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ABSTRACT 
In marketing research, the understanding of relationships between 
variables by statistically controlling for extraneous sources of 
variation is refined by eliminating covariates. This work examines 
and eliminates the covariate effect on the sales of grand cereals 
oil. The data set for the work was on yearly sales (in millions of 
Naira) of grand cereals oil, Managers’ Age, Gender, and Operating 
Cost (the covariate) for a period of thirty (30) years (1991 - 2020). 
A general linear model (GLM) was first fitted to the sales data 
without the covariate. Then, another GLM with the covariate 
included (analysis of covariance (ANCOVA)) was fitted. Then, the 
proportion of total variability in the data accounted for by the 
covariate alone and by both the dummy variable and the covariate 
was investigated. The GLM result shows a highly significant effect 
of both the gender and age, with P< 0.0001, R2 of 49.8%, and mean 
squared error (MSE) of 70.782. The ANCOVA model showed a 
highly significant age effect with P< 0.0001, R2 of 80.5%, and a 
MSE of 27.028, indicating a sharp increase in the power of the test. 
The study has established the potential of the ANCOVA technique 
in controlling and eliminating the effect of the concomitant variable. 
 
Keywords: Sales Data, General Linear Model, Analysis of 
Covariance, Regression Mean Squared Error. 
 
INTRODUCTION 
For any business to be successful, there is a need for strong 
strategic marketing research for sales improvement by the firm. In 
marketing research, the understanding of relationships between 
variables by statistically controlling for extraneous factors is refined 
by analyzing covariates. The three important principles often used 
by experimenters in statistics to increase precision are 
randomization, replication, and blocking. However, Fisher (1935) 
observed a second means by which precision may be much 
increased in designed experiments, which involves the elimination 
of causes of variation (concomitant variables or covariates) that the 
experimenter cannot control.  
With these measurements on covariates, the treatment effects can 
be corrected or adjusted. The unexplained variability (that is, 
experimental error) in most experiments with a response y is due 
to the effect of the covariate, which is linearly related to, and can 
only be observed along with, y. Analysis of covariance (ANCOVA) 
will eliminate the effect of the covariate (X) on the response variable 
(y), reduce the experimental error variance, thereby revealing a 
precise independent variable effect (Montgomery, 2012). 
 

To effectively eliminate covariates from sales data and isolate the 
impact of specific variables, ANCOVA or randomization and 
blocking techniques can be employed during the study design or 
analysis phase. ANCOVA allows adjusting for the influence of 
measured covariates, while randomization and blocking aim to 
distribute the effects of both known and unknown covariates evenly 
across different groups. ANCOVA combines features of analysis of 
variance (ANOVA) and regression.  
 
A first restriction of covariates in experimental designs listed by 
Field (2011) is an independent relationship between the covariates 
and conditions. If this assumption is violated, there is no reliable 
way to distinguish the factor effect from the covariate effect on the 
response (Kutner et al., 2005; Miller & Chapman, 2001). 
Regression slopes homogeneity is another crucial assumption, 
where the covariate effect on the dependent variable across all 
treatment conditions is assumed to be constant (Field, 2011; 
Howell, 2010; Kutner et al., 2005). Violation of this assumption 
leads to inaccurate treatment effect size estimates, since the 
between-groups differences will depend on the covariate value 
(Engqvist, 2005).  
 
This study aims to examine and eliminate the covariate effect on 
the sales of grand cereals oil. The work makes use of the data on 
yearly sales (millions of Naira) of the oil from 1991 to 2020 (30 
years). The factors examined were the sales managers’ Age and 
Gender, as the independent variables, while the covariate is the 
operating cost (millions of naira), and is continuous.  
Each of the two factors was first tested alone for effect significance 
on oil sales without the covariate by fitting a general linear model 
(GLM). Then, another GLM was fitted to the sales data with the 
covariate included so as to test for its effect on sales. Then, the 
proportion of total variability in the data accounted for by the 
covariate alone and by both the dummy variable and the covariate 
is investigated. 
 
