
Review of: "Decoding the Correlation Coefficient: A Window
into Association, Fit, and Prediction in Linear Bivariate
Relationships"

Vishal Ramnath1

1 University of South Africa

Potential competing interests:  No potential competing interests to declare.

Comments to assist with an author revision 

1. In the section ABSTRACT the author should avoid ambiguity to aid the reader to understand the purpose of the study.

It is suggested that the first sentence read as ``This article examines the relationship between the correlation

coefficient (r) and the regression slope (beta_1) in a linear bivariate relationship y=beta_1 x + beta_0’’. The author

should avoid ambiguous notation as by convention regression analysis uses the symbol beta for the regression

coefficients where the subscripts correspond to powers of the observed variable. The use of symbols a and b is

potentially confusing to a reader as the regression can be y = ax + b, or y=a + bx. It is suggested that the second

sentence remind the reader that the correlation coefficient and coefficient of determination are different concepts and

that the second sentence clearly assist readers by incorporating the definition to read as “The article emphasizes that

the coefficient of determination defined as r^2 should not be interpreted solely as a measure of fit,…”. The second part

of this sentence must be reworked as the meaning of “…the association and prediction of change” is unclear. The

specific meaning of this term does not appear to be clear to the reviewer and the author must amend this to aid the

reader. 

2. In the section INTRODUCTION paragraph 1 sentence 2 it is redundant to write ``…arguing that the association

between the coefficient and slope is influenced by the standard deviations of the variables” since the regression

coefficient beta_1 from standard statistics is already well known by definition to take the form \hat{beta}_1 = s_{xy}

(s_y/s_x) according to the Wikipedia article [Ref1]. If the author clearly specifies this formula aspects of the later

analysis in the paper can be more readily understood.

3. The second last and last sentences in the section INTRODUCTION allude to the difference in correlation and

causation and it is suggested that the author more clearly alert the reader that these concepts are not synonymous

and are technically distinct. Briefly, a correlation is a statistical concept for a statistically complete self-consistent

closed mathematical model, whilst a causation is a cause-and-effect system (not a model

representation/approximation). It is technically possible for a system to exhibit a non-zero correlation but not causation

due to statistical incompleteness through for example the phenomena of so-called “hidden variables” when the chosen

statistical model is too simplistic. In more complex models when Principal Component Analysis (PCA) is used to make

an analysis more tractable by reducing the model dimensions it becomes more problematic to infer causation from
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correlation, and statistical correlations can unintentionally mask artificial behavior and phenomena due to mathematical

model incompleteness.  The author should allow the reader to be adequately alerted to the scientific literature on the

technical differences in correlation and causation and why these concepts can be confusing and misleading if not

adequately understood. The present list of references by the author is incomplete and does not offer a meaningful

discussion/insight of the underlying technical challenges to infer causation from correlation. It is suggested that the

author provide specific counter-examples of when statistical correlation does not logically result in causation in a real

system from an appropriate discipline specific context so that the reader can more fully appreciate the underlying

technical challenges.    

4. The technical reasoning in section ARGUMENT paragraph 2 is mathematically erroneous due to ambiguous

mathematical notation and symbols. The author states that a 1 SD change in X corresponds to a change of r*SD in Y

and that if X is changed by one SDx then Y will change by r*SDy however this is not mathematically possible

according to the linear regression model. To prove why this claim is incorrect let the linear regression model be y =

beta_1 x + beta_0 where as per standard statistical terminology beta_1 = r (sigma_y/sigma_x) is the linear regression

coefficient, beta_0 is the regression intercept, r is the dimensionless regression coefficient where -1 <= r <= +1,

sigma_x is the standard deviation in x and sigma_y is the corresponding standard deviation in y. Let the initial value of

the independent variable be x = x_1 from which the corresponding observed value will be y = beta_1 x_1 + beta_0.

Now calculate the observed value by setting x = x_1 + sigma_x so that the regression model will then predict y_2 =

beta_1 (x_1 + sigma_x) + beta_0. It then follows that the difference is (y_2 – y_1)=beta_1 sigma_x. The author states

in section ARGUMENT paragraph 2 sentence 3 that the change in Y is r*SD and then later in section ARGUMENT

paragraph 2 sentence 4 that the change is that Y changes by r times SDy. Both sentence 3 and sentence 4 are

mathematically incorrect. In sentence 3 the change in Y is not r*SD but beta_1 sigma_x  (the change is not the product

of the correlation coefficient and the perturbation but the change is the product of the regression parameter and the

perturbation) whilst in sentence 4 the change in Y is r sigma_y (the change is not the product of the original

perturbation and the regression coefficient, but the product of the regression coefficient and the standard deviation in

the observed value). The author must make the necessary mathematical corrections with a consistent mathematical

choice of notation/symbols for the regression model for the technical arguments to make sense.  

