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INTRODUCTION 
 
There are still many nations where cholera is a serious public 
health problem. 1 34 nations reported a total of 1,227,391 cases 
and 5654 fatalities in 2017, providing a global mortality rate of 
0.5 percent [1.] in 2017. Cholera outbreaks in Latin America for 
the first time in more than a century, the first emergence of Vibrio 
cholerae O139 in Asian nations, and the first appearance of 
hybrid El Tor strains in Asia and Africa are all noteworthy events 
in the history of cholera epidemiology. As of May 2017, there 
has been 8,09,000 cholera infections and 9670 fatalities [5] in 
Haiti since the outbreak began in October 2010. The cholera 
pandemic in Yemen between April and July 2017 was the second 
largest in history after the Haitian cholera outbreak, with about 
1700 deaths. It's necessary to have a precise approach for 
detecting this pathogen. Emerging detection technique that uses 

biosensor systems, however, are not prone to statistical detection 
issues, as some do not utilize proper nonlinear regression tool 
when the calibration curves are obviously not linear. 
Furthermore, proper use of nonlinear regression approach 
requires the data to be normally distributed and the variance 
homogenous.  
 

For this and other nonlinear regression models to be 
effective, the data must have a normal distribution, be devoid of 
outliers, and have a homogeneous variance, all of which may be 
achieved by doing additional statistical analysis 
(homoscedasticity). The test is considered robust if all of these 
conditions are met. Nonlinear regression using least squares is 
the best strategy for finding the best fit of nonlinear curves to 
suitable models. Because residuals (the difference between 
observed and projected data) must follow a normal and the data 
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 ABSTRACT 
When it comes to finding the best fit of nonlinear curves to acceptable models, linear regression 
with least squares is the most effective technique. Because residuals (the difference between 
observed and predicted data) must follow a normal distribution and the data must be free of 
outliers and uniform variance, statistical tests are used to identify the most appropriate model for 
a given situation (homoscedasticity). If all of these characteristics are satisfied, the system is said 
to be robust. In parametric nonlinear regression, one of the numerous assumptions is that the 
within-group variances of the groups are all the same, which is one of several assumptions 
(exhibit homoscedasticity). If the variances vary from one another (show heteroscedasticity), then 
the model is not statistically competent to describe the data as a whole. Data on the detection of 
Vibrio cholerae DNA with polystyrene-coacrylic acid composite nanospheres as modelled using 
the nonlinear four-parameter logistic (4PL) regression was preliminary check for homogeneity 
of variance using the Bartlett’s and Levene’s tests. It was found that the critical value of 2 was 
28.869, according to Bartlett's test findings. Excel's CHIDIST function yielded a probability of 
0.389 (not significant), suggesting that the variances of the residuals did not change significantly. 
The p-value for Levenes's test was 0.917, indicating that there were no distinct changes between 
the residual variances meaning that the use of the 4-PL model in fitting the data was adequate 
statistically. 
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must be devoid of outliers and homogeneous variance, statistical 
tests are used to select the optimum model (homoscedasticity). It 
is said to be robust if all of these conditions are met. One of the 
many notions of nonlinear regression that is parametric-based  is 
that the groups' within-group variances exhibit homoscedasticity 
or must be the same.  

 
If the variances show heteroscedasticity, then they deviate 

from one another leading to the model unable to capture the data. 
Numerous tests to verify the equality of variances on residual 
data include Bartlett, Cochran Leven and Brown–Forsythe for 
three or more samples, where to test for homogeneity of two 
variances, the F-test is used. The Bartlett's test would be 
employed in this work to test for homogeneity of variance 
(homoscedasticity) or equality of variance of the residuals [1–4]. 
Based on this, data on the detection of Vibrio cholerae DNA with 
polystyrene-coacrylic acid composite nanospheres from a 
published result [5] as modelled using the nonlinear four-
parameter logistic (4PL) regression was preliminary check for 
homogeneity of variance using the Bartlett’s and Levene’s tests. 
 
MATERIALS AND METHODS 
 
Acquisition of Data 
 
Data on the detection of Vibrio cholerae DNA with polystyrene-
coacrylic acid composite nanospheres from Figure 6b [5] as 
modelled using the four parameter logistic model (published 
elsewhere) was utilized in this study. The data were processed 
using the software Webplotdigitizer 2.5 [6] which digitizes the 
scanned figure into a comma separated value [7].  
 
