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The exogenous variables in Simultaneous Equation Model (SEM) may be related. This situation is referred to as
multicollinearity. The estimators of SEM are not expected to give optimal result when there is multicollinearity.
Consequently, this paper attempts to assess the performances of Ordinary Least Squares (OLS), Two Stage Least
Squares (2SLS), Three Stage Least Squares (3SLS) and Full Information Maximum Likelihood (FIML) estimators
in the presence of multicollinearity in both exact and over identified equations. Finite properties of estimators'
criteria namely bias, variance, mean Absolute error and mean squared error were used as criteria to compare the
estimators. Results show that the performances of the estimator under normal distributed exogenous variables are
not always the same with the performances of the estimator under uniformly distributed exogenous variables. In
low multicollinearity level, the OLS estimator is the most efficient except in over identified equation when the
sample size is very large (n>250). At these instances 2SLS is most efficient. With moderate multicollinearity level,
OLS estimator is generally best in exact and over identified equation except when sample size is very large (n =
500) with normally distributed exogenous variables and when sample size is moderate (n = 50 and100) with
uniformly distributed exogenous variables, at these instances, 2SLS or 3SLS estimators is most efficient.
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Introduction

A simultaneous equation system is a regression equation
system where two types of variables (the endogenous, the
predetermined or exogenous variable) appear with disturbance
terms. Schmidt (2005) defined simultaneous equation as the
process of modeling more than one equation at a time; a
multi-equation modeling.

In a multi- equation model, the dependent variable Y appears
as endogenous variable in one equation and as explanatory
variable in another equation of the model. The X variable
appears as the explanatory variable in the equations. This
creates problems of equation identification, multicollinearity
and choice of estimation techniques among others.

In the simultaneous, the problem of multicollinearity may still
exist as the exogenous variables in the model can be related,
and relationship between endogenous variables in each
equation is also not impossible. When a single equation is
embedded in a system of simultaneous equations, at least one
of the right hand side variables will be endogenous and
consequently the error terms of the equation will be
correlated. This follows from the simultaneity of the system
which means that all equations are jointly determined.

The problem of multicollinearity in simultaneous equations
model has been examined and studied by several authors
including Olubusoye (2001), Oduntan(2004), Johnson,
Oyejola and Ayinde (2010), Agunbiade and lyaniwura
(2010), Ayinde, Johnson and Oyejola (2011), Agunbiade
(2011), Agunbiade (2012), Alabi and Oyejola (2015) and
Alabi (2016). These authors examined the performance of the
Ordinary Least Squares (OLS), Indirect Least Squares(ILS),
Two Stage Least Squares (2SLS), Three Stage Least Squares
(3SLS), Least Information Maximum Likelihood (LIML) and
Full Information Maximum Likelihood (FIML) under diverse
specification of multicollinearity.

Identification problem which creates estimation problems has
the same features with multicollinearity Koutsoyainnis (1977).
Correlation between the pairs of exogenous or independent
variables is an important problem in econometrics especially
in single equation estimation. The impact of multicollinearity
is less serious when attention is focused on predicting or
forecasting values of the endogenous variables than when the
analyst is interested in estimating the parameters Oduntan
(2004).

Econometric variables are often non-negative and can exhibit
violation against the normality assumption of classical models
which inevitably influences the performances of the
estimation techniques. This study therefore examines the
performances of four (4) common estimation techniques
namely; Ordinary Least squares (OLS), Two-stage Least
squares (2SLS), Three-stage Least squares (3SLS) and Full
Information Maximum Likelihood Estimators under both
normally and uniformly distributed exogenous variables for
different equation identification status. Here it is assumed that
there is no form of correlation between the error terms in the
simultaneous equation model.

Most economic data are often positive Kmenta et al. (1967)
and correlated Chatterjee et al. (2012). However, various
works done in the recent time especially on correlation studies
on simultaneous equation model have being with normally
distributed exogenous variables, exhibiting both positive and
negative values Johnson et al. (2010), Ayinde et al. (2011a)
and Ayinde et al. (2011b).

In a single regression model, multicollinearity has been
identified to contribute serious threat to the efficiency of the
Ordinary Least Square (OLS) estimation method of the linear
regression model. Among the suggested methods of handling
the problem is the use of Simultaneous Equation Model.
Simultaneous equation model arises when the exogenous
variables in single equation correlated with the error term.

The problem of multicollinearity in simultaneous equations
model has been examined and studied by several authors.
Some of the authors that had worked on this are: Olubusoye
(2001), Oduntan (2004), Johnson, Oyejola and Ayinde (2010),
Agunbiade and lyaniwura (2010), Ayinde et al. (2011),
Agunbiade (2011), Agunbiade (2012), Alabi and Oyejola
(2015) and Alabi (2016). These authors examined the
performance of the Ordinary Least Squares (OLS), Indirect
Least Squares (ILS), Two Stage Least Squares (2SLS), Three
Stage Least Squares (3SLS), Least Information Maximum
Likelihood (LIML) and Full Information Maximum
Likelihood (FIML) wunder diverse specification of
multicollinearity. Their assessment was done under the
normally distributed exogenous variables. But the work of
Alabi and Oyejola (2015) was on the Assessments of some
simultaneous equation estimation techniques with normally
and uniformly distributed exogenous variables under different
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identification status of SEM when there is no correlation of  predicting or forecasting values of the endogenous variables
any form in the model. Identification problem which creates  than when the analyst is interested in estimating the
estimation problems has the same features with  parameters Oduntan (2004).

multicollinearity Koutsoyainnis (1977). The impact of

multicollinearity is less serious when attention is focused on

Materials and Methods
The methodology followed in this research work is as follows:
The model and its description

Consider the simultaneous Equation model of the form

Yu =PV + PiaYe + PuYu + VX +Uy ()

Yio = PrsYis + VorXa + VasXis T Ui, (i) )
Yis = BarYu + PaaYea + VarXa + VaXeo +Ugg (iii)

Yia = BiYu + BV + VaXe + Uy (iv)

where Y, is an endogenous variable, 1 =1,2,3,4 X, X, X3 and X, are the exogenous variables
Upy
Uro
™~N (0, Z), where t=1,2,3,...,n
U3
Uis

and B, Brss Prar Bos Parr Bas Pars Paor V140 Vo1 1 V23 Va1 Vap @0 74, are the structural parameters of the model.

Equations (i) and (iii) are exact identified while equations (ii) and (iv) are over identified by both order and rank condition.
For the simulation study, equation (1) was expressed as follows:

Yu— :812yt2 _:813yt3 _1814yt4 + 0Xt1 + OXtZ + Oxt3 — V14X =Uy (I)
OYy + Yio = BoaYis + O0Vis — ¥arXy +0Xp — 7o3%s + 0%y =Uy, (i)
— PaYu + 0V + Yis = BasYea — VX - VaoXeo + 0% 5 +0Xy =Uyg (iii) @)
_ﬂ4lytl _ﬂ42yt2 + OYts + Yt oxtl VX t 0X3t + 0Xt4 =Uy (iV)
This can be written in matrix form as:
By, + I'X =u, @)
where _
1 By Bz —Pu 0 0 0 Vs y
_ 0 1 — P 0 |77 0 -7z 0 _ '
B= I'= Ye=|Ya |
=B 0 1 = By —Van TV 0 0 Y,
~Bu — B 0 1 0 Va2 0 0 y
) ) L4 ]
X U,
X, =| X, [and u,=|u,
X3 U,
Xy u,

Now, from (3),

-1 _ 1 _ 1
IB wt_lB Fxt_ﬂ ut4 (4)

Data generation of exogenous variables

The generation was done as follows:

Normally distributed exogenous variables

Multicollinearity is built into the exogenous variables in equation (1) using the equation provided by Ayinde (2007). The
equations are given as:
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Xy =ty +0,7,
Xy = py + P02y +(YMy, )7,

22

X3 :ﬂ3+p130321+%22+(\/@)23 ®)

2 2
Where: M2z = 02 (1—/012),

My, N3y /
Xy =ty + Py0,7 + Z, + 2, +V0 w2,
\/mzz AL

My =

0,03 (pzs ~ Pr2P13 )

M,y =030, (Pos = ProPra). My = T3 (1_ Prs ) m,, =0, (1_ Pia )

2 2
N3y m,,
O44 =Ny ———, Ny =My, ———, Ny,

33 m22

2
m23

Ngz = Mgy — '
m,,

_ MyMy,

34 )
m,,

and Z; ~N(0,1) 1=12,34 and ‘pij‘<1 is the value of correlation between the two variables i and j (Ayinde , 2007).

The exogenous were generated to be normal with mean zero

X, ~N(01) i=1234 and

and variance unity i.e.
‘pij ‘ <1 is the value of correlation between the two variables i

and j.
Also, Xi ~ N(0,1) for i=1, 2, 3, 4 (Ayinde, 2007).
In this study,

P2 = P13 = Pia = Po3 = Pos = Pz = P= 03, 06,
0.9 and 0.99 was adopted as a situation with presence of
multicollinearity between the exogenous variables in the
model.

