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Data transformation
• Why

– Stabilize variance (e.g., standardization)
– Meet the assumptions of statistical models (e.g., logit transformation in logistic regression)
– Make the data more normal distribution-like, improving the validity of association measures like

the Pearson’s correlation (e.g., Box-Cox transformation)

• Standardization: Rescaling data to have a mean of zero and a standard deviation of one, facilitating
comparison across variables of different units.

• Box-Cox (for positive continuous variable only, Box and Cox (1964)):

y(λ) =
{

(yλ − 1)/λ, if y > 0 & λ ̸= 0,

ln(y), if y > 0 & λ = 0.

• Yeo-Johnson (allowing negative values, Yeo and Johnson (2000)):

y(λ) =


{(y + 1)λ − 1}/λ, if y ≥ 0 & λ ̸= 0,

ln(y + 1), if y ≥ 0 & λ = 0.

−{(1 − y)2−λ − 1}/(2 − λ), if y < 0 & λ ̸= 2,

− ln(1 − y), if y < 0 & λ = 2.

• Box-Cox with negatives (Hawkins and Weisberg 2017):

y(λ,γ) =
{

{(y + γ)λ − 1}/λ, if y > −γ & λ ̸= 0,

ln(y + γ), if y > −γ & λ = 0.

• Empirical transformation

– natural logarithm for economic data
– logit for percentages

Example: EDA with ISLR2::Wage

Basic understanding of data:
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?ISLR2::Wage
View(ISLR2::Wage)
colSums(is.na(ISLR2::Wage))
str(ISLR2::Wage)
summary(ISLR2::Wage)

Categorizing year and removing region and logwage:
library(tidyverse)
wage = ISLR2::Wage |>

mutate(year = as.factor(year)) |>
select(-region, -logwage)

summary(wage)

Potential Box-Cox transformation on continuous variables:
trans_age_wage_1 = car::powerTransform(

cbind(age, wage) ~ 1, # Box-Cox transformation on age and wage
family="bcPower", # Box-Cox
data = wage

)
summary(trans_age_wage_1)

trans_age_wage_2 = car::powerTransform(
cbind(age, wage) ~ year + race, # Box-Cox transformation on age and wage adjusting for year and race
family="bcPower", # Box-Cox
data = wage

)
summary(trans_age_wage_2)

Example: EDA with ISLR::College

Basic understanding of the data:
?ISLR2::College
View(ISLR2::College)
str(ISLR2::College)
summary(ISLR2::College)

Found unexpected values of Grad.Rate exceeding 100%:
library(tidyverse)
ISLR2::College[ISLR2::College$Grad.Rate>100,]
college <- ISLR2::College |>

mutate(Grad.Rate = ifelse(Grad.Rate > 100, 100, Grad.Rate))
summary(college)

Potential Yeo-Johnson transformation on continuous variables:
trans = car::powerTransform(

as.formula(paste0(
'cbind(',
paste(names(college)[-1],collapse = ','),
')~1'

)),
family="yjPower", # Yeo-Johnson
data = college
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)
summary(trans)
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