 
Test for equality of variance 
 
Bartlett’s test 

 

 
Where the variance pooled estimate are; 
 
 
 
And 
 

  
The distribution of the test statistics is roughly as follows; 

 
 

 
 
 
 
 
 
 
 

Levene’s test 
 
The test statistic, W, is defined as follows: 
 

W = (𝑁𝑁−𝑘𝑘)
(𝑘𝑘−1)

∑ 𝑁𝑁𝑖𝑖(𝑍𝑍𝑖𝑖−𝑍𝑍..)2𝑘𝑘
𝑖𝑖=1

∑ 𝑁𝑁𝑖𝑖(𝑍𝑍𝑖𝑖𝑖𝑖−𝑍𝑍𝑖𝑖)2𝑘𝑘
𝑖𝑖=1

   (Eqn. 2) 

 
Where, 
 
k is the variety of distinct categories into which the instances in 
the sample may be divided, 
N is the total number of cases in all groups, 
Yij is the value of the measured variable for the j-th case from 
the i-th group, 
Ni is the number of cases in the i-th group, 
 

 
 
Levene’s test statistic is represented by W has N-k and k-1 
degrees of freedom. The selected level of significance or alpha is 
usually 0.05 or 0.01. The Leven test statistics is roughly F-
distributed and is the significance of the outcome w of W tested 
against the quantile of the F-distribution, which is F with k-1 and 
N-k degrees of freedom.  
 
RESULTS AND DISCUSSION 
 
As concentrations grow, the dispersion of the points around the 
centre line shows signs of likely heteroscedasticity, which may 
be interpreted as a sign of equal variance or homoscedasticity in 
a residual graph. Variances are not uniform under these 
circumstances. The purpose of the Bartlett and Levene tests is to 
corroborate this finding (Massart et al., 1997; Miller and Miller, 
2000). Homoscedasticity (homoscedasticity) and equality of 
residual variance may be tested using the Bartlett tests [8]. It was 
found that the critical value of 2 was 28.869, according to 
Bartlett's test findings. Excel's CHIDIST function yielded a 
probability of 0.389 (not significant), suggesting that the 
variances of the residuals did not change significantly. The p-
value for Levenes's test was 0.917, indicating that there were no 
distinct changes between the residual variances. 
 

Because of the robustness of Levene's test for homogeneity 
of variances (Levene, 1960), it is particularly well suited for 
detecting if data from three or more samples are homoscedastic 
in nature. As a result, it's much less vulnerable to non-normality 
than the Bartlett's test (Snedecor & Cochrane, 1989), which must 
be employed only when there is sufficient evidence that the test 
outcomes come from a normal distribution (Snedecor & 
Cochrane, 1989). If we want to know if the variances in a set of 
analytical data are homogeneous or not, the Levene test is what 
we should use. 
 

In regression models, homoscedasticity assumption means 
"identical variance" is crucial. The word "homoscedasticity" 
refers to a scenario wherein the "noise" or error term are subject 
to random disturbances in the connection between the dependent 
and the independent variables and is equal for all independent 
variable values. When the amount of the error term varies across 
values of an independent variable, heteroscedasticity (violation 
of homoscedasticity) is evident.  
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The consequence of breaching the homoscedasticity 
premise is proportional to the extent of heteroscedasticity.  A bias 
in the standard errors leads to heteroscedasticity and is a more 
significant concern. Despite the relevance of the standard error in 
performing significance tests and determining confidence 
intervals, incorrect standard errors may result in incorrect 
conclusions about the significance of the regression coefficients. 
Incorrect standard errors may result in incorrect conclusions 
about the importance of the regression coefficients. In order to 
adjust for this prejudice, several statistical tools give the option 
of robust standard errors. Weighted least squares regression 
handles this issue as well, however it necessitates the use of a 
number of extra constraints. It is also possible to cope with 
heteroscedasticity by applying one of the variance stabilising 
transformations to convert the dependent variable, which is yet 
another option. Generally, nevertheless, considering the resilient 
nature of OLS regression, the violation of the homoscedasticity 
assumption must be rather strong in order to effect significant 
problems. 
 

To conclude, the test for homogeneity of variance for the 
four-parameter logistic (4PL) model for the detection of Vibrio 
cholerae DNA using polystyrene-coacrylic acid composite 
nanospheres was found to be satisfactory. There is a solution if 
the conclusions drawn did not conform to the assumption of 
homogeneity of variance, which can also be ameliorated by data 
transformations using a variety of methodology for this study. 
For example, size data can be log transformed, count data can be 
subjected to square-root transformation while proportional data 
can be subjected to Arcsine transformation. 
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