to as measures of effect size. In testing the significance of
each of the factors only Age of respondent is significant in determining varia-
bility in the home Ownership Model.

Keywords
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1. Introduction

Logistic model is a probability model generated from a process that is characte-
rized by qualitative response variable which could be binary (dichotomous), or-
dinal or nominal Gujarati [1].

The binary response variable can also be modeled using the linear probability

approach such that given
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Y=o+, X+ 4 (1
Then
E(Y, =YX,)=a, +a, X, =7, = P(Y =1) =7 )

So that 7z, is the probability of possessing the desired attribute and
4 =Y, —a, —a, X, with the restriction that: the error term is non normally dis-
tributed but can be assumed to be normally distributed in large samples, though
not a necessity if interest is in point estimation; E ( )z ) =0 and Cov( yryzs ) =0
Vi# j but var(y)=o0’ =, (1-7) which is heteroscedastic from a Bernoul-
li process and; 0<E(Y, =1/X;)<1 is not usually sustained such that the coef-
ficient of determination, R?, is generally low making it a useless tool for good-
ness of fit test.

Weighted least squares had been advanced as a remedy to solving the problem

of heteroscedasticity of the model where the weight is calculated as:

AT (1—7Z'i) :\/’VTi 3)
which is applied as

Yi @ X H
\/Wi \/VV. +a, i + \/\/\7, (4)
thereby creating a problem for interpolation and extrapolation since E(Y;/X;)
may be unknown for a new outcome.
Given that Y is the realization from N individual outcome that is indepen-
dently distributed with P(Y, =1)=7, and P(Y;=0)=(1-7), for
i=1,2,3,---,N, which is a Bernoulli distribution with the probability mass func-

tion

F(yi/m)=n"(1-7 )17yi =" (1-7)(1-m)" 5)
Yi
TT; TT
=(1-7) ——| =(1-= Jn| —— 6
( ”')[1—7zij ( ﬂ.)exp[y. n[l—m D (6)
where —' is the odds ratio which indicates the odds in favour of the re-
iy

sponse variable possessing the required attribute (Y; =1), and the natural para-

meter
T,

Q(;ri):ln[l_i”i] )

Q(ﬂi) is called the logit link as in Gujarati [1], Festschrift et al [2] and Me-
nart [3] so that

Iizln(lﬂi j=a1+a2xi (8)

(8) is the logit model.
X, and d’s have a linear relationship with I, in (8) such that for data on in-

dividual levels:

DOI: 10.4236/0js.2020.101005

65 Open Journal of Statistics


https://doi.org/10.4236/ojs.2020.101005

J. U. Okeke et al.

if ,=0, I, = In(%) =In0, which is undefined; if 7; =1, |, = In(%j , which is
also undefined. As a remedy, we introduce a correction logit defined by
1
T
In| —2_| asinRao and Toutenburg [4] and/or consider the group data, so
1- 7T + E

n.

that for ¥ =1 in n; out of N; population in group j 7; :N_J- so that
j

N; —n,

=1-7;. If N; is slightly large and X; is distributed as a binomial
i
variable, we have that

i ~N 0,;] and &2 :; in the account of Cox [5].
L Ny, (1-7;) N7 (1-7;)

Also, software programs such as Stata, Eviews, Minitab etc. have been developed

to obtain the logit model for data on individual levels after a certain number of

iterations.
If it is now given that P(Yzl) is a function of X = {xi, SRR p} so that
P(Y=1)=x(x) and P(Y=0)=(1- x) 9)
and
E(y) =1 (x) 0+t #() = () o
E(y*) =2 #7(x)+0% #(L-7(x)) = 7 (x)
Such that

var(y)=E(y*)-(E(y)) =7(x)+(z(x) = z(x)(1-=(x)) (D)

Then E(y,)=P(y=1)=7z(Xx)=a+a,X , which has 0<P(Y=1)<1
while 7(X) =, +a,X can take values between —eco and +eo. Hence, the model

7(X)=0oy +a,X can be valid at specific values of x within a given range and
var(y)= ﬂ(x)(l— 7Z'(X)) is a function of x and hence heteroscedastic, thereby
making the ordinary least squares (OLS) estimate not to be optimal as remarked
by Gujarati [1]. Hence the maximum likelihood method of estimation (MLE) for

a,,a, canbe applied to obtain «,,«, which maximizes

I(ocl,ocz):l_LN1 7 (1- ﬂ)'fy' (12)

7 exp{y; (o + %, )}

L exp{y; (o + X, )} (13)

The MLE can, generally, be obtained using iterative algorithms such as New-
ton Raphson (NR) method or iteratively re-weighted least squares (IRWLS)
which have been enshrined in some software packages listed above.

