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Abstract: The objective of this research study was the identification of significant morphological traits to predict the 
live body weight of indigenous sheep of southern Punjab, Pakistan. Application of  Chi-Square Automatic Interaction 
Detection (CHAID) was used to achieve the objective of the current study. Pearson correlation technique was used 
to see the relationship of morphological traits with live body weight. The data of 13 morphological traits of 291 
indigenous sheep was used using a simple random sample technique. The morphological traits such as barrel depth, 
body length, ear length, ear width, head length, head width, heart girth, neck length, neck width, rump length, rump 
width, tail length, and withers height were used. The data consists of 130 rams and 161 eves. The dependent variable 
was the live body weight of indigenous sheep. The barrel depth, rump width, and heart girth were strongly correlated 
with live bodyweight having correlations 0.968, 0.936, and 0.925 respectively. The result of CHAID analysis showed 
that barrel depth and heart girth are significant predictors of live body weight (p-value<0.001).
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1.  INTRODUCTION 

The agriculture sector is the keystone of the 
economy of Pakistan. It is the second-largest sector 
and contributing about 21% of the national GDP. 
Livestock is contributing to the share of 58.92 
percent to overall agriculture GDP. Livestock is the 
fastest growing sub-sectors in developing countries 
in the last few decades and it is still increasing 
continuously [16-17]. In Pakistan, especially in 
rural areas of southern Punjab, sheep are one of 
the important sources of income in form of meat 
and leather. The quantity of both meet and leather 
is directly proportional to sheep's live body weight. 
The sheep's live body weight is predicted through 
its body dimensions known as morphological traits. 
Many studies had been conducted to predict the live 
body weight of various breeds of sheep. Khan et 
al in 2014 [1] had conducted the studied to predict 
body weight through morphological traits as all 
of them had declared that bodyweight is highly 
correlated with morphological traits. [2] had also 
used various decision trees including CHAID to 

predict the live weight of Harnai sheep and found 
good.  [3] used regression tree CART and CHAID 
for the selection of morphological traits that affect 
the continuous dependent variable weaning weight 
of Karayaka sheep breeding [4] had used regression 
tree method to determine the significant factors 
that influence the birth weight of Karakas and 
Norduz lamb in Turkey. Birth type, sex, damage, 
and genotype were found more significant factors 
in determining birth weight. [5] conducted a study 
to predict the bodyweight of Indigenous sheep 
breed in Balochistan, Pakistan using the regression 
tree method. The results of the study showed that 
the significant factors in determining body weight 
were withers height, body length, chest girth, 
and breed. A similar study was conducted by [6] 
on cattle breeds in Nigeria to access factors that 
influenced the prevalence of abortion. Except for 
the application of regression trees for determining 
significant predictors in biological studies; in many 
other fields, regression trees especially the CHAID 
algorithm was used in determining the significant 
factors. [7] used the regression tree methods to create 



Conquest in 1963. The basic theme is given by Kass 
(1980) in his study was to identify those subsets of 
predictors that best describe the dependent variable. 
Ritschard [14] had conducted a study to explain the 
functioning of CHAID. His interest was mainly 
to detect and account for nonlinear effects on the 
response variable. Çamdeviren and co-authors [15] 
had explained that the CHAID algorithm can also 
be applied to a continuous dependent variable by 
transforming into a categorical variable using cut-
off values. The morphological traits were divided 
into barrel depth, body length, ear length, ear width, 
head length, head width, heart girth, neck length, 
neck width, rump length, rump width, tail length, 
and withers height. The authors also had explained 
that the regression tree method is not affected by 
a high correlation among predictors. The SPSS 
(SPSS Inc., Chicago, Illinois, USA) version 26.0 
software was used for analysis in the study. The 
statistical significance was set for all statistical tests 
at a p-value < 0.05 (two-sided).

3.  RESULTS AND DISCUSSIONS

Our analysis had been divided into two sections 
i.e. correlation analysis and CHAID analysis. The 
objective of both sections was to identify significant 
predictors of live weight.    

3.1 Pearson Correlations

In this section, we had found zero-order correlations 
between each morphological trait (predictor) 
and live body weight. The results of correlations 
along with the significance value are given in 
Table 1. It was observed that barrel depth, rump 
width, and heart girth are highly correlated with 
live bodyweight having correlation coefficients 
0.968, 0.936, and 0.925 respectively. These high 
correlations suggested the significant predictors of 
live body weight as the theoretical concept of linear 
regression and correlation.

3.2 CHAID Analysis

In this section, the CHAID algorithm had been 
constructed using SPSS software. The CHAID 
algorithm had been given in Figure 1. In the root 
node, dependent variable descriptive statistics had 
been given. All sheep had been included in the root 
node. The mean and standard deviation of live body 

predictive models in the field of engineering. [8] 
used CHAID analysis to determine socioeconomic 
variables that explain a student’s academic success. 
[9] used regression tree methods in the study of 
determining happiness factors. The prior studies are 
solely related to the application of regression tree 
methods in determining the significant predictor 
of a nominal, ordinal, or continuous dependent 
variable without considering the distributional 
assumptions of variables.

