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Correlation and Regression

1. Introduction

In data analysis, it is fundamental to understand
the average and variability of a single variable

For example, we might calculate the average score
or the variance of scores on a math test. However,
it is often more important to determine whether
there is a correlation between two variables. For
instance, we might investigate the correlation
between math scores and English scores. It’ s
crucial to remember that correlation does not imply
causation, and the technique of regression analysis
is used to explore causal relationships. This
article will delve into the concepts of correlation
and regression, examining their roles in data
analysis.

2. Average and Variance

The characteristics of data for a single variable
are summarized by the average and the variance

which measures the spread of the data. For example,
consider the following math test scores out of 10
for ten students (see Table 1).

The average score for this test is 5, and the
variance is 4.4. Similarly, let’ s look at the
English test scores also out of 10 for the same ten
students (see Table 2).

The average score for the English test is 6,
and the variance is 8.6. A larger variance
indicates a greater spread of the data. Therefore
we can conclude that there is more variability in
the English test scores compared to the math test
scores.

3. Correlation

Calculating the correlation coefficient from the
data, we find it to be 0.86. As a general rule, a
correlation coefficient greater than 0.7 indicates
a strong positive correlation. Therefore, we can
conclude that there is a strong positive
correlation between the math and English scores in
this test.

However, it’ s crucial to remember that

correlation does mnot imply causation. In this
example, even though the math and English test
scores are correlated, students did not get high
scores in math because they studied English, nor
did they get high scores in English because they
studied math. The correlation between math and
English scores likely arises due to a third factor,
known as a confounding factor. In this case, the
difference in study time is thought to be the
confounding factor influencing the test scores.
This type of correlation 1is called spurious
correlation.

Furthermore, correlation is a bilateral
relationship between two variables, meaning they
both influence each other to some extent. In
contrast, causation is a unilateral relationship
where one variable (a) is the cause of another (),
or vice versa.

4. Regression Analysis

When a causal relationship is suspected between two
variables, regression analysis comes into play. The
variable representing the cause 1is called the
explanatory variable, while the variable
representing the effect is called the explained
variable.

With the relationship between study time and
math scores visualized in a scatter plot, a line
drawn so that data points are distributed evenly
above and below it is called a regression line. The
regression line minimizes the sum of the
differences between the data points and the line
(residuals), providing the best fit for the data
You can find the line using the least-squares
method, which ensures that positive and negative

errors don’ t cancel each other out by minimizing



the sum of squared errors.
The formula for the regression line is called

the regression equation, typically expressed as a

linear equation: y = ax + b. The term “regression”

was originally used by statistician Francis Galton
to describe the phenomenon of “regression to the
mean,”  where tall parents tend to have shorter
children and vice versa. The word “regression”
evokes the image of a line converging back and
forth. There are two main types of regression
analysis: simple regression, which considers only
one explanatory variable, and multiple regression,
which considers multiple explanatory variables.

In our example, let’ s assume the study time
(hours) for the students A to J before the test was
as follows (see Table 3). Since it’ s reasonable to
think that math scores are influenced by study time,
study time is a cause and math score is an effect.
Let x be study time and y be math score. Plotting x
and y in a scatter plot and performing regression
analysis, we obtain the regression equation y =
0.9177x + 1.5127 (see Table 4).

It is important to see that regression
analysis clarifies the specific relationship
between the cause (x) and the effect (y), allowing
us to predict y to some extent based on x. In this
example, if a student studies for 5 hours, we can
predict their math score to be 6.1012 points
(approximately 6 points) by plugging x = 5 into the
regression equation.

Regression analysis is a valuable tool in
various fields. For instance, in marketing, it can
be used to predict the number of ice creams sold at
a certain temperature to a certain degree.

5. Conclusion

In data analysis of a single variable, the average
and  variance  provide insights into its
characteristics. When analyzing two variables, the
relationship between them can be represented by
correlation. However, correlation doesn” t
necessarily imply causation in a  spurious
correlation because it can be influenced by a third
factor.

Regression analysis is used when we suspect a
causal relationship between two variables. It

allows us to analyze the cause-and-effect

relationship and predict the effect based on the
cause. But great care must be taken to ensure that
regression analysis can only suggest causation but
cannot definitively prove it.
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