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4.2.1 Bivariate Data

Scatter Diagrams

What  does bivariat e dat a m ean?

Bivariate data is data which is co llected o n two  variables and lo o ks at ho w o ne o f the facto rs

affects the o ther

Each data value fro m o ne variable will be paired  with a data value fro m the o ther variable

The two  variables are o ften related, but do  no t have to  be

What  is a scat t er diag ram ?

A scatter diagram is a way o f graphing bivariate data

One variable will be o n the x-axis and the o ther will be o n the y-axis

The variable that can be co ntro lled  in the data co llectio n is kno wn as the independent o r

explanato ry variable  and is plo tted o n the x-axis

The variable that is measured  o r disco vered in the data co llectio n is kno wn as the

dependent o r respo nse variable  and is plo tted o n the y-axis

Scatter diagrams can co ntain o utliers  that do  no t fo llo w the trend o f the data

Exam T ip

If yo u use scatter diagrams in yo ur Internal Assessment then be aware that finding o utliers fo r

bivariate data is different to  finding o utliers fo r univariate data

(x, y) co uld be an o utlier fo r the bivariate data even if x and y are no t o utliers fo r their

separate univariate data

Correlation

What  is correlat ion?

Co rrelatio n is ho w the two  variables change in relatio n to  each o ther

Co rrelatio n co uld be the result o f a causal relatio nship  but this is no t always the case

Linear co rrelatio n is when the changes are pro po rtio nal to  each o ther

Perf ect linear co rrelatio n means that the bivariate data will all lie o n a straight line o n a scatter

diagram

When describing co rrelatio n mentio n

The type o f the co rrelatio n

Po sitive co rrelatio n is when an increase  in o ne variable results in the o ther variable

increasing

Negative co rrelatio n is when an increase  in o ne variable results in the o ther variable

decreasing

No  linear co rrelatio n is when the data po ints do n’t appear to  fo llo w a trend

The strength o f the co rrelatio n

Stro ng linear co rrelatio n is when the data po ints lie clo se  to  a straight line

Weak linear co rrelatio n is when the data po ints are no t clo se  to  a straight line

If there is stro ng linear co rrelatio n yo u can draw a line o f  best �t  (by eye)

The line o f best �t will pass thro ugh the mean po int (
⎯⎯x, ⎯⎯y)

If yo u are asked to  draw a line o f best �t

Plo t the mean po int

Draw a line go ing thro ugh it that fo llo ws the trend o f the data
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What  is t he difference bet ween correlat ion and causat ion?

It is impo rtant to  be aware that just because co rrelatio n exists, it do es no t mean that the change

in o ne o f the variables is causing the change in the o ther variable

Co rrelatio n do es no t imply causatio n!

If a change in o ne variable causes  a change in the o ther then the two  variables are said to  have a

causal relatio nship

Observing co rrelatio n between two  variables do es no t always  mean that there is a causal

relatio nship

There co uld be underlying f acto rs  which is causing the co rrelatio n

Lo o k at the two  variables in questio n and co nsider the co ntext o f the questio n to  decide if

there co uld be a causal relatio nship

If the two  variables are temperature and number o f ice creams so ld at a park then it is

likely to  be a causal relatio nship

Co rrelatio n may exist between glo bal temperatures and the number o f mo nkeys kept as

pets in the UK but they are unlikely to  have a causal relatio nship
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a)

b)

c)

Worked example

A teacher is interested in the relatio nship between the number o f ho urs her students spend o n a

pho ne per day and the number o f ho urs they spend o n a co mputer. She takes a sample o f nine

students and reco rds the results in the table belo w.

Ho urs spent o n a

pho ne per day
7.6 7.0 8.9 3.0 3.0 7.5 2.1 1.3 5.8

Ho urs spent o n a

co mputer per day
1.7 1.1 0.7 5.8 5.2 1.7 6.9 7.1 3.3

Draw a scatter diagram fo r the data.

Describe the co rrelatio n.

Draw a line o f best fit.
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4.2.2 Correlation & Regression

Linear Regression

What  is linear reg ression?

If stro ng linear co rrelatio n exists o n a scatter diagram then the data can be mo delled by a linear

mo del

Drawing lines o f best �t by eye is no t the best metho d as it can be di�cult to  judge the best

po sitio n fo r the line

The least squares regressio n line is the line o f best �t that minimises the sum o f  the squares o f

the gap between the line and each data value

It can be calculated by either lo o king at:

vertical distances  between the line and the data values

This is the regressio n line o f  y o n x

ho riz o ntal distances  between the line and the data values

This is the regressio n line o f  x o n y

How do I �nd t he reg ression line of  y on x?

