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ABSTRACT

The aim of this study was to determine the suitable statistical analysis for the prediction of body weight from biometrical
and testicular traits in Balochi male sheep. For this aim, statistical performances of Stepwise Regression Analysis, use of
factor analysis scores with multiple regression model analysis and Ridge Regression analysis were evaluated on data of
131 Balochi male sheep. The measured characteristics were: body weight (BW), testicular length (TL), scrotal length
(SL), scrotal circumference (SC), body length (BL), withers height (WH) and heart girth (HG). In order to determine the
best model, determination coefficient (R2%), Root of Mean Square Error (RMSE) and Variance Inflation Factor (VIF)
values were used. Stepwise Regression and Ridge Regression analyses produced multicollinearity problem due to high
VIF and RMSE values. In comparison with these two analyses, use of factor analysis scores with multiple regression
model analysis offering optimal solution with very low VIF and RMSE values was adopted for the prediction of body
weight of the Balochi male sheep. In the factor analysis, the 3 new-uncorrelated variables derived from eight explanatory
variables were used as explanatory variables with the multiple regression analysis. Results reflected without
multicollinearity problem that 91.1 % of variation in body weight was perfectly explained by the 3 new uncorrelated
variables.

Key words: Balochi Sheep, Factor Analysis, Ridge Regression, Multicollinearity, Multiple Regression, Stepwise
Regression.

INTRODUCTION

Sheep, which is one of small ruminants that have
a high adaptability against harsh climatic conditions in
Pakistan, plays an essential role in the improvement of
rural economy (Tariq et al., 2011; Sharif et al., 2011).
Among indigenous sheep breeds, Balochi sheep is a fat-
tail breed, well adapted to a wide range of harsh
environmental conditions in the Eastern Iran and
Balochistan, Pakistan. The population (3.73 million) of
this breed is higher than other indigenous breeds
(Beverigh, 1.65, Harnai, 0.55 and Rakhshani, 0.04
million) in the Balochistan province (GOP 2006). While
concentration of Balochi sheep is found in Kalat and part
of Quetta division, a thin population is present in larger
part of the Balochistan province. Balochi sheep, with
white body and black, brown, or spotted muzzle and legs,
are medium in size, adult male and female weighing 37
and 32 kg, respectively. The male has a slightly Roman
nose and horns (Khan and Isani, 1994). The fleece is
white with pigmented head and legs. The wool is coarse
with modulation (Hasnain, 1985; Sharif et al., 2011).

In sheep, rams constituting important part of the
flock are considered as half of the flock. Therefore,
selection of sire with superior genetic characteristics is
remarkably imperative (Lunstra et al., 1993). Among
significant testicular characteristics; testicular diameter,
testicular length, scrotal circumference, and scrotal length
are taken notice as indirect selection criteria for
genetically improving fertility in the sheep (Koyuncu et
al., 2005). In sheep breeding, reproductive performance
is the key factor relating to profitability (Bilgin et al.,
2004). Information on fattening and growth-development
performance together with reproductive performance is
important not only for identifying breed traits but also for
developing beneficial selection strategies in an effort to
choice superior animals genetically in a flock.

Investigation of relationship of body weight with
biometrical traits has an increasing importance for more
effective selection and reproduction of sheep that have
the best performance in body weight in terms of selection
strategies. In this context, bivariate relationships between
trait pairs of the accentuated target trait (body weight)
and other quantitative traits are quite simply described by
Pearson’s correlation coefficient (Afolayan et.al., 2006).
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In general, a widely accepted modeling to define
variability in the main trait as a response variable via
influencer traits as independent variables more than one
is a multiple linear regression analysis, which aims to
practically predict difficult measurable target trait from
easily measurable traits, but it can produce untrustingly
parameter estimates (Eyduran et.al., 2009; Tariq et.al.,
2012a). Similarly, Ridge regression analysis is a helpful
tool to overcome some deficiencies of multiple linear
regression analysis in the appearance of multicollinearity
problem due to strongly bivariate-correlations between
independent variables. In attempt to satisfy the
multicollinearity problem and to biologically interpret
more trustworthy, a combination of univariate and
multivariate analysis techniques (Factor or Principle
Component analysis with multiple linear regression
analysis) can be a suggestible approach (Eyduran et al.,
2009).

