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Introduction

*Today we’ll look at
* Correlation Coefficient
* Pearson Correlation Coefficient
* Interpreting Correlation Coefficients

*Until now we’ve been looking at data that can
be described using a single variable

*Today we will start to look at the relationship
between two variables
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Is there a relationship
* between your 1Q and the wealth of your parents?
* Between your computer skills and your GPA?

* Between your anxiety level and your perceived
social attractiveness?
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Need for correlation

* Relationship Strength:

- Covariance and correlation quantify the relationship between
two variables.

- They indicate whether changes in one variable correspond to
changes in another.

Ex: study time Versus Exam scores
income Versus spending etc..,

* Prediction and Forecasting:

- A strong positive or negative correlation helps in predicting one variable
based on the other.

Ex: In sales forecasting, understanding the correlation between advertising
expenditure and sales helps predict future sales figures based on ad spending.
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* Quality Control:

- In manufacturing and quality control, understanding the
correlation between manufacturing parameters and product quality
helps in optimizing production processes and ensuring consistent
quality.

* Policy Decisions:

- For policymakers, understanding correlations between
different socio-economic factors helps in making informed decisions.
For instance, correlations between education levels and employment
rates can inform policies related to education and job creation
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Correlation Coefficients

* measures the strength and direction of the relationship

between two variables.
* The correlation coefficient r,
Values from -1.0 to +1.0
A correlation of 1 indicates a perfect positive linear relationship,
-1 indicates a perfect negative linear relationship,

When r, =0 no relationship exists between x and y

Strength of relationship a absolute value of r,
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An investigator suspects that a relationship exists between the
number of greeting cards sent and the number of greeting cards
received by individuals

NUMBER OF CARDS
20| . Friend Sent Received
3 el Andrea 5 10
i T oranmv 12 Mike e
g 10— ® i
z |, | Doris 13 14
E 5 i
= |
| Steve 9 18
0 5 T 75 E 26
7
Number of Cards Sent John 1 6
Scatterplot for greeting card exchange.
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Strong or Weak Relationship?

Genetic
N erlap
A. Foster Parents and B. Parents and C. Ildentical
Foster Children Children Twins
hlgh . . s . e
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Three positive relationships. (Scatterplots simulated from a 50-year literature survey.)
Source: L. Erienmeyer-Kimling and L. F. Jarvik. “Genetics and Intelligence: A Review.”
Science, 142, 1477—1479.)

g | Prifysgol Cymru :
% ¥ Drindod Dewi Sant ' N ' Man Geni Addysg Uwch yng Nghymru
% W University of Wales Where Higher Education Began in Wales

Trinity Saint David 1822 - 2022




Perfect Relationship

Linear Relationship
* A relationship that can be described best with a straight line.

A dot cluster that equals (rather than merely approximates) a straight
line reflects a perfect relationship between two variables.

* In practice, perfect relationships are most unlikely.
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Curvilinear Relationship

* A relationship that can be described best with a curved line.
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Critical reading and math scores on the SAT test for students A, B, C, D,
E, F, G, and H are shown in the following scatterplot:

(a)Which student(s) scored about the

800 — same on both tests?
_ 700} o - (b)Which student(s) scored higher on the
% 600 |— °F critical reading test than on the math
% s - «pg *H test?
2 ol (c)Which student(s) will be eligible for an
e« honors program that requires mini-
300 o o .
‘ﬁ/, | ' | | | | | mum scores of 700 in critical reading
0 300 400 500 600 700 800 and 500 in math?
Critical Reading Scores . . .

(d)Is there a negative relationship
between the critical reading and math
scores?

Answers:
(@)1, D, F {c)E,H
(b) B, H, E {d) No. The relationship is positive.
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Correlation Coefficient

- A number between -1 and 1 that describes the
relationship between pairs of variables.

Named in honor of the British scientist Karl Pearson,
the Pearson correlation coefficient, r, can equal any
value between -1.00 and +1.00 .
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* |t assesses the strength and direction of the linear
association between variables, assuming that the
relationship between the variables is linear and that the data
is normally distributed.

