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Correlation



Example of when to use correlations

• The researcher wants to find out
1. Is trust in people associated with life satisfaction?
2. What is the power of the association?
3. What is the direction of the association?

• Both trust in people and the degree of satisfaction with life are in 
the data as numerical variables

• In this case, the researcher should look at the correlation of the 
variables



Correlation

• A measure of the power and direction of a linear connection 
between two numerical variables

• Correlation does not measure how much the value of another 
variable changes as the value of another variable changes
• There are other tests for this, such as regression analysis

• The correlation does not indicate causality (!) or which variable may 
affect either



Correlation coefficient
• The farther from zero the value of the correlation coefficient is, the 

stronger the linear relationship

Negative correlation No correlation Positive correlation

As the values of the 
second variable increase, 
the value of the second 
variable decreases

Correlation coefficient is 
zero

As the values of the 
second variable increase 
/ decrease, the values of 
the second variable also 
increase / decrease



No correlation



Positive correlation



Negative correlation

Introduction Correlation Linear regression



Nonlinear correlation



More correlation examples



Correlation coefficient

• Often, several correlations are presented simultaneously as 
a correlation matrix

• In a matrix, the same variables are in both rows and 
columns

• In most cases, correlations are shown only in the cells of the 
lower triangle of the matrix (lower triangular matrix).



Correlation matrix

• Measures a linear 
relationship between 
variables

• The odds value varies 
between -1 and +1

• Rule of thumb
• Weak correlation 0 - 0.3
• Moderate correlation 0.3 - 0.6
• Strong correlation 0.6 - 1.0



Pearson’s correlation coefficient
• Pearson’s correlation coefficient (𝑟) is calculated

with following formula:

To simplify: 

1. Correlation is calculated with substraction of x 
variable’s value and means, which is multiplied
by substraction of y variable’s value and mean

2. These substractions are summed to all
observations in the sample

3. Finally all the sum of substractions are divided by
count of observations, that are multiplied with x
and y standard deviations

𝑟 =
σ𝑖=1
𝑛 (𝑥𝑖 − ҧ𝑥)(𝑦𝑖 − ത𝑦)

𝑛𝑠𝑥𝑠𝑦

𝒏 = the count (observations) of 𝒙𝒊 and 𝒚𝒊
 E.g.: people’s weight and height

𝒊 = Identification (e.g. one person in data)
𝒔𝒙𝒔𝒚 = Standard deviation of x and y

ഥ𝒙, ഥ𝒚 = Standard deviation of x and y

𝐶𝑜𝑢𝑛𝑡 𝑜𝑓 𝑥 − 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑥 𝐶𝑜𝑢𝑛𝑡 𝑜𝑓 𝑦 − 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑦 …𝑠𝑢𝑚 𝑒𝑣𝑒𝑟𝑦 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑥 𝑎𝑛𝑑 𝑦

𝐶𝑜𝑢𝑛𝑡 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠 ∗ 𝑥′𝑠 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 ∗ 𝑦′𝑠 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛



Pearson’s correlation coefficient

• Example: We want to know, if height
is correlated with body weight

• Table includes the weight and height
of three people

• We need following key figures to 
calculate the correlation

 Mean of height and weight

 Standard deviation of height
and weight

ID Height Weight

1 165 54

2 173 71

3 185 80

Mean 174,3 68,3

𝑺𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝒉𝒆𝒊𝒈𝒉𝒕 =
165−174,3 2+ 173−174,3 2+ 185−174,3 2

3
= 8,22

𝑺𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝒘𝒆𝒊𝒈𝒉𝒕 =
54−68,3 2+ 71−68,3 2+ 81−68,3 2

3
= 10,8

Mean of height = 
165+173+185

3
= 𝟏𝟕𝟒, 𝟑

Mean of weight = 
54+71+80

3
= 𝟔𝟖, 𝟑



Pearson’s correlation coefficient
• Example: We want to know, if height

is correlated with body weight

• Table has all the information we
need

• Let’s put numbers into the equation:

165 − 174,3 ∗ 54 − 68,3 + 173 − 174,3 ∗ 71 − 68,3 + 185 − 174,3 ∗ 80 − 68,3

3 ∗ 8,22 ∗ 10,8
= 𝟎, 𝟗𝟓𝟔

ID Height Weight

1 165 54

2 173 71

3 185 80

Mean 174,3 68,3

Std. Dev. 8,22 10,8

• Result is, that Person’s correlation coefficient is 0,956, which means that height
and weight has strong correlation

ID 1 ID 2 ID 3