MATERIALS AND METHODS 
Data Collection 
The factors examined in this work were the sales managers’ Age 
and Gender, as the independent variables, while the covariate is 
the operating cost (in millions of naira), and is continuous. The Age 
variable consists of three categories, which include 20-28 years 
(young), 29-37 years (middle-aged), and 38-46 years (elderly). The 
Gender variable consists of two categories, which include 1= male 
and 2 = female.  
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Model Fitting  
For a one-factor and one covariate designed experiment, the 
ANCOVA model is 
𝑦𝑖𝑗 = 𝜇 + 𝜏𝑖 + 𝛽x𝑖𝑗 + 𝜀𝑖𝑗      

    (1) 
Where 𝑦𝑖𝑗 is the jth observation for the ith treatment, 𝜇 is the overall 

mean, 𝜏𝑖 is the ith treatment effect, 𝜀𝑖𝑗 is the random error, 𝛽 is the 

covariate effect on 𝑦𝑖𝑗, and x𝑖𝑗  is the covariate score 

corresponding to the dependent variable 𝑦𝑖𝑗. Thus, the ANCOVA 

general linear model (1) combines the ANOVA and regression 
general linear model features.  

Now, if we replace 𝛽𝑥𝑖𝑗  in equation (1), with 𝛽(x𝑖𝑗 − x̅..), we have 

the one-factor experimental design model for the general ANCOVA 
with one covariate as 

𝑦𝑖𝑗 = 𝜇 + 𝜏𝑖 + 𝛽(x𝑖𝑗 − x̅..) + 𝜀𝑖𝑗   

    (2) 
where x̅.. is the grand covariate mean.  
Now to estimate the parameters in (2), we have:  

𝐿 = ∑ ∑ 𝑒𝑖𝑗
2𝑛

𝑗=1
𝑡
𝑖=1 = ∑ ∑ [𝑦𝑖𝑗 − 𝜇 − 𝜏𝑖 − 𝛽(x𝑖𝑗 −𝑛

𝑗=1
𝑡
𝑖=1

x̅..)]
2
   (3) 

Taking partial derivative of (3) with respect to the parameters 𝜇, 𝜏𝑖, 

and 𝛽, and equating to zero, we have 

𝝁: 𝑦.. = 𝑡𝑛𝜇̂ + 𝑛 ∑ 𝜏̂𝑖
𝑡
𝑖=1 + 𝛽 ∑ ∑ (x𝑖𝑗 − x̅..)

𝑛
𝑗=1

𝑡
𝑖=1 = 𝑡𝑛𝜇̂  

Thus 𝜇̂ = 𝑦̅..     
     (4) 

𝝉𝒊: ∑ 𝑦𝑖𝑗
𝑛
𝑗=1 = ∑ 𝜇̂𝑛

𝑗=1 + ∑ 𝜏̂𝑖
𝑛
𝑗=1 + 𝛽 ∑ (x𝑖𝑗 − x̅..)

𝑛
𝑗=1  

    (5) 
That is,  

𝑦𝑖. = 𝑛(𝜇̂ + 𝜏̂𝑖) + 𝛽 ∑ (x𝑖𝑗 − x̅..)
𝑛
𝑗=1 , 𝑖 = 1,2, … , 𝑡  

        (6) 
Thus  

𝜏̂𝑖 = 𝑦̅𝑖. − 𝑦̅.. −
𝛽 ∑ (x𝑖𝑗−x̅..)

𝑛
𝑗=1

𝑛
    

    (7) 
That is, 
𝜏̂𝑖 = 𝑦̅𝑖. − 𝑦̅.. − 𝛽(x̅𝑖. − x̅..)    
    (8) 

𝜷: ∑ ∑ 𝑦𝑖𝑗(x𝑖𝑗 − x̅..)
𝑛
𝑗=1

𝑡
𝑖=1 = 𝜇 ∑ ∑ (x𝑖𝑗 − x̅..)