The effect of x in the logit model in (8) above is monotone rather than nonli-

near, hence the need for a logistic regression which ensures a monotone outline
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(S-curve) of the probability of 72'(X) so that 0< 7Z'(X) <1 is proffered for the
logit model such that

exp (o +a,X)

T(X)= 14
() 1+exp(a +a,X) (14)
The logit link made the logistic regression to be a generalized linear model

Rodriguez [6] and Gujarati [1], so that for

Q(7)=In (1L]=0ﬁ+azx =logodds ratio (15)
—7T
we then have
T V3
(—1_”j=exp(al+azx)=e°( ) (16)
and
1 e

P(Y, =1/X ) =z(x) = (17)

1 149

(17) is the cumulative logistic regression which is required to determine the
probability of obtaining the effect of interest such as P(Y =1) or 7z(x) given
the effects of some independent variables say X, X,,---, X

So that from (17)

p*

z(x)
In(?(x)]zli=(al+a2X2+a3X3+~~-+apo) (18)
where |, islinear in X as well as linear in parameters.

It is pertinent to point out that: the logit, I, may be linear in X but the prob-
abilities (ﬂ'(X)) are not; the logit are not bounded since I, goes from
—0— 400 as 7(X) goes from 0—>1; negative |, implies that the odds in
favour of Y = 1 decreases as X increases if and only if a single X is considered
and; the effects of more than one explanatory variables can be studied as out-
lined by Gujarati [1], Greene [7] and Gareth et al [8].

The logistic model is also a good classification model and can serve as an al-
ternative to the Fisher’s linear discriminant analysis, however, the logistic model
does not require the multivariate normal assumptions of the discriminant analy-
sis asserted Rodriguez [6].

In the presence of more than one explanatory variable, the effect of multicol-
linearity may result. Home ownership models exhibit some form of multicolli-
nearity among the explanatory variables Gujarati [1]. The multicollinearity is
perfect if the condition whereby &, X, +J,X, +---+&, X, =0 is satisfied for
,,9,,--+,J, being constants that are not simultaneously equal to zero but for
which the coefficient of the explanatory variables could be indeterminate Cox
(1970). Thus, given that

Y, =ay+a Xy +a, X, (19)

the normal equations are:
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DY =nay+a, Y Xy +a, 2 Xy, (20)
SV Xy =ay Y. Xy +a ). X+, X Xy, (21)
SN Xy =Gy Y. Xy 48> Xy Xy +8y Y. X5 (22)
Then from (20)
ay =Y —a, X, +a,X, (23)

Also, solving (20), (21) and (22) simultaneously, we have

. (Z yix1i)(z Xzzi )_(Z ViXZi)(Z Xlixzi)

a, = (Zxﬁ)(zxgi)_(zxﬁxﬁ)z (24)
&fJZ%MKZﬁJ%Z%&NZM&J (25)

(lezi)(zxzzi)_(leixzi )2

where yand xare in deviation forms such that y=(Y -Y) and x=(X-X).

In the presence of perfect multicollinearity, x, =Ax; for A, a non zero

constant. Substituting for X,; in (24), we have
o - (Z yixii)(;tzzxizi)_(;tz YiXy )(Zixﬂi) _
1™ 2
(X )(7Xk) -4 (X))
However, for non-perfect but high multicollinearity such as x,, = Ax; +V;,

A#0, Y xA=0
Then

. (Z yi&i)(izZXﬁZVi)—(ﬂZ Yi X +ZyiVi)(z/1X12i)

a, = (27)

() (X +2w)-(22 %)

where > XV, =0, @ isfinite but where v, >0, @, isundefined as in (26).

o|o

= a, (indeterminate) (26)

Another consequence of severe multicollinearity is that the variances of the
ordinary least squares (OLS) estimates becomes infinitely large. From the nor-

mal equations we can obtain

_ 1+ )zlzzxgi +)?22fo _Zil)zzleixﬁ

Var(a,) é* (28)
O : Zxﬁzxﬁi—(zxﬁzxa)z
Var(a?l) :m (29)
~2
Var(a,) = (30)

o
2% (1_ r223)

(leizxzi )2 and &2 = >ut
PRI n-k

is the variance inflation factor ( VIF) and Var(o? i ) = G—ZVIFj .
XX

here 1, =

, k = number of parameters in the

model.

2
-y

DOI: 10.4236/0js.2020.101005 68 Open Journal of Statistics


https://doi.org/10.4236/ojs.2020.101005

J. U. Okeke et al.

If r; —>1 then Var(a;)— .

