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4.11.1Hypothesis Testing

Language of Hypothesis Testing
Whatisahypothesistest?

= Ahypothesistestuses asample of datainanexperimentto testastatement made aboutthe
population
= The statementis eitherabout apopulationparameterorthe distribution of the population

= The hypothesis test willlook at the probabilityof observed outcomes happeningunderset
conditions

= The probability found willbe compared against a given significance level to determine whether
thereis evidence to support the statement being made

What arethekeytermsusedinstatisticalhypothesis testing?

= Everyhypothesis testmust beginwith aclearnullhypothesis (whatwe believe to alreadybe true)
and alternative hypothesis (how we believe the data pattern orprobability distribution might
have changed)
= Ahypothesisis anassumptionthatis made about aparticularpopulationparameterorthe
distributionof the population
= Apopulationparameteris anumerical characteristic whichhelps define apopulation
= Suchasthe meanvalue of the population

= The nullhypothesisis denoted HO and sets out the assumed population parameteror

distribution giventhat no change has happened
= The alternative hypothesisis denoted H1 and sets out how we think the population

parameterordistribution could have changed
= Whenahypothesistestis carried out, the nullhypothesis is assumed to be true and this
assumptionwilleitherbe accepted orrejected
= Whenanullhypothesisis accepted orrejected astatisticalinference is made
= Ahypothesis testwillalways be carried out at an appropriate significance level
= Thesignificance level sets the smallest probability that anevent could have occurred by
chance
= Anyprobability smallerthanthe significance levelwould suggest that the eventis unlikely
to have happened bychance
= The significancelevelmustbe setbefore the hypothesis testis carried out
= The significance levelwillusuallybe 1%,5% or10%,howeverit mayvary
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tailed Tests

What areone-tailed tests?

= Aone-tailedtestisusedfortesting:
= Whetheradistributioncanbe used to modelthe population
= Whetherthe population parameterhas increased

Whetherthe population parameterhas decreased

= One-tailed tests canbe used with:

Two-

Chi-squared testforindependence

Chi-squared goodness of fit test

Test forproportionof abinomial distribution
TestforpopulationmeanofaPoissondistribution
Testforpopulationmean of anormal distribution
Testto compare populationmeans of two distributions

tailed Tests

What are two-tailed tests?

= Atwo-tailed testisused fortesting:
= Whetherthe population parameterhas changed
= Two-tailed tests canbe used with:
= Testforpopulationmeanofanormal distribution
= Testto compare populationmeans of two distributions
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Conclusions of Hypothesis Testing

Howdoldecide whethertoreject oracceptthenullhypothesis?

Asample of the populationis takenand the test statistic is calculated using the observations
fromthe sample

= YourGDC cancalculate the test statistic foryou(if required)
To decide whetherornotto reject the nullhypothesis youfirst need eitherthe p-value orthe
criticalregion
The p-value is the probability of avalue being at least as extreme as the test statistic,assuming
that the nullhypothesisis true

= Your GDC will give you the p-value (if required)

= |fthe p-valueisless thanthe significance level then the nullhypothesis would be rejected
The criticalregionis the range of values of the test statistic which will lead to the nullhypothesis
beingrejected

= |fthe test statistic falls withinthe criticalregionthen the nullhypothesis would be rejected
The critical value is the boundary of the critical region

= |tis the leastextreme value that would lead to the rejection of the nullhypothesis

= The critical value is determined by the significance level

Howshould a conclusionbe writtenforahypothesistest?

