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Exam Papers Practice

4.1.1 Sampling & Data Collection

Typesof Data
What are the different typesof data?

=  Qualitative datais datathatis usuallygiveninwords not numbers to describe something
= Forexample:the colourofateacher's car
= Quantitative datais datathatis givenusingnumbers which counts or measures something
= Forexample:the numberof pets that astudenthas
= Discrete datais quantitative datathatneeds to be counted
= Discrete datacanonlytake specific values fromaset of (usually finite) values
= Forexample:the numberoftimes acoinis flipped until a ‘tails’is obtained
= Continuous datais quantitative datathat needs to be measured
= Continuous datacantake any value withinarange of infinite values
= Forexample:the heightofastudent
= Agecanbediscreteorcontinuous dependingonthe contextorhowitis defined
= |fyoumeanhow manyyears old apersonis thenthisis discrete
= |fyoumeanhowlongapersonhas beenalive then this is continuous

Whatis the difference betweenapopulationandasample?

= The populationrefers to the whole set of things whichyou are interested in
= Forexample:if avetwanted to know howlongatypical Frenchbulldogslept forinadaythen
the populationwould be all the French bulldogs in the world
= Asamplerefersto asubset of the populationwhichisused to collectdatafrom
= Forexample:the vet might take asample of French bulldogs fromdifferent cities and record
howlongtheysleepinaday
= Asamplingframeis alist of allmembers of the population
= Forexample:alistof employees’names withinacompany
= Usingasampleinstead of apopulation:
= |s quickerand cheaper
= |eadstolessdataneedingto be analysed
= Mightnotfullyrepresentthe population
= Mightintroduce bias
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Sampling Techniques
Whatisarandom sampleand abiased sample?

= Arandomsampleis where everymemberof the populationhas anequal chance of being
included inthe sample
= Abiased sampleis one fromwhich misleadingconclusions could be drawn about the population
= Randomsamplingis an attempt to minimise bias

What sampling techniques doIneed to know?

Simple random sampling

= Simple randomsamplingis where every group of members from the population has anequal
probability of beingselected forthe sample
= To carrythis outyouwould...
= uniquelynumbereverymemberofapopulation
= randomlyselect ndifferent numbers usingarandomnumbergeneratororaformoflottery
(where numbers are selected randomly)
= Effectiveness:
= Usefulwhenyouhave asmallpopulationorwantasmallsample (suchas childreninaclass)
= |tcanbetime-consumingif the sample orpopulationis large
= Thiscannotbeusedifitisnotpossible to numberorlist allthe members of the population
(suchas fishinalake)

Systematic sampling

= Systematic samplingis where asampleis formed bychoosingmembers of apopulation at
regularintervals using alist
= To carrythis outyouwould...

size of population (N)

= calculate the size of the interval kK = X
size of sample (1)

= choosearandomstartingpointbetweenland k
= selectevery kthmemberafterthe firstone
= Effectiveness:
= Usefulwhenthereis anaturalorder(suchas alistof names oraconveyorbeltofitems)
= Quickandeasytouse
= Thiscannotbeusedifitis notpossible to numberorlistallthe members of the population
(suchas penguinsinAntarctica)

Stratified sampling
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= Stratified samplingis where the populationis divided into disjoint groups and thenarandom
sampleis takenfromeach group
= Theproportionofagroupthatis sampledis equalto the proportionof the population that
belongto that group
= To carrythis outyouwould...
= Calculate the numberof members sampled fromeach stratum

size of sample (n)

X .
size of population (N) number of members in the group

= Take arandomsample fromeachgroup
= Effectiveness:
= Usefulwhenthere are verydifferent groups of members withinapopulation
= The sample will be representative of the populationstructure
= The members selected fromeachstratumare chosenrandomly
= Thiscannotbe used if the populationcannot be splitinto groups orif the groups overlap

Quotasampling

= Quotasamplingis where the populationis splitinto groups (like stratified sampling) and
members of the populationare selected untileach quotais filled
= To carrythis outyouwould...
= Calculate howmanypeople youneed fromeach group
= Selectmembers fromeach groupuntilthat quotais filled
= The members do nothave to be selected randomly
= Effectiveness:
= Usefulwhencollectingdatabyaskingpeople who walk pastyouinapublic place orwhena
sampling frame is not available
= Thiscanintroduce bias as some members of the population might choose notto be
included inthe sample

Convenience sampling

= Convenience samplingis where asample is formed using available members of the population
who fit the criteria
= To carrythis outyouwould...
= Selectmembers that are easiestto reach
= Effectiveness:
= Usefulwhenalist of the populationis notpossible
= Thisisunlikelyto be representative of the populationstructure
= Thisislikelyto produce biased results

What are the maincriticisms of sampling techniques?

