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Abstract: This paper describes the commanding statistical technique one-way ANOVA that can be used in many engineering and 
manufacturing applications and presents its application. This technique is projected to scrutinize variability in data in order to 
conclude the inequality among population means. 
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Introduction  

Analysis of variance (ANOVA) is a statistical procedure concerned with comparing means of a number of samples. It can be 
deliberation of as an extension of the t-test for two independent samples to more than two groups. The purpose is to test for significant 
differences between class means, and this is done by analysis the variances.  

 
The ANOVA test of the hypothesis is based on a comparison of two independent estimates of the population variance. 

 
When performing an ANOVA procedure, the following assumptions are required:   The observations are independent of one 

another.   The observations in each group come from a normal distribution.   The population variances in each group are the same 
(homoscedasticity).  

 
ANOVA is the most normally quoted advanced research method in the professional business and economic literature. This 

technique is very useful in instructive important information particularly in interpreting experimental outcomes and in determining the 
influence of some factors on other processing parameters.  
  
One-way ANOVA Test Procedure  

Description A one-way layout consists of a single factor with several levels and multiple observations at 
each level. With this kind of layout, we can calculate the mean of the observations within 
each level of our factor. The residuals will tell us about the variation within each level. We 
can also average the means of each level to obtain a grand mean. We can then look at the 
deviation of the mean of each level from the grand mean to understand something about the 
level effects. Finally, we can compare the variation within levels to the variation across 
levels. Hence the name analysis of variance. 

Model It is easy to model all of this with an equation of the form: 
yij=m+ai+ϵij 

 
The equation indicates that the jth data value, from level i, is the sum of three components: 
the common value (grand mean), the level effect (the deviation of each level mean from the 
grand mean), and the residual (what's left over). 

Estimation Estimation for the one-way layout can be performed one of two ways. First, we can 
calculate the total variation, within-level variation and across-level variation. These can be 
summarized in a table as shown below and tests can be made to determine if the factor 
levels are significant. The value splitting example illustrates the calculations involved. 
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ANOVA table 
for one-way ca 

In general, the ANOVA table for the one-way case is given by: 

Source Sum of Squares DoF Mean Square F0 

Factor SSF=J∑(y¯i.−y¯..)2 I-1 MSF = SSF/(I - 1) MSF/MSE 

Residual SSE=∑∑(yij−y¯i.)2 I(J-1) MSE = SSE/(I(J - 1))   

Corr. Total SST=∑∑(yij−y¯..)2 IJ-1     

   

Where 
y¯i.=1J∑j=1Jyij 
and 
y¯..=1IJ∑i=1I∑j=1Jyij 
The row labeled, "Corr. Total", in the ANOVA table contains the corrected total sum of 
squares and the associated degrees of freedom (DoF). 

 

Level effects 
must sum to 
zero 

The second way to estimate effects is through the use of CLM techniques. If you look at the 
model above you will notice that it is in the form of a CLM. The only problem is that the 
model is saturated and no unique solution exists. We overcome this problem by applying a 
constraint to the model. Since the level effects are just deviations from the grand mean, they 
must sum to zero. By applying the constraint that the level effects must sum to zero, we can 
now obtain a unique solution to the CLM equations. Most analysis programs will handle 
this for you automatically. See the chapter on process modeling for a more complete 
discussion on estimating the coefficients for these models. 

Testing We are testing to see if the observed data support the hypothesis that the levels of the factor 
are significantly different from each other. The way we do this is by comparing the within-
level variancs to the between-level variance. 

 
If we assume that the observations within each level have the same variance, we can 
calculate the variance within each level these together to obtain an estimate of the overall 
population variance. This works out to be the mean square of the residuals. 

 
Similarly, if there really were no level effect, the mean square across levels would be an 
estimate of the overall variance. Therefore, if there really were no level effect, these two 
estimates would be just two different ways to estimate the same parameter and should be 
close numerically. However, if there is a level effect, the level mean square will be higher 
than the residual mean square. 
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It can be shown that given the assumptions about the data stated below, the ratio of the 
level mean square and the residual mean square follows an F-distribution with degrees of 
freedom as shown in the ANOVA table. If the F0 value is significant at a given significance 
level (greater than the cut-off value in a F table), then there is a level effect present in the 
data. 

Assumptions For estimation purposes, we assume the data can adequately be modeled as the sum of a 
deterministic component and a random component. We further assume that the fixed 
(deterministic) component can be modeled as the sum of an overall mean and some 
contribution from the factor level. Finally, it is assumed that the random component can be 
modeled with a Gaussian distribution with fixed location and spread. 

Uses The one-way ANOVA is useful when we want to compare the effect of multiple levels of 
one factor and we have multiple observations at each level. The factor can be either discrete 
(different machine, different plants, different shifts, etc.) or continuous (different gas flows, 
temperatures, etc.). 

Example Let's extend the machining example assuming that we have five different machines making 
the same part and we take five random samples from each machine to obtain the following 
diameter data: 

Machine 

1 2 3 4 5 
     
0.125 0.118 0.123 0.126 0.118 

0.127 0.122 0.125 0.128 0.129 

0.125 0.120 0.125 0.126 0.127 

0.126 0.124 0.124 0.127 0.120 

0.128 0.119 0.126 0.129 0.121 
 

Analyze we summarize the data in an ANOVA table as follows: 

 

Source Sum of Squares Degrees of Freedom Mean Square F0 

Factor 0.000137 4 0.000034 4.86 

Residual 0.000132 20 0.000007   

Corrected Total 0.000269 24     
 

Test By dividing the factor-level mean square by the residual mean square, we obtain 
an F0 value of 4.86 which is greater than the cut-off value of 2.87 from the F distribution 
with 4 and 20 degrees of freedom and a significance level of 0.05. Therefore, there is 
sufficient evidence to reject the hypothesis that the levels are all the same. 

Conclusion From the analysis of these data, we can conclude that the factor "machine" has an effect. 
There is a statistically significant difference in the pin diameters across the machines on 
which they were manufactured. 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2022/11.01.43 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2022); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:11, ISSUE:1(3), January: 2022 

Online Copy of Article Publication Available (2022 Issues): www.ijmer.in 
Digital Certificate of Publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 2nd January 2022   

 Publication Date:10th February 2022 
Publisher: Sucharitha Publication, India 

 

 
15 

 

References 
1. Aczel, A.D., Complete Business Statistics, Irwin, 1989.  
2. Brown, M., Forsythe, A., “Robust tests for the equality of variances,” Journal of the American Statistical Association, 364-367. 

1974.  
3. Montgomery, D.C., Runger, G.C., Applied Statistics and Probability for Engineers, John Wiley & Sons, 2003.  
4. Ostertagová, E., Applied Statistic (in Slovak), Elfa, Košice, 2011.  
5. Parra-Frutos, I., “The behaviour of the modified Levene’s test when data are not normally distributed,” Comput Stat, Springer, 

671-693. 2009.  
  
 
 
 
 