Yourconclusionmust be writteninthe context of the question
Use the wordinginthe questionto help youwrite yourconclusion
= |[frejectingthe nullhypothesis yourconclusionshould state that there is sufficient evidence
to suggest that the null hypothesis is unlikely to be true
= |faccepting the nullhypothesis yourconclusionshould state that there is not enough
evidence to suggest that the null hypothesis is unlikely to be true
Yourconclusionmust not be definitive
= Thereis achance thatthe testhasled to anincorrect conclusion
= The outcomeis dependent onthe sample
= adifferent sample mightlead to adifferent outcome
The conclusionofatwo-tailed test canstateif thereis evidence of achange
= Youshould notstate whetherthis changeis anincrease ordecrease
= |fyouare testingthe difference betweenthe means of two populations thenyoucanonly
conclude that the means are not equal
= Youcannotsaywhichpopulationmeanis bigger
= You'dneedto use aone-tailed testforthis

O Exam Tip

s Acceptingthe nullhypothesis does not meanthatyouare sayingitis true

= Youare simplysayingthereis notenoughevidence torejectit
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4.11.2 Chi-squared Test for Independence

Chi-Squared Test forIndependence

Whatis achi-squaredtest forindependence?

= Achi-squared (}(2) test forindependenceis ahypothesis testused to test whethertwo
variables areindependent of eachother

= Thisis sometimes called a)(z two-way test
= Thisis anexample of agoodness of fit test
= We are testingwhetherthe data fits the modelthat the variables are independent

. Thechi—squared()(Z)distributionisusedforthistest
= Youwilluse acontingency table
= Thisis atwo-waytable that shows the observed frequencies forthe different combinations
of the two variables
= Forexample:if the two variables are haircolourand eye colourthenthe contingencytable
willshow the frequencies of the different combinations

Whymightlhave to combinerows orcolumns?

= The observedvalues are used to calculate expected values
= These are the expected frequencies foreach combination assuming that the variables are
independent
= YourGDC cancalculate these foryouafteryouinput the observed frequencies
= The expected values mustallbe biggerthan5
= |fone of the expected valuesisless than5 thenyouwillhave to combine the correspondingrow
orcolumninthe matrixof observed values with the adjacent row orcolumn
= Thedecisionbetweenroworcolumnwillbe based onwhichseems the most appropriate
= Forexample:if the two variables are age and favourite TV genre thenitis more appropriate
to combine age groups thantypes of genre

What arethedegrees of freedom?

= There willbe aminimumnumber of expected values youwould need to knowinorderto be able
to calculate all the expected values
= This minimumnumberis called the degrees of freedomand is oftendenoted by V
= Foratestforindependence withan mxncontingencytable
« v=(m-1)x(n-1)
= Forexample:lIf there are 5rows and 3 columns thenyouonlyneed to know 2 of the valuesin4
of therows as therest canbe calculated using the totals

What arethe steps forachi-squaredtestforindependence?
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= STEP1. Write the hypotheses
= Hp :Variable Xisindependent of variable Y
= H;:Variable Xis notindependent of variable Y
= Make sure you clearlywrite what the variables are and don’tjust callthem Xand Y
= STEP2:Calculate the degrees of freedomforthe test
= Foranmxncontingencytable
= Degreesoffreedomis V= (m - 1) X (11 - 1)
= STEP 3:Enteryourobserved frequenciesinto your GDC using the optionfora2-waytest
= Enterthese as amatrix
= Your GDC will give you a matrix of the expected values (assuming the variables are
independent)
= |fanyvalues are 5orless thencombine rows/columns and repeat step 2
= YourGDC will also give youthe y2statistic and its p-value

= The y2statisticis denoted as )(2 i
cailc

= STEP4:Decide whetherthereis evidence to reject the null hypothesis
= EITHER compare the x2 statistic with the given critical value
= |f y2statistic > critical value thenreject Hg
= |f y2statistic < critical value thenaccept Hg
= ORcompare the p-value with the given significance level
= |f p-value < significance levelthenreject Hg
= |f p-value > significance levelthenaccept Hg
= STEP 5:Write yourconclusion
= |fyoureject Hg
= Thereis sufficientevidence to suggest that variable Xis notindependent of variable Y
= Therefore this suggests theyare associated
= |fyouacceptHg
= Thereisinsufficientevidence to suggest that variable Xis notindependent of variable Y
= Therefore this suggests theyare independent

Howdo lcalculate the chi-squared statistic?

= Youare expected to be able to use your GDC to calculate the y2statistic by inputting the matrix
ofthe observed frequencies
= Seeinghowitis done byhand mightdeepenyourunderstanding butyouare not expected to use
this method
= STEP1.Foreachobserved frequency O;calculate its expected frequency £;
= Assumingthe variables are independent
= E=P(X=x)xP(Y=))xTotal
Row Total X Column Total
Overall Total
STEP 2 Calc late the y2statistic singtheform la

= Whichsimplifies to Ei =

R
" anlc= Z E.

1

= Youdo notneedto learnthis formulaas your GDC calculatesitforyou
= To calculate the p-value youwould find the probability of avalue being biggerthanyour y2statistic
usingay2distributionwithvdegrees of freedom
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Note foriInternal Assessments (1A)

= |fyouuseay2testinyourlAthenbeware thatthe outcome maynotbe accurateif thereis only
ldegree of freedom
= This meansitis a2x2contingencytable

@ Worked example

AtaschoolinParis,itis believed that favourite film genre is related to favourite subject. 500
students were asked to indicate theirfavourite film genre and favourite subject fromaselection
and theresults areindicated inthe table below.

Comedy|ActionfRomance|Thriller

Maths 51 52 37 53]
Sports 59 63 4] 33
Geography 35 31 28 15

Itis decided to test this hypothesis byusing a)(z testforindependence at the 1% significance
level.

The critical value is 16.812.

a) State the null and alternative hypotheses forthis test.

H,: Favourte, subject s independent of favaurite, film_genre
H': Favourite subject s ot independent of “favourite Film genre

b) Write downthe numberofdegrees of freedomforthis table.

E (rows ‘\)X (Lo\umng -l) - (3-\\X (L*“)
y:b

c) Calculate the)(2 teststatistic forthis data.
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Ttdpe matrix ino GDC
X' catistc = 12817
X, =8 (3sh)

d) Write downthe conclusionto the test. Give areasonforyouranswer.

12.% <16.812

Accep’r Hy as Xt statistic < critical value.
There is insufficient evidence o su%es’r that
fovousite subject is not independent of fovourite
film geare. Therefpre this suggests ﬂ\et\ are
independent.
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4.11.3 Goodness of Fit Test

Chi-Squared GOF: Uniform

Whatis achi-squared goodness of fit test fora givendistribution?

] Achi—squared(xz)goodnessofﬁttestisusedtotestdatafromasamplewhichsuggeststhat
the populationhas a givendistribution
= This could be that:
= the proportions of the populationfordifferent categories follows agivenratio
= the populationfollows auniformdistribution
= This means alloutcomes are equally likely

What arethe stepsforachi-squaredgoodness of fit test fora givendistribution?

= STEP1. Write the hypotheses
= Hp :Variable X canbe modelled by the givendistribution
= Hj:Variable X cannotbe modelled bythe givendistribution
= Make sure you clearlywrite what the variable is and don’'tjust callit X
= STEP2:Calculate the expected frequencies
= Splitthe total frequencyusing the givenratio
= Forauniformdistribution: divide the totalfrequency N by the numberof possible outcomes
k
= STEP 3:Calculate the degrees of freedomforthe test
= Fork possible outcomes

= Degreesoffreedomis V= k-1

= STEP4:Enterthe frequencies and the degrees of freedominto your GDC
= Enterthe observed and expected frequencies as two separate lists
= YourGDC willthen give you the y2statistic and its p-value

= The y2statisticis denoted as )(231
cailc

= STEP5:Decide whether there is evidence to reject the nullhypothesis
= EITHER compare the x2 statistic with the given critical value
= [f y2statistic > critical value thenreject Hg
= |f y2statistic < critical value thenaccept Hg
= ORcompare the p-value with the given significance level
= |f p-value < significance levelthenreject Hg
= |f p-value > significance levelthenaccept Hg
= STEP 6:Write yourconclusion
= |fyoureject Hp
= Thereis sufficientevidence to suggest that variable Xdoes not follow the given
distribution
= Therefore this suggests that the datais not distributed as claimed
= |fyouacceptHp
= Thereisinsufficient evidence to suggest thatvariable Xdoes notfollow the given
distribution
= Therefore this suggests that the datais distributed as claimed
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@ Worked example

Acarsalesmanisinterested inhow his sales are distributed and records his sales results overa
period of sixweeks.The datais shownin the table.

