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Abstract: Regression analysis used in many areas such as medicine, chemical and also engineering.
There are two types of regression that available in statistics which are simple linear regression and
multiple linear regressions. Multiple linear regression (MLR) is the method of statistics in regression
that used to analyze the relationship between single response variable (dependent variable) with two
or more controlled variables (independent variables). To facilitate calculation something model whether
adding or remove any independent variable in something model, some methods used. In this paper,
there are three methods will be used which are forward selection, backward elimination and stepwise
regression. The main objective in this paper is to make comparison method of MLR in marine fish
landing. Data that has been used in this research were taken from Fisheries Annually Statistics of
Department of Fisheries Malaysia. Then, the data will be analyzed by using Minitab 15 and Statistical
Package for the Social Sciences 17.0 (SPSS 17.0).
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INTRODUCTION

A statistics analysis is widely used in all aspects such as in science, medicine, and engineering and also
in social sciences. Regression analysis is the one of the statistics analysis that used to investigate and modeling
the relationship between variables (Montgomery, D.C., 2001). There are several linear regressions analyses as
shown in Table I :

Table I: Types of Linear Regressions Analyses
Types Relationship
Simple linear regression 1 dependent variable (interval/ratio) +

1 independent variable (interval/ratio)
Multiple linear regression 1 dependent variable (interval/ratio) +

2 independent variable (interval/ratio)
Logistic regression 1 dependent variable (binary) +

1 independent variable (interval/ratio)
Ordinal regression 1 dependent variable (ordinal) +

1 independent variable (nominal)
Multinominal regression 1 dependent variable (nominal) +

1 independent variable (interval/ratio)
Discriminant analysis 1 dependent variable (nominal) +

1 independent variable (interval/ratio)

Multiple linear regression (MLR) is the method of statistics in regression that used to analyze the
relationship between single response variable (dependent variable) with two or more controlled variables
(independent variables). The main objective of this paper is to make comparison methods of MLR in marine
fish landing. The data that used in this paper is taken from fisheries statistics include during 40 years which
is from 1968 until 2007.

Many researchers had done researches about fish and MLR. References (Wan Ahmad, I. Mamat, 2009)
have conducted a research to identify factor of youth’s interest to become fishermen. There are two methods
that use in their research which are factor analysis and multiple linear regressions. According to the MLR that
was used in their research, it shows that there are three factors that influenced the respondence interest in
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fishermen career which are training programme, profitable and marketing. Stepwise selection is frequently used
in ecology and agronomy (Prost, L., 2008). Combination method of principal-component, correlation, and
stepwise multiple-regression analyses was used by Reference (Brown, C.E., 1993) to investigate selected
physical and hydraulic properties of carbonate-rock aquifers. The result from (Sun, Y.X., 1955) research shows
that stepwise is a simple and accurate method to estimate the age on the female sternum.

Methodology:
Data:

In this paper, data were taken from Fisheries Statistics at official website of Department of Fisheries
Malaysia, Ministry of Agriculture & Agro-Based Industry Malaysia. The fisheries statistics include during 40
years which is from 1968 until 2007. This research is focusing on the marine fish landing in Terengganu. 

Research Method:
Multiple linear regressions (MLR) are the method of statistics in regression that used to analyze the

relationship between single response variable (dependent variable) with two or more controlled variables
(independent variables). This method was selected for this research because there were more than two
controlled variables. In this research, response variable is marine fish landing (Y) while fishermen (X1), fishing
boat (X2) and fishing gears licensed (X3) were controlled variables.

Since evaluating all possible regressions can be burdensome computationally, various methods have been
developed for evaluating only a small number of subset regression models by either adding or deleting
regressors one at a time. These methods are generally referred to as stepwise-type procedures (Montgomery,
D.C., 2006). There are three methods that can be categorized into stepwise-type procedures which are forward
selection, backward elimination and stepwise regression (Montgomery, D.C., 2006). In this study, all three
methods will be applied to compare the method in fish landing and will be analyzed using Minitab 15 and
Statistical Package for the Social Sciences 17.0 (SPSS 17.0).

Forward Selection:
Forward selection method is the one of the stepwise-type-procedures which aims to add controlled variables

one at a time into the equation based on the specified Alpha-to-Enter. Based on Minitab StatGuide, Alpha-to-
Enter is a value that determines if any of the predictors that not currently in the model should be added to
the model. The p-value of each predictor not in the model is compared to this -level. If the p-value of a
predictor is less than the -level, thus the predictor is a candidate to be entered into the model. The -level is
between 0 and 1. In the beginning of this procedure, there are no controlled variables in the model except the
intercept (Montgomery, D.C., 2006; Chatterjee, S., 2000). The first controlled variable to be entered into the
equation must have large simple correlation correspond with response variable,  (Montgomery, D.C., 2006;
Chatterjee, S., 2000).The simple correlation can be determined using matrix of simple correlation table. When
variable adds, it will retain in the model. This procedure will terminate when all variables are entering into
the model and have p-value less than Alpha-to-Enter.