2.	 MATERIALS AND METHODS 

The data of 291 indigenous sheep from birth to 
2 years of age were collected from Livestock 
Experiment Station Rakh Ghulaman and Rakh 
Khairewala. The data consists of measurement 
about following morphological traits of indigenous 
sheep i.e. live body weight, heart girth, body length, 
withers height, head length, head width, ear length, 
ear width, neck length, neck width, tail length, rump 
length, rump width, and barrel depth. In data, there 
were 130 rams and 161 eves. The dependent variable 
was live body weight. To determine the significant 
predictors of the live body, weight the zero-
order Pearson correlations and CHAID algorithm 
were used in our analysis. CHAID chooses the 
predictor that has the strongest relationship with the 
dependent variable and categories of each predictor 
are merged if they are not statistically different 
concerning the dependent variable.  Mohammad et 
al. [5] used Pearson correlation coefficients to check 
the bivariate relationships between morphological 
traits. Milanović [10] had focused on the importance 
of regression tree methods for the detection of data 
structure, especially in the multivariate data set. Koc 
et al. [11] declared the CHAID as the most suitable 
algorithm for the analysis of Animal Science data in 
his study as their study was based on lambs. Song 
[12] discussed in his study that the regression tree 
is a commonly used methodology for developing 
a prediction model for the target variable for large 
and complicated data set. The author had also 
discussed the non-parametric characteristic of the 
regression tree methods. 

CHAID was originally introduced by [13] as 
an exploratory technique for investigating large 
quantities of categorical data. According to [13] 
the CHAID is an off-shoot of the AID (Automatic 
Interaction Detection) concept given by Morgon and 
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The barrel depth is classified into three child 
nodes concerning its values. Child node 1 had 
been declared where barrel depth is less or equal to 
32.4850. Child Node 2 had been declared in the range 
of barrel depth 32.4850 to 43.0250. Child Node 3 had 
been declared where barrel depth is greater than 
43.0250. The number of sheep in child node 1, 2, and 3 
were 58, 87, and 146 respectively. Mean live weight in 
child nodes 1, 2, and 3 were 15.597, 27.223, and 
35.984 respectively while standard deviations were 
3.167, 3.867, and 1.165 respectively. The child node 3 
had more average weight and smaller standard 
deviation as compared to child node 1 and 2. Child 
nodes 1 and 2 were found to be terminal nodes while 
child node 3 was further divided into two-terminal 

nodes 4 and 5 by variable heart girth with the second-
degree effect on live weight with significant p-value = 
0.000. Terminal node 4 had been declared based on 
values of heart girth less than or equal to 61.2390 and 
terminal node 5 had the values of heart girth greater 
than 61.2390. The number of sheep in terminal node 4 
and 5 were 62 and 84 respectively. Mean values of live 
weight in terminal nodes 4 and 5 were 35.165 and 
36.589 respectively while standard deviations were 
1.389 and 0.287 respectively. Node 0 is the root node, 
root 3 is the child node and root 1, 2, 4, and 5 are 
terminal nodes in our analysis. This algorithm showed 
the barrel depth and heart girth as the significant 
predictor of live weight. 

 

Table 1 Pearson Correlation of traits with live weight 

Sr. No 
Morphological  

Traits 
Pearson Correlation 
Value (r) Sig. 

1 Barel Depth 0.968 0.000 
2 Body Length 0.770 0.000 
3 Ear Length 0.599 0.000 

4 Ear Width 0.431 0.000 
5 Head Length 0.924 0.000 
6 Head Width 0.874 0.000 

7 Heart Girth 0.925 0.000 
8 Neck Length 0.337 0.000 
9 Neck Width 0.577 0.000 

10 Rump Length 0.909 0.000 
11 Rump Width 0.936 0.000 
12 Tail Length 0.570 0.000 

13 Withers Height 0.796 0.000 

 

 

 
 
Fig.1. CHAID Algorithm

4.   CONCLUSIONS  

The findings of the study by Pearson 
correlations and CHAID algorithm had shown 
that barely depth and heart girth are significant 
morphological traits, among all those included in 
the study, to predict the live body weight of 
indigenous sheep of southern Punjab. These two 
morphological traits had significant correlations 
with live weight and barrel depth had the first-

degree effect on live weight while heart girth 
had a second degree effect on live weight. The 
major part of live weight depends upon the 
abdomen size of sheep while barrel depth and 
heart girth are the measurements related to 
abdomen size. 
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weight were 29.301and 8.272 respectively. The 
root node was divided into three child nodes 1, 2, 
and 3 by variable barrel depth with the first-degree 
effect on live body weight with significant p-value 
= 0.000. 

The barrel depth is classified into three child 
nodes concerning its values. Child node 1 had 
been declared where barrel depth is less or equal 
to 32.4850. Child Node 2 had been declared in the 
range of barrel depth 32.4850 to 43.0250. Child 
Node 3 had been declared where barrel depth is 
greater than 43.0250. The number of sheep in child 
node 1, 2, and 3 were 58, 87, and 146 respectively. 
Mean live weight in child nodes 1, 2, and 3 were 
15.597, 27.223, and 35.984 respectively while 
standard deviations were 3.167, 3.867, and 1.165 
respectively. The child node 3 had more average 

weight and smaller standard deviation as compared 
to child node 1 and 2. Child nodes 1 and 2 were 
found to be terminal nodes while child node 3 was 
further divided into two-terminal nodes 4 and 5 by 
variable heart girth with the second-degree effect 
on live weight with significant p-value = 0.000. 
Terminal node 4 had been declared based on values 
of heart girth less than or equal to 61.2390 and 
terminal node 5 had the values of heart girth greater 
than 61.2390. The number of sheep in terminal 
node 4 and 5 were 62 and 84 respectively. Mean 
values of live weight in terminal nodes 4 and 5 were 
35.165 and 36.589 respectively while standard 
deviations were 1.389 and 0.287 respectively. Node 
0 is the root node, root 3 is the child node and root 
1, 2, 4, and 5 are terminal nodes in our analysis. 
This algorithm showed the barrel depth and heart 
girth as the significant predictor of live weight.
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and heart girth are significant morphological traits, 
among all those included in the study, to predict the 
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Punjab. These two morphological traits had 
significant correlations with live weight and barrel 
depth had the first-degree effect on live weight 
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