= Mostsamplingtechniques canbeimproved bytaking alargersample

= Samplingcanintroduce bias - so youwant to minimise the bias withina sample
= To minimise bias the sample should be as close to randomas possible

= Asample onlygivesinformationaboutthose members
= Different samples maylead to different conclusions about the population
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@ Worked example

Mike is abiologist studyingmice inanopenenclosure.He has access to approximately 540 field
mice and 260 harvest mice. Mike wants to sample 10 mice and he wants the proportions of the
two types of mice inhis sample to reflect theirrespective proportions of the population.

a) Calculate the numberof field mice and harvest mice that Mike should include in his
sample.

ToTa\ number of mice

540 + 260 - 800
o Frachon of {:ieu mice

Field mice 330 x10= .75
N ..
Sample size

el = Fraction of harvest mice
Harvest mice %g 210 = 3.25

Include T Field mice ond 3 harvest mice

b) Giventhat Mike does nothave alist of allmice inthe enclosure, state the name of this
sampling method.

No list of population 0 can nct be a random sample

Quota  sampling

c) Suggest one wayinwhich Mike could improve his sampling method.
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Mark ould improve his sampling method
\)L\\ InCreasing his somple size

Reliability of Data

Howcanldecideif dataisreliable?

= Datafromasampleisreliable if similarresults would be obtained from a different sample from the
same population
= The sample should be representative of the population
= The sample should be bigenough
= Samplingasmallproportionof apopulationis unlikelyto be reliable

What cancausedatatobeunreliable?

= [fthe sampleis biased
= |tisnotrandom
= |ferrors are made whencollectingdata
= Numbers could berecordedincorrectly,duplicated ormissed out
= |fthe personcollectingthe datafavours some members overothers
= Theymight seek outmembers who willlead to adesired outcome
= Theymight exclude members if theywould cause the sample to oppose the desired
outcome
= |f asignificant proportionof datais missing
= Some datamaybe unavailable
= Some members mightdecide notto be part of the sample
= Thiswillmeantheresults are notnecessarilyrepresentative of the population
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4.1.2 Statistical Measures

Mean, Mode, Median
What arethe mean, mode and median?

= Mean,medianand mode are measures of centraltendency
= Theydescribe where the centre of the datais
= Theyare alltypes of averages
= [nstatisticsitisimportantto be specific about whichaverage youare referringto
= Theunits forthe mean,mode and median are the same as the units forthe data

Howarethemean, mode, and mediancalculated forungroupeddata?

= The modeis the value thatoccurs most ofteninadataset
= |tis possible forthere to be more thanone mode
= |tispossible forthere to be no mode
= |nthiscasedonotsaythe modeiszero
= The medianis the middle value whenthe dataisinorderof size
= |f there are two valuesinthe middle thenthe medianis the midpoint of the two values
= The meanis the sumofallthe values divided by the number of values

n
= Where ZX.=X
i=1 !
= The meancanberepresented bythe symbolyu
= YourGDC cancalculate these statistical measures if youinput the datausing the statistics mode

! +X2 +... +Xn is the sumofthe npieces of data
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@ Worked example
Find the mode,medianand mode forthe dataset givenbelow.

43 29 70 51 64 43

Mode is the most common

Mode = 43

Median is the middle when in order
9 43 LrSTSl bk 10

M‘:
y it

Medion = &

X
Mean = o

Ix - 300 gd ncb “%=50
Mean=50

Quartiles & Range

What are quartiles?

= Quartiles are measures of location
= Quartiles divide apopulationordatasetinto fourequalsections
= Thelower quartile, @, splits the lowest 25% fromthe highest75%
= The median, @, splits the lowest 50% fromthe highest50%
1 Theupperquartile, @z splits the lowest 75% from the highest 25%
= There are different methods forfinding quartiles
= Values obtained byhand and usingtechnologymaydiffer
= Youwillbe expected to use your GDC to calculate the quartiles

What aretherange andinterquartilerange?

= Therange and interquartile range are bothmeasures of dispersion

= Theydescribe how spread out the datais
= Therangeis thelargestvalue of the dataminus the smallestvalue of the data
= Theinterquartile range is the range of the central 50% of data

= [tis the upperquartile minus the lower quartile

IQR=0Q,- Q,

= Thisis giveninthe formulabooklet
= Theunits forthe range and interquartile range are the same as the units forthe data
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@ Worked example
Find the range and interquartile range forthe dataset givenbelow.

43 29 70 51 64 43

Ran%e = Maimum - Mimmum
10 - 29
Rone‘e = Ll'|

Find upper and lower q/uarﬂlES using e
Ql = LI'S N\d 03 - bq'

IQR - Q3 ‘Q\
bl - 43

|QR = 2|
Bt\ hand

Range
A9 4|3 43|5) G?r 10

QR
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Standard Deviation & Variance

What arethe standard deviationand variance?

The standard deviationand variance are bothmeasures of dispersion
= Theydescribe how spread out the datais inrelationto the mean

The variance is the meanof the squares of the differences between the values and the mean
= Varianceis denoted o2

The standard deviationis the square-root of the variance
= Standard deviationisdenoted o

The units forthe standard deviation are the same as the units forthe data

The units forthe variance are the square of the units forthe data

Howare thestandard deviationand variance calculated forungroupeddata?

Inthe examyou will be expected to use the statistics functiononyourGDC to calculate the
standard deviationand the variance
Calculating the standard deviation and the variance by hand may deepenyourunderstanding

k
2. fx,=w?

i=1

The formulaforvariance is 62 =

n
= Thiscanberewrittenas
k
2. fx?2
i=1 !
o2 = — 112
n
k
— )2
ié fl.(XI. ,u)
The formulaforstandard deviationis 0 = n
= Thiscanberewrittenas
k

Youdo not need to learnthese formulae as you willuse your GDC to calculate these
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@ Worked example

Find the variance and standard deviationforthe dataset givenbelow.

43 29 70 51 64 43

Find variance and standard deviation using GaDC
ot < 189335 and oy = 13.359.

Var‘umce = 189 (SSF)
Standard deviation = 139 (350'

B«:) hand

) 2 Xt 2

g =
La*= 16136 x =90 n:b

ot - “’—'63" - 50% - 189.333..

- V13835, < 13959

&I
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4.1.3Frequency Tables

Ungrouped Data
Howare frequencytablesused forungroupeddata?

= Frequencytables canbeused forungrouped datawhenyouhave lots of the same values withina
dataset
= Theycanbeusedto collectand presentdataeasily
= |fthe value 4 has afrequencyof 3 this means that there are three 4’s inthe dataset

Howare measures of centraltendencycalculated from frequencytables with
ungroupeddata?

= The modeis the value that has the highest frequency
= The medianis the middle value

= Use cumulative frequencies (running totals) to find the median
= The meancanbe calculated by

= Multiplying eachvalue x byits frequency f;

= Summingto getXfix

= Dividingbythe total frequency n=xf;

= Thisis giveninthe formulabooklet

X =

= YourGDC cancalculate these statistical measures if youinput the values and their
frequencies using the statistics mode

Howare measures of dispersioncalculated from frequencytables withungrouped
data?

= Therangeis thelargestvalue of the data minus the smallestvalue of the data
= Theinterquartile range is calculated by

IQR=0Q,-Q,

= The quartiles canbe found byusingyour GDC and inputting the values and theirfrequencies
= The standard deviationand variance canbe calculated byhand using the formulae
= Variance
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= Standard deviation

= Youdo notneed tolearnthese formulae as youwillbe expected to use your GDC to find the
standard deviationand variance
= Youmaywantto see these formulae to deepenyourunderstanding

Q Exam Tip

= Always check whetheryouranswers make sense whenusingyour GDC
= Thevalue forameasure of centraltendencyshould be within the range of data
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@ Worked example

The frequencytable below gives information numberof pets owned by 30 studentsinaclass

Number of pets 0 1 2 3
Frequency mn 5 8 6
Find
a) the mode.
Mode = value with hi(a\f\es’r Freq’uencg
Mode = O
k the median.

Medion = middle value
n=30 5o median is midpoiat—of 5% and 16

Numl)er o‘: peb ’
| n' m 24%@0

Cumulative Frequenc3

Median = |

c) the mean.

Formula | X .
Book|ef ean, ¥, of asetof data | x= ﬂ=§,fi
2fx k0 + 5| ¢ s 4 6x3 39

n e 5+8+4 30

Mean = 1.3

d) the standard deviation.

Use GDC o, = 1159..
Stondard deviation = I.1b (3sF)
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Grouped Data
Howare frequencytablesused forgroupeddata?

= Frequencytables canbeused forgrouped datawhenyouhave lots of the same values within the
same interval
= Classintervals willbe written usinginequalities and without gaps
» 10<x<20and20<x<30
= Ifthe classinterval 10 £ X <20 has afrequencyof 3 this means there are three values inthat

interval
= Youdo notknow the exact datavalues whenyouare givengrouped data

Howare measures of centraltendencycalculated from frequencytables with
groupeddata?

= The modalclassis the class that has the highest frequency
= Thisisforequalclassintervals only
= The medianis the middle value
= The exactvalue cannotbe calculated butit canbe estimated byusing acumulative
frequency graph
= The exact meancannotbe calculated as youdo not have the raw data
= The meancanbe estimated by
= |dentifyingthe mid-interval value (midpoint) x; foreachclass
= Multiplying eachvalue by the class frequency f;
= Summingto getXfix
= Dividingbythe total frequency n=xf;
= Thisis giveninthe formulabooklet

X =

Your GDC canestimate the meanif youinput the mid-interval values and the class
frequencies using the statistics mode

Howare measures of dispersioncalculated from frequencytables withgrouped
data?

= The exactrange cannotbe calculated as the largest and smallest values are unknown
= Theinterquartile range canbe estimated by

IQR=Q,- Q,
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= Estimates of the quartiles canbe found byusing acumulative frequency graph
= The standard deviationand variance canbe estimated using the mid-interval values x;inthe
formulae
= Variance

k
2. fx2
i= 1 1
2 = — 2
G —_

P M

= Standard deviation

= Youdo notneed tolearnthese formulae as youwillbe expected to use yourGDC to
estimate the standard deviation and variance using the mid-interval values
= Youmaywantto use these formulae to deepenyourunderstanding

Q Exam Tip

= Asyoucanonlyestimate statistical measures fromagrouped frequencytableitis good
practice to indicate that the values are notexact
= Youcando this byroundingvalues ratherthanleaving as surds and fractions

1

« x=0.333 (3sf) ratherthan X = g
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@ Worked example

The table below shows the heightsincmofagroup of 25 students.

Height,h Frequency
150<h<155 3
155<h<160 5
160<h<165 9
165<h<170 7
170<h<175 1
a) Write downthe modalclass.

Moda\ class = class with hisheé’r Frequencg
Modal class = 160 ¢ h < |65
k Write down the mid-interval value of the modal class.

UQper boundary...+fower boundarﬂ

Mid-interval valve =

160 + 16
2

Mid-interval value = 162:5¢m

c) Calculate anestimate forthe mean height.

Use mid-interval” volues' 1o estimate +he mean

FO\'YY\U\IG 3 k
Mean, ¥, of a set of data | ¥ == ”=Z'
Book et - 2
o 3x152.5+5x1535 + 9 1B2.5 + Fx 1635+ 11125 . 40525
o 3454047+ 25

Estimgted wean = 1621 (m
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4.1.4 Linear Tranformations of Data

Linear Transformations of Data
Whyarelineartransformations of dataused?

= Sometimes datamight be verylarge orverysmall
= Youcanapplyalineartransformationto the datato make the values more manageable
= Youmayhave heard this referred to as:
= Effects of constantchanges
= linearcoding
= lineartransformations of datacanaffect the statisticalmeasures

Howisthemean affectedbyalineartransformationofdata?

= LetX bethemeanofsomedata
= |f youmultiply eachvalue byaconstant kthenyouwillneed to multiply the meanby k
= Meanis kX

= |fyouaddorsubtractaconstant afromallthe values thenyouwillneed to add orsubtract the
constant ato the mean

» Meanisx*a

Howis the variance and standard deviation affectedbyalineartransformationof
data?

= Let 02 be the variance of some data
= (Oisthestandard deviation
= _|f youmultiply eachvalue byaconstant kthenyouwillneed to multiply the variance by k2
= Variance is k2 02
= Youwillneed to multiply the standard deviationbythe absolute value of k
= Standard deviationis |k|0'

= |fyouaddorsubtract aconstant afromallthe values then the variance and the standard
deviationstay the same

= Varianceis 62

= Standard deviationis O
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O Exam Tip

= |fyouforgettheseresultsinanexamthenyoucanlookinthe HLsectionof the formula
bookletto see themwritteninamore algebraic way
= Lineartransformationof asingle variable

E(aX+b)=aE(X)+b
Var(aX+ b) = a2 Var(X)

= where E(...) means the mean and Var(...) means the variance

@ Worked example

Ateachermarks his students’tests.The raw meanscore is 31marks and the standard deviationis

5 marks.The teacherstandardises the score by doubling the raw score and thenadding 10.

a) Calculate the meanstandardised score.

IF data is mulhiplied by K then mean is multiplied by k

It k is added 1o data then k is added o the mean
3x2 +10

Mean ofiomr&&ed swres = 12

b) Calculate the standard deviation of the standardised scores.

If data- is mulfiplied by k then standard deviation
is multiplied by k|

If k is added to data then standard deviation is
unchanaed

b x2
Standard deviation of standardised scores =10
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4.1.50utliers

Outliers
What are outliers?

= Qutliers are extreme datavalues thatdo not fitwiththerest of the data
= Theyare eitheralotbiggeroralotsmallerthantherestofthe data

= Qutliers are defined as values that are more than1.5 x IQR fromthe nearest quartile
= xisanoutlierif x< @-1.5xIQRorx> @3 +1.5xIQR

= Qutliers canhave abigeffect onsome statisticalmeasures

Shouldlremove outliers?

= The decisiontoremove outliers willdepend onthe context
= Qutliers should be removed if theyare found to be errors
= The datamayhave beenrecorded incorrectly
= Forexample:The number17 mayhave beenrecorded as 71bymistake
= Qutliers should not be removed if theyare avalid part of the sample
= The datamayneed to be checked to verifythatitisnotanerror
= Forexample:The annual salaries of employees of abusiness might appearto have anoutlier
but this could be the director’s salary
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@ Worked example

The ages,inyears,of anumberof childrenattending a birthday party are given below.

2,7,5 4,8, 4,6,5 5,29, 2,513

a)  Identifyanyoutliers withinthe dataset.
x is an outlier if a<Q-1551QR or x> Q,+1541QR
Usmg (AD(
Q:4 and Q215 - 1QR=35
Q,- 15%1QR = L-1.5x35 = =1.25
Q, + 1.51QR =#5¢1.5+35 = |2.35

Outliers are 13 and 2491

b) Suggestwhichvalue(s) should be removed.Justifyyouranswer.

13 should not be_removed as it s a valid aqe of
o hld.

A should be removed s this is 0n age F an i
radult,
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4.1.6 Univariate Data

Box Plots
Univariate datais datathatis inone variable.
Whatisaboxplot (boxand whiskerdiagram)?

= Aboxplotisagraphthatclearlyshows keystatistics fromadataset
= |tshows the median, quartiles, minimum and maximum values and outliers
= |[tdoesnotshowanyotherindividualdataitems
= The middle 50% of the datawillbe represented bythe boxsectionofthe graphand the lower
and upper25% of the data will be represented byeach of the whiskers
= Anyoutliers are represented withacross onthe outside of the whiskers
= |fthereis anoutlierthenthe whiskerwillend at the value before the outlier
= Onlyone axis is used when graphingaboxplot
= [tis stillimportant to make sure the axis has aclear,evenscale and is labelled with units

Whatareboxplotsusefulfor?

= Boxplots canclearlyshow the shape of the distribution

= |faboxplotis symmetricalabout the medianthenthe datacould be normally distributed
= Boxplotsare oftenused forcomparingtwo sets of data

= Two boxplots willbe drawn next to each otherusing the same axis

= Theyare usefulforcomparingdatabecauseitis easyto see the mainshape of the
distributionofthe datafromaboxplot

= Youcaneasilycompare the medians and interquartile ranges

O ExamTip

= |nanexamyoucanuseyourGDC to draw aboxplotif youhave the raw data
= Youcalculator's boxplotcanalsoinclude outliers so thisis agood wayto check
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@ Worked example

The distances,inmetres, travelled by 15 snails ina one-minute period arerecorded and shown
below:

05,07,10, 11,12, 12,12, 13, 14, 14, 14, 14, 15, 15, 15

a) i) Find the values of Ql’ Qz and Q3.

i) Find the interquartile range.
iii) Identifyanyoutliers.

USmS (DC
Q,‘-“m QJ. -‘3 m 03-'“|-m

|QR - Qs' Q < L&-1]
IR = 0.3 m

Q,-1.9x1QR = [1- 15203 = 0,65
Q.+ 15x1QR = 1k +15203 =85

05 m is an outlier

b) Draw aboxplotforthe data.

T

11T
1
1T

L Papers P
‘-WA T
04 | 06 03 1.0 I |4 l.b

Distance (m)

Lobel outlier Use next  smallest
wiﬂ\ Q (ross after  outlier
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Cumulative Frequency Graphs
Whatis cumulative frequency?

= The cumulative frequencyof xis the runningtotal of the frequencies forthe values that are less
thanorequalto x

= Forgrouped datayouuse the upperboundaryofaclassintervalto find the cumulative frequency
ofthatclass

Whatis acumulative frequencygraph?

= Acumulative frequencygraphis used with data that has beenorganised into agrouped
frequency table
= Some coordinates are plotted
= The x-coordinates are the upperboundaries of the class intervals
= The y~-coordinates are the cumulative frequencies of that class interval
= Thecoordinates are thenjoined togetherbyhand usingasmoothincreasing curve

What are cumulative frequencygraphsusefulfor?

= Theycanbeusedto estimate statistical measures
= Draw ahorizontalline from the y-axis to the curve
= Forthe median:draw the line at 50% of the total frequency
= Forthelowerquartile:draw the line at 25% of the total frequency
= Forthe upperquartile:draw the line at 75% of the total frequency
= Forthe p"percentile:draw the line at p% of the total frequency
= Draw averticalline downfromthe curve to the x-axis
= This x-value is the relevant statistical measure
= Theycanused to estimate the numberof values that are bigger/small than a givenvalue
= Draw averticalline fromthe givenvalue onthe x-axis to the curve
= Draw ahorizontalline from the curve to the y-axis
= Thisvalueis'anestimate forhow manyvalues are less than orequal to the givenvalue
= To estimate the numberthatis greaterthanthe value subtract this numberfromthe total
frequency

» Theycanbe used to estimate the interquartile range IQR = Q3 - Ql

= Theycanbeusedto constructaboxplotforgrouped data
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@ Worked example

The cumulative frequency graph below shows the lengthsincm, 1,0f30 puppies inatraining
group.

30

25

20 | |

Cumulative |
frequency 15

10

v 35 40 45 50 55 60
Length of puppy (cm)

a) Giventhat the interval 40 < <45 was used when collecting data, find the frequency of
this class.

] lo- 3
. Freque oy * )

Cumulative |
frequency 15

o 35 40 4 50 55 60
Length of puppy (cm)
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b) Use the graphto find an estimate forthe interquartile range of the lengths.

- $130:15 Q:35

. 213025 Q514

frequency 15

. QR = Q, -0, =514 -345
QR = 11 G (m

° Y 35 40 45 50 55 60
Length of puppy (cm)

c) Estimate the percentage of puppies withlengthmore than51cm.

30)

30-22 = B puppies
2 |on6er than 5l im

3 o 0
Y 370 A IOO /o - 26 %é /6

ST 2636 (3sF)

Length of puppy (cm)

Histograms
Whatis a (frequency)histogram?