Week 1 2 3 4 5 6
Number of 15 17 il 21 14 12
sales

A)(z goodness of fittestis to be performed onthe dataat the 5% significance levelto find out
whetherthe data fits auniformdistribution.

a) Find the expected frequencyof sales foreachweekiif the datawere uniformly
distributed.

I uniformhy distributed all expected frequencies are equal

ExpedeJ {:requenuj - 15+l LzHuH -

Expea‘ed Frqu ency = 15

b) Write down the null and alternative hypotheses.
Ho © Number ofsales _can be modelled by a
uniform digiribution
H, : Number of sales can not be modelled by a
uniform disribution
c) Write down the numberof degrees of freedomforthis test.
Page 9 of 22
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d)  Calculate the p-value.
Tye two lists idb  GDC
Observed 15 1F 12 ik 12
Expeded 15 15 15 15 IS 15
p= 0.4433.
p=0.443 (3sf)

e) State the conclusionofthe test.Give areasonforyouranswer.

0.493 > 0.05
Atcep’f Ho. as p-value > 3iﬁmﬁcwue level .
There is insubficient evidence o su%es\‘ that
aumber of soles @ not be modelled by
a unform distibudion. Therefore  this suggests
it is waiformly distribated.
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Chi-Squared GOF: Binomial

Whatis achi-squared goodness of fit test forabinomialdistribution?

= Achi-squared (}(2) goodness of fit testisused to test datafromasample suggesting that the
population has abinomialdistribution

= Youwilleitherbe givenaprecise binomial distributionto testB(n, p) withanassumed
value forp
= Oryouwillbe asked to test whetherabinomial distributionis suitable without being givenan
assumed value forp
= |nthis case youwillhave to calculate anestimate forthe value of pforthe binomial

distribution
= To calculateitdivide the meanbythe value of n
X 1 2fx
n p =—=—X
n n 2.f

What arethe stepsforachi-squared goodness of fittest forabinomial
distribution?

= STEP1: Write the hypotheses
= Hp :Variable Xcanbe modelled by a binomial distribution
= Hj:Variable Xcannotbe modelled byabinomial distribution
= Make sure youclearlywrite what the variable is and don’tjust callit X
= [fyouare giventhe assumed value of pthenstate the precisedistributionB(ﬂ,p)
STEP 2:Calculate the expected frequencies
= |fyouwere not giventhe assumed value of pthenyouwill first have to estimate it using the
observed data
= Find the probability of the outcome using the binomial distribution P(X=X)
= Multiplythe probability by the totalfrequencyP(X= X) XN
= Youwillhave to combine rows/columns if anyexpected values are 5 orless
STEP 3:Calculate the degrees of freedomforthe test
= Forkoutcomes (aftercombining expected values if needed)
= Degreesoffreedomis

» v=k—1if youwere giventhe assumed value of p
- v=k—-2 if youhad to estimate the value of p
STEP 4:Enterthe frequencies and the degrees of freedominto your GDC
= Enterthe observed and expected frequencies as two separate lists
= YourGDC willthen give you the y2statistic and its p-value

= The y2statisticis denoted as )(2 /
calc

STEP 5:Decide whetherthereis evidence to reject the nullhypothesis
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= EITHER compare the 2 statistic with the given critical value
= [f y2statistic > critical value thenreject Hg
= |f y2statistic < critical value thenaccept Hg

= ORcompare the p-value with the given significance level
= |f p-value <significance levelthenreject Hg
= |f p-value > significance levelthenaccept Hg

= STEP 6:Write yourconclusion

= |fyoureject Hp

= Thereis sufficientevidence to suggest that variable Xdoes not follow the binomial

distributionB(H, p)
= Therefore this suggests that the datadoes not follow B(I], p)

= |fyouacceptHg
= Thereisinsufficientevidence to suggest that variable Xdoes notfollow the binomial

distributionB(H, p)
= Therefore this suggests thatthe datafollows B(H, p)
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@ Worked example
Astageinavideo game has three boss battles.1000 people trythis stage of the video game and
the numberofbosses defeated byeachplayerisrecorded.

Numberof bosses
0 1 2 3
defeated
Frequency 490 | 384 m 15

AZZ goodness of fittestatthe 5% significance levelis used to decide whetherthe numberof
bosses defeated canbe modelled byabinomial distribution witha 20% probabilityof success.

State the nulland alternative hypotheses.
Ho: Number of bosses defested~can be
modelled })3 the biomial digmibution  B(3,0.2)
H, : Number of bosses defeated @n not ke
modelled 53 the biwmial digribution  B(3,0.2)

a)

b) Assuming the binomial distribution holds, find the expected numberof people that would

defeatexactlyone boss.

Let X ~B(302)
Using GDC  P(X=1)= 0.384
Expected 1000 x 038k = 38k

E"Peded freq'uer\as of | =334

c) Calculate the p-value forthe test.

Page 13 of 22
For more help visit our website www.exampaperspractice.co.uk



£l

Exam Papers Practice

Find the other expected ﬁquencies
For O: 1000x P(X=0)= 000 x0.512 = 512

For  2: 1000x P(x=2) = |000 « 0.096 = Ab
Fr  3: 1000x P(X =3)7 1000 x 0.008 = 8

Tye two lists i GDC

Oberved 490 3B« Wl 15
Expected 52 3%k 46 %
y =bk-1=3

p: 0.02kp ...

p = 0.0243 (3sf)

d)  Statethe conclusionof the test. Give areasonforyouranswer,
0.0263< 0,05
Re)ed Hy, as p-value 74 .Sie\mﬁcame lewel .
There is” sufficient-evidence to suggest that
the  number of bosses defeated can not be
modelled 53 the binomial distrbution B(3,0.2)
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Chi-Squared GOF: Normal

Whatis achi-squared goodness of fittest foranormaldistribution?

= Achi-squared (}(2) goodness of fit testisused to test datafromasample suggesting that the
populationhas anormaldistribution

= Youwilleitherbe givenaprecise normaldistributionto testN(,u, 62) withassumed values
forpando
= Oryouwillbe asked to test whetheranormal distributionis suitable without being given
assumed values forpyand/oro
= Inthis caseyouwillhave to calculate anestimate forthe value of pand/oroforthe normal
distribution
= EitheruseyourGDC oruse the formulae

ZfX n

and §2 = s2
Zf n-1 n—1 n

What arethe stepsforachi-squared goodness of fittest foranormaldistribution?
- STEP1:Write the hypotheses

= Hp :Variable Xcanbe modelled by anormal distribution
= Hj:Variable Xcannotbe modelled byanormal distribution
= Make sure youclearlywrite what the variable is and don’tjust callit X
= |fyouare giventhe assumed values of pand othenstate the precise distribution

N(u, ¢?)

= STEP 2: Calculate the expected frequencies
= |fyouwerenotgiventhe assumed values of porothenyouwill firsthave to estimate them
= Find the probability of the outcome using the normal distribution P(a <X< b)
» Beware of unbounded inequalities P(X < b) or P(X > a) forthe class intervals onthe
'‘ends’
« Multiplythe probability by the total frequency P(a < X < b) X N
= Youwillhave to combine rows/columns if any expected values are 5 orless
= STEP 3:Calculate the degrees of freedomforthe test
= Forkclassintervals (aftercombining expected values if needed)
= Degreesoffreedomis

= v=k—1if youwere giventhe assumed values forbothpand o
= v=k-2 if youhad to estimate eitherporobutnotboth

» ¥=k—3ifyouhadto estimatebothyand o
= STEP4:Enterthe frequencies and the degrees of freedominto yourGDC
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= Enterthe observed and expected frequencies as two separate lists
= Your GDC willthen give you the y2statistic and its p-value

= The yZstatisticis denoted as )(2 /
cailc

= STEP5:Decide whetherthereis evidence to reject the nullhypothesis
= EITHER compare the 2 statistic with the given critical value
= [f y2statistic > critical value thenreject Ho
= [f y2statistic < critical value thenaccept Hg
= ORcompare the p-value with the given significance level
= |f p-value < significance levelthenreject Hg
= |f p-value > significance levelthenaccept Hg
= STEP 6: Write yourconclusion
= [fyourejectHg
= Thereis sufficient evidence to suggest that variable Xdoes not follow the normal

distributionN(,u, 62)
= Therefore this suggeststhatthedatadoesnotfollowN(ﬂ, 0'2)

= |fyouacceptHg
= Thereisinsufficient evidence to suggest that variable Xdoes notfollow the normal

distributionN(,u, (72)
] ThereforethissuggeststhatthedatafollowsN(y, 0'2)
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@ Worked example

300 marbled ducks in Quacktown are weighed and the results are shownin the table below.

Mass (g) Frequency
m <450 1
450 < m <470 7

470 < m<520 158

520<m<570 12y

m>570 ?

A}(Z goodness of fittestatthe 10% significance levelis used to decide whetherthe mass ofa
marbled duck canbe modelled byanormal distribution withmean 520 g and standard deviation
30g.

a) Explain whyit is necessaryto combine the groups M <450 and 450 < m <470 to
create the group m < 470 withfreq uencyl10.

(oml)me (oerQories 'ﬂ( exPede_A frequencies are 5 or Iess
300 * P(X.« &S0/ X ~N(520,30%) 300 0.009%I. <2.944..

The expeded ‘Fl‘eq'uem.“ is less than O so combine with
the next category

b) Calculate the expected frequencies, givingyouranswers correctto 2decimal places.
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let X~ N(520,30%)

300 x probohhli’g S

Mass (9) | Probabilits | Expected frequency
m<4&30  0.04190.. | (&34
430¢meH20| 0.452209... | 135 bb
B20< m<§30 0451209 | |35 4
m 2 910 0.061190.. | (&34

Write down the null and alternative hypotheses.

Hy: Mass of the morbled | ducks can be .
modelled by the  normal.-distribution N(520,37)

H, : Mos of the morbled ducks can nof  be
mdelled by the normal distibution N(520,30)

Calculate the }(2 statistic.

Brrer  4he_observed “and ~expected frequienciey o

GDC  y= k=3
X datishic = 3062 ..
we = Bl ()

Giventhat the critical value is 6.251,state the conclusion of the test. Give areasonforyour
answer.

%16 > 6.25)

Ré)ed H, as X" statistic > critical value.

n\ere is sumam evidence o su%es‘r that the
mass of the marbled ducks can not be

modelled by the nomma) distribution N(520, 30%),
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Chi-squared GOF: Poisson
Whatis achi-squared goodness of fittest foraPoissondistribution?

= Achi-squared (x2) goodness of fittestis used to test datafroma sample suggesting that the
populationhas aPoissondistribution
= Youwilleitherbe givenaprecise Poissondistributionto test Po(m) withanassumed value
form
= Oryouwillbe asked to test whetheraPoissondistributionis suitable without being givenan
assumed value form
= Inthis case youwillhave to calculate anestimate forthe value of mforthe Poisson
distribution
= To calculateitjustcalculate the mean

_ 2 fx
= >

What arethe stepsforachi-squaredgoodness of fittest fora Poisson
distribution?

= m

= STEP1:Write the hypotheses
= Hp :Variable Xcanbe modelled byaPoissondistribution
= Hj:Variable Xcannotbe modelled byaPoissondistribution
= Make sure youclearlywrite what the variable is and don’tjust callit X
= |fyouare giventhe assumed value of mthenstate the precise distribution Po(m)
= STEP2:Calculate the expected frequencies
= |fyouwere not giventhe assumed value of mthenyouwill first have to estimate it using the
observed data
« Find the probability of the outcome using the Poisson distribution P(X = x)
= Multiplythe probability by the totalfrequencyP(X= X) X N
= |f gisthe smallestobserved value thencalculate P(XS 3)

= |f bisthelargest observed value thencalculate P(XZ b)
= Youwillhave to combine rows/columns if anyexpected values are 5 orless
= STEP 3:Calculate the degrees of freedomforthe test
= Forkoutcomes (aftercombiningexpected values if needed)
= Degreeoffreedomis

s v=k-—1 if youwere giventhe assumed value of m
= V=k—2ifyou had to estimate the value of m
= STEP4:Enterthe frequencies and the degree of freedominto yourGDC

= Enterthe observed and expected frequencies as two separate lists
= YourGDC willthen give you the y2statistic and its p-value
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= The y2statisticis denoted as )(2 /
calc

= STEP5:Decide whetherthereis evidence to reject the null hypothesis
= EITHER compare the x2 statistic with the givencritical value
= |f y2statistic > critical value thenreject Hg
= |f y2statistic < critical value thenaccept Hg
= ORcompare the p-value with the given significance level
= |f p-value <significance levelthenreject Hg
= |f p-value > significance levelthenaccept Hg
= STEP 6:Write yourconclusion
= |[fyourejectHp
= Thereis sufficientevidence to suggest that variable Xdoes notfollow the Poisson
distribution Po(m)

= Therefore this suggests that the datadoes not follow Po(m)
= |[fyouacceptHp
= Thereisinsufficientevidence to suggest that variable Xdoes notfollow the Poisson

distribution Po(m)
= Therefore this suggests thatthe datafollows Po(m)
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@ Worked example

Aparent claims the numberof messages theyreceive fromtheirteenage child withinanhourcan
be modelled byaPoissondistribution.The parent collects datafrom100 one hourperiods and
records the observed frequencies of the messages received from the child.The parent
calculates the meannumberof messages received fromthe sample and uses this to calculate
the expected frequencies if aPoissonmodelis used.

Number of Observed Expected
messages frequency frequency
0] 9 7.28
1 16 a
2 23 24.99
3 22 21.82
4 16 14.29
5 14 7.49
6 ormore 0 b

Ax2goodness offittestatthe 10% significance levelis used to test the parent’s claim.

a) Write down null and alternative hypotheses to test the parent’s claim.

Ue are nof aiveﬂ a SpeCulciC Po\ssm disfnbu’rion

H,: Number of messages teceived Con be modelled by a
Poissor\ disfr]buﬂon

H: Number of messages received Con not be modelled 53 a
foisson  distribution

b) Show that the meannumberof messages received perhourforthe sampleis 2.62.
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2262

c) Calculate the values of @ and b, givingyouranswers to 2decimalplaces.

let X~ Po(262)
a = 100x P(X=1) = 100x 0.190%4.. = 19.0%4 la=19.0% (24p)

b =100 »P(X>6) - 1001 0.05052.:75,05 " fb+ 5.05 (24p)

d) Performthe hypothesis test.

(a\(u‘mle dearee of freedom v=k-2‘/\m was estimated

y:1-2329
Enter observed ancl expec’reo\ Frequencies in GD(
p:0.03515. <0

;Re)ed Hy as p-va'ue < sign'n(icame level.
.n\ere is su“icien’r evidence to Suaﬂesf ﬂ\a’f Q Poisson
distribution con ndt model the number of messages received.
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