𝑛
𝑗=1

𝑡
𝑖=1 +

∑ ∑ 𝜏𝑖(x𝑖𝑗 − x̅..)
𝑛
𝑗=1

𝑡
𝑖=1 + 𝛽 ∑ ∑ (x𝑖𝑗 − x̅..)

2𝑛
𝑗=1

𝑡
𝑖=1   

      
   (9) 
That is, 

∑ ∑ 𝑦𝑖𝑗(x𝑖𝑗 − x̅..)
𝑛
𝑗=1

𝑡
𝑖=1 = ∑ 𝜏𝑖

𝑡
𝑖=1 ∑ (x𝑖𝑗 − x̅..)

𝑛
𝑗=1 +

𝛽 ∑ ∑ (x𝑖𝑗 − x̅..)
2𝑛

𝑗=1
𝑡
𝑖=1  (10) 

 
Now substituting for 𝜏̂𝑖 from equation (8) in equation (10), we have 

∑ ∑ 𝑦𝑖𝑗(x𝑖𝑗 − x̅..)
𝑛
𝑗=1

𝑡
𝑖=1 = ∑ [𝑦̅𝑖. − 𝑦̅.. − 𝛽̂(x̅𝑖. −𝑡

𝑖=1

x̅..)] ∑ (x𝑖𝑗 − x̅..)
𝑛
𝑗=1 + 𝛽̂ ∑ ∑ (x𝑖𝑗 − x̅..)

2𝑛
𝑗=1

𝑡
𝑖=1   

      
   (11) 
That is, 

∑ ∑ 𝑦𝑖𝑗(x𝑖𝑗 − x̅..)
𝑛
𝑗=1

𝑡
𝑖=1 = ∑ (𝑦̅𝑖. − 𝑦̅..)

𝑡
𝑖=1 ∑ (x𝑖𝑗 − x̅..)

𝑛
𝑗=1 −

𝛽̂ ∑ (x̅𝑖. − x̅..)
𝑡
𝑖=1 ∑ (x𝑖𝑗 − x̅..)

𝑛
𝑗=1   

+𝛽̂ ∑ ∑ (x𝑖𝑗 − x̅..)
2𝑛

𝑗=1
𝑡
𝑖=1     

    (12) 
Thus, 

𝛽̂ =
∑ ∑ 𝑦𝑖𝑗(x𝑖𝑗−x̅..)

𝑛
𝑗=1

𝑡
𝑖=1 −∑ (𝑦̅𝑖.−𝑦̅..)

𝑡
𝑖=1 ∑ (x𝑖𝑗−x̅..)

𝑛
𝑗=1

∑ ∑ (x𝑖𝑗−x̅..)
2𝑛

𝑗=1
𝑡
𝑖=1 −∑ (x̅𝑖.−x̅..)

𝑡
𝑖=1 ∑ (x𝑖𝑗−x̅..)

𝑛
𝑗=1

  

    (13) 
From the numerator of equation (13), we have 

 
And 

 
(

1
4
) 

 
Now putting equations (14) and (15) back into equation (13), we 
have  

𝛽̂ =
𝑛 ∑ ∑ x𝑖𝑗y𝑖𝑗

𝑛
𝑗=1

𝑡
𝑖=1 −∑ (x𝑖.)(𝑦𝑖.)

𝑡
𝑖=1

𝑛 ∑ ∑ x𝑖𝑗
2𝑛

𝑗=1
𝑡
𝑖=1 −∑ x𝑖.

2𝑡
𝑖=1

   

    (16) 
Equation (16) gives the estimate of the effect of the covariate on 
the response variable in a one-way designed experiment 
containing one factor and one covariate.  
 