Also, % = L
-5 1-R,

Application of the binary logistic model to home ownership in wukari

Woukari is a town in Wukari Local Government Area of Taraba State in Nige-
ria

Based on the 2006 National census figure, Wukari has a population of 234,546
and the town is divided into three wards Avyi, Puje and Hospital [9]. A lot of
agricultural produce such as yam and fish can be found in Wukari town because
the people of Taraba are predominantly farmers. Wukari, presently, houses:
Wukari local government secretariat; Taraba state office of Land and Survey;
Federal University Wukari established in 2012; National Open University and
Kwararafa University (a privately/community owned university). This makes it
ideal for the Wukari to be selected for the study because of the attendant ex-
pected meteoric growth in population and the corresponding anticipated growth
in housing development especially on owner occupier basis due to pressure on
existing structures and the exorbitant rent charged on them. Moreso, Wukari is
one of the melting points in terms of ethno-religious and political conflicts in
Nigeria. Conflict could constitute a risk factor in housing development and
could be a determinant of location in home ownership decision.

Conflicts have adverse effect on economic growth through the destruction
of human and physical capital, shifts in public spending and private invest-
ment, as well as the disruption of economic activities and social life as asserted
by Okeke ef al [10]. The specific impacts depend on each conflict’s singular
characteristics. It is not just the type of conflict, but also its intensity, duration
and geo-graphical spread that shapes its economic consequences.

Housing is not luxury as asserted by Geoffrey [11]. Housing represents one of
the most basic human needs. As a unit of the environment, it has a profound in-
fluence on the health, efficiency, social behavior, satisfaction and general welfare of
the community such that to most groups, housing means shelter but to others it
means more, as it serves as one of the best indicators of a person’s standard of liv-
ing and his or her place in society [12]. It is a pre-requisite to the attainment of
living standard and it is important to all individual be they in rural or urban areas.

According to Hood [13], the factors in home ownership decision include: race,
gender, educational attainment, age, marital status and family size, some factors
such as net family income and parental home ownership affect both benefits and
cost.

Also, integrated households are more likely to own a house than separated or
marginalized ones. Hence, the probable determinants of home ownership may
include employment status, income, education, marital status, family composi-
tion, access to home financing and discrimination Lauridsen and Skak [14].

It is pertinent to point out that these expositions did not take into cognizance

the influence of the risk factor, notably, conflict, in home ownership decision.
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However, this study will take that into perspective in explaining the result of the

logistic model.

2. Methodology

Data Collection

The data used for the study is a primary data obtained from sample question-
naires administered to three hundred (300) respondents (civil servants) working
in various cadres of government institutions, namely: local government, state
and federal, in Wukari.

In the questionnaire, a total of twenty-three questions were asked from which
the responses were extracted for the purpose of this study. The questions were
simple and clear to understand to avoid ambiguity and they bothered on:
monthly income of respondent ( X, ), grade level of respondent ( X,,), years in
service ( X;;), cadre of institution of service of respondent ( X,,) (ie. federal,
state or local government establishments), family size ( X,; ), age of respondent
(X, ), and home ownership status of respondent 7 (Y, ). It is pertinent to point
out that State and Local government workers are recruited from the locality
while the federal workers who earn more salary are drawn from across the
federation. We also have to bear in mind that monthly income is more
all-encompassing than monthly salary which is determined by the grade level.

A pilot survey was conducted to determine the content validity of the ques-
tionnaires, to enable adjustment to the questions for the research and to fine
tune the content to make them clear, precise and unambiguous for the respon-
dents to give meaningful responses in line with Okafor [15].

A total of 300 questionnaires were issued out to civil servants in federal, state
and local government agencies. we were able to retrieve 250 questionnaires out
of which 200 were valid and put into use. The retrieved questionnaires were used
to extract the data used for the analysis.

Data Analysis

Data extracted were arranged for analysis. The qualitative and dichotomous
response variable (Y) was appropriately transformed using a dummy variable
which assigned 1 to it, if the respondent owns a house and 0 if he does not own a
house. Some of the explanatory variables ie. factors of home ownership were
quantitative while others were qualitative and were assigned appropriate dummy
variables.

The data was analyzed using the binary logistic regression model. The data
was also reduced using the principal component analysis as an inAbdiput tool as
in and Williams [16] and Okeke ef al [17]. In like manner the stepwise regres-
sion was applied and comparison conducted using the probability of misclassifi-
cation. The Statistical package for social science (SPSS) version 21 was employed
for the analysis

Adequacy of the models

The maximum likelihood estimates are asymptotically normal under general
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condition and the significance of the effects of X; on 7z; tantamount to the
significance of «, (the regression coefficient) or a’s (the partial regression
coefficients) as the case may be Gujarati [1]. Therefore in testing the hypothe-
sis H,:a; =0 against H, :¢; # 0, we use the Wald test statistic:

Z* =qa,(cova,)a, whichhas z° distribution.

