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EDITORIAL

The Role of Log-Transformation in Data Science and Statistical Analysis
Munawar Hussain Soomro,!? Salma Memon,!-?, Sanjeev Bista>*

The importance and analytical power of log-transformation in data science lies in its ability
to address several common data challenges, thereby, improving model accuracy and
enriching analytical insights.! Log-transformation is a widely used technique in various
fields (including statistics, economics, biology and environmental science) to address issues,
such as skewed distribution, heteroscedasticity and multiplicative relationships between
variables.? 3 Hereunder are some key reasons why log-transformation is important in data
science.
The majority of real-world datasets are typically skewed or biased, with most of the
observations falling at one end of the scale. Skewed data can breach statistical tests and
model assumptions, leading to biased estimates and inaccurate inferences.* The log-
transformation is, arguably, the most popular among the range of transformation options
applied to convert skewed data into approximate normality.! However, log-transformation
is only warranted if the original data follows a log-normal distribution or approximately so.
If not, other transformation alternatives must be explored to meet the normality assumption.!
To normalize skewed distributions and stabilize variance, variables with non-normal
distributions can be log-transformed using the natural logarithm: Xiog - In(X)
Regression analyses then can be performed using the following general model: Y = fo + f;
Xiog + €, where Y represents the outcome variable, fy is the intercept, f; is the regression
coefficient, and € is the error term.
Variance stabilization and homogenization of error variance: In regression analyses,
analysis of variance (ANOVA) and other parametric tests, an important assumption is
homoscedasticity, meaning that the variance of errors remains constant across groups or
values of independent variables. Violation of this assumption is known as heteroscedasticity
and can produce biased standard errors, inaccurate p-values, and unreliable statistical
inferences. %> The log-transformation of dependent variable or independent variable, or both
is commonly used to stabilize variance and reduce heteroscedasticity, thereby improving the
validity of inferential procedures.! ¢ However, transformation may not always fully resolve
the problem; therefore, researchers should assess residual variance after transformation and
consider alternative approaches when heteroscedasticity persists.’
Linearization of relationships: Log-transformation can linearize nonlinear relationships
between variables, making them easier to interpret and model.® In many cases, the
relationship between variables may be multiplicative rather than additive. Taking the
logarithm of one or both variables can transform multiplicative relationships into additive
ones, enabling the use of linear regression models to estimate the effects of predictors on the
outcome variable.’
Outlier Reduction: Extreme values or outliers have the potential to disproportionately
influence statistical analyses and distort parameter estimates.!? Log-transformations reduce
the impact of outliers by compressing or shrinking large values and spreading out small
values, which improve the robustness of statistical tests and reduce the influence of extreme
observations on the results.?
Interpretation of transformed coefficients: Log-transformation is particularly useful
when interpreting changes in the variables with exponential growth or decline, such as
population, income or biomarker levels, furthermore, log-transformation facilitates the
interpretation of percentage changes.!! When the outcome variable is log-transformed in a
regression model, regression coefficients correspond to proportional (or percentage) changes
in the original scale of outcome when exponentiated.!! This approach makes it easier to
interpret the effects of predictors in regression models and to compare relative changes
across different variables, groups, or time periods, even if their original scales differ widely.
Despite the fact that log transformation is an important element still it has several important
limitations. First, it cannot directly handle zero or negative values, as the logarithm is
undefined for these cases. Researchers must often add a constant before transformation,
which can introduce arbitrariness and bias.!" 3 Second, the interpretation of transformed
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variables, as regression coefficients and statistical estimates become less intuitive because
the coefficients represent multiplicative rather than additive effects and may complicate
clinical or public health interpretation.” Additionally, the log-transformation may not always
correct the heteroscedasticity or normalize the data, especially in situations when the
distributions contain extreme outlier values.’> However in some situations, the transformed
data may still go against the presumptions needed for parametric analyses. Therefore, it is
strongly advised that researchers should thoroughly evaluate the distribution of data and
model assumptions. Furthermore, when necessary, consider the alternative statistical
techniques.

In summary, log-transformation is a valid and useful tool to fix the common problems in
data or relevant issues of uneven distributions, extreme values or outliers, heteroscedasticity,
and nonlinear relationships. Furthermore, it can improve how well the statistical models
work and make the results easier to understand. By changing the data into a form that fits
close to the assumptions of statistical models, log-transformation may help researchers to
make more accurate and meaningful conclusions. Therefore, it is always recommended to
verify the assumptions following data transformation. To make the results understandable,
practical and significant, it is also advised that researchers should try to bring the findings
back to the original scale (before the log change) so that the results can be meaningful and
useful in real life.
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