Backward Elimination:
The backward elimination method is contrast with forward selection. This method also known as removes

variables and based on the specified Alpha-to-Remove. Based on Minitab StatGuide, Alpha-to-Remove is a
value that determines if any of the predictors in the model should be removed from the model. The p-value
of each predictor in the model is compared to this -level. If the p-value of a predictor is greater than the -level,
that predictor is a candidate to be removed from the model. The level is between 0 and 1. Backward
eliminations are often a very good variable selection procedure (Montgomery, D.C., 2006). At the first step,
all variables are entering into the model. The controlled variables are checked one at a time. If the first
variable has least significant and small simple correlation hence will be removed first from the model. If all
the t-tests are significant, the full set of variables is retained in the model (Chatterjee, S., 2000). When all
variables are remove from model and the p-value greater than or equal to Alpha-to-Remove, hence this
procedure should be terminated.

Stepwise Regression:
Stepwise regression method is a combination of forward selection and backward elimination. The main

value of stepwise selection is that it can be used to select a subset of explanatory variables by using statistical
criteria (Prost, L., 2008). By referring Minitab Methods and Formulas, standard stepwise regression both adds
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and removes predictors as needed for each step. Minitab ended its procedure when all variables not in the
model have p-value that are less than the specified Alpha-to-Enter value and when all variables in the model
have p-value that are greater than or equal to the specified Alpha-to-Remove value. 

RESULTS AND DISCUSSIONS

By using Minitab 15 and SPSS 17.0 software, the interpretation of MLR using three methods which are
forward selection, backward elimination and stepwise regression can be done as follows: 

Forward Selection:
Value of Alpha-to-Enter: 0.05
Response is Marine Fish Landing on 3 predictors, with N=40

Table II: Forward selection results from Minitab
Step 1 2
Constant 16062 88359
X3 33.5 29.7
t-value 5.00 4.58
p-value 0.000 0.000
X1 -6.4
t-value -2.42
p-value 0.020
S 27700 26082
R-Sq 39.69 47.94
R-Sq(adj) 38.11 45.13
Mallows Cp 5.8 2.1

According to Table II presents the result of forward selection using Minitab. The alpha value that applies
in this study is 0.05 (Alpha-to-Enter). There are two steps that used to select the controlled variables. In the
step 1  indicates smallest p-value than Alpha-to-Enter (p= 0.000< 0.05). So,  is the first variable that enters
into the model. In the step 2, the p-value for  shows 0.020 which is smallest than 0.05. Therefore,  is the
second variable that enters into the model.  is retained in the model with the coefficient 29.7, t-value is 4.58
and p-value is 0.000. After the second step, there are no controlled variables that enter into the model. For
the marine fish landing output, the value of S decreases from step 1 (S= 27700) to step 2 (S= 26082), R-Sq
and R-Sq(adj) in the step 2 (R-Sq=47.94, R-Sq(adj)=45.13) is higher than step 1 (R-Sq=39.69, R-
Sq(adj)=38.11) and Mallows Cp in step 2 is closer to number of controlled variables than step 1. Hence, these
statistics indicates that step 2 which containing controlled variables  and  is provides better fits to the data.
The final model shows only two controlled variables by using forward selection and produced regression model
such as follows:

      (1)3 188359 29.7 6.4 iY X X 


   

Backward Elimination:
Value of Alpha-to-Remove: 0.05
Response is Marine Fish Landing on 3 predictors, with N=40

Table III presents the result of backward elimination using Minitab. In the step 1, it shows the results of
all variables are entering into the model. In the step 2,  displays larger p-value (0.789) than Alpha-to-Remove
(0.05). This indicates that  will be removed from the model while  and  remained in the model. After the step
2, there are no controlled variables remove from the model. For the marine fish landing output, the value of
S and R-Sq decreases from step 1 (S= 26415, R-Sq= 48.05) to step 2 (S= 26082, R-Sq= 47.94). R-Sq(adj) in
the step 2 (R-Sq(adj)= 45.13) is higher than step 1 (R-Sq(adj)=43.72) and Mallows Cp becomes closer to
number of controlled variables. By referring these statistics it can be concluded that step 2 which containing
fishermen and fishing gears licensed provides better fits to the data. The final model shows only two controlled
variables by using backward elimination and produced regression model such as follows:
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Table III: Backward elimination results from Minitab
Step 1 2
Constant 89104 88359
X1 -7.5 -6.4
t-value -1.54 -2.42
p-value 0.133 0.020
X2 4
t-value 0.27
p-value 0.789
X3 29.3 29.7
t-value 4.34 4.58
p-value 0.000 0.000
S 26415 26082
R-Sq 48.05 47.94
R-Sq(adj) 43.72 45.13
Mallows Cp 4.0 2.1