We use the simple count & to determine the adequacy of the logistic model in
the presence of violation of the ols assumptions under which the ols estimates
are still unbiased but inefficient.
number of correct prediction
total number of observation

Count R? =

and

(1—C0unt R® ) = probability of misclassification .

Other tests for the adequacy of the logistic (logit) model are the Mcfadden R,
Pseudo R?, Cox and Snell and Nagelkerke R etc. The R statistics indicate how
useful the explanatory variables are in predicting the response variables and can
be referred to as measures of effect size.

However, the count R* is simple and a more reliable tool in showing the pre-

dictive power of the model Gujarati [1].

3. Results and Discussion

Using the principal component analysis (pca) by correlation matrix approach we
selected X; (grade level of respondent), X; (cadre of institution of service of res-
pondent), X; (family size) and X; (age of respondent) variables while the step-
wise regression approach selected X; (monthly income of respondent) and X;
(age of respondent) variables.

The result of the analysis using the multicollinear data, pca and the stepwise

regression, respectively, yields the logit models (31), (32) and (33) below:

X
In & =|, =-3.3582+0.00013X,, —0.0773X,, +0.0567 X,
l—7Z'(X) (31)
—-0.1406 X, +0.0226 X, + 0.0578X ¢
X
In 7 () =1, =-3.3655+0.0236 X, —0.1312X,
1-7(x) (32)
+0.0153X;; +0.0844 X,
X
In M =1, =-3.5425+0.000008 X, +0.0743X; (33)
1—7r(X)

The odds in favour of owning a home in Wukari by a civil servant in the
presence of the intervening variables, X, is obtained from the respective logit
models as:

z(x)

1—7z(X)

_ @~33582+0.00013X;; ~0.0773X;, +0.0567 X3 ~0.1406 X4 +0.0226 Xjs +0.0578Xig (34)
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~3.3655+0.0236 X, ~0.1312 X; 4 +0.0153X 5 +0.0844 X5

T 7(x) =
”(X) — o 35425+0.000008 X1 +0.0743Xis (36)
1- ﬂ(X)

The logistic models for determining the probabilities 7(X) of owning a
home by civil servants in Wukari are obtained from the respective logit models

as:

(Y, =Y/X)=x(x)

~3:3582+0.00013X 1 ~0.0773 X +0.0567 Xi3-0.1406 X4 +0.0226 X 5 +0.0578 X (37)
= 1 4 @~3-3582+0.00013X(1~0.0773X; 5 +0.0867 {3 ~0.1406 X4 +0.0226 ;5 +0.0578 X
@3:3655+0.0236 X1, ~01312X;4 +0.0153X5 +0.0844 X5
P (Yi = ]/X ) = ”(X) = 1 4 @ 33655+0.0236X;,~0.1312 X4 +0.0153Xi5+0.0844 X (38)
@~3:5425+0.000008 X1 +0.0743X g
P (Yi =YX ) = ”(X) = 14 o 35425+0.000008X;; +0.0743 X5 (39)

The wald test for the significance of the model coefficients showed that in (31)
and (33), X; (monthly income of respondent) and Xs (age of respondent) are
significant while in (32), though X;, Xi, Xs and Xs account for 87.78% variation
in Y; only X; (age of respondent) is significant as shown in Table 1.

The binary logistic model of pca is more adequate than the ones involving a
multicollinear data and stepwise regression in their predictive power with a
count R?=0.70, followed by the logistic model of stepwise regression with a
count R?=0.63 while the logistic model of a multicollinear data has a count
R*=053.

An interesting feature of the three models is that income (X;) and age (Xs) of
respondents have a positive effect on home ownership while cadre of institution
of service (Xi) of respondent has a negative effect. The negative effect of cadre of
institution of service (ie federal, state or local government establishments)

could be attributed to the risk factor associated with building in conflict area for

Table 1. Standard error and p-value of Wald test of significance of model coefficents.

Standard error (P-value) of models

Variables
Pca Stepwise regression All variables

Xi - 0.00000402 (0.0380) 0.0000053 (0.018)

Xz 0.04 (0.56) - 0.07 (0.24)

X - - 0.04 (0.11)

X 0.14 (0.35) - 0.16 (0.38)

Xs 0.06 (0.80) - 0.06 (0.72)

Xs 0.02 (0.00) 0.02 (0.00) 0.02 (0.01)
Count R 0.70 0.63 0.53
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which Wukari is one of the most volatiles in Taraba State of Nigeria. The pre-

ferred model is the binary logistic model of pca.
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