Now, for an experimental design with m experimental factors 
𝑥1, 𝑥2, … , 𝑥𝑚 and c covariates, we have a main-effects model: 

𝑌 = 𝛽0 + 𝛽1𝑥1 + ⋯ + 𝛽𝑚𝑥𝑚 + 𝛾1𝑧1 + ⋯ + 𝛾𝑐𝑧𝑐 + 𝜀 

= 𝛽0 + ∑ 𝛽𝑖𝑥𝑖
𝑚
𝑖=1 + ∑ 𝛾𝑖𝑧𝑖

𝑐
𝑖=1 + 𝜀    

    (17) 
In situations where some of the experimental factors interact, 
model (17) becomes inadequate, and a more appropriate model is 
the expanded one that captures the effect of such interaction. This 
may be 

𝑌 = 𝛽0 + ∑ 𝛽𝑖𝑥𝑖
𝑚
𝑖=1 + ∑ ∑ 𝛽𝑖𝑗𝑥𝑖𝑥𝑗

𝑚
𝑗=𝑖+1

𝑚−1
𝑖=1 + ∑ 𝛾𝑖𝑧𝑖

𝑐
𝑖=1 +

𝜀    (18) 

where all the terms are as defined above, and 𝛽𝑖𝑗  is the effect of 

the interaction between the 𝑖𝑡ℎ  and the𝑗𝑡ℎ  levels of x.  

Situations of interaction between experimental factors and 
covariates may arise. In such situations, model (18) has to be 
expanded to give:  

𝑌 = 𝛽0 + ∑ 𝛽𝑖𝑥𝑖
𝑚
𝑖=1 + ∑ ∑ 𝛽𝑖𝑗𝑥𝑖𝑥𝑗

𝑚
𝑗=𝑖+1

𝑚−1
𝑖=1 + ∑ 𝛾𝑖𝑧𝑖

𝑐
𝑖=1 +

∑ ∑ 𝛽𝑖𝑗𝑐𝑥𝑖𝑧𝑗𝑐
𝑐
𝑗=1

𝑚
𝑖=1 + 𝜀      (19) 

where 𝛽𝑖𝑗𝑐  is the effect of the interaction between the ith level of 

the experimental factor and the 𝑗𝑐  level of the covariate. 
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Situations also may arise where interaction between the covariates 
exists. Then we have the model for the designs in such situations 
as 

𝑌 = 𝛽0 + ∑ 𝛽𝑖𝑥𝑖
𝑚
𝑖=1 + ∑ ∑ 𝛽𝑖𝑗𝑥𝑖𝑥𝑗

𝑚
𝑗=𝑖+1

𝑚−1
𝑖=1 + ∑ 𝛾𝑖𝑧𝑖

𝑐
𝑖=1 +

∑ ∑ 𝛾𝑖𝑗𝑧𝑖𝑧𝑗
𝑐
𝑗=𝑖+1

𝑐−1
𝑖=1 + ∑ ∑ 𝛽𝑖𝑗𝑥𝑖𝑧𝑗

𝑐
𝑗=1

𝑚
𝑖=1 + 𝜀     

     (20) 

where 𝛾𝑖𝑗 is the interaction effect between the 𝑖𝑡ℎ and the 𝑗𝑡ℎ   

levels of the covariates. 
Ignoring covariates out of the model for experimental designs that 
it is supposed to be present may result in increased error variance, 
reduced statistical power, biased estimates, and invalid 
comparisons.  
In matrix notation, these models (2, 17, 18, 19, and 20) can be 
expressed as 
𝒀 = 𝑿𝜷 + 𝒁𝜸 + 𝜺     
   (21) 
where, for the main-effects model (17),   

 
𝜷 = [𝛽0 𝛽1 … 𝛽𝑚]′ 

and  
𝜸 = [𝛾0 𝛾1 … 𝛾𝑐]′. 
For the model (18) where the experimental factors interact, we 
have 
 

 
 
And when the covariates also interact, we have  
 
 

 
while  

𝜷 = [𝛽0   𝛽1 … 𝛽𝑚    𝛽12 … 𝛽𝑚−1,𝑚]’ 

and 

𝜸 = [𝛾0   𝛾1 … 𝛾𝑐    𝛾12 … 𝛾𝑐−1,𝑐] 