Table III presents the result of backward elimination using Minitab. In the step 1, it shows the results of
all variables are entering into the model. In the step 2,  displays larger p-value (0.789) than Alpha-to-Remove
(0.05). This indicates that  will be removed from the model while  and  remained in the model. After the step
2, there are no controlled variables remove from the model. For the marine fish landing output, the value of
S and R-Sq decreases from step 1 (S= 26415, R-Sq= 48.05) to step 2 (S= 26082, R-Sq= 47.94). R-Sq(adj) in
the step 2 (R-Sq(adj)= 45.13) is higher than step 1 (R-Sq(adj)=43.72) and Mallows Cp becomes closer to
number of controlled variables. By referring these statistics it can be concluded that step 2 which containing
fishermen and fishing gears licensed provides better fits to the data. The final model shows only two controlled
variables by using backward elimination and produced regression model such as follows:

    (2)1 388359 6.4 29.7 iY X X 


   

Stepwise Regression:
Value of Alpha-to-Enter: 0.05 
Value of Alpha-to-Remove: 0.05
Response is Marine Fish Landing on 3 predictors, with N=40

Table IV: Stepwise regression results from Minitab
Step 1 2
Constant 16062 88359
X3 33.5 29.7
t-value 5.00 4.58
p-value 0.000 0.000
X1 -6.4
t-value -2.42
p-value 0.020
S 27700 26082
R-Sq 39.69 47.94
R-Sq(adj) 38.11 45.13
Mallows Cp 5.8 2.1

According to Table IV, it presents the result of stepwise regression using Minitab. There are two steps
that used to select the controlled variables. In the step 1  indicates smallest p-value than Alpha-to-Enter (p=
0.000< 0.05). Therefore,  is the first variable that enters into the model. In the step 2, the p-value for  shows
0.020 which is smallest than 0.05. Therefore,  is the second variable that need to enter into the model.  is
retained in the model with the coefficient 29.7, t-value is 4.58 and p-value is 0.000. After the second step,
there are no controlled variables that enter and remove the model. 

For the marine fish landing output, the value of S decreases from step 1 (S= 27700) to step 2 (S= 26082),
R-Sq and R-Sq(adj) in the step 2 (R-Sq=47.94, R-Sq(adj)=45.13) is higher than step 1 (R-Sq=39.69, R-
Sq(adj)=38.11) and Mallows Cp in step 2 is closer to number of controlled variables than step 1. Hence, these
statistics indicates step 2 which containing controlled variables and  is provides better fits to the data. The final
model shows only two controlled variables by using stepwise regression and produced regression model such
as follows:
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     (3)3 188359 29.7 6.4 iY X X 


   

From the result of forward selection, backward elimination and stepwise regression, the controlled variables
that selected in the model can be concluded as follows: 

Table V: Controlled Variables Selected
Methods Controlled Variables Selected
Forward selection Fishermen and Fishing gears licensed 
Backward elimination Fishermen and Fishing gears licensed 
Stepwise regression Fishermen  and Fishing gears licensed 

Based on Table V, it shows the controlled variables that selected for all methods in MLR are variable of
fishermen (X1) and fishing gears licensed (X3). This explains that (X1) and (X3) have related to marine fish
landing. Residual Analysis

Since all the three methods (forward selection, backward elimination and stepwise regression) are same,
therefore we should use the residual analysis. By using the residual analysis we can know whether the mean
of all three methods are same or not. In this study, the hypothesis that used:

H0: The means of all the methods are equal.
H1: The means of all the methods are not equal.

Table VI: anova table
Sum of Squares df Mean Square F Sig.

Between groups 0.001 2 0.001 0.000 1.000
Within groups 1.135E+11 117 969943210.1
Total 1.135E+11 119

According Table VI, it shows ANOVA table using SPSS. By looking the significant level in Table VI
which is 1.000 indicates that higher than 0.05. So, we do not reject the null hypothesis, which states that the
means of all the methods are equal. F (2,117) =0.000, p >0.05.  Hence, we can conclude that all methods
(forward selection, backward elimination and stepwise regression) have same result and can be used in this
study. 

Conclusions:
Multiple linear regression (MLR) is the method of statistics in regression that used to analyze the

relationship between single response variable (dependent variable) with two or more controlled variables
(independent variables). The main objective of this paper is to make comparison method of MLR in marine
fish landing. The response variable is marine fish landing (Y) while fishermen (X1), fishing boat (X2) and
fishing gears licensed (X3) were controlled variables. All three methods which are forward selection, backward
elimination and stepwise regression will be compare that applied the method in marine fish landing. Forward
selection method is the one of the stepwise-type-procedures which aims to add controlled variables one at a
time into the equation based on the specified Alpha-to-Enter. The backward elimination method is contrast with
forward selection. This method also known as removes variables and based on the specified Alpha-to-Remove.
Stepwise regression method is a combination of forward selection and backward elimination. The final model
from three methods has shown as follows:

Forward selection:

          (1)3 188359 29.7 6.4 iY X X 


   

Backward elimination:

          (2)1 388359 6.4 29.7 iY X X 


   

Stepwise regression:
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          (3)3 188359 29.7 6.4 iY X X 


   

From the Minitab output shows that the controlled variables that selected for all methods in MLR are
fishermen  and fishing gears licensed . On the other hand, from SPSS output indicates that the means for all
methods are equal. Hence, we can conclude that all methods (forward selection, backward elimination and
stepwise regression) have same result and can be used in this study. 
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