Correlated uniformly distributed variables

Using the generated correlated normally distributed
exogenous variables

Xi ~N(0,1), i=1, 2, 3, 4; we further utilized the properties

of random variables that cumulative distribution function of
normal distribution produces U(0,1) without affecting the
correlation among the variables to generate correlated

uniformly distributed exogenous variables, Xi ~U(0,1),
i=1, 2, 3, 4 (Schumann, 2009).

Methods of generating endogenous variables Data:

Uniformly distributed exogenous variables
Using the generated normally distributed exogenous variables

above, X; ~N(0,1), i=1, 2, 3, 4; we further utilizes the

properties of random variables that cumulative distribution
function of normal distribution produces U(0,1) without
affecting the correlation among the variables to generate

correlated uniformly distributed exogenous variables, Xi ~

U(0,1), i=1, 2, 3, 4; Schuman(2009).
Generation of correlated error terms data
Equation provided by Ayinde, (2007) was modified when the
mean of the error terms are zero and variance is unit (1).
The correlation values are:

A=Ay =iy =Ap=Ay =4y =4

and ‘/Iij ‘ <1 is the value of correlation between the two error
terms i and j.

Also, ‘lij‘d is the value of correlation between the two

error terms i and j- In this

212 :21322142223:@4:}‘34 =A1=0,

adopted as the situation with no correlation of any form
between the error terms in the model.

study,
was

Equation (4) was used to generate the endogenous variables by taking the true value of the parameters as:

1 =By —-Bs —Bu 1 -32 -02 -1.2]
0 1 -8, 0 0 1 -38 0
P=l_p 0 1 -p|7|-16 0o 1 -10
B — B 0 1 -28 -22 0 1 |
0 0 0 —7u 0 0 0 -0.8]
|72 0 -ym 0| =30 0 -13 0
Va1 Vs 0 0 -15 -0.6 0 0
0 -y, O 0 0 -26 0 0 |
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Monte Carlo experiments were performed 5000 times for
seven sample sizes (n=10, 20, 30, 50, 100, 250 and 500) when
there is only multicollinearity between the exogenous
variables of the model.

The two forms of exogenous variables are generated to follow
normal and uniform distribution.

Criteria for assessment

To assess the performance of the estimators, the finite
properties were used (Bias, Variance Mean Absolute
error(MAE) and Mean Square Error(MSE)):

Mathematically, MSE is the addition of the Bias

of Hij

A

squared to the variance. For any estimator 49”
model (1),

A R

1
9” :E ijl

1=1

., R, where R=5000
B|AS(¢9ij ):8ij - Hij |

(éij )]2

as a measure of dispersion.

var| § :MSE(QU.)- [BIaS

él eij J

1 R
"R Z(ul )2

In this study, @ is used to represent the estimator of any of

the parameters in model (1) under consideration.

The bias (closest to zero), variance, Mean absolute error and
mean square error values were obtained for each of the
parameters of the equation of the estimation method in all the
sample sizes at all the levels of correlation values for both the
normally distributed exogenous variables and uniformly
distributed exogenous variables via Time series processor
package programme, Time series processor (2005).

Summary of the steps taken to identify best estimator(s)

For the real simulated data, the following steps were taken to
assess the performance of the estimators. At a particular
specification of exogenous variable, sample size and
multicollinearity level the following task was accomplished
on information gathered for each criterion.

1. Value of each criterion was obtained for each of the
parameters in the model via a TSP programme.

2. The estimators were ranked using each criterion; rank 1
for estimate closet to actual value of parameter (for bias)
and smallest mean square error/variance.

3. The ranks of each estimator were summed over the
parameters in each equation of the model.

4. The summed ranks in 3 were further added over each of
the equation identification status.

5. Preferred or best estimator is determined in 4 for each
sample size as the estimator with the least rank sum
values.

Results and Discussion

In this section, the performances of the estimators are
compared when there is presence of multicollinearity.

Bias examination of the model parameters

The summary of the performances of the estimators having
summed the rank of bias over all the parameters in each
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equation was obtained for each selected sample size at each
selected level of multicollinearity.

For each sample size, the summed ranks values were further
added over the equations, and preferred estimator(s) under
both exactly and over identification model with the two
exogenous variables were obtained (Appendix 1) and the
summary of the preferred estimators are given in Table 1.

Table 1: Summary of the preferred estimators) under the
bias criterion when there is presence of multicollinearity
alone in the model

Normal Exogenous Uniform Exogenous

Yol Variables Variables
Exactly Over Exactly Over —
identified identified  identified identified
10 2SLS 3SLS OoLS 2SLS
0.3 20 oLS 2SLS\3SLS OLS\2SLS 2SLS
30 oLS 3SLS oLS 2SLS
50 2SLS 3SLS oLS 2SLS
100 2SLS 2SLS oLS 2SLS\3SLS
250 3SLS 2SLS 2SLS 2SLS
500 3SLS FIML 2SLS FIML
06 10 oLS 2SLS oLS OSLS\2SLS
20 2SLS 2SLS oLS 2SLS
30 oLS 2SLS\3SLS 2SLS FIML
50 2SLS FIML oLS 2SLS
100 2SLS 3SLS 2SLS 2SLS
250 2SLS 2SLS\3SLS 2SLS FIML
500 3SLS FIML 2SLS 2SLS
09 10 OoLS 2SLS OLS\2SLS 2SLS
20 oLS 3SLS\FIML oLS OLS\2SLS\3SLS
30 oLS FIML oLS 3SLS
50 oLS 2SLS oLS 2SLS\3SLS
100 oLS FIML 2SLS FIML
250 2SLS 2SLS OLS\2SLS 2SLS
500 2SLS 2SLS 2SLS 3SLS
0.99 10 oLS 2SLS oLS 3SLS
20 OLS/2SLS  OLS/3SLS 2SLS oLS
30 oLS 2SLS oLS 3SLS
50 2SLS 2SLS OLS\2SLS 2SLS
100 2SLS FIML 2SLS 2SLS\3SLS
250 oLS 2SLS/FIML oLS 2SLS
500 2SLS FIML OLS FIML

Source: Obtained from author's simulated results of bias

Comment: From Table 1, the levels of multicollinearity that
exist between the exogenous variables were classified to
levels with sample sizes categories to obtain Table 1a.

From Table 1a, with exact identified equation, it was observed
that at all the levels of correlation between the error terms, the
following are observed:

In exact identified equation, 2SLS estimator is generally best
at all levels of multicollinearity with small sample size
category in both distributions; except that at low
multicollinearity level with large sample size in normally
distributed exogenous variables at this instance 3SLS
estimator is the best. Also, in high multicollinearity level with
small sample size category in normally distributed exogenous
variables, severe multicollinearity level with small sample
size category in normally distributed exogenous variables,
high multicollinearity level with medium sample size category
in normally distributed exogenous variables, low
multicollinearity level with small sample size category in
uniformly  distributed  exogenous  variables,  high
multicollinearity level with small sample size category in
uniformly  distributed  exogenous  variables, low
multicollinearity level with medium sample size category in
uniformly distributed exogenous variables, and severe
multicollinearity level with large sample size category in
uniformly distributed exogenous variables, at these instances
OLS estimator is the best.
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Table la: Table showing the multicollinearity level and
sample size categories under bias criterion

c
g 5 =
8 % 3 8% Sample Size
= = 2 o
crg 2
2 ° Small Medium Large
Low(0.3) OLS/2SLS 2SLS 3SLS
Moderate 0/2SLS 2SLS 2/3SLS
s (06)
£ High oLs oLs 25LS
z (0.9
= Severe OLs 28LS 0/2SLS
s (0.99)
w Low(0.3)  OLS oLsS 2SLS
£ Moderate 0/2SLS 0/2SLS 2SLS
s (08
£ High 0.9) OLS 0/2SLS 2SLS
> Severe 0/2SLS 2SLS OoLS
(0.99)
Low(0.3) 3SLS 2/3SLS 2SLS/FIML
— Moderate 2SLS 3SLS/FIML  2/3SLS/FIML
£ (06
5 High(0.9) 2SLS/FIML 2SLS/FIML 2SLS
Z Severe 2/3SLS  2SLS/FIML  FIML
5 (0.99)
@) Low(0.3) 2SLS 2SLS 2/FIML
£ Moderate 2/FIML 2SLS 2/[FIML
s (08
‘= High(0.9) 2/3SLS  2/3SLS/FIML 2/3SLS
= Severe O/3SLS 2SLS 2/FIML
(0.99)

Source: Table 1

In over identified equation 2SLS estimator is the best at all
levels of multicollinearity with sample size categories of both
distributions, except with low multicollinearity level with
small sample size category in normally distributed exogenous
variables, moderate multicollinearity level with medium
sample size category in normally distributed exogenous
variables, severe multicollinearity level with large sample size
in uniform distribution, low multicollinearity level with large
sample size in normally distributed exogenous variables and
severe multicollinearity level with small sample size in
uniform distribution, at these instances 3SLS, 3SLS/FIML,
FIML and OLS/3SLS estimator is respectively the best.
Variance examination of the model parameters

The summary of the performances of the estimators having
summed the rank of the variance over all the parameters in
each equation was obtained for each selected sample size at
each selected level of multicollinearity.