ANOVA and Regression approaches are used in this work to 
analyze the collected data. With the ANOVA approach, a GLM is 
first fitted to the data using only the independent variables (sales 
managers’ age and gender) without the covariate (operating cost), 
so as to assess the impact of each of the factors on the oil sales.  
Next, we perform the GLM univariate analysis on the two factors 
(Age and Gender) and the covariate (operating cost) combined. 
The GLM results for the two analyses are then compared in terms 
of power. 
With the regression approach, first, each value of the variables 
(Age and Gender) is represented in the model with an indicator 
(dummy) variable consisting of only codes, leaving one of the levels 
of every variable out of the regression model (as a reference 
category) to avoid perfect multicollinearity, which will prevent a 
solution. For the Age variable, the elderly-age category is the 
reference category, while for the Gender variable, the female 
category is the reference category. For each of these variables, the 
differential effect estimates for other levels (or categories) are then 
compared with the reference category.  
 
Now, we first regress the response (sales) variable on the dummy 
variables alone (that designated the treatments) and obtain 

𝑅𝑦 𝐷𝐴𝑔𝑒1,𝐷𝐴𝑔𝑒2,𝐷𝐺𝑒𝑛𝑑𝑒𝑟1

2 , which is the proportion of the total 

variability in the response (sales) accounted for by these dummies. 
 
Next, we regress the response (sales) variable on the covariate 

(operating cost) alone and obtain 𝑅𝑦,𝑋
2 , which is the proportion of 

the total variability in the response accounted for by the fitted 
model. Thirdly, we regress the response (sales) variable on the 
dummy variables scores (that designate the treatments) and the 

covariate combined, and also obtain 𝑅𝑦 𝐷𝐴𝑔𝑒1,𝐷𝐴𝑔𝑒2,𝐷𝐺𝑒𝑛𝑑𝑒𝑟1,𝑋
2 , 

which is the proportion of the total variability in the response 
accounted for by both these variables.  

In each case, the coefficient of multiple determination 

(𝑅2) is given as 

𝑅2 =
𝑀𝑜𝑑𝑒𝑙 𝑆𝑆

𝑇𝑜𝑡𝑎𝑙 𝑆𝑆
=

𝑇𝑜𝑡𝑎𝑙 𝑆𝑆−𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑆𝑆

𝑇𝑜𝑡𝑎𝑙 𝑆𝑆
   

    (22) 
where, 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑆 = ∑ (𝑌𝑖 − 𝑌̅)2𝑛
𝑖=1 , 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑆𝑆 = ∑ (𝑌𝑖 −𝑛

𝑖=1

𝑌̂𝑖)
2
, and 𝑀𝑜𝑑𝑒𝑙 𝑆𝑆 = ∑ (𝑌̂𝑖 − 𝑌̅)

2𝑛
𝑖=1  

Then, we compute the difference 𝑅𝑦 𝐷𝐴𝑔𝑒1,𝐷𝐴𝑔𝑒2,𝐷𝐺𝑒𝑛𝑑𝑒𝑟1,𝑋
2 −

𝑅𝑦,𝑋
2 , which gives the unique contribution of the dummy variables 

to the first computed coefficient and also reflect the proportion of 
the total variation that is uniquely accounted for by the independent 
variables.   
 
RESULTS  
The collected data were analyzed, and the ANOVA and ANCOVA 
results are presented in Tables 1 and 2, respectively.  
(1) The ANOVA and ANCOVA results from the GLM technique.  
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Table 1: Analysis of Variance (ANOVA) Model 

 
 
Table 2: Analysis of Covariance (ANCOVA) Model  

 
(2) The ANCOVA results through the linear regression procedure  
 

 

 

 
Table 5: Coefficients 

Model 

Unstandardize
d Coefficients 

Standardiz
ed 
Coefficient
s 

t Sig. 
B 

Std. 
Error 

Beta 

1 (Consta
nt) 