The regressio n line o f  y o n x is written in the fo rm  y=ax+b
a is the gradient  o f the line

It represents the change in y fo r each individual unit change in x

If a is po sitive  this means y increases  by a fo r a unit increase in x

If a is negative  this means y decreases  by |a| fo r a unit increase in x

b is the y – intercept

It sho ws the value o f y when x is z ero

Yo u are expected to  use yo ur GDC  to  �nd the equatio n o f the regressio n line

Enter the bivariate data and cho o se the mo del “ax + b”

Remember the mean po int (
⎯⎯x, ⎯⎯y)  will lie o n the regressio n line

How do I �nd t he reg ression line of  x on y?

The regressio n line o f  x o n y is written in the fo rm  x=cy+d
c is the gradient  o f the line

It represents the change in x fo r each individual unit change in y

If c is po sitive  this means x increases  by c fo r a unit increase in y

If c is negative  this means x decreases  by |c| fo r a unit increase in y

d is the x – intercept

It sho ws the value o f x when y is z ero

Yo u are expected to  use yo ur GDC  to  �nd the equatio n o f the regressio n line
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It is fo und the same way as the regressio n line o f y o n x but with the two  data sets switched

aro und

Remember the mean po int (
⎯⎯x, ⎯⎯y)  will lie o n the regressio n line

How do I use a reg ression line?

The regressio n line can be used to  decide what type o f co rrelatio n there is if there is no  scatter

diagram

If the gradient is po sitive  then the data set has po sitive co rrelatio n

If the gradient is negative  then the data set has negative co rrelatio n

The regressio n line can also  be used to  predict  the value o f a dependent variable  fro m an

independent variable

The equatio n fo r the y o n x line sho uld o nly be used to  make predictio ns fo r y

Using a y o n x line to  predict x is no t always reliable

The equatio n fo r the x o n y line sho uld o nly be used to  make predictio ns fo r x

Using an x o n y line to  predict y is no t always reliable

Making a predictio n within the range o f the given data is called interpo latio n

This is usually reliable

The stro nger the co rrelatio n the mo re reliable the predictio n

Making a predictio n o utside o f the range o f the given data is called extrapo latio n

This is much less reliable

The predictio n will be mo re reliable if the number o f data values in the o riginal sample set is

bigger

The y o n x and x o n y regressio n lines intersect at the mean po int (
⎯⎯x, ⎯⎯y)

Exam T ip

Once yo u calculate the values o f a and b sto re then in yo ur GDC

This means yo u can use the full display values rather than the ro unded values when using

the linear regressio n equatio n to  predict values

This avo ids ro unding erro rs
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a)

b)

c)

Worked example

The table belo w sho ws the sco res o f eight students fo r a maths test and an English test.

Maths (x ) 7 18 37 52 61 68 75 82

English (y ) 5 3 9 12 17 41 49 97

Write do wn the value o f Pearso n’s pro duct-mo ment co rrelatio n co e�cient, r .

Write do wn the equatio n o f the regressio n line o f y o n x , giving yo ur answer in the fo rm 

y=ax+b where a and b are co nstants to  be fo und.

Write do wn the equatio n o f the regressio n line o f x o n y , giving yo ur answer in the fo rm 

x=cy+d where c and d are co nstants to  be fo und.

d) Use the appro priate regressio n line to  predict the sco re o n the maths test o f a student

who  go t a sco re o f 63 o n the English test.
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PMCC

What  is Pearson’s product -m om ent  correlat ion coe�cient ?

Pearso n’s pro duct-mo ment co rrelatio n co e�cient (PMCC) is a way o f giving a numerical value to

a linear relatio nship  o f bivariate data

The PMCC o f a sample is deno ted by the letter r
r can take any value such that −1≤ r≤1
A po sitive value  o f r describes po sitive co rrelatio n

A negative value  o f r describes negative co rrelatio n

r = 0 means there is no  linear co rrelatio n

r = 1 means perf ect po sitive linear co rrelatio n

r = -1 means perf ect negative linear co rrelatio n

The clo ser to  1 o r -1 the stro nger the co rrelatio n

How do I calculat e Pearson’s product -m om ent  correlat ion coe�cient  (PMCC)?

Yo u will be expected to  use the statistics mo de o n yo ur GDC to  calculate the PMCC
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The fo rmula can be useful to  deepen yo ur understanding
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Yo u do  no t need to  learn this  as using yo ur GDC will be expected

When does t he PMCC sug g est  t here is a linear relat ionship?

Critical values  o f r indicate when the PMCC wo uld suggest there is a linear relatio nship

In yo ur exam yo u will be given critical values where appro priate

Critical values will depend o n the siz e o f the sample

If the abso lute value  o f the PMCC  is bigger than the critical value  then this suggests a linear

mo del is appro priate
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