In the different sheep breeds, there have been a
great number of studies on body weight estimation from
morphological traits (Keskin et al., 2007a; Keskin et al.,
2007b; Cankaya et al., 2009; Ogah et al., 2009; Sangun et
al., 2009; Yakubu et al., 2009; Eyduran et al., 2009;
Eyduran et al., 2010). To our knowledge, there is no
published documentation on the prediction of body
weight of the Balochi sheep from several biometrical
traits with the help of the combined statistical technique,
on the use of factor analysis scores together with multiple
regression model analysis. Hence, the current paper
targeted to develop a functional model for predicting
body weight using different biometrical traits viz. scrotal
circumference, scrotal length, testicular length, body
length, withers height and heart girth for indigenous
Balochi sheep, which occupy a significant place in rural
economy of the Pakistan.  With the purpose of obtaining
the best functional model, statistical performances of
Stepwise Regression Analysis, use of factor analysis
scores with multiple regression model analysis, and
Ridge Regression analysis were compared each other.

MATERIALS AND METHODS

Animal Data: In the current study, 131 male sheep of
indigenous Balochi breed at different ages (1st group=2-
7months, 2nd group=8-13, 3rd group= 14-19 and 4th

group= 20 and above) were kept at government livestock
farm and private sheep flocks at district Mastung, Usta
Mohammad and Quetta. Scrotal circumference, scrotal
length, testicular length, body length, withers height;
heart girth and live body weight were measured using
tailor tape and weigh balance.

Statistical Analysis

Stepwise Regression Analysis: Multiple Linear
Regression Analysis were used with the aim of predicting
body weight as a target variable from a set of explanatory

variables viz. scrotal circumference, scrotal length,
testicular length, body length, withers height and heart
girth in the Balochi male sheep. For this purpose multiple
linear regression analysis model (Erturk and Tatlidil,
2010) was employed given as under:
BW = a + b1SC + b2SL + b3TL + b4BL + b5WH + b6HG + e

Where a, intercept term; b1 , b2 , b3 , b4 , b5 , and
b6 are regression coefficients of scrotal circumference,
scrotal length, testicular length, body length, withers
height and heart girth, respectively and e is the error term.
The significance control for each of regression
coefficients (intercept and slopes) were performed using
a t-statistic.  The eligibility of the multiple regression
analysis was detected by the coefficient of determination
(R2) and Root of Mean Square Error (RMSE) (Tariq et
al., 2012b). In the result of Stepwise regression analysis,
statistically significant variables were included in the
model.

Variance Inflation Factor (VIF) was also used to
determine the existence of multicollinearity and its upper
limit for a reliable statistical analysis is 10 in a multiple
regression analysis.

Use of Factor Analysis Scores in the Multiple Linear
Regression Analysis: The basic factor analysis equation
can be written in matrix form: Z =  F + 

Where Z is a px1 vector of variables,  is a pxm
matrix of factor loadings, F is an mx1 vector of factors
and  is a px1 vector of error or residual factors (Sharma,
1996). By reason of the differences in the units of
variables for factor analysis, the variables were
standardized and eigen values were calculated by a
correlation matrix of variables. VARIMAX rotation was
used for facilitating interpretation of factor loadings (Lik)
(Yilmaz et.al., 2011). Factor coefficients (Cik) were used
to get factor scores for the selected factors in the factor
analysis. Factors with eigen values greater than 1 were
considered as new explanatory variables in multiple
regression analysis (Tabachnick and Fidell, 2001).

Score values in relation to the extracted factors
were used as new explanatory variables. The multiple
linear regression equation for fitting standardized body
weight and the factor score equation are expressed below:
BW = a + b1FS1 + b2FS2 + b3FS3 + e

Where a, intercept (with a value of zero); b1, b2
and b3 are regression coefficients of Factor Scores. FS is
the factor score and e is the error (residual) term. The
individually significance control for each of regression
coefficients (intercept and slopes) was performed using a
t-statistic. The eligibility of the multiple regression
analysis was detected by the coefficient of determination
(R2) and Root of Mean Square Error (RMSE) (Eyduran el
al., 2009; Sakar et al., 2011).

Variance Inflation Factor (VIF) is one of the
collinearity diagnostics giving information about level of
multicollinearity and its upper limit is 10 in a multiple
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regression analysis (Karakus et al., 2010). In the
statistical analyses, MINITAB program was used.
(www.minitab.com).