For each sample size, the summed ranks values were further
added over the equations, and preferred estimator(s) under
both exactly and over identification model with the two
exogenous variables were obtained (Appendix 3) and the
summary of the preferred estimators are given in Table 2.
From Table 2a, it was observed that in exact identified
equation, OLS estimator is generally the best with both
distributions at all levels of multicollinearity with sample size
categories. In over identified equation, OLS estimator is
generally the best at all levels of multicollinearity with
sample size categories of both distributions, except with
moderate multicollinearity level with small sample size in
normally distributed  exogenous variables, moderate
multicollinearity level with medium sample size in normally
distributed exogenous variables, severe multicollinearity level
with large sample size in normally distributed exogenous
variables, severe multicollinearity level with small sample
size in uniformly distributed exogenous variables and high
multicollinearity level with large sample size category in
uniformly distributed exogenous variables, at these instances
2SLS estimator is the best.
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Table 2: Summary of the preferred estimator(s) for the
variance criterion when there is multicollinearity alone in

th model

Normal exogenous Uniform exogenous

S 29 variables variables
5 3 % (% Exactly Over- Exactly Over -
= @ identified identified identified identified
10 oLs OoLS OoLS oLs
20 OLS OLS/2SLS OLS OLS/2SLS
30 OLS OLS/2SLS OLS 2SLS
50 oLs OoLS OoLS 2SLS
0.3 100 OLS OLS OLS OLS
250 OLS 2SLS OLS OLS/2SLS
500 oLs OoLS OoLS oLs
10 oLs 2SLS OoLS oLs
20 oLs OLS/2SLS OoLS 2SLS
0.6 30 OLS 2SLS OLS OLS/2SLS
50 oLS OLS/2SLS oLS oLS
100 oLS 2SLS oLS FIML
250 OLS 25LS OLS OLS/2SLS
500 oLs OoLS OoLS oLS
10 oLS OLS/2SLS oLS oLS
20 oLS oLS oLS 2SLS
0.9 30 OLS OLS OLS OLS
50 oLs OoLS OoLS oLS
100 oLs OLS/2SLS oLS oLS
250 OLS OLS OLS 2SLS
500 oLs oLS oLS OLS/2SLS
10 oLs 2SLS oLS 2SLS
20 OLS OLS OLS 2SLS
0.99 30 oLS oLS oLS OLS/2SLS
50 oLs 2SLS oLS 2SLS
100 OLS OLS/2SLS OLS OLS
250 oLS 2SLS oLS oLS
500 OLS 25LS OLS OLS

Source: Obtained from simulated results of variance

Comment: From Table 2, the levels of multicollinearity that
exist between the exogenous variables was classified to levels
with sample sizes categories to obtain Table 2a.

Table 2a: Table that shows the multicollinearitylevel and
sample size categories under variance criterion

Identification Distrib. Multicoll. Sample Size
Status Level -
Small Medium Large
Low(0.3) OLS OLS OLS
Moderate oLS oLS oLS
IS 0.6)
§ High OLS OLS OLS
= (0.9)
= Severe oLS oLS oLS
g (0.99)
u Low(0.3) OLS  OLS 0/2SLS
£ Moderate oLS oLS oLS
S (0.6)
'S High(09) OLS OLS OLS
S Severe oLS oLS oLS
(0.99)
Low(0.3) OLS OLS 0O/2sLS
— Moderate 2SLS  2SLS OJ/2SLS
[+
E 09
s High(0.9) OLS OLS  OLS
Severe O/2SLS 2SLS  2SLS
& (0.99)
o Low(0.3) O/2SLS 0/2SLS OLS
c Moderate O/2SLS O/FIML OLS
S (0.6)
‘S High(0.9) O/2SLS OLS  2SLS
2 Severe 2SLS 0/2SLS OLS
(0.99)

Source: Table 2
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Mean absolute error examination of the model parameters
The summary of the performances of the estimators having
summed the rank of the mean absolute error over all the
parameters in each equation was obtained for each selected
sample size at each selected level of multicollinearity.

For each sample size, the summed ranks values were further
added over the equations, and preferred estimator(s) under
both exactly and over identification model with the two
exogenous variables were obtained (Appendix 4) and the
summary of the preferred estimators are given in Table 3.
From Table 3a, it was observed that in exact identified
equation, OLS estimator is generally the best in both
distributions at all levels of multicollinearity with sample size
categories except with moderate multicollinearity level with
medium sample size category, at this instance, 2SLS estimator
is the best.

Table 3: Summary of the preferred estimator(s) for the
mean absolute error criterion when there is
multicollinearity alone in the model

Table 3a: Table that shows the multicollinearity level and
sample size categories under mean absolute error criterion

Normal Exogenous  Uniform Exogenous

s T
'% S 3 Sample Size
£82 3
255 8
s8 =
2 ©° s Small Medium Large
Low(0.3) 0/2SLS OoLS OoLS
Moderate OoLS OoLS 0O/2/3SLS
F  (06)
E  High oLs oLs oLs
Z (09
s Severe OLS OLS OLS
g (0.99)
n Low(0.3)  OLS oLS oLS
 Moderate 0/2SLS 2SLS OLS
s (06
£ High(09)  OLS oLS oLS
2 Severe OLS oLS oLS
(0.99)
Low(0.3) 0/2SLS 0/2SLS 0/2SLS
= Moderate O/2SLS/FIML  2/FIML  2SLS/FIML
£ (0.6)
5 High(0.9)  OLS oLS oLS
Z  Severe 0O/2SLS 2SLS 0/2SLS
5 (0.99)
o Low(0.3) 0/2SLS 0/2SLS 2SLS
c Moderate 2SLS/FIML 2SLS/FIML 2SLS
5 06
£ High(09)  O/25LS oLS 25LS
O Severe 0O/2SLS 2SLS 0/2SLS
(0.99)

Lo Variables Variables
Multicollinear
ity N Exact . Ove_r' . Exa_ct. Over —
identified 'der(‘jt'f'e 'der(‘jt'f'e identified
10 OLS 2SLS OLS OLS
20 OLS 0/2SLS OLS 2SLS
30 2SLS OLS OLS 2SLS
50 OLS OLS OLS 2SLS
0.3 10 OLS 2SLS oLS oLS
0
25 OLS 2SLS OLS 2SLS\3SLS\FI
0 ML
50 OLS OLS OLS 2SLS
0
10 OLS 2SLS 2SLS FIML
20 OLS OLS OLS 2SLS
0.6 30 OLS FIML OLS 2SLS
50 OLS FIML 2SLS 2SLS
10 OLS 2SLS 2SLS FIML
0
25 OLS 2SLS OoLS 2SLS
0
50 2SLS\3S FIML OLS 2SLS
0 LS
10 OLS OLS OLS OLS
20 OLS OLS OLS 2SLS
30 OLS oLS oLS 2SLS
0.9 50 OLS OLS OLS OLS
10 OLS OLS OLS OLS
0
25 OLS OLS OLS 2SLS
0
50 OLS OoLS OoLS 2SLS
0
10 OLS OoLS OoLS 2SLS
20 OLS OoLS OoLS 2SLS
30 OLS 2SLS OoLS oLS
0.99 50 OLS 2SLS OoLS 2SLS
10 OLS 2SLS OoLS 2SLS
0
25 OLS OoLS OoLS 2SLS
0
50 OLS 2SLS OoLS OoLS
0
Source: Obtained from simulated results of mean absolute

error

Comment: From Table 3, the levels of multicollinearity that
exist between the exogenous variables was classified to levels
with sample sizes categories to obtain Table 3a.
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Source: Table 3

In over identified equation, 2SLS estimator is generally the
best at all levels of multicollinearity with sample size
categories of both distributions, except with high
multicollinearity level with medium sample size category in
normally  distributed exogenous  variables, high
multicollinearity level with large sample size category in
normally distributed exogenous variables and high
multicollinearity level with medium sample size category in
uniformly distributed exogenous variables. at these instances
OLS estimator is the best.

Mean squared error examination of the model parameters
The summary of the performances of the estimators having
summed the rank of mean squared error over all the
parameters in each equation was obtained for each selected
sample size at each selected level of multicollinearity
(Appendix 4). For each sample size, the summed ranks values
were further added over the equations, and preferred
estimator(s) under both exactly and over identification model
with the two exogenous variables were obtained and the
summary of the preferred estimators are given in Table 4.
From Table 4a, it was observed that in exact identified
equation, OLS estimator is generally the best with both
distributions at all levels of multicollinearity with sample size
categories except with moderate multicollinearity level with
medium sample size category of uniformly distributed
exogenous variables, at this instance, 2SLS estimator is the
best.

