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ABSTRACT: This paper highlights Hybrid Coding Method (HCM) for Planned Comparison of Treatment. Coding in 
regression analysis has been widely used with varying applications. Various coding structures have been developed in the 
past. Coding structures such as Dummy, Simple, Hermert, Reverse Hermert, Forward Differencing and Backward 
Differencing were developed to deal with specified (simple) hypotheses. A mixture of Dummy, Simple and Contrast coding 
was considered. We derived the expression for the mix of dummy and simple coding to form the Hybrid coding. The empirical 
results showed that the hybrid method can be used to test some specific hypotheses which are generally complex in nature. 
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I. INTRODUCTION 
 
Regression and Analysis of Variance (ANOVA) are both techniques of dealing with linear models. ANOVA focuses on 
experiments where the variables may be random and where there may be several error terms. Regression deals with model 
which tends to have fixed, continuous, independent fixed variables and a single error term. ANOVA is a special case of 
regression, and in effect redefines regression as linear model analysis. 
Many authors have studied the relationship between ANOVA and regression but no emphasis is placed on the results.[1] ,[2]. 
Many texts on applied statistics have perhaps dealt more on the mechanics of ANOVA calculations and mentioned the linear 
model part only briefly. But some authors now restructure the connection between ANOVA and regression in linear model as 
can be seen in [3] where ANOVA was structured in terms of linear models. Regression analysis is one of the most widely 
used statistical techniques and it is used in almost every field of application. Regression Analysis has been applied in many 
fields of study. The use of regression is becoming increasingly very important in statistical theory, hence the need for this 
work which aims at improving its efficiency in the use of data analysis. 
 
According to [4], the use of Multiple Regression Analysis (MRA) has been on the increase since the last few decades, partly 
due to the realization that Analysis of Variance (ANOVA) can be advantageously completed using coding structure in MRA. 
Given the limitations of ANOVA technique, it is argued that MRA is the better analysis; however, in order to use ANOVA in 
MRA, coding structures must be employed by the researcher which is not easy to understand. 
 
According to [4], and [5] Multiple Regression Analysis (MRA) has become one of the most widely used statistical analysis in 
educational research, and it can be assumed that this popularity and frequent usage is still rising. One of the reasons for its 
large usage is that Analysis of Variance (ANOVA) techniques can be calculated by the use of MRA, a principle described by 
[6]. The benefits of using MRA instead of ANOVA include MRAs ability to allow the researcher to  

 use both continuous and categorical or nominal independent variables, 
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  examine trends in data (i.e., look for patterns beyond linear data representation) [7] 
  have more flexibility and conceptual clarity [8], 
 understand where statistically significant mean differences are occurring, beyond a simple omnibus test [9], 
 have the potential to increase the statistical power against Type II error, and  
 have more thoughtful hypotheses about the data [10]. 

 
Regression codings are universal methods that have been developed to ease statistical analysis and hypotheses testing in 
various fields of life. We have various forms of coding, each having a peculiar situation it is handling. But the most widely 
used is the dummy coding system which is at times referred to as Dummy Variable Analysis (DVA). Dummy variables are 
the most widely used coding method in regression analysis. This is due to its flexibility and ease of interpretation in some 
cases. Although some authors have used dummy variables to solve one problem or the other but it is still not being utilized 
enough in some areas where it is meant to be used. 
 

II MATERIALS/METHODS 
 
In this section, we consider possible mix of coding structures that might yield some specific test of hypotheses in planned 
comparison. The proposed hybrid coding is a mixture of effect coding and dummy coding. We start with three planned 
experiments, where we have a reference group 
 

Table 1: Possible Coding for dummy effect mixture 
 

 d1 d2 C1 C2 C3 
X1 1 0 0 1 0 
X2 0 1 1 0 0 
X3 0 0 -1 -1 -1 

 
Pairs of the coding structures proposed in Table 1 were tried and only one pair yielded a reasonable result. The pair is d1 and 
c3, thus we can have a transpose of the design matrix X as 
 
 

X΄ =  

 
; Yi = β0 + β1X1 + β2X2     (i = 1,2,3, . . .n1 or n2) . . . (1) 
where X’s are the coded variables. 
For unequal sample sizes, 
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 =   

 
 
And  
 

  

 
 
  
= 

 
 
 
 
 
where X1, X2 and X3 are the observed values of the variate under consideration 
 
But 

;    . . . . . . . (2)  
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Thus β1 measures the difference between the means of X2 and X1 while β2 measures the difference between the means of X3 
and X1 and β0 is the mean of X1, the reference group. 
 

Let us consider a more complex situation where some variables carry pure dummy codes while others are coded 
simple contrast. The design matrix X will take a different form which will lead to other form of coefficients. 
 
The transpose of design matrix X is 
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X΄ =  

 
 
; Yi = β0 + β1S1i + β2D2i    i or j = 1, 2, 3, … n1 , n2 or n3  . . (3) 
where S1i = simple contrast code and D2i = dummy code 
 
 
  

            

 
 
The matrix of co-factors and Adjoint matrix of X`X are  
 
 
 

 
And 
 
 

 
 
 
therefore 
 
 

 =   

 
 
Where 

A = , B = ,  D = 4 ,  
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Thus  
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 =  =  

 
 
This can be applied if we wish to test the hypotheses 

a. H0 : Average of the means of two treatment is equal to zero 
b. H0 : Half the mean of treatment one is equal to half the mean of treatment two 
c. H0 : Treatment Three is significantly different from the combine effect of treatment two and one. 