Ridge Regression Analysis: In ridge regression analysis,
the cross-product matrix for the explanatory variables
(scrotal circumference, scrotal length, testicular length,
body length, withers height and heart girth) is centered
and scaled to one on the diagonal elements. The ridge
constant k is then added to each diagonal element of the
cross-product matrix. The ridge regression estimates for
each explanatory variable are the least squares estimates
obtained by using the new cross-product matrix.

Let X be an matrix of the explanatory
variables after centering the data, and let Y be an
vector corresponding to the target (dependent) variable.
Let D be a diagonal matrix with diagonal elements
as in . The ridge regression estimate corresponding to
the ridge constant can be computed as

where and is a identity matrix.
http://support.sas.com/documentation/cdl/en/statug/63033
/HTML/default/viewer.htm#statug_reg_sect040.htm

RESULTS AND DISCUSSION

Pearson’s correlation coefficients among all
biometrical characteristics obtained for Balochi male
sheep in Pakistan are given in Table 1. Very strong
correlations between these biometrical traits (P < 0.01)
and their respective correlation coefficients were
statistically significant. The high correlation coefficients
led to multicollinearity and produced large standard
errors of regression coefficients in the multiple linear
regression analysis.

Table 1: Pearson’s correlation coefficients among all biometrical characteristics of Balochi male sheep

BW AGE TL SC SD SL WH BL
AGE 0.939
TL 0.928 0.953
SC 0.878 0.837 0.861
SD 0.878 0.837 0.861 0.999
SL 0.913 0.835 0.870 0.893 0.893

WH 0.893 0.873 0.878 0.824 0.824 0.901
BL 0.944 0.944 0.916 0.930 0.930 0.926 0.906
HG 0.898 0.902 0.896 0.885 0.885 0.931 0.917 0.937

All the coefficients were significant (P<0.01).

Multicollinearity results of Stepwise Regression
and Ridge Regression analyses are given in Table 2. The
stepwise regression model and Ridge regression analyses
revealed multicollinearity problem with VIF values
greater than 10 as a result of very high correlations
among traits included in the model. Stepwise regression
analysis reflected that age (P < 0.01), heart girth (P <
0.05), withers height (P < 0.05), and body length (P <
0.01) with 93.4 R2 % and S= 5.16661 (RMSE) were
statistically significant explanatory variables included in
the model (Table 2). Of total variation in body weight,
93.4 % was explained by age, heart girth, height at
withers and body length in the stepwise regression model.
VIF values obtained for age, heart girth, height at withers
and body length were found 6.5, 11.2, 7.3 and 10.5
respectively. In the Ridge regression analysis, VIF values
ranged from 1.99 to 19.40, most of which were greater
than 10.

In the circumstances, Stepwise Regression and
Ridge Regression Analyses due to high VIF values could
not provide an optimal solution for eliminating
multicollinearity problem. As an alternative to both
analyses, jointly using of factor analysis scores in

multiple linear regression were adopted and elaborated
for the current data as recommended by previous authors
(Keskin et al., 2007a; Keskin et al., 2007b; Cankaya et
al., 2009; Ogah et al., 2009; Yakubu et al., 2009;
Eyduran et al., 2009; Eyduran et al., 2010; Tariq et al.,
2012b). For removing multicollinearity problem, factor
score analysis was primarily applied on these explanatory
variables using VARIMAX rotation and then new
uncorrelated variables were derived from the explanatory
variables. For successfully predicting total variation in
body weight of the Balochi male sheep, these derived
new uncorrelated variables were included in the multiple
linear regression model. At first stage, results of factor
analysis are given in Table 3. Number of factor suitable
for factor analysis was determined to be three in the
current work. In the present data, the explained variation
which was 97.4% of total variation was explained by
Factors 1, 2, and 3 with 36.3%, 34.8%, and 26.2%
variability, respectively. Extremely high communality
values with a narrow range from 0.950 to 0.997 were
obtained in the factor analysis. High factor loadings are
desirable. Among explanatory variables, SD (0.830), SC
(0.830), and BL (0.633) made greater contribution to
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Factor 1 than other variables. TL (-0.772), AGE (-0.772),
and SL (-0.691) were the variables that significantly
contributed to Factor 2. Similarly, WH (0.762) and HG
(0.630) variables provided more contribution to Factor 3
in comparison with other explanatory variables.

Table 2: Multicollinearity Results of Stepwise
Regression and Ridge Regression Analyses

Predictor Stepwise
Regression

Ridge
Regression

Constant
AGE (VIF) 6.5 10.54
HG (VIF) 11.2 10.96
WH (VIF) 7.3 7.06
BL (VIF) 10.5 14.48
TL (VIF) 17.95
SC (VIF) 2.00
SD (VIF) 1.99
SL (VIF) 19.40

R2(%) 93.4 93.46
RMSE 5.17 5.24

Table 3: Results of Factor analysis for explanatory
variables

Var Factor1 Factor2 Factor3 Commun
ality

SD 0.830 -0.419 0.364 0.997
SC 0.830 -0.419 0.364 0.997
BL 0.633 -0.520 0.536 0.958
TL 0.470 -0.772 0.405 0.981

AGE 0.425 -0.772 0.434 0.965
SL 0.523 -0.691 0.466 0.968

WH 0.410 -0.479 0.762 0.978
HG 0.535 -0.516 0.630 0.950

Variance 2.9078 2.7868 2.0997 7.7942
% Var 36.3 34.8 26.2 97.4

Factor Score Coefficients
Variable Factor1 Factor2 Factor3

AGE -0.368 -0.967 -0.439
TL -0.243 -0.989 -0.609
SC 0.883 0.345 -0.609
SD 0.884 0.346 -0.388
SL 0.123 -0.553 -0.239

WH -0.475 0.633 1.540
BL 0.191 0.227 0.296
HG 0.109 0.353 0.792

Sorted Rotated Factor Loadings and Communalities

The new uncorrelated variables (FS1, FS2, and
FS3) obtained from factor analysis were included as new
explanatory variables in the multiple linear regression
analysis (Table 4). In the regression equation given as

BW = 0.526*FS1 – 0.629*FS2 + 0.489*FS3 with the
determination coefficient of 91.1%, these three new
variables were found to be significant (P < 0.01)
contributors. Compared with stepwise regression and
Ridge Regression analyses in terms of VIF values, the
use of the Factor Analysis Scores presented the ideal and
lowest VIF values, meaning definitely elimination of
multicollinearity problem. On the basis of the use of the
Factor Analysis Scores, weight of Balochi male sheep is a
function of the respective values of AGE, TL, SC, SD,
SL, WH, BL, and HG.

Comparing the three analyses, the best choice
with the lowest RMSE and VIF values, the Factor
Analysis Scores in the multiple linear regression analysis
is more valid. Present finding are in complete agreement
with the previous findings by other researchers, which
reflected elimination of multicollinearity problem due to
the use of the factor analysis scores in the multiple linear
regression analysis (Keskin et al., 2007a; Keskin et al.,
2007b; Cankaya et al., 2009; Ogah et al., 2009; Sangun et
al., 2009; Yakubu et al., 2009; Eyduran et al., 2009;
Eyduran et al., 2010; Eyduran et .al., 2012).

Present R2 value (91.1%) was higher as
compared with those reported in the previous studies
(Keskin et al., 2007a; Keskin et al., 2007b; Cankaya et
al., 2009; Ogah et al., 2009; Yakubu et al., 2009;
Eyduran et al., 2009; Eyduran et al., 2010) with
exception of Sangun et al., (2009) who reported R2 =
98.4% value closer to those found in this study. The
differences might be ascribed to different breeds,
different species, type and number of traits, sample size,
and various statistical analysis techniques.

In literature, the current paper was the first study
on body weight prediction without multicollinearity
problem from body and testicular measurements of
Balochi male sheep with the use of the factor analysis
scores in the multiple linear regression analysis with BW
= 0.526 FS1 – 0.629 FS2 + 0.489 FS3.

Table 4: Results of Multiple linear Regression analysis
for Factor scores

Predict Coef SE
Coef

t P VIF

FS1 0.5258 0.02643 19.89 0.000 1.0
FS2 -0.6294 0.02643 23.81 0.000 1.01
FS3 0.48856 0.02643 18.48 0.000 1.0

S(RMSE) = 0.3014 R2 = 91.1%

Conclusion: With the aim of trying to get the best model,
Stepwise Regression Analysis, use of Factor Analysis
Scores with multiple regression model analysis, and
Ridge Regression analysis were compared. With respect
to eliminate remove the multicollinearity problem, use of
Factor Analysis Scores in multiple regression model
analysis offered more successful solutions compared with
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Stepwise Regression Analysis and Ridge Regression
analysis as indicated by VIF and RMSE values. Results
with use of Factor Analysis Scores reflected body weight
could increase with the increase in biometrical traits in
the current work.
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