In over identified equation, OLS estimator is generally the
best at all levels of multicollinearity and sample size
categories of both distributions, except with low
multicollinearity level with large sample size category and
moderate multicollinearity level with large sample size
category in uniformly distributed exogenous variables, at
these instances 2SLS or FIML estimator is the best.
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Table 4: Summary of the preferred estimator(s) for the

mean squared error criterion when there is
multicollinearity alone in the model
= ., ® Normal Exogenous Uniform Exogenous
o —_ . .
oz o g Variables Variables
53 % z Exactly Over — Exactly Over
S < & identified  identified identified identified
10 OLS OLS OLS OLS
20 OLS OLS OLS OLS
30 OoLS OoLS OLS OoLS
50 OLS OLS OLS OLS
0.3 100 OLS OLS OLS OLS
250 OoLS OLS OLS 2SLS
500 OLS OLS OLS 2SLS
10 OLS OLS 2SLS FIML
20 OoLS OoLS OLS 2SLS
06 30 OLS 2SLS OLS OLS
50 OLS 2SLS 2SLS FIML
100 OoLS OLS 2SLS\3SLS FIML
250 OoLS OLS OLS 2SLS
500 3SLS FIML OLS OLS
10 oLsS OoLS OoLS OoLS
20 OoLsS OLS OLS OLS
30 OoLsS OLS OLS OLS
09 50 oLS OoLS OoLS OoLS
100 OoLS OLS OLS OLS
250 OoLS OLS OLS OLS
500 oLsS OoLS OoLS OoLS
10 OoLS OLS OLS OLS
20 OoLsS OLS OLS OLS
30 oLS OoLS OoLS OoLS
0.99 50 OoLS OLS OLS 2SLS
100 OoLS OLS OLS 3SLS
250 oLsS OoLS OoLS OoLS
500 OLS OLS OLS OLS

Source: Obtained from simulated results of MSE

Comment: From Table 4, the levels of multicollinearity that
exist between the exogenous variables was classified to levels
with sample sizes categories to obtain Table 4a.

Table 4a: Table that shows the multicollinearity level and
sample size categories under mean square error criterion

c [5)
£.8 = X
£og  3-
2 ®° Small  Medium  Large
Low(0.3) OLS OLS OLS
Moderate OLS OoLS 0/2SLS
T (06)
g High  OLS OLsS  OLS
z (0.9
= Severe OLS OLS OLS
8 (0.99)
w Low(0.3) OLS OLS OLS
c Moderate  O/2SLS 2SLS OLS
s (06)
'E High (0.9) OLS OLS  OLS
S Severe OLS OoLS OoLS
(0.99)
Low(0.3) OLS OLS OLS
— Moderate  O/2SLS 0/2SLS OLS/FIML
@
£ (0.6)
S High(0.9) OLS OLS OLS
Severe OLS OLS OLS
g (0.99)
o) Low(0.3) OLS OLS 2SLS
c Moderate  O/2SLS/FIML FIML  O/2SLS
s (06)
‘S High(0.9) OLS OLS  OLS
S Severe OLS 2/3SLS OLS
(0.99)

Source: Table 4
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Under bias criterion with exact and over identified equation
in both distribution, 2SLS estimator is generally the best,
except that the performances of estimator was affected by the
presence of multicollinearity at some sample sizes category
and multicollinearity levels, at these instances , 3SLS or
3SLS/FIML or FIML or OLS/3SLS estimator is the best.
Under variance criterion with exact and over identified
equation in both distribution, OLS estimator is generally the
best, only the performances of estimation techniques in
uniformly distributed exogenous variables was affected by
the presence of multicollinearity at some sample sizes
category and multicollinearity levels, at these instance , 2SLS
estimator is the best.

Under mean absolute error criterion with exact and over
identified equation of both distribution, OLS estimator is
generally the best, the performances of estimation techniques
in equations with either uniformly or normally distributed
exogenous variables was affected by the presence of
multicollinearity at some sample sizes category and
multicollinearity levels, at these instance , 2SLS estimator is
the best.

Under mean square error criterion, in exact identified
equation, OLS estimator is generally the best in both
distribution but at medium sample size in uniformly
distributed exogenous variables, the performances of
estimator was affected by the presence of multicollinearity, at
this instance, 2SLS is the best. But in over identified equation,
OLS estimator is generally the best in both distribution but at
medium and large sample size in uniformly distributed
exogenous variables, the performances of estimation
techniques was affected by the presence of multicollinearity,
at these instance , FIML or 2SLS estimator is the best.

Conclusion

The performances of the estimators with normally distributed
exogenous variables are slightly different from the
performances of the estimator with uniformly distributed
exogenous variables over multicollinearity levels and sample
size categories. This implies that, presence of
multicollinearity in the equations of the model and the
distribution of exogenous variables in simultaneous equation
of the model with identification status, affect the
performances of the estimation techniques of the model.
Hence identification status, distribution of exogenous
variables of the equation in the model and existence of
multicollinearity between the exogenous variables must also
be taken into consideration before the choice of estimators to
be used in estimating the parameters under simultaneous
equation model.
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APPENDIXES

Appendix 1: Performances of the estimators under the bias criterion when there is presence of
multicollinearity alone in the model

Normal Exogenous Variables Uniform Exogenous Variables
P n Estimator | Exactly identified Over — identified Exactly identified Over - identified
Eql | Eq3 | Total | Eq2 | Eq4 | Total | Eql | Eg3 | Total | Eq2 | Eg4 | Total

OLS 5 8 13 9 12 21 4 6 10 9 10 19

2SLS 7 4 11 6 9 15 8 6 14 6 4 10

10 3SLS 14 12 26 3 6 9 12 12 24 3 9 12
FIML 14 16 30 12 3 15 16 16 32 12 7 19

OLS 5 5 10 9 12 21 6 6 12 9 11 20

2SLS 7 7 14 4 8 12 6 6 12 4 4 8

20 3SLS 16 14 30 5 7 12 12 14 26 5 7 12
FIML 12 14 26 12 3 15 16 14 30 12 8 20

OLS 7 4 11 12 12 24 4 6 10 12 12 24

03 25L5 5 | 8 | 13 | 9 | 6 | 15 | 8 | 6 | 14 | 3 [ 5 | 8
30 3SLS 13 15 28 6 3 9 12 12 24 6 8 14
FIML 15 13 28 3 9 12 16 16 32 9 5 14

OLS 8 8 16 12 12 24 5 6 11 11 12 23

2SLS 4 4 8 9 6 15 7 6 13 4 3 7

50 3SLS 12 13 25 6 3 9 14 15 29 7 8 15
FIML 16 15 31 3 9 12 14 13 27 8 7 15

OLS 16 9 25 12 12 24 6 5 11 9 12 21

25LS 4 4 8 3 3 6 6 7 13 3 9 12

100 3SLS 8 14 22 6 6 12 14 15 29 6 6 12
FIML 12 13 25 9 9 18 14 13 27 12 3 15

OLS 16 16 32 12 12 24 7 8 15 12 12 24

2SLS 5 12 17 4 3 7 5 4 9 6 4 10

250 3SLS 7 4 11 5 6 11 15 13 28 9 9 18
FIML 10 10 20 7.5 7.5 15 10 10 20 7.5 7.5 15

OLS 16 16 32 12 12 24 7 8 15 12 12 24

500 2SLS 4 12 16 7 5 12 5 4 9 9 3 12
3SLS 8 5 13 8 9 17 13 14 27 6 9 15

500 FIML 12 7 19 3 4 7 15 | 14 29 3 6 9
OoLS 4 4 8 9 11 20 5 6 11 9 11 20

2SLS 8 8 16 3 5 8 7 6 13 4 7 11

10 3SLS 12 14 26 6 8 14 12 12 24 5 6 11
FIML 16 14 30 12 6 18 16 16 32 12 6 18

OoLS 8 5 13 9 10 19 5 6 11 9 10 19

2SLS 4 7 11 3 3 6 7 6 13 3 6 9

20 3SLS 12 16 28 6 6 12 12 12 24 6 7 13
FIML 16 12 28 12 11 23 16 16 32 12 7 19

OoLS 4 6 10 9 12 21 8 5 13 12 12 24

2SLS 8 6 14 3 9 12 4 7 11 8 9 17

30 3SLS 15 14 29 6 6 12 12 13 25 7 5 12
FIML 13 14 27 12 3 15 16 15 31 3 4 7

0.6 OoLS 8 8 16 12 12 24 5 6 11 9 10 19
25LS 4 4 8 3 7 10 7 6 13 3 3 6

50 3SLS 12 13 25 9 8 17 12 13 25 6 9 15
FIML 16 15 31 6 3 9 16 15 31 12 8 20

OLS 7 10 17 12 12 24 5 8 13 9 12 21

2SLS 5 6 11 9 3 12 7 4 11 3 3 6

100 3SLS 13 12 25 5 6 11 14 12 26 6 9 15
FIML 15 12 27 4 9 13 14 16 30 12 6 18

OoLS 16 16 32 12 12 24 5 8 13 12 12 24

2SLS 5 4 9 7 3 10 7 4 11 9 3 12

250 3SLS 7 10 17 4 6 10 12 13 25 6 9 15
FIML 12 10 22 7 9 16 16 15 31 3 6 9

OLS 16 16 32 12 12 24 7 8 15 12 12 24

2SLS 4 12 16 7 6 13 5 4 9 3 5 8

500 3SLS 8 4 12 8 9 17 13 14 27 7 8 15
FIML 12 8 20 3 3 6 15 14 29 8 5 13

OLS 4 4 8 9 10 19 6 6 12 10 6 16

2SLS 8 8 16 6 3 9 6 6 12 7 3 10

10 3SLS 14 13 27 3 9 12 12 13 25 10 10 20
FIML 14 15 29 12 8 20 16 15 31 3 11 14

OLS 7 4 11 11 12 23 4 4 8 5 7 12

25LS 5 8 13 7 8 15 8 8 16 6 6 12

09 | 20 [ 3sLs 12 | 12 | 24 | 6 | 5 | 11 | 12 | 12 | 24 | 7 | 5 | 12
FIML 16 16 32 6 5 11 16 16 32 12 12 24

OLS 4 5 9 12 12 24 4 4 8 9 8 17

2SLS 8 7 15 9 3 12 8 8 16 6 4 10
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09 | 30 | 3SLS 2] 18] 25 ] 6 | 8 4 | 12 ] 14 ] 26 | 3 | 6 9
FIML 6 | 15 | 31 | 3 | 7 10 | 16 | 14 | 30 | 12 | 12 | 24

oLS 4 | 4 8 9 | 12| 21 | 4 | 4 8 9 | 11 | 20

25L5S 8 | 8 | 16 | 4 | 3 7 8 | 8 % | 6 | 3 9

50 [ 3SLS 2| 14| 26 | 5 | 6 11 | 12 | 14 | 26 | 3 | 6 9
FIML 16 | 14 | 30 | 12 | 9 | 21 | 16 | 14 | 30 | 12 | 10 | 22

oLS 5 | 4 9 2| 12| 24 | 7 | 6 13 | 12 | 12 | 24

25LS 7 | 8 | 15 | 9 | 3 2 | 5 | 6 | 7 | 5 ©

100 [ 3SLS 12| 14| 26 | 6 | 9 15 | 12 | 12 | 24 | 6 | 8 14
FIML 16 | 14 | 30 | 3 | 6 9 6 | 16 | 32 | 5 | 5 10

oLS 7 | 8 | 15 | 12 | 12 | 24 | 7 | 5 2 | 12 | 12 | 24

2515 5 | 4 9 6 | 5 1 | 5 | 7 2 | 3 | 3 6

250 [ 3SLS 16 | 14 | 30 | 9 | 4 13 | 12 | 14 | 26 | 9 | 8 17
FIML 2| 14| 26 | 3 | 9 2 | 16 | 14 | 30 | 6 | 7 13

oLS 8 | 8 | 16 | 12 | 12 | 24 | 6 | 8 4 | 12 | 12 | 24

25L5S 4 | 4 8 3 | 5 8 6 | 4 0 | 6 | 9 15

500 [ 3SLS 13| 13| 26 | 9 | 8 17 | 13 | 14 | 27 | 3 | 4 7
FIML 5 | 15 | 30 | 6 | 5 11 | 15 | 14 | 29 | 9 | 5 14

oLS 5 | 4 9 6 | 8 4 | 4 | 4 8 5 | 9 14

25LS 7 | 8 | 15 | 383 ] 5 8 8 | 8 % | 7 | 6 13

10 [ 3SLS 2| 16| 28 | 9 | 5 4 | 12 | 12| 24 | 6 | 6 B
FIML 16 | 12 | 28 | 12 | 12 | 24 | 16 | 16 | 32 | 12 | 9 | 21

oLS 6 | 6 | 12 3 | 9 2| 7 | 7 4 | 5 | 8 13

2515 6 | 6 | 12 9 | 6 5 | 5 | 5 0 | 6 | 9 15

20 [ 3SLS 2 | 12| 24 | 6 | 6 2 | 12| 12| 24 | 7 [ 7 14
0.99 FIML 6 | 16 | 32 | 12 | 9 21 | 16 | 16 | 32 | 12 | 6 18
oLS 4 | 5 9 10 | 9 19 | 5 | 7 2 | 8 | 9 17

25LS 8 | 7 5 | 7 | 4 1 ] 7 | 6 3 | 9 | 6 15

30 [ asLs 2| 13| 25 | 4 | 8 2 | 18] 14| 27 | 7 | 6 13
FIML 6 | 15 | 3 | 9 | 9 18 | 15 | 13 | 28 | 6 | 9 15

oLS 7 | 9 | 16 | 8 | 10| 18 | 7 | 5 2 | 8 | 11 | 19

25LS 5 | 9 | 14 | 5 | 3 8 5 | 7 2 | 3| 6 9

50 [ 3sLS 4 | 9 | 23 | 11 ] 9 | 20 | 13 ] 13 | 26 | 7 | 8 15
FIML 14 | 13 | 27 6 | 8 4 | 15 | 15 | 30 | 12 | 5 7

oLS 7 | 6 | 13 | 12 | 12 | 24 | 6 | 8 % | 9 | 9 18

2515 5 | 6 | 11 | 9 | 3 2 | 6 | 4 0 | 4 | 8 1

100 [ 3SLS 2| 18] 25 | 6 | 8 4 | 14 | 15 | 29 | 5 | 7 B
FIML 6 | 156 | 31 | 3 | 7 10 | 14 | 13 ] 27 | 12| 6 18

oLS 6 | 4 | 10 | 12 | 10 | 22 | 4 | 4 8 7 | 10 | 17

25LS 6 | 8 | 14 | 9 | 3 2 | 8 | 8 % | 7 | 3 10

250 [ 3SLS 15 | 12 | 27 6 | 8 4 | 12 | 13 ] 25 | 4 | 9 13
FIML 13| 16| 29 | 3 | 9 2 | 16 | 15 | 3L | 12 | 8 | 20

oLS 6 | 8 | 14 | 12 ] 10| 22 | 4 | 6 0 | 12 ] 9 | 21

25LS 6 | 4 | 10 | 9 | 3 2 | 8 | 6 4 | 8 | 8 16

500 [ 3SLS 13 | 14 | 27 6 | 9 5 | 12 | 13| 25 | 7 | 7 14
FIML 15 | 14 | 29 | 3 | 8 11 | 16 | 15 | 31 | 3 | 6 9

Source: Computed from author’s simulated results of Bias

Appendix 2: Performances of the estimators under the variance criterion when there is presence of multicollinearity
alone in the model

Normal Exogenous Variables Uniform Exogenous Variables

P n Estimator | Exactly identified Over - identified Exactly identified Over - identified
Eql | Eq3 | Total | Eq2 | Eg4 | Total | Eql | Eg3 | Total | Eq2 | Eg4 | Total

OLS 4 4 8 3 9 12 4 4 8 3 7 10

10 2SLS 8 8 16 6 8 14 8 8 16 6 6 12

3SLS 15 13 28 9 7 16 12 12 24 9 8 17

FIML 13 15 28 12 6 18 16 16 32 12 9 21

OLS 4 4 8 3 9 12 4 4 8 3 9 12

25LS 8 8 16 6 6 12 8 8 16 6 6 12

20 3SLS 12 12 24 9 9 18 13 15 28 9 5 14

FIML 16 16 32 12 6 18 15 13 28 12 10 22

03 OLS 4 4 8 3 7 10 4 4 8 3 9 12

’ 2SLS 8 8 16 6 4 10 8 8 16 6 8 14

30 3SLS 16 14 30 9 9 18 15 13 28 9 7 16

FIML 12 14 26 12 10 22 13 15 28 12 6 18

OLS 4 4 8 3 6 9 4 4 8 3 9 12

25LS 8 8 16 6 5 11 8 8 16 6 4 10

50 3SLS 12 15 27 9 7 16 12 14 26 9 8 17

FIML | 16 | 13 | 20 | 12 | 12 | 24 | 16 | 14 | 30 | 12 | 9 | 21

OLS 4 4 8 3 9 12 4 4 8 3 7 10

2SLS 8 8 16 6 7 13 8 8 16 6 5 11

FUW Trends in Science & Technology Journal, www.ftstjournal.com
e-ISSN: 24085162; p-ISSN: 20485170; April, 2019: Vol. 4 No. 1 pp. 103 - 117 112



http://www.ftstjournal.com/

Estimation Techniques of Simultaneous Equation Model with Multicollinearity Problem

100 | 3SLS 2 | 12 | 24 9 8 17 2 | 12 | 24 9 9 18
FIML 16 | 16 | 32 2 | 6 18 6 | 16 | 32 2 | 9 21
OLS 4 4 8 3 8 11 4 4 8 3 9 12
2SLS 3 8 16 6 4 10 8 8 16 6 6 12
250 [ 3SLS 2 | 15 | 27 9 7 16 2 | 12 | 24 9 5 14
FIML 6 | 13 | 29 2 | 11 | 23 6 | 16 | 32 2 | 10 | 22
OLS 4 4 3 3 9 12 4 4 8 3 9 12
2SLS 3 8 16 6 7 13 8 8 16 6 7 13
500 [ 3SLS 2 | 12 | 24 9 6 15 5 | 12 | 27 9 3 17
FIML 6 | 16 | 32 2 | 8 20 13 | 16 | 29 2 | 6 18
OLS 4 4 8 3 9 12 4 4 8 3 9 12
2SLS 3 8 16 6 4 10 9 8 17 12 | 4 16
10 3SLS 2 | 13 | 25 9 7 16 11 | 14 | 25 9 7 16
FIML 6 | 15 | 31 2 | 10 | 22 16 | 14 | 30 6 | 10 | 16
oLS 4 4 8 3 7 10 4 4 8 3 9 12
2SLS 9 8 17 6 4 10 8 8 16 6 5 11
20 3SLS 13 | 13 | 26 9 9 18 15 | 15 | 30 9 6 15
06 FIML 4 | 15 | 29 2 | 10 | 22 3 | 13 | 26 2 | 10 | 22
OLS 4 4 3 3 9 12 4 4 8 3 7 10
2SLS 3 8 16 6 4 10 8 8 16 6 4 10
30 3SLS 2 | 13 | 25 0 | 7 17 5 | 14 | 29 9 9 18
FIML 16 | 15 | 31 11 | 10 | 21 13 | 14 | 27 12 | 10 | 22
OLS 4 4 3 3 9 12 4 4 8 3 9 12
2SLS 3 f] 16 3 4 12 8 | 10 18 2 | 5 17
50 3SLS 13 | 15 | 28 7 7 14 | 12 | 135 | 255 | 9 | 95 | 185
FIML 15 | 13 | 28 2 | 10 | 22 16 | 125 | 285 | 6 | 65 | 125
oLS 4 4 8 3 9 12 4 4 8 3 9 12
2SLS 3 8 16 6 4 10 8 | 14 | 22 12 | 6 18
100 [ 3SLS 2 | 14 | 26 9 9 18 12 | 105 | 225 | 9 | 10 | 19
FIML 16 | 14 | 30 2 | 8 20 16 | 115 | 275 | 6 5 11
OLS 4 4 3 3 9 12 4 4 8 3 9 12
2SLS 8 8 16 6 4 10 8 8 16 6 6 12
250 [ 3SLS 2 | 13 | 25 9 9 18 14 | 13 | 27 0 | 9 19
FIML 6 | 15 | 31 2 | 8 20 4 | 15 | 29 1 | 6 17
OLS 4 4 3 3 9 12 4 4 8 3 7 10
2SLS 8 | 16 | 24 | 11 | 4 15 8 8 16 6 4 10
500 [ 3SLS 2 | 10 | 22 10 | 8 18 12 | 14 | 26 9 9 18
FIML 16 | 10 | 26 6 9 15 16 | 14 | 30 2 | 10 | 22
oLS 4 4 3 3 7 10 4 4 8 3 5 8
10 2SLS 8 8 16 6 4 10 8 8 16 6 8 14
3SLS 2 | 12 | 24 9 9 18 2 | 12 | 24 9 3 17
FIML 6 | 16 | 32 2 | 10 | 22 6 | 16 | 32 2 | 9 21
OLS 4 4 3 3 8 11 4 4 8 3 9 12
2SLS 3 8 16 6 6 12 8 8 16 6 5 11
20 3SLS 2 | 12 | 24 9 7 16 2 | 12 | 24 9 8 17
FIML 6 | 16 | 32 2 | 9 21 6 | 16 | 32 2 | 8 20
oLS 4 4 3 3 5 8 4 4 8 3 9 12
2SLS 3 8 16 6 4 10 8 8 16 6 8 14
09 | 30 3SLS 12 | 13 | 25 9 | 10 | 19 12 | 14 | 26 9 6 15
FIML 6 | 15 | 31 2 | 11 | 23 16 | 14 | 30 2 | 7 19
oLS 4 4 3 3 7 10 4 4 8 3 6 9
2SLS 3 8 16 6 6 12 8 8 16 6 4 10
50 3SLS 2 | 12 | 24 9 8 17 2 | 14 | 26 9 3 17
FIML 6 | 16 | 32 2 | 9 21 16 | 14 | 30 12 | 12 | 24
OLS 4 4 8 3 8 11 4 4 8 3 7 10
2SLS 3 8 16 7 4 11 8 8 16 6 6 12
100 [ 3SLS 2 | 15 | 27 8 7 15 2 | 13 | 25 9 8 17
FIML 6 | 13 | 29 2 | 11 | 23 6 | 15 | 31 2 | 9 21
OLS 4 4 3 3 7 10 4 4 8 3 9 12
2SLS 3 8 16 6 6 12 8 8 16 6 4 10
250 | 3SLS 12 | 12 | 24 9 7 16 4 | 13 | 27 9 8 17
FIML 6 | 16 | 32 2 | 10 | 22 4 | 15 | 29 2 | 9 21
OLS 4 4 8 3 5 8 4 4 8 3 7 10
2SLS 3 8 16 6 6 12 8 8 16 6 4 10
500 [ 3SLS 2 | 12 | 24 9 7 16 2 | 13 | 25 9 | 10 | 19
FIML 6 | 16 | 32 2 | 12 | 24 | 16 | 15 | 31 2 | 9 21
OLS 4 4 8 3 8 11 4 4 8 3 9 12
2SLS 3 8 16 6 4 10 8 8 16 6 4 10
10 3SLS 12 | 13 | 25 9 7 16 13 | 13 | 26 9 | 10 | 19
FIML 6 | 15 | 31 2 | 11 | 23 5 | 15 | 30 2 | 7 19
OLS 4 4 3 3 8 11 4 4 8 3 9 12
0.99 2SLS 3 8 16 6 7 13 8 8 16 6 4 10
20 3SLS 2 | 13 | 25 9 8 17 12 | 135 | 255 | 10 | 8 18
FIML 6 | 15 | 31 2| 7 19 16 | 145 | 305 | 11 | 9 20
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OLS 4 4 8 3 9 12 4 4 8 3 7 10
2SLS 8 8 16 6 8 14 8 8 16 6 4 10
30 3SLS 14 15 29 9 8 17 13 14 27 9 9 18
FIML 14 13 27 12 5 17 15 14 29 12 10 22
OLS 4 4 8 3 9 12 4 4 8 3 9 12
2SLS 8 8 16 6 4 10 8 10 18 6 4 10
50 3SLS 14 14 28 9 10 19 12 10 22 9 9 18
FIML 14 14 28 12 7 19 16 16 32 12 8 20
OLS 4 4 8 3 9 12 4 4 8 3 9 12
2SLS 8 8 16 7 5 12 8 8 16 9 6 15
100 3SLS 12 12 24 8 8 16 13 15 28 6 8 14
FIML 16 16 32 12 8 20 15 13 28 12 7 19
OLS 4 4 8 3 6 9 4 4 8 3 9 12
250 2SLS 8 8 16 6 7 13 8 8 16 6 8 14
3SLS 15 14 29 9 8 17 12 13 25 9 6 15
FIML 13 14 27 12 9 21 16 15 31 12 7 19
OLS 4 4 8 3 9 12 4 4 8 3 6 9
2SLS 8 8 16 6 5 11 8 8 16 6 7 13
500 3SLS 14 15 29 9 9 18 12 15 27 9 8 17
FIML 14 13 27 12 7 19 16 13 29 12 9 21

Source: Computed from author’s simulated results of Variance

Appendix 3: Performances of the estimators under the mean absolute error criterion when there is presence of
multicollinearity alone in the model

