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STATISTICAL COMPUTING AND R PROGRAMMING
MODULE-04

Statistical testing and modelling: Sampimz dsirbutions, mpothesis testmz components
of hypothess test, testmg means, testmg proporhons, testmg catesoncal varmbles, emors

and power. Amalvee of vanance.

STATISTICAL TESTING AND MODELLING
STATISTICAL TESTING:

¢ Smstcal testme maolves anahsmg data to make decswon abowt a population based
ot a sample
e It heips o deternme o detenmme of observed difference or relbnopships m the data
Are statstically sismificamt or due to random chance
Eanple
Consyler statsteal testmg m the context of namuifacturing qualty comrol A producnon hne
for a gt bub mamifacturer meeds toenmire that a new wav.of producmz bulbs extends their
They collect and compare data on the longevity of bulbs generated tsmz the new method to
the hiespan ofbulbs produced wsme the ol method, They can siatsteally amabse of the mean
IfEspan of bulbs geperated usmz the pew method 5 substantmlly different from those
produced wsme the old method by runnme a hypothests test (such as at-test or ANOVA) If
the tast reveak a copsiderable difference m favour of the new procedwre. the corporation can
confidently mplement ¢ knownmig that it resuls m longer-lasting bubs,

AMODELLING:

statstical modelling prolves creatmz mathematical representations of relationships m data
Exanple:

For mstarice, predictmz house prces based on fetors Hee sguare footage. location and
mumber of bedroons usme remesson anabss s a satsteal modalme @msk

The model helps estumate how these factors mifluence the price and make predictions for pew
housss

SAMPLING DISTRIBUTIONS:

Definition: A samphne dsimbution s 3 concept ==d m statsncs. [ 5 a probability
detrbution of a statistee obfamed Fom a larger nivnber of samples drawn fom a
specific populaton.
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STATISTICAL COMPUTING AND R PROGRAMMING

* The zampline detrbution of a sren populaton = the dstwbution of fequeénces of
atange of ddicrent outcomss that coukd possibly ocowr for a statstic of a popubtion

» Ths allows embtes like sovernments and busmesses to make more well-mnformed
decisions based on the mbrmatoon they gather.

»  There are a w methods of samphng dembunion vsed by ressarchers, melding the
sampling distnbution of a mean

Example :

Consyler a faciory that mamificiures lisht bulbs. The firm strives to keep its bulbs at a

comsstent degree of boghtmess All bubs mamiactired have a nommal dismhbution of

bnghtness levels, with amean () of 800 himens and a standard deviation ().of 20 imens.

Controlli lity S ing Th ion:

Quality Control:

The factory conducts Faquent qualty mspections by samplne sampks of bulbs and

assessmz thew brishtness

Sampling Mean Distnibution: The Gotory selects sampks of afixed siz= (say, 30 bulbs)

at random and measures the mean brighiness of each samplk.

Analysis of Sample Means: The &ctory can estmmate how mmeh the sanmplk means

fluctuare around the gemune populaton mean brghmess of 800 limens by observng the:

distrbution of sample means
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1. Inference Basedon Statistics:

¢ Hypothesis Testing: Samplmg dswbutions ad m determming o sampk- data
supports or contradiets a population  parameter hvpothess:

¢ Confidence Intervals: These ail m the comstruction of mfervals that are most
likely to comam the gemume population parameter.

2. Quality Assurance:

e Manufacturing: Mongonng product qualty by samplng gems for testme.

¢ Service Industmes: Assessmz serwe qualty  thiough perodie  customer
feedback samples.

