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4.2.1Bivariate Data

Scatter Diagrams
What does bivariatedatamean?

= Bivariate datais datawhichis collected ontwo variables and looks athow one of the factors
affects the other
= Fachdatavalue fromone variable will be paired with a data value fromthe othervariable
= Thetwo variables are oftenrelated, but do nothave to be

Whatisascatterdiagram?

= Ascatterdiagramis awayof graphingbivariate data
= One variable willbe onthe x-axis and the otherwillbe on the y-axis
= The variable that canbe controlled inthe datacollectionis knownas the independent or
explanatory variable and is plotted onthe x-axis
= The variable thatis measured ordiscovered inthe datacollectionis known as the
dependent orresponse variable and is plotted onthe y-axis
= Scatterdiagrams cancontainoutliers thatdo notfollow the trend of the data

O Exam Tip

= |fyouuse scatterdiagramsinyourinternal Assessment thenbe aware that finding outliers for
bivariate datais different to finding outliers forunivariate data
= (x,))could be anoutlierforthe bivariate dataevenif xand yare not outliers fortheir
separate univariate data

Correlation
Whatis correlation?

= Correlationis how the two variables change inrelationto eachother
= Correlationcould be the result of a causalrelationship but this is not always the case
= Linearcorrelationis whenthe changes are proportionalto eachother
= Perfectlinear correlationmeans that the bivariate data will all lie ona straightline onascatter
diagram
= Whendescribingcorrelationmention
= Thetype of the correlation
= Positive correlationis whenanincrease in one variable results inthe othervariable
increasing
= Negative correlationis whenanincrease in one variable results in the othervariable
decreasing
= Nolinearcorrelationis whenthe datapoints don’t appearto follow atrend
= The strengthof the correlation
= Stronglinear correlationis whenthe datapoints lie close to a straight line
= Weaklinear correlationis whenthe datapoints are not close to astraight line
= |fthereis stronglinear correlationyoucandraw aline of best fit (byeye)

= Theline of best fitwill pass through the meanpoint ()_(, _)_/)
= |fyouareaskedto drawaline of bestfit
= Plotthe meanpoint
= Drawaline goingthroughitthat follows the trend of the data
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Whatisthe difference betweencorrelationand causation?

= |tisimportantto be aware thatjust because correlationexists,itdoes not meanthat the change
inone of the variables is causing the change inthe othervariable
= Correlationdoes notimply causation!
= If achangeinone variable causes achange inthe otherthenthe two variables are said to have a
causalrelationship
= Observingcorrelationbetweentwo variables does not always meanthat thereis acausal
relationship
= There could be underlying factors whichis causingthe correlation
= Lookatthetwo variablesinquestionand considerthe context of the questionto decide if
there could be acausalrelationship
= [fthe two variables are temperature and numberofice creams sold atapark thenitis
likelyto be acausalrelationship
= Correlationmayexist between globaltemperatures and the numberof monkeys kept as
petsinthe UKbut theyare unlikelyto have a causalrelationship
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@ Worked example

Ateacherisinterested intherelationshipbetweenthe numberofhours herstudents spendona
phone perdayand the numberof hours theyspend onacomputer.She takes asample of nine
students and records the results inthe table below.

Hours spentona

76 17089 (3030752113 |58
phone perday

Hoursspentona | .o | 11 |62 l58 (52|17 |69 | 71|33

computerperday
a) Draw ascatterdiagramforthe data.
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b) Describe the correlation.
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4.2.2 Correlation & Regression

Linear Regression
Whatislinearregression?

= |fstronglinear correlationexists onascatterdiagramthenthe datacanbe modelled byalinear
model
= Drawinglines of best fitbyeyeisnotthe best method as it canbe difficult to judge the best
positionfortheline
= Theleast squaresregressionlineis theline of best fit that minimises the sumof the squares of
the gap betweenthe line and each datavalue
= |tcanbe calculated byeitherlooking at:
= verticaldistances betweenthe line and the datavalues
= Thisistheregressionline of yonx
= horizontaldistances betweenthe line and the datavalues
= Thisistheregressionline of xony

Howdolfindtheregressionline of yon x?

» Theregressionline of y onxis writteninthe form y = ax + b
= gisthe gradient of the line
= |trepresentsthe changein yforeachindividualunitchangeinx
= [f 2is positive this means yincreases by aforaunitincreaseinx
= |f ais negative this means ydecreases by|a|foraunitincreasein x
= Disthe y—intercept
= |tshows the value of ywhen xis zero
= Youare expectedtouseyourGDC to find the equation of the regressionline
= Enterthe bivariate dataand choose the model “ax+ b”

= Rememberthe meanpoint ()_(, _}_/) willlie onthe regressionline
Howdolfindtheregressionline of xon y?