5. In section ARGUMENT paragraph 5 on the prediction of a 100% change in X this statement is problematic as whilst

the correlation is dimensionless the terms X and Y are dimensional quantities (with physical units). It is not necessarily

physically possible in all linear regressions for there to be a 100% change in X and if X is changed by 100% it is not

necessarily the case that any associated variation prediction in Y would have any statistical meaning. As an example,

X may represent the height of a person, say x_1 = 1.8 meters for the sake of argument, then a 100% change of X is

100*((x_2 – x_1)/x_1) = 100 which implies that x_2 = 2 x_1 = 2*1.8 = 3.6 meters which is not feasible. The linear

regression formula and the influence of the standard uncertainties on the value of the regression parameters is known

in measurement science technical literature and the influence of uncertainties on confidence intervals for parameters

(and confidence regions for probabilities) has been previously documented in the technical literature using multivariate

calculus and stochastic Monte Carlo simulation approaches (see [Ref2], [Ref3], [Ref4]). Typically, the percentage

variations in X are ± 5% to not more than ± 10% in any linear regression and it is statistically implausible to utilize
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variations in X of ± 100% and incorporate that in a percentage variation in Y. The author should advise the reader and

caution that if there is such a large variation in X it is more likely that a simple linear regression is not adequate for the

particular analysis and either a nonlinear regression is more appropriate or alternatively that noise reduction

techniques must first be utilized to pre-process the raw data before attempting any subsequent regression analysis

(see [Ref5]). The concept of covariances/correlation is technically restricted to linear/Gaussian models.   

6. The technical reasoning in section ARGUMENT paragraph 5 that a higher value of b i.e. beta_1 corresponds to a

higher correlation coefficient is not strictly mathematically true. Formally beta_1 = r(sigma_y/sigma_x) so whilst a

higher value of beta_1 would in general lead to a higher value of r (and vice versa) this is not necessarily always true

in all cases. Referring to the formula it may be observed that a smaller value of sigma_x would in general automatically

lead to a higher value of beta_1 (division by an arbitrarily small non-zero number yields an arbitrarily large quantity).

This means the general assertion is not necessarily true in all cases as all four values (sigma_x, sigma_y & beta_0,

beta_1) which logically determine r) are interconnected to each other in a linear regression.  It is not possible to make

any general observations of the influences of sigma_x and sigma_y on the magnitude of the slope beta_1 as the

behavior depends on a case-by-base basis to particular physical model to which the linear regression is considered

(the model may be physical, economic, financial or social). It is suggested that the author caution the reader that the

interpretation of the observed term X and the predicted term Y are themselves ambiguous based on the underlying

context which in term affects the quality of a regression. For example, in a physical laboratory the measurement of

physical quantities is straightforward, whilst in a social studies investigation the meaning of variables may be

ambiguous. As an example, it may be inappropriate to attempt a simple linear regression between age and

conservatism or to make any general inferences as the definition of conservatism is subjective (it varies by country,

profession, culture etc.) and can lead to inferences that have no statistical meaning when qualitative inputs are

erroneously ascribed to quantitative variables/parameters. In certain cases, it may be more appropriate to utilize a

multivariate regression model or a nonlinear regression instead. 

7. The author touches on but does not elaborate of the discussion by Rodgers & Nicewander [Ref6] on the 13 different

interpretations of the correlation coefficient. It is suggested that the author make a graphical summary of these 13

different interpretations (using appropriate case study data from a discipline/field in which the author works) to assist

the reader to understand how the relationship between the correlation coefficient influences the slope based on the

magnitudes on the standard uncertainties of the observed input X and the predicted output Y respectively. It is

suggested that the author incorporate and utilize appropriate technical/statistical supporting evidence (tables, graphs,

plots etc.) in the exposition to aid with reader comprehension of the work in the paper.   

8. It is suggested that the author incorporate more mathematical/statistical rigor in the analysis of how the existing

technical literature has gaps and what these gaps are to assist the reader. The topic of linear bivariate regression can

be tackled in various ways at varying levels of rigor from different disciplines. It is suggested that the author revise the

manuscript for a specific target reader audience in mind and offer more tangible numerical/graphical evidence for that

that particular targeted audience background (rewrite for a reader from a social science field in more qualitative terms

with evidence from the social sciences field versus rewrite for a reader from the physical sciences field in more

quantitative terms with evidence from the physical sciences field) so the reader can more fully appreciate the
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exposition.    

9. The author is thanked for their research work and the above comments are offered in the spirit of positive constructive

inputs/suggestions to make the article better.  
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