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regressed on the heat evolved of cement (See Muniz and Kibria (2009) for details). 
Another possible example, when a researcher is interested to predict cholesterol 
level of patients based on some predictors: age, body weight, blood pressure, food 
intake and stress causes multicollinearity. In the presence of this noise of the model, 
regression coefficients may be statistically insignificant or have wrong sign or have 
large sampling variance that may result in wide confidence interval for individual 
parameters. With these errors, it is very difficult to make valid statistical inferences 
and appropriate prediction. Therefore, resolve multicollinearity problem is a 
serious issue for the linear regression practitioners.  

Problem of multicollinearity can be solved by various methods, namely to 
collect additional data, reselecting variables, principle component regression 
methods, re-parameterizing the model, ridge regression method, and others. In this 
paper, we will consider the most widely used ridge regression method. The concept 
of ridge regression was first proposed by Hoerl and Kennard (1970) to handle 
multicollinearity problem for engineering data. They found that there is a nonzero 
value of k (ridge parameter) for which mean squared error (MSE) for the ridge 
regression estimator is smaller than variance of the ordinary least squares (OLS) 
estimator. Many authors at different period of times worked in this area of research 
and developed and proposed different estimators for k. To mention a few, Hoerl 
and Kennard (1970), Hoerl, Kennard, and Baldwin (1975), McDonald and 
Galarneau (1975), Lawless and Wang (1976), Dempster, Schatzoff, and Wermuth 
(1977), Gibbons (1981), Kibria (2003), Khalaf and Shukur (2005), Alkhamisi and 
Shukur (2008), Muniz and Kibria (2009), Gruber (2010), Muniz, Kibria, Mansson, 
and Shukur (2012), Mansson, Shukur, and Kibria (2010), and very recently 
Hefnawy and Farag (2013), Aslam (2014), and Arashi and Valizadeh (2015), 
among others. Since aforementioned ridge regression estimators are considered by 
several researchers at different times and under different simulation conditions, 
they are not comparable as a whole. The objective of this article is to do a 
comprehensive study on 28 different ridge estimators those are available in 
literature and compare them based on minimum MSE criterion. Investigation has 
been carried out using a Monte Carlo simulation. A number of different models 
have been studied where variance of the random error, correlation among 
explanatory variables, sample size and unknown coefficient vector were varied. 
The organization of the paper is as follows. We first review the available methods 
for estimating k, followed by a Monte Carlo simulation study. Some applications 
have then been considered and, finally, some concluding remarks are presented. 
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Applying algorithm of GM and square root to Khalaf and Shukur (2005), Kibria 
(2003), and Alkhamisi et. al (2006), Muniz and Kibria (2009) proposed the 
following seven estimators of k: 
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