35.7 1.536  23.24
2 

0.00
0 

age1 
-
13.43
3 

2.172 -0.542 
-
6.184 

0.00
0 

age2 8.433 2.172 0.34 3.882 
0.00
0 

gender1 -5.433 2.172 -0.233 
-
2.501 

0.01
3 

Gender1
x Age 
grp1  

3.433 3.072 0.11 1.118 
0.26
5 

Gender1
x Age 
grp2  

-
13.36
7 

3.072 -0.427 
-
4.351 

0.00
0 

a. Dependent Variable: Sales  
 

 

 
 

 

 
 

 
 
Table 11: Coefficients 

Model 

Unstandardiz
ed 
Coefficients 

Standa
rdized 
Coeffic
ients 

t Sig. 

B 
Std. 
Error 

Beta 

1 
(Constant) 

15.
851 

1.538   
10.3
06 

0.00
0 

operating 
cost 

0.1
96 

0.012 0.783 
16.5
16 

0.00
0 

age1 
-
10.
995 

1.365 -0.444 
-
8.05
4 

0.00
0 

age2 
-
6.2
79 

1.623 -0.253 
-
3.86
8 

0.00
0 

gender1 
-
9.2
53 

1.377 -0.396 
-
6.72
1 

0.00
0 

https://dx.doi.org/10.4314/swj.v21i1.25
http://www.scienceworldjournal.org/


Science World Journal Vol. 21(No 1) 2026   https://dx.doi.org/10.4314/swj.v21i1.25 
www.scienceworldjournal.org 
ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)   
Published by Faculty of Science, Kaduna State University 

 

 Eliminating The Effect Of Concomitant Variables On Sales Data Using The 
Analysis Of Covariance Technique 

181 

gender1 X 
age grp1  

8.8
18 

1.947 0.281 
4.52
9 

0.00
0 

gender1 X 
age grp2 d 

-
2.9
89 

2.02 -0.095 
-
1.48 

0.14
1 

a. Dependent Variable: Sales 
 
DISCUSSION 
Table1 is a reduced model where only the variations due to the two 
factors (Age and Gender) are shown. The Table shows that each 
of the two factors (Age and Gender) and their interaction has a 
significant effect on the sales of the grand cereals oil. The ANOVA 
model accounted for about 49.8% of the total variability in the sales 

data, as indicated by 𝑹𝟐 = 𝟎. 𝟒𝟗𝟖.The ANCOVA model in Table 
2 shows that each of the two factors and their interaction, as well 
as the covariate, has a significant effect on the sales of the oil. This 
fitted ANCOVA model outperforms the ANOVA model as it caused 
a sharp increase in the sum of squares due to regression, a drastic 
reduction in the error sum of squares and thereby in the error 
variance (MSE) and it accounted for about 80.5% of the total 

variability in the sales data with 𝑹𝟐 = 𝟎. 𝟖𝟎𝟓.   This result also 
indicates a high and positive association between the covariate and 
the response (sales) variable. 
(i) Tables 3 – 5 give the regression summary results of the sales 
scores on the dummy variables scores alone (that designate the 
treatments). Table 3 gives the summary of the fitted model in Table 
5, showing the presence of a significant association (r = 0.706) 
between the oil sales scores and the dummy variable scores, with 
the fitted model accounting for about 49.8% of the total variability 
in the sales data. This fairly low proportion indicates the presence 
of a covariate that is also highly correlated with the sales variable.  
Table 5 is the coefficient table. From this table, the fitted linear 
regression model is 
𝑦̂ = 35.700 − 13.433𝑈1 + 8.433𝑈2 − 5.433𝑉1 +
3.433𝑈1𝑉1 − 13.367𝑈2𝑉1  (23) 
Where: U1= young age category, U2= middle age category, and V1= 
male category, 𝑦̂ is the estimated sales of the Grand Cereals Oil, 

35.700 is the expected sales (in millions of naira) of the oil by the 
sales agents in the elderly-age category (that is, 38-46 years) and 
those who are females by gender. This model shows that the sales 
agents within 20 to 28 years age group made sales of about 13½ 
million naira less than that of the sales agents who are within 38 to 
46 years age group, while those within the middle-age category 
(that is, 29-37 years) made sales of about 8½ million naira more 
than that of their counterparts that are within 38 to 46 years of age. 
From Table 5, we observed that each of these two coefficients is 
statistically significant (P-value=0.000), indicating a significant 
difference in the sales of the grand cereals oil between the agents 
in each of these two age groups and those in the 38-46 years age 
category. 
The model further shows that the male sales agents made about 
5½ million naira less than their female counterparts. This coefficient 
is also statistically significant at 5% level with a p-value of 0.013, 
which indicates that there is a significant difference in sales of the 
oil between the male and the female sales agents. The interaction 
effect (3.433) between the young sales agents (that is, sales 
agents between 20-28 years of age) and the male sales 
agents(𝑈1𝑉1) indicates that the effectiveness of AGE variable on 
sales of grand cereals oil increased by about 3½ million naira for 
males sales agents compared to the female sales agents. From the 
coefficient table, we see that this coefficient is not statistically 

significant as its p-value is 0.265. 
The interaction effect (−13.367) between the middle-aged sales 

agents and the male sales agents(𝑈2𝑉1) indicates that the 
effectiveness of the GENDER variable on sales of grand cereals oil 
decreased by about 13.4 million naira for sales agents within the 
29-37 years age group compared to those within the 38-46 years 
age group. From the coefficient table, we see that this coefficient is 
statistically significant as its p-value is 0.000.  
(ii) Tables 6 – 8 give the ANCOVA results of the regression of the 
sales scores on the covariate scores alone.  
Table 6 gives the summary of the fitted model in Table 8 and shows 
the presence of a significant association between the Grand 
Cereals Oil sales scores and the operating cost scores, as given 
by the high correlation coefficient of about 0.759. The Table shows 
that the fitted model in equation (23) accounted for about 57.6% of 
the total variability in the sales data. This is further confirmed by the 
ANOVA in Table 7, where the sum of squares of the fitted 
regression model is shown to be significantly higher than the error 
sum of squares, and with a p-value of 0.000.   
Table 8 is the coefficient table. From this table, the fitted linear 
regression model is 
𝑦̂ = 7.159 + 0.189𝑋     
     (24) 
where 𝑦̂ is the estimated sales of the Grand Cereal Oil and 𝑋 is 
the corresponding operating cost (the covariate). The model shows 
that the company makes sales of 7.159 million naira per year in the 
absence of operating cost, and that for every unit change in the 
operating cost incurred by the company, there is a change (an 
increase) of 0.189 million naira in the sales of the oil. The table 
shows that the operating cost has a significant effect on the sales 
as indicated by the significant probability value (p-value) of 0.000.  
 
(iii) Tables 9 – 11 give the ANCOVA results of the regression of the 
sales scores on the dummy variable scores (that designate the 
treatments) and the covariate scores. 
Table 9 gives the summary of the fitted model in Table 11 and 
shows a significant association between the Grand Cereals Oil 
sales scores and the dummy variables and the covariate scores, 
as given by the high correlation coefficient of 0.897. The Table 
shows that the fitted model in Table 11 accounted for about 80.5% 
of the total variability in the sales data. This result is due to the 
removal of the effect of the covariate (operating cost) in this 
analysis. This is further confirmed by the ANOVA in Table 10, 
where the sum of squares of the fitted regression model is shown 
to be higher than that of the error. The table further confirms that 
the model is highly significant at both 1% and 5% levels of 
significance, with a probability value (p-value) of 0.000. 
Table 11 is the coefficient table. From this table, the fitted ANCOVA 
(linear regression) model is 
𝑦̂ = 15.851 + 0.196𝑋 − 10.995𝑈1 − 6.279𝑈2 −
9.253𝑉1 + 8.818𝑈1𝑉1 − 2.989𝑈2𝑉1   
      