* Furthermore, the following two properties apply:

1. The sign of r indicates the type of linear relationship,
whether positive or negative.

2.  The numerical value of r, without regard to sign,
indicates the strength of the linear relationship.
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Pearson Correlation Coefficient

Methods
- Deviation Score Formula
- Computing Formula
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Deviation Score Formula
COVyy

T =
XY SD,SD,

LX-X)(Y-Y)
N-1

Where COny

(X — X), the deviation scores for X
(Y —Y), the deviation scores for Y

Y (X — X)(Y — Y)=the sum of the products of the paired deviation scores

N = the number of pairs of scores

SD, = the standard deviation of X

SDy = the standard deviation of Y
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Example

Persons X Y X y Xy
Alice 37 75 -1.8 -4.8 8.64
Bob 41 78 2.2 -1.8 -3.96
Charlotte 48 88 9.2 8.2 75.44
David 32 80 -6.8 0.2 -1.36
Eve 36 78 -2.8 -1.8 5.04
N=> zx =194 z Y = 399 ny = 83.8
X =388 Y =798
7o X = 194/5
N
= 38.8
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Example

Persons X Y X y Xy
Alice 37 75 -1.8 -4.8 8.64
Bob 41 78 2.2 -1.8 -3.96
Charlotte 48 88 9.2 8.2 75.44
David 32 80 -6.8 0.2 -1.36
Eve 36 78 -2.8 -1.8 5.04
N=> zx =194 z Y = 399 ny = 83.8
X =388 Y =79.8
SD, =6.1

SDy = \/Z (x - >—<>z =‘(-1.8)2+ (2.2)24(9.2) 2+(-6.8) 2+(-2.8) 2
n-) \ 4 = 6.05
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Example

Persons X Y X y Xy
Alice 37 75 -1.8 -4.8 8.64
Bob 41 78 2.2 -1.8 -3.96
Charlotte 48 88 9.2 8.2 75.44
David 32 80 -6.8 0.2 -1.36
Eve 36 78 2.8 -1.8 5.04
N=> zx =194 z Y = 399 ny = 83.8

X =388 Y =798

SD, = 4.9
e (-4.8)2+(-1.8)%+(8.2)%+(0.2)%+(-1.8)?
SD, = /% = = 4.9
5-1
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Example

Persons X Y X y Xy

Alice 37 75 -1.8 -4.8 8.64
Bob 41 78 2.2 -1.8 -3.96
Charlotte 48 88 9.2 8.2 75.44
David 32 80 -6.8 0.2 -1.36

Eve 36 78 -2.8 -1.8 5.04

N=> ZX—194 ZY—399 ny:83.8

= 38.8 = 79.8

SD, = 6.1 SDy =49

D Xy _ 83.8

Covyy = T T 20.95
_ Covyy 2095 2095 p—
ey = SDxSDy  (6.1)(4.9) ~ 29.89 +0.70 rxy

COVyy

SDxSDy,



Correlation Coefficients Intrepretation

Recall:
* perfect correlation between two variables would result in =
+1.00 or -1.00

* No correlation between X and Y, thenr, =0
ry =+0.70 -2 Imply?

we can say that
variables X and Y are related but that the relationship is not perfect.
This means that, on average, high scores on X are related to high scores on Y and

vice versa.

Pri ol Cymru
\JET e ( N ) Man Geni Addysg Uwch yng Nghymm
) Where Higher Education Began in Wales

f Wal
University of Wales 1822 - 2022




Correlation Coefficients Intrepretation

Method 2:
r 2
Xy

r..=0.7

Xy

r? = 0.49 = 49%

Implies=> Almost half of the differences in Y are due to
differences in X
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Coefficient of Determination

Suppose a correlation of 0.6 exists between the number
of risk factors for skin cancer (X) a patient has and the
likelihood of the patient suffering from skin cancer (Y)

My = 0.6

What does it Imply?
rxy2 =0.36
36% of the risk is due to these factors, but 64% is due to other

unknown factors
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Home Activity

Supply a verbal description for each of the following
correlations.

(a) anrof -.84 between total mileage and automobile
resale value

(b) anr of -.35 between the number of days absent from
school and performance on a math achievement test

(c) anrof.03 between anxiety level and college GPA

(d) anr of .56 between age of schoolchildren and reading
comprehension
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Exercise

Couples who attend a clinic for first pregnancies are
asked to estimate (independently of each other) the
ideal number of children. Given that X and Y
represent the estimates of females and males,
respectively, the results are as follows:

COUPLE X
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Exercise

Couples who attend a clinic for first pregnancies are
asked to estimate (independently of each other) the
ideal number of children. Given that X and Y
represent the estimates of females and males,
respectively, the results are as follows:

COUPLE

r =0.65

r-value of 0.65 indicates a moderate to strong
positive linear relationship between the
estimates of the ideal number of children
provided independently by females and males
attending the clinic for first pregnancies.
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* Strength of Relationship: The correlation coefficient (r) of 0.65
suggests a moderate to strong positive linear relationship between
the estimates given by the females and males.

* Positive Correlation: The positive value of the correlation coefficient
indicates that as one set of estimates (either from females or males)
tends to increase, the other set also tends to increase. In this
scenario, as the ideal number of children estimated by females tends
to be higher, males also tend to estimate a higher ideal number of
children.