= Theregressionline of xony is writteninthe form X = cy + d
= cisthe gradient of theline
= |trepresents the changein xforeachindividual unitchangeiny
= |f cis positive this means xincreases by cforaunitincreaseiny
= |f cis negative this means xdecreases by|c|foraunitincreaseiny
= disthe x-intercept
= |tshows the value of xwhen yis zero
= Youare expected to use yourGDC to find the equationoftheregressionline
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= |tisfound the same wayas theregressionline of yon xbut withthe two datasets switched
around

= Rememberthe meanpoint ()_{, _}_/) willlie onthe regressionline

Howdo lusearegressionline?

= Theregressionline canbe used to decide what type of correlationthereis if there is no scatter
diagram
= [fthe gradientis positive thenthe datasethas positive correlation
= |fthe gradientis negative thenthe datasethas negative correlation
= Theregressionline canalso be used to predict the value of adependent variable froman
independent variable
= The equationforthe yon xline should onlybe used to make predictions fory
= Usingayonxline to predict xis not always reliable
= The equationforthe xon yline should onlybe used to make predictions forx
= Usinganxonyline to predict yis not always reliable
= Making apredictionwithinthe range of the givendatais called interpolation
= Thisis usuallyreliable
= The strongerthe correlationthe more reliable the prediction
= Makingapredictionoutside of the range of the givendatais called extrapolation
= Thisis muchlessreliable
= The predictionwillbe more reliable if the numberof datavalues inthe original sample setis
bigger

= The yonxand xon yregressionlinesintersectatthe meanpoint ()_(, _)_/)

Q Exam Tip

= Onceyoucalculate the values of aand bstore theninyour GDC
= This means youcanuse the fulldisplayvalues ratherthan the rounded values when using
thelinearregressionequationto predictvalues
= This avoidsroundingerrors
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@ Worked example

The table below shows the scores of eight students foramaths testand an English test.

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

English(y) | S| 3 9] 12 | 17 | 41]49}97

a) Write down the value of Pearson’s product-moment correlation coefficient, I.

Enter data into GDC.
r= 049433
r= 0.39% (3sf)

b) Write downthe equation of the regressionline of Y on X, givingyouranswerinthe form
y=ax+ b where aand b are constants to be found.

a is the oefficet of x  a: 0.9%3539..
b is the constant term b= -18.0539%...
\3: 0‘144:& - l%l

c) Write down the equation of the regressionline of X on ¥, givingyouranswerinthe form
x = cy + dwhere cand d are constants to be found.

Swop the two sefs of data
¢ is the oehdent of y - 0.663300...
d s the constant term d = 30.52AL\0...

.= 0.%%\3 +30.5

d) Use the appropriate regressionline to predict the score onthe maths test of astudent
who gotascore of 63 onthe Englishtest.

Y: b so we x on Y line

x: (0.668300.)xb3 + (30.52410..) =32.652...

Maths swre 2.3
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PMCC
Whatis Pearson’s product-moment correlationcoefficient?

= Pearson’s product-moment correlationcoefficient (PMCC)is awayof givinganumerical value to
alinearrelationship of bivariate data

= The PMCCofasampleisdenoted bytheletterr

= rcantake anyvalue suchthat —1 <r<1

= Apositive value of rdescribes positive correlation
= Anegative value of rdescribes negative correlation
= r=0means thereis no linear correlation

= r=Tmeans perfect positive linear correlation

= r=-Imeans perfect negative linear correlation

= Theclosertolor-1the strongerthe correlation

Howdo lcalculate Pearson’s product-moment correlation coefficient (PMCC)?

= Youwillbe expected to use the statistics mode onyour GDC to calculate the PMCC
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= Theformulacanbe usefulto deepenyourunderstanding
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variances
= Youdo notneedto learnthis as usingyour GDC will be expected

WhendoesthePMCCsuggest thereisalinearrelationship?

= Criticalvalues of rindicate whenthe PMCC would suggest there is alinearrelationship
= Inyourexamyouwillbe given critical values where appropriate
= Criticalvalues willdepend onthe size ofthe sample

= |fthe absolute value of the PMCC is bigger than the critical value then this suggests alinear
modelis appropriate
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