Normal Exogenous Variables Uniform Exogenous Variables
£ n Estimator Exactly identified Over - identified Exactly identified Over - identified
Eql | Eg3 | Total | Eg2 | Eg4 | Total | Eql | Eq3 | Total | Eg2 | Eg4 | Total
OoLS 4 4 8 8 3 11 4 4 8 3 3 6
2SLS 8 8 16 3 6 9 8 8 16 6 6 12
10 3SLS 15 12 27 7 9 16 12 12 24 9 9 18
FIML 13 16 29 12 12 24 16 16 32 12 12 24
OLS 4 4 8 6 3 9 4 4 8 12 12 24
2SLS 8 8 16 3 6 9 8 8 16 3 3 6
20 3SLS 12 12 24 9 9 18 13 15 28 7 6 13
FIML 16 16 32 12 12 24 15 13 28 8 9 17
OoLS 4 4 8 3 3 6 4 4 8 9 12 21
2SLS 8 8 16 6 6 12 8 8 16 3 3 6
30 3SLS 16 13 29 9 9 18 15 13 28 6 6 12
FIML 12 15 27 12 12 24 13 15 28 12 9 21
OoLS 4 4 8 3 3 6 4 4 8 9 9 18
2SLS 8 8 16 6 6 12 8 8 16 3 4 7
50 3SLS 12 15 27 9 9 18 12 14 26 6 7 13
FIML 16 13 29 12 12 24 16 14 30 12 10 22
OoLS 4 4 8 9 12 21 4 4 8 3 3 6
2SLS 8 8 16 3 3 6 8 8 16 6 6 12
100 3SLS 12 12 24 6 6 12 12 12 24 9 9 18
0.3 FIML 16 16 32 12 9 21 16 16 32 12 12 24
OLS 4 4 8 6 8 14 4 4 8 12 12 24
2SLS 8 8 16 3 3 6 8 8 16 9 3 12
250 3SLS 12 13 25 9 7 16 12 12 24 6 6 12
FIML 16 15 31 12 12 24 16 16 32 3 9 12
OLS 4 4 8 3 5 8 4 4 8 12 12 24
2SLS 8 8 16 6 4 10 8 8 16 3 3 6
500 3SLS 12 12 24 9 9 18 12 12 24 9 6 15
FIML 16 16 32 12 12 24 16 16 32 6 9 15
OoLS 4 4 8 9 10 19 16 12 28 12 12 24
2SLS 8 8 16 3 3 6 4 4 8 9 3 12
10 3SLS 12 14 26 6 7 13 8 12 20 6 7.5 13.5
FIML 16 14 30 12 10 22 12 12 24 3 7.5 10.5
OLS 4 4 8 3 5 8 6 4 10 12 12 24
2SLS 8 8 16 6 4 10 6 8 14 3 3 6
20 3SLS 12 12 24 9 9 18 15 14 29 6 6 12
FIML 16 16 32 12 12 24 13 14 27 9 9 18
0.6 oLS 6 | 7 | 23 | 12 | 12 | 24 | 4 | 4 8 9 | 5 | 14
2SLS 4 5 9 9 3 12 8 8 16 3 4 7
30 3SLS 8 13 21 6 7 13 15 12 27 6 9 15
FIML 12 15 27 3 8 11 13 16 29 12 12 24
OoLS 6 4 10 12 12 24 16 16 32 12 12 24
2SLS 6 8 14 9 3 12 4 6 10 9 3.5 12.5
50 3SLS 13 14 27 6 9 15 8 8.5 16.5 6 8 14
FIML 15 14 29 3 6 9 12 9.5 21.5 3 6.5 9.5
OLS 4 4 8 12 11 23 16 16 32 12 12 24
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25LS 8 8 16 3 3 6 2 8 2 9 | 45 | 135
100 | 3SLS 12 | 13 | 25 6 8 14 8 | 75 | 155 | 6 | 85 | 145

FIML 16 | 15 | 31 9 8 17 | 12 | 85 | 205 | 3 5 8

oLS 4 4 8 9 9 18 6 5 11 | 12 | 12 | 24

25LS 8 8 16 4 4 8 6 7 13 3 3 6

250 | 3SLS 12 | 13 | 25 5 8 13 | 13 | 13 | 26 7 7 14
FIML 6 | 15| 31 | 12 | 9 21 | 15 | 15 | 30 8 8 16

OLS 16 | 16 | 32 | 12 | 12 | 24 4 4 8 2| 5 17

25LS 4 | 10 | 14 9 3 2 8 8 16 3 4 7

500 | 3SLS 8 6 14 6 9 15 | 12 | 14 | 26 6 | 11 | 17
FIML 2 | 8 20 3 6 9 6 | 14 | 30 9 | 10 | 19

oLS 4 4 8 3 3 6 4 4 8 3 3 6

25LS 8 8 16 6 6 2 8 8 16 6 6 2

10 35SLS 12 | 12 | 24 9 9 18 | 12 | 12 | 24 9 9 18
FIML 16 | 16 | 32 | 12 | 12 | 24 | 16 | 16 | 32 | 12 | 12 | 24

oLS 4 4 8 3 3 6 4 4 8 6 9 15

25LS 8 8 16 6 6 12 8 8 16 3 4 7

20 35LS 12 | 12 | 24 9 9 18 | 12 | 12 | 24 9 7 16
FIML 16 | 16 | 32 | 12 | 12 | 24 | 16 | 16 | 32 | 12 | 10 | 22

oLS 4 4 8 3 3 6 4 4 8 6 5 11

09 25LS 8 ) 16 6 6 2 8 8 16 3 4 7
21 30 3SLS 12 | 12 | 24 9 9 18 | 12 | 13 | 25 9 9 18
FIML 6 | 16 | 32 | 12 | 12 | 24 | 16 | 15 | 381 | 12 | 12 | 24

OLS 4 4 8 3 3 6 4 4 8 3 3 6

25LS 8 8 16 6 6 12 8 8 16 6 6 12

50 35LS 12 | 12 | 24 9 9 18 | 12 | 14 | 26 9 9 18
FIML 16 | 16 | 32 | 12 | 12 | 24 | 16 | 14 | 30 | 12 | 12 | 24

oLsS 4 4 8 3 5 8 4 4 8 3 3 6

25LS 8 8 16 6 4 10 8 8 16 6 6 2

100 | 3SLS 12 | 138 | 25 9 9 18 | 12 | 12 | 24 9 9 18
FIML 16 | 15 | 31 | 12 | 12 | 24 | 16 | 16 | 32 | 12 | 12 | 24

oLS 4 4 8 3 5 8 4 4 8 9 7 16

25LS 8 8 16 6 4 10 8 8 16 3 4 7

250 | 3SLS 12 | 12 | 24 9 9 18 | 14 | 138 | 27 6 9 15
FIML 6 | 16 | 32 | 12 | 12 | 24 | 14 | 15 | 29 | 12 | 10 | 22
OLS 4 4 8 3 3 6 4 4 8 9 5 14

25LS 8 8 16 6 6 12 8 8 16 3 4 7
500 [ 3SLS 12 | 12 | 24 9 9 18 | 12 | 12 | 24 6 | 10 | 16
FIML 16 | 16 | 32 | 12 | 12 | 24 | 16 | 16 | 32 | 12 | 11 | 23
oLS 4 4 8 3 5 8 4 4 8 12 | 12 | 24

25LS 8 8 16 6 4 10 8 8 16 3 3 6
10 35LS 12 | 13 | 25 9 9 18 | 12 | 13 | 25 6 8 14
FIML 16 | 15 | 31 | 12 | 12 | 24 | 16 | 15 | 31 9 7 16
oLS 4 4 8 3 3 6 4 4 8 8 9 17

25LS 8 8 16 6 6 2 8 8 16 3 4 7
0.99 | 20 35LS 12 | 14 | 26 9 9 18 | 12 | 12 | 24 7 8 15
FIML 16 | 14 | 30 | 12 | 12 | 24 | 16 | 16 | 32 | 12 | 9 21

OLS 4 4 8 9 | 10 | 19 4 4 8 3 3 6
25LS 8 8 16 3 3 6 8 8 16 6 6 12
30 35LS 4 | 15 | 29 6 9 15 | 12 | 13 | 25 9 9 18
FIML 4 | 18 | 27 | 12 | 8 20 | 16 | 15 | 31 | 12 | 12 | 24
oLS 4 4 8 9 9 18 6 4 10 | 12 | 12 | 24

25LS 8 8 16 3 4 7 6 8 14 3 3 6
50 35LS 13 | 14 | 27 6 9 15 | 13 | 13 | 26 6 8 14
FIML 15 | 14 | 29 | 12 | 8 20 | 15 | 15 | 30 9 7 16
oLS 4 4 8 7 9 16 4 4 8 1 | 12 | 23

25LS 8 8 16 6 4 10 8 8 16 6 3 9
100 | 3SLS 12 | 12 | 24 5 7 2 | 12 | 14 | 26 3 8 11
FIML 6 | 16 | 32 | 12 | 10 | 22 | 16 | 14 | 30 | 10 | 7 17
OLS 4 4 8 3 3 6 4 4 8 2| 7 19

25LS 8 3 16 6 6 12 8 8 16 3 3 6
250 [ 3SLS 14 | 14 | 28 9 9 18 | 12 | 13 | 25 6 8 14
FIML 4 | 14 | 28 | 12 | 12 | 24 | 16 | 15 | 31 9 | 12 | 21

oLS 4 4 8 12 | 12 | 24 4 4 8 3 5 8
500 | 2SLS 8 8 16 3 3 6 8 8 16 6 4 10
3SLS 13 | 12 | 25 6 8 14 | 12 | 14 | 26 9 9 18
FIML 15 | 16 | 31 9 7 16 | 16 | 14 | 30 | 12 | 12 | 24

Source: Computed from author

FUW Trends in Science & Technology Journal, www.ftstjournal.com

s simulated results of Absolute mean error

e-ISSN: 24085162; p-ISSN: 20485170; April, 2019: Vol. 4 No. 1 pp. 103 - 117

115



http://www.ftstjournal.com/

Estimation Techniques of Simultaneous Equation Model with Multicollinearity Problem

Appendix 4: Performances of the estimators under the mean squared error criterion when there is presence of
multicollinearity alone in the model

Normal Exogenous Variables Uniform Exogenous Variables

£ n Estimator Exactly identified Over - identified Exactly identified Over - identified
Eql | Eq3 | Total | Eq2 | Eg4 | Total | Eql | Eg3 | Total | Eq2 | Eg4 | Total
OLS 4 4 8 3 3 6 4 4 8 3 3 6