= Afrequencyhistogramclearlyshows the frequencyof classintervals

= The classes willhave equalclassintervals

= The frequency willbe onthe y~axis

= Thebarforaclassintervalwillbeginatthe lowerboundaryand end at the upperboundary
= Afrequencyhistogramis similar to abar chart

= Abarchartisused forqualitative ordiscrete dataand has gaps between the bars

= Afrequency histogramis used forcontinuous dataand has no gaps betweenbars

What are (frequency)histogramsusefulfor?

= Theyshowthe modalclass clearly

= Theyshow the shape of the distribution
= |tisimportantthe classintervals are of equalwidth

= Theycanshow whetherthe variable canbe modelled by anormal distribution
= |f the shapeis symmetrical and bell-shaped
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@ Worked example

The table below and its corresponding histogram show the mass, inkg,of some new born
bottlenose dolphins.

Mass, mkg Frequency
4<m<8 4
8<m<12 15
12<m<16 19
16<m<20 10
20 m<24 6
a) Draw afrequencyhistogramto represent the data.

20
3 1y
<
TN
$ s
[ . ’7
0 &/ 1w 0% "
MGS& (kg\
No qaps
b) Write downthe modal class.

Moda\ class = class with highea’r Frequenca
Modal class = IR ¢ m<lb
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4.1.7 Interpreting Data

Interpreting Data

Howdo linterpret statisticalmeasures?

The modeis useful forqualitative data

= |tisnotasusefulforquantitative dataas thereis notalways aunique mode
The meanincludes allvalues

= |tis affected byoutliers

= Asmaller/largermeanis preferable dependingonthe scenario

= Asmallermeantime forcompletingapuzzleis better
= Abiggermeanscoreonatestis better

The medianis not affected by outliers

= |tdoesnotuse allthe values
The range gives the fullspread of the all of the data

= |tis affected byoutliers
Theinterquartile range gives the spread of the middle 50 % about the medianandis not
affected byoutliers

= |[tdoesnotuse allthe values

= AbiggerlQRmeans the datais more spread out about the median

= AsmallerlQR means the datais more centred about the median
The standard deviationand variance use all the values to give ameasure of the average spread
ofthe dataaboutthe mean

= Theyare affected byoutliers

= Abiggerstandard deviation means the datais more spread out about the mean

= Asmallerstandard deviationmeans the datais more centred about the mean

Howdo lchoose whichdiagramtousetorepresentdata?

Boxplots

= Canbeused withungrouped univariate data

= Shows therange,interquartile range and quartiles clearly
= Veryusefulforcomparing data patterns quickly

= Cumulative frequency graphs

= Canbeusedwithcontinuous grouped univariate data
= Shows the running total of the frequencies that fallbelow the upperbound of eachclass

= Histograms

= Canbeusedwithcontinuous grouped univariate data
= Used withequalclassintervals
= Shows the frequencies of the group

= Scatterdiagrams
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= Canbeused withungrouped bivariate data
= Shows the graphicalrelationship betweenthe variables

Howdolcomparetwoormoredatasets?

= Compare ameasure of centraltendency
= [f the datacontains outliers -use the median
= |fthe dataisroughly symmetrical - use the mean
= Compare ameasure of dispersion
= |fthe datacontains outliers -use theinterquartile range
= [fthe datais roughly symmetrical - use the standard deviation
= Considerwhetheritis betterto have asmallerorbiggeraverage
= This willdepend onthe context
= Asmalleraverage time forcompletingapuzzle is better
= Abiggeraverage scoreonatestis better
= Considerwhetheritis betterto have asmallerorbiggerspread
= Usuallyasmallerspread meansitis more consistent
= Alwaysrelate the comparisons to the context and considerreasons
= Considerthe sampling technique and the datacollectionmethod
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@ Worked example

The boxplots below show the waitingtimes forthe two doctorsurgeries, HealthHut and FitFirst.

HealthHut |— —-[
FitFirst I— —-’ »

L L L ]

10 20 30 40 50
Waiting time (minutes)

60

Compare the two distributions of waiting times in context.

(0mpare .
0 measure of central Jrendenca

o measure  of / dispersion

Health Hat%) medion-waiting. time. is "Smaller thaa
Fit Firsts (20<°24)" On average patieats get

[ seen “quicker at HealthHut .
F‘.’r Firs’r's in’ferquarii‘e range is smo“er fkan
HealthHuts (13 < 19). There 1s less variability
of waihns times ot FitFiest
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