 
 
 
Here β1 measures the difference between the half the means of X2 and half the mean X1 while β2 measures the difference 
between the means of X3 and the average of the means of X2 and X1 and β0 is the average of the means of X2 and X1. 
An extension to higher dimension matrix was considered in order to check the nature of the coefficients estimated from the 
simple-dummy mix. We herein considered a four dimension design matrix X whose transpose is. 
 
 

X΄ =  

 
 
; Yi = β0  + β1S1i + β2D2i + β3D3i    i or j = 1; 2; 3; … n1 , n2 , n3 or n4   (4) 
 
where S1i = simple contrast code and D*i = dummy code 
 
  

           

 
 
The matrix of co-factors and Adjoint matrix of X`X are  
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And 
 
 

 
 
 
therefore 
 
 

 =   

 
 
Where 

R = , S = ,  T = 4 , U =  

 
 
 
but 
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Thus  

  

 
 
 
 
 

 
 
 
 

 =  =  

 
 
 
This result is similar to that stated earlier, here the hypotheses are  
  

a. H0 : Average of the means of two treatment is equal to zero 
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b. H0 : Half the mean of treatment one is equal to half the mean of treatment two 
c. H0 : Treatment Three is significantly different from the combine effect of treatment two and one. 

 
 
Based on the coding structure applied, β0 is the average of the means of X3 and X1, as β2 measures the difference between the 
means of X2 and the average of the means of X1 and X3 while β3 measures the difference between the means of X4 and the 
average of the means of X3 and X1 and β1 is the difference between the half the means of X1 and half the mean X3. 

 
III Results and Discussion 
 
In a study to reduce raw material costs in a glass working form, an operations analyst collected the experimental data in Table 
2 on the number of acceptable units produced from equal amounts of raw material by 28 entry-level piecework employees 
who had received special training as part of the experiment. Four training levels were used  6 hours, 8 hours, 10 hours and 12 
hours with seven of the employees being assigned at random to each level. The higher the number of acceptable pieces, the 
more efficient is the employee in utilizing the raw material.(source [11]) 
 
We take 6 hours as a reference group and assigned the following codes as presented in Table 2 with X1 and X3 having 
dummy codes , while X2 has simple contrast coding. We analyze the data using the codes stated and the results are presented 
in Tables 4 and 5. The means and standard deviations for the various hours are as presented in Table 3. 

 
Table 2: Data and the assigned codes. 
 
 Hours 1 2 3 4 5 6 7 X2 X1 X3 

1 6 hours 40 39 39 36 42 43 41 -1 0 0 
2 8 hours 53 48 49 50 51 50 48 0 1 0 
3 10 hours 53 58 56 59 53 59 58 1 0 0 
4 12 hours 63 62 59 61 62 62 61 0 0 1 

 
 
Table 3: Table of Means and Standard deviations for the various hours 
 
Hours N Means Standard Deviation 
6 hours 7 40.000 2.3094 
8 hours 7 49.8571 1.7728 
10 hours 7 56.5714 2.6367 
12 hours 7 61.4286 1.2724 

 
The Anova table for model adequacy is presented in Table 4 
 
Table 4: Anova table for hybrid Regression 
 
SV DF SS MS F-ratio P-value Remark 
Reg 3 1808.679 602.893 141.461 0.000 Sig at 5% 
Error 24 102.286 4.262    
Total 27 1910.964     
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The result in Table 4 show that at 5% level of significance, the fitted model is adequate since an F-value of 141.461 and a p-
value of 0.000 were obtained. 
The estimated coefficients for the fitted model and their corresponding t-test results are shown in Table 5. 
From Table 5 all the parameters in the model except β2 are significant at 5% level of significance, and the fitted model is as 
given in equation 5 
 
Yi = 48.286 + 8.286X2 + 1.571X1 + 13.143X3       (5) 

 
Table 5: Coefficients table for hybrid of dummy-simple mix 
 
beta Coefficients t-value p-value Remark 
β0 48.286 87.515 0.000 Sig at 5% 
β1 8.286 15.017 0.000 Sig at 5% 
β2 1.571 1.644 0.113 Not Sig at 5% 
Β3 13.143 13.753 0.000 Sig at 5% 
 
Checking with the means, we have 
 

  =  =   

 
 
 
Recall that [11] from where the example was extracted, tested a hypothesis for equality of training level effects using a one-
way ANOVA and concluded that there exist a significant difference between the training levels. 
In the multiple comparisons, they concluded that all pair- wise factor level differences are statistically significant. In our 
study, different hypotheses were tested. Hypotheses that are quite different from those of One-Way ANOVA. Here we found 

that the first hypothesis on  is the average of the means of X3 and X1, as the second hypothesis on  measures the 

difference between the means of X2 and the average of the means of X1 and X3 while the third hypothesis on  measures the 

difference between the means of X4 and the average of the means of X3 and X1 and  is the difference between the half the 

means of X1 and half the mean X3 The result above confirmed that, we can apply hybrid coding in testing specific hypothesis. 
We have shown clearly, what each parameter measures in terms of coefficient estimate from a regression line. 

 
IV CONCLUSION 
 
We have derived three possible situations of the mixture of dummy and effect codes and obtained the possible results which 
can be applied in some specific cases. Thus, when confronted with specific hypotheses such as the set stated above that are 
conventionally different from the ones usually stated in One-Way ANOVA as in the case of [11], it is advisable to look at 
hybrid coding as a possible option. 
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