* Direction of Relationship: The positive sign indicates that both
estimates move in the same direction; when one estimate increases,
the other estimate tends to increase as well.
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Exercise

Given the following data, what are the correlation and the coefficient
of determination between the following?

Student 1Q (X) EQ (Y) Exam Scores (2)
1 140 14 42
2 130 20 44
3 120 29 35
4 119 6 30
5 115 20 23
6 114 27 27
7 114 29 25
8 113 30 20
9 112 35 16
10 111 40 12
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Exercise

Given the following data, what are the correlation and the coefficient
of determination between the following?

a) Scores on tests of intelligence (IQ) and emotional
intelligence (EQ)

b) 1Q scores and exam scores

c) EQtest scores and exam scores

In addition, how would you interpret the size of each of these

correlations?
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Correlations in Excel

* To do any complex calculations in Excel requires the Analysis ToolPak

* This is not part of the standard Excel build and has to be added in through
the Excel ‘Options’ dialogue

r My P B’
Excel Options M l_lﬂ
i Add-Ins B
General D View and manage Microsoft Office Add-ins
Formulas : ' Add-Ins available:
Proofing Add-ins Analysis ToolPak -
. (| Analysis ToolPak - VBA
B M Locat T i
ames , ocation ype - [ Euro Currency Tools cancel
Language Active Application Add-ins D X
. Acrobat PDFMaker Office COM Addin C\..\PDFMOfficeAddin.dll  COM Add-in Solver Add-in
Advanced Dropbox for Office C\.xOfficeAddinG411.dll  COM Add-in B
Customize Ribbon Team Foundation Add-in .64 TFSOfficeAdd-in.dll - COM Add-in S ke
Visual Studio Tools for Office Design-Time Adaptor for Excel  CLVSTOExcelAdaptordll  COM Add-in L
Quick Access Toolbar 5 .
. - . Automatian...
Inactive Application Add-ins -
s Analysis ToolPak 2\ nalysis\ANALYSIZXLL  Excel Add-in
Trust Center Analysis ToolPak - VBA Chysis\ATPVBAEM. XLAM  Excel Add-in
EndMote (Cwyw Citation Recognizer) ChM5EndNote Cwyw.dll  Action
Eure Currency Tools ChLan\EUROTOOLXLAM  Excel Add-in | 4
Financial Symbol (XML) ChLASmart Tag\MOFL.DLL - Action
Inquire Ch.ONDCPMativeShim.dll - COM Add-in
Load Test Report Addin Ch..elAddInvstolvstolocal  COM Add-in
Load Test Report Addin Ch.elAddlnvstolvstolocal  COM Add-in
Microsoft Actions Pane 3 XML Expansion Pack
Microsoft Office PowerPivot for Bxcel 2013 C\...otExcelClientAddIndll  COM Add-in
Power View Cih..eportingExcelClient.dll  COM Add-in - w
Add-in: Analysis ToolPak -
Publisher: Microsoft Corporation AHEIFSIS ToolPak
Compatibility: - MNo compatibility information available _ Provides data analysis tools for statistical and
Location: C\Program Files\Microsoft Office\Officel S\Librany\Analysis\ ANALYS32.XLL . . c
engineering analysis
Description: Provides data analysis tools for statistical and engineering analysis

Manage: | Excel Add-ins El

u a
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Correlations in Excel

* Once the Analysis ToolPak has been added it will appear at the end of
the Data tab of the ribbon

* Select ‘Correlation’ from the data analysis tool

-

. 37 75 Data Analysis

Analysis Tools
3| 41

Ok

Anova: Two-Facdor Without Replication -
_ Cancel

Covariance

Descriptive Statistics
Exponential Smoothing

F-Test Two-Sample for Variances
Fourier Analysis

Histogram

= hMoving Average

Random Number Generation

=

AR

Help

>3 & @

36

Wooa =l
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Correlations in Excel

* Input the data range for analysis, input a location for the data to be
output, and tick the labels box if appropriate

=
-
i

B E F G H

1 X Y -r Caorrelation

37 75
2 1 Input Range: 5451:5B56
1| 41

Ok

_ Cancel
Grouped By: @ Columns

1

) Rows Help

5| 32
36

Cutput options
@ Qutput Range: sD51 2.5
(71 Mew Worksheet Ply:

>33

(71 Mew Workbook
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Correlations in excel

A B c D E F G
i X Y X y
. 37 75 X 1
;| 41 /8 Y 0.702981 1
.| 48 88
s 32 80
s 36 78

On completion, Excel calculates the Pearson’s correlation for the data
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summary

Topics covered
* Correlation Coefficient
* Pearson Correlation Coefficient
* Interpreting Correlation Coefficients

Next week we will cover
* Inferential Statistics
* Regression Equations
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References

* Chapter 8 - Statistics for the Terrified.
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