  (25)  
where 𝑦̂ is the estimated sales of the Grand Cereals Oil, 15.851 
is the expected sales (in millions of naira) of the oil by the sales 
agents in the elderly-age category (that is, 38-46 years old) and 
those who are females by gender when there is no effect of the 
covariate.  
This model shows that a unit change in the covariate (operating 
cost) scores will result in an increase of 0.196 million naira in the 
sales of the oil. The model shows that the sales agents within 20 to 
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28 years age group made sales of about 11 million naira less than 
that of the sales agents who are within 38 to 46 years age group, 
while those within the middle-age category (that is, 29-37 years old) 
made sales of about 6.3 million naira less than that of their 
counterparts that are within 38 to 46 years of age. From Table 11, 
we observed that each of these two coefficients is statistically 
significant (P-value=0.000), indicating a significant difference in the 
sales of the grand cereals oil between the agents in each of these 
two age groups and those in the 38-46 years age category.  
 
The model further shows that the male sales agents made about 
9.3 million naira less than their female counterparts. The table 
shows that this coefficient is also statistically significant with a p-
value of 0.000, which indicates that there is a highly significant 
difference in sales of the oil between the male and the female sales 
agents. The interaction effect (8.818) between the young sales 
agents (i.e., sales agents between 20 and 28 years of age) and the 
male sales agents (𝑈1𝑉1) indicates that the effectiveness of AGE 
variable on sales of grand cereals oil increased by about 8.8 million 
naira for males’ sales agents compared to the female sales agents. 
From the coefficient table, we see that this coefficient is also 
significant with a p-value of 0.000. 
The interaction effect (−2.989) between the middle-aged sales 

agents and the male sales agents (𝑈2𝑉1) indicates that the 
effectiveness of the GENDER variable on sales of grand cereals oil 
decreased by about 3 million naira for sales agents within the 29-
37 years age group compared to those within the 38-46 years age 
group. From the coefficient table, we see that this coefficient is 
significant with a p-value of 0.000. 
 
Now from Table 6,  

𝑅𝑦,𝑋
2 = 0.576 

While from Table 9, 

𝑅𝑦 𝐷𝐴𝑔𝑒1,𝐷𝐴𝑔𝑒2,𝐷𝐺𝑒𝑛𝑑𝑒𝑟1,𝑋
2 = 0.805 

 
Thus, computing the difference, we have  

𝑅𝑦 𝐷𝐴𝑔𝑒1,𝐷𝐴𝑔𝑒2,𝐷𝐺𝑒𝑛𝑑𝑒𝑟1,𝑋
2 − 𝑅𝑦,𝑋

2 = 0.805 −

0.576 = 0.229, 
This difference indicates the unique contribution of the dummy 
variables to the first computed coefficient and also reflects the 
proportion of the total variation that is uniquely accounted for by the 
independent variables.  The research findings indicate an equal 
mean and standard deviation of each group's sales points, with a 
sample size of 30. 
 
Conclusions 
The study revealed that the male sales agents achieved sales 
approximately 5½ million naira lower than their female 
counterparts. The interaction effect between young sales agents 
(20-28 years) and male sales agents (U1 V1) suggests that the 
effectiveness of the AGE variable on oil sales increased by 
approximately 3½ million naira for male sales agents compared to 
female sales agents. However, this coefficient is not statistically 
significant (p =0.265). The interaction effect between middle-aged 
sales agents and male sales agents (U1 V1) indicates that the 
effectiveness of the GENDER variable on oil sales decreased by 
approximately 13.4 million naira for sales agents in the 29-37year 
age group compared to those in the 38-46year age group. This 
work has established the potential of the ANCOVA technique in 
controlling and eliminating the concomitant variable effect.  

These results imply that young male agents are more skilful (and 
thus high performers) in boosting oil sales than female agents of 
the same age range, and that the gender effect on sales 
performance is not the same for all age groups.  
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