2SLS

10 8 8 16 6 6 12 8 8 16 6 6 12
3SLS 15 12 27 9 9 18 12 12 24 9 9 18
FIML 13 16 29 12 12 24 16 16 32 12 12 24
OLS 4 4 8 3 3 6 4 4 8 3 5 8
2SLS 8 8 16 6 6 12 8 8 16 6 4 10
20 3SLS 13 12 25 9 9 18 13 15 28 9 9 18
FIML 15 16 31 12 12 24 15 13 28 12 12 24
OLS 4 4 8 3 3 6 4 4 8 3 3 6
0.3 2SLS 8 8 16 6 6 12 8 8 16 6 6 12
30 3SLS 16 13 29 9 9 18 14 13 27 9 9 18
FIML 12 15 27 12 12 24 14 15 29 12 12 24
OLS 4 4 8 3 3 6 4 4 8 3 3 6
2SLS 8 8 16 6 6 12 8 8 16 6 6 12
50 35LS 12 14 26 9 9 18 13 14 27 9 9 18
FIML 16| 14 30| 12| 12 24| 15| 14 20| 12| 12 24
OLS 4 4 8 3 3 6 4 4 8 3 3 6
2SLS 8 8 16 6 6 12 8 8 16 6 6 12
100 3SLS 12 12 24 9 9 18 12 12 24 9 9 18
FIML 16 16 32 12 12 24 16 16 32 12 12 24
OLS 4 4 8 3 3 6 4 4 8 11 12 23
250 2SLS 8 8 16 6 6 12 8 8 16 3 3 6
3SLS 12 15 27 9 9 18 12 12 24 6 6 12
FIML 16 13 29 12 12 24 16 16 32 10 9 19
OLS 4 4 8 3 3 6 4 4 8 3 10 13
2SLS 8 8 16 6 6 12 8 8 16 6 3 9
500 35LS 12 12 24 9 9 18 15 12 27 9 7 16
FIML 16 16 32 12 12 24 13 16 29 12 10 22
OLS 4 4 8 3 3 6 16 4 20 12 12 24
25LS 8 8 16 6 6 12 5 8 13 9 3 12
10 3SLS 12 13 25 9 9 18 7 14 21 6 7 13
FIML 16 15 31 12 12 24 12 14 26 3 8 11
OLS 4 4 8 3 3 6 4 4 8 12 12 24
2SLS 8 8 16 6 6 12 8 8 16 3 3 6
20 3SLS 12 13 25 9 10 19 15 15 30 6 6 12
FIML 16 15 31 12 11 23 13 13 26 9 9 18
06 OLS 8 4 12 12 12 24 4 4 8 3 3 6
’ 2SLS 6 8 14 3 3 6 8 8 16 6 6 12
30 3SLS 11 13 24 7 6 13 15 14 29 9 10 19
FIML 15 15 30 8 9 17 13 14 27 12 11 23
OLS 4 4 8 12 3 15 16 16 32 12 12 24
25LS 8 8 16 5 6 11 4 6 10 9 3 12
50 3SLS 13 15 28 4 10 14 8| 85 16.5 6 8 14
FIML 15 13 28 9 11 20 12 9.5 215 3 7 10
OLS 4 6 10 3 3 6 16 16 32 12 12 24
2SLS 8 6 14 6 6 12 4 10 14 9 3 12
100 3SLS 12 | 145 26.5 9 11 20 8 6 14 6 9 15
FIML 16 | 135 29.5 12 10 22 12 8 20 3 6 9
OLS 4 4 8 3 3 6 4 4 8 12 12 24
2SLS 8 8 16 6 6 12 8 8 16 3 3 6
250 3SLS 12 13 25 9 11 20 14 13 27 7 9 16
FIML 16 15 31 12 10 22 14 15 29 8 6 14
OLS 16 16 32 12 12 24 4 4 8 3 3 6
25LS 4 12 16 8 3 11 8 8 16 6 6 12
500 3SLS 8| 55| 135 7 8 15 12 14 26 9 9 18
FIML 12 6.5 18.5 3 7 10 16 14 30 12 12 24
OLS 4 4 8 3 3 6 4 4 8 3 3 6
2SLS 8 8 16 6 6 12 8 8 16 6 6 12
10 35LS 12 12 24 9 10 19 12 12 24 9 9 18
FIML 16 16 32 12 11 23 16 16 32 12 12 24
OLS 4 4 8 3 3 6 4 4 8 3 3 6
2SLS 8 8 16 6 6 12 8 8 16 6 6 12
20 3SLS 12 12 24 9 9 18 12 12 24 9 10 19
FIML 16 16 32 12 12 24 16 16 32 12 11 23
OLS 4 4 8 3 3 6 4 4 8 3 3 6
2SLS 8 8 16 6 6 12 8 8 16 6 6 12
30 3SLS 12 13 25 9 9 18 12 14 26 9 9 18
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FIML 6] 15] 31] 12] 12 24| 16] 14] 30| 12] 12 24
oLS 4| 4 8] 3| 3 6| 4| 4 8| 3| 3 6

25LS 8| 8 6| 6| 6 2| 8| 8 6| 6| 6 P

50 35LS 2| 1 24 9] o9 18| 12| 14| 26| 9| 9 18
0.9 FIML 6| 16| 32| 12| 12 24| 16| 14| 30| 12| 12 24
oLS 4| 4 8| 3| 3 6| 4| 4 8| 3| 3 6

25LS 8| 8 6| 7| 6 3| 8| 38 6| 6| 6 P

100 [ 3SLS 2 15| 27| 8| 9 7| 12| 13 2% 9] 9 18
FIML 6| 13| 29| 12| 12 24| 16| 15 3| 12| 12 24

oLS 4| 4 8| 3| 3 6| 4| 4 8| 3| 3 6

25LS 8| 8 6| 6| 6 2| 8| 8 6| 6| 6 P

250 [ 3SLS 2| 1 24 9] 09 18| 14| 13 27| 9] 10 19
FIML 6| 16| 32| 12| 12 24| 14| 15 29 12| 11 23

oLS 4| a4 8] 3| 3 6| 4| 4 8| 3| 3 6

25LS 8| 8 6| 6| 6 2| 8| 8 6] 6| 6 P

500 [ 3SLS 2| 1 24 9] o9 18| 12| 13 %] 9] 11 20
FIML 6| 16| 32| 12| 12 24| 16| 15 31| 12| 10| 22

oLS 4| 4 8| 3| 3 6| 4| 4 8| 3| 4 7

25LS 8| 8 6| 6| 6 2| 8| 8 6| 6| 5 11

10 35LS 2| 13| 25| 9] 9 18| 13| 13 6] 9| 11 20
FIML 6| 15| 31| 12| 12 24| 15| 15 30| 12| 10| 2

oLS 4| 4 8| 3| 3 6| 4| 4 8| 3| 3 6

25LS 8| 8 6| 6| 6 2| 8| 8 6| 6| 6 P

20 35LS 2| 13| 25| 9] 09 18| 12 | 185 | 255 | 10| 10| 20
0.99 FIML 6] 15 31| 12| 12 24| 16| 145 305] 11| 11 22
oLS 4| 4 8] 3| 3 6| 4| 4 8| 3| 3 6

25LS 8| 8 6] 6| 6 2| 8| 8 6] 6| 6 P

30 35LS 4| 15| 29| 9] 11 20| 12| 13 5| 9] 9 18
FIML 4| 13| 27| 12| 10 2| 16| 15 3| 12| 12 24

oLS 4| 4 8] 3| 3 6| 4| 4 8| 12| 10| 22

25LS 8| 8 6| 6] 6 2| 8| 10 18| 3| 3 6

50 35LS 4| 14| 28| 9] 11 20| 12| 10 2] 6| 7 13
FIML 4| 14| 28] 12| 10 2| 16| 16 2| 9] 10 19

oLS 4| 4 8] 3| 3 6| 4| 4 8| 6| 12 18

25LS 8| 8 6| 7| 6 3| 8| 8 6| 9| 3 P

100 [ 3SLS 2| 1 24| 8| 9 17| 13| 15 28] 3| 6 9
FIML 6| 16| 32| 12| 12 24| 15| 13 28] 12| 9 21

oLS 4| 4 8] 3| 3 6| 4| 4 8| 3| 3 6

25LS 8| 8 6| 6| 6 2| 8| 8 6] 6| 6 P

250 [ 3SLS 5| 15| 30| 9] 9 18| 12| 13 5| 9] o9 18
FIML B3| 13| 26| 12| 12 24| 16| 15 31| 12| 12 24

oLS 4| 4 8] 3| 5 8| 4| 4 8| 3| 3 6

25LS 8| 8 6| 6| 4 10| 8| 8 6| 6| 6 P

500 [ 3SLS 4| 14| 28] 9] 10 9 12| 15 271 9| 10 19
FIML 4| 14| 28] 12| 11 23| 16| 13 29 12] 11 23

Source: Computed from author’s simulated results of mean square error
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