3. Economics and Finance

o Market Research: Anakeing a subset of a market to #rier charactenstys about
the sntrs market
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STATISTICAL COMPUTING AND R PROGRAMMING

¢ Porifolio Management: Studving the performance of amestment portilios wms
samples from hstoncal data.
4. Meadiral and Biolosral Scences.
o Clinical Trals: Analysme sampls to draw conclisions about the effcts of a
treatvent on a populaton
o Genetics: Studving genetc trags wrlun specific populatons by amalsing
samples
Puble Opmion and Polncal Polimg:
5. Election Forecasting: Estmating vomg trends based on sampks of the
population
1. Poliey Makmo: Assessme pubbe opmion on vanous pohees throuch sampling
Surveys.
6. Education:
2 Assessment: Eialmtme studert performance by sxammime & subset of test
SCOTEs.
Emvronmental Studies:
7. Sampling Seil or Water Quality: Assessmo emwonmentzl fcotors through
samples from different remons.
Samplmz  dstrbwons are fimdamental mostatstical analyses, allowme statstcmns,
rescarchers, and profssiomak m vanous felds 10 make mfbrmed deckns and draw
conchision
vpes of Sampli is 10 15
1 Samphng Disinbution of the Mean: Thes method shows a noma!l dsmbution
where the puddle s the mean of the sanplng dsmbotion
*  As such 1 répresénis the mean of the overll populiton In order to.2=t 1o
this poms the researcher mmist fimme out the mean of 2ach sample group and
map out the mdrodual data
Sampling Distribution of Proportion: The method swobves choosing a sample s=t
from the overall population to gt the proportion of the sample
= The mean of the propomons ends up becomms the proportions of the larger

fraa

Zoup.

L

T-Distnibution: Ths npe of samphne dsimbution s common m cases of small

sample smes
= Tt may abo be used when there 5 very Ittle mfbrmanon abowt the entire
populaton
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STATISTICAL COMPUTING AND R PROGRAMMING

Note:
probabilty distnbution. the ceniral “balance” pomt of 2 samplns dismbution & ms

L

i

Situagon 1: §
When the e vakie of the standard devaton oX = known, then the Rollowme are

mean

The standard devation ofa sampling dswrbution # referred fo as a standard emor.

T-dstributions are used to make estmates about the mean and other statstical

Poos:

ON FOR A SAMPLE MEAN:
The sampling distrbution of the mean represents the ditnbution of
sampl means taken fom apopulation

Tt helps understand how sample means vary and approach the population
mean as samplk sip= mereases, followmge the Central Lot Theorem
Mathematcally, the varmbility mherent m an estmated sample mean s
described as follows: Formally, denote the random varable of mierest as
X~ Ths represemts the mean of asample of n observatons from the “maw
observaton random vamable X asm x1, %2 wn

Those. pbsenvations are assumed o have a e fnge mean —= < uX <=
and a woe fite stindard deviaton 0<oX<x

The condmons fir finding the probabilny distrbution of 2 sample mean
vary dependmz on whether vou know the value of the standard deviation

eviation Known

If X tself & normal the samplno distnbuotion of X7 & a pommal dimwbution, with
mean (X and standard eror cXn

X & not nonmal  the samphne dissmbuotion of X i still approxanately normal with
mean uX and standard error cX'Vn and this approxmmation wmproves arbranly as
n— = The » known asthe cemral it theorem (CLT)

Situation 2: Standard Deviation Unknown
o The standard devaton of the raw measwement dstrbuton thar generated your

JSSCACS
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sample data.
In this evemmality, #t's usual to just replace &, with 5 which is the standard deviation
of the sampled data:
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STATISTICAL COMPUTING AND R PROGRAMMING

Standardized valnes of the samphng distrbution of X bllbw at-distrbution with
v=n— ! degrees of freedom: standardization s performed usmg the standard emor
sXAn
Inaddsonally, ns small then ¢ = necessary to assume the dstrbuton of X = normal
for the valty oftins t-based samplng destnbuton of X7
The rature of the samphng dstribution of X therefore depends upon whether the true
standard devaton ofthe ﬂhsﬁ*rm:h:rns = known, as well 45 the sample sie n
The CLT states that normality occurs even if the raw obsenvation distrbution & self
not normal  but ths approximation s kss relhable fn s small It's a corwron muik-of
thumb to rely onthe CLT only fn= 30
If <X the sample standard deviation. 15 used to calkulare the standard emor of X7, then
the samplne dsmbution s the -dsmbution(followmg standardzation). Apam this
it generally taken to bereliabk onlv & n =30,
Itis estimared as p= = where iy the number of successes in a
-q:!.mplt' afsize n. Ler the corresponding e proportion ol siceesses (often
unknown ) simply be denoted with .

n
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STATISTICAL COMPUTING AND R PROGRAMMING
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STATISTICAL COMPUTING AND R PROGRAMMING
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STATISTICAL COMPUTING AND R PROGRAMMING

populaton mean <= 73

populanon std < 10

sample size <= 13

mm samples < 1000 #Number of samples 1o take

# Generatmg sampks and calculaime sample means

sample means < numenc{num_samples)

for (im lmm samples) {
sample <- momwsample size, mean =populaton mean. sd = population std)
sample_means[i] < mean(sample)

)

= Caleulating the mean of sample means
sampling dembution mean < mean{sample means)

prot{paste( Mean of the samplng distmbution of the mean”, samplmo distribution mean))

QOutput:
sean of the sampling distribution of cthe mean: 74.9392512095678"
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confidence Intervals
® A confideice inrerval (Cl) s an mierval defined by a lower It [and anupper it

used to descobe possible vales of a comrssponding true population paramstsr m
heht of observed sample data

o Imerpretation of a confidence mterval thersfore allbws vou to state 3 "=l of
confidence that atrue parameter of mierest falls between the upper and lower lout
offen expressed as a percemtage.

o Agsuch # % acommon and useful tool bult dwectly from the sampling
detribution of the statstic of merest.

The followme are the mportant pomts 0 pote:

o The kwel of confidence = usually expressed as apercentage. such that you'd
comstruct a 100™ 1-2) percemt confidence mterval wherel <o <15 an
“amount of @l probability. ™

o The three most common mtervals are defined with =sgher o =01
(290 percent mterval), &= 0.03 (a 93 percant mterval),
or a=0.01(z 9% percent mrerval).
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STATISTICAL COMPUTING AND R PROGRAMMING

Confidenca mfervale may be comstructed In different wavs. depending on the twpe of smtist

-

smstic =cntical valse x smandard emor,
A crawal value s the valie of the test statsne which defmes the upper and lower bounds
of aconfidence imerval or which définss the threshold of swatstcal sigmficance m a statistical test
Stanstic to state the population parameter
sandard emor, m the sampling dembution standard devmbion
i 7ﬂ U i ’ -
@ Lewd -_ﬂ(‘ {mg?ft‘bfmi- e Coprsd 9y, Petina,
Subk  thak (pmteat Ioox £1-0) 2 fopfeding S
s oy an Sagey ,-’:rmmr.rf g/ Hodl pretld
= loox ((-08) = lboy (f-ﬂrr) o fﬁﬂﬁi‘ﬁr‘;ﬁ
T/,
=6, =% teeX (1-&) =loe¥ (- p.5) 957 fﬂ(a&lﬂtf
o= 0:00=r [oox (i—#)= too x (1—0-00) =99+ Confedence |

- ¥ Iy

Qf.:a..!

The formula for 2 confidence mterval for the mean m asamplng dstribution, assimmng a

normal dstrbuton or asufficiently large sample swe (Central Tt Theorem),

T T e T T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e o

Confidence IntervaE=Sample Mean=(Crical Vale«Standard DevmtonSampl: See)
Confidence Tnterval=Sample Mean=(Crtical VaexSample Size Standard Deviation
Forsxamplk Et's savwe want to find 2 95% confidence mierval i the mean wesht of apples
samipled from a farm We colleet asample of 50 apples; measure ther weight and

find the sample mean weght to be 130 grams. Let's assume the population standard deviation as
10 grams.

Sohmon:

Green a 93% confidence kel and a nomal dewbotion (z-detmbuotion) with &

critweal valie of 1.96 for 2 93% confidence mterval:

Confidence Interval=150=(1 96x2)

Confidencs Immnizi_jc&ﬂ_gﬁx:—:"szl SG£2 78
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STATISTICAL COMPUTING AND R PROGRAMMING

Therefisre, the 5% confidence mterval for the mean weht of apples m the population

would be approxmately from 147 22147 32 grams 1o 152 78152 78 grams.
= Gnen data

sampl mean <- 13

sample standard devaton <- 0.8

sample size < 300

= Caleulate creal vale for 93% confidence - level

confidence level =- 083

alpha =- 1 - confidence level

cratical value <- gnormi{l -alpha ' 2)

= Calculate margin of error

margm of-emor <-craval value * (sample standard deviation | sgn{sample size))
= Calculate confidence mterval

bwer bound <=- sampk mean - marmn of error

upper_bound <- sampl mean +marom of smror

=Pmmt the confidence mierval
cat("The 95% confidence mterval for the averags time spem on socal meda =

[", lower_bound, "', upper bound. "Jn)

Outpt

The 953% confidence interval Tor the average time spent on social media is

[ 2.4298878 , 2.5790122 ]
HYPOTHESIS TESTING:

Hypothess testmz 5 a tool for makmp statstwal mferences about the populaton data

o Hwpothess testme can be defmed asa statetical tool that & used to wentify i the results
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of an experwem are meanmeful or not.
o [t smolves settmg upoa mill hypothess and an atemative hypothess.
¢ Thess two Inpotheses will abvavs be puually exclmive Ths means that o the
mill hypothess = true then the altemative hypothesis & false and e versa
BExample of hypothesis testing is setting up 3 test to check if 2 naw medicing works on a disease

ina more effidiert manner,
APPICATION OG HYPOTHESIS TESTING

¢ Scientific Research: In bologv, psychology. medwme, sto. to test new treatments,
study the effects of varmbles, or valdate theones.
¢ Quality Control: [n mamificturng to ensure products mest cortam standards by tesimo
Iypotheses about product qualny.
¢ Business Decisions: To analvze miarket trends, customer behavior, or the efectivensss
of strateges
* Social Sciences: To study socetal trends, behaviors, and attitudes.
o Fconomics: To amabze the mpact ofpolices. market chanees or sconomme theories.
TYPES OF HYPOTHESIS
L Null Hypothesis:The mll vpothesis & 2 concss mathsmatical statement that & vsed to ndeate ezal
there & no difference between two possibdites.
¢ In other words, there 5 no difference between cerfam characteristes of data-

L b & e L T
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o Ths Inpothesis assumes that the outcomes of an expernment ars based on chance -alone.

* [t = denoied as HO Hhpothess testmz & used to conclude o the muill Inpothesss can be
rejected ornot
Example: Supposs an experment & conducted to check of gk are shorter than bovs
at the age of 3. The mll hypothess will say that they are the same hewht
2. Altermative Hypothesis

o  The akemative hypothess s an akemame 1o the mill hypothesis
o It s used to show that the obsenvations of an sxpermment are die to some real effect
o Tt mdwcates that there 5 a statstical siomificance between two possible outcomes and can

be.denoted as Hl or Ha
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STATISTICAL COMPUTING AND R PROGRAMMING

For the above-mentioned example, the alfernative Inpothess would be that otk are shorter
than boys at the -age of 3.
Hyvpothesis Testing P Value

¢ Inipethess testme the p valie = used to mdcate whether the results obtamed afier
conductmg a test are statsteally swomificant or not

e It ako mdicates the probabilty of mekme an error m rejectmes or not rejectme. the mll
Iypothess, This value is always a number between Oand L

o The p valie = comparsd w0 an alpha l=vel o or sonificance el
¢ The alpha level can be defined as the acceptabl nsk of meorrecty rejectme the -

mull hypothess: The alpha level 5 usually chosen betwesn 1%0to 3%

Hypothesis Testing Critical region

All sets of valies that kead to rejectmez the null hypothess b m the crmcal regon
Furthenmore, the value that separates the criwal regon from the non-crtical remon
known as the crtical vale

Hypothesis Testing Formula:

Dependme Upon the tvpe of data avalable and the see, different tvpes of lnpothess testmo
are wsed o determme  whether the mull hypothesis can be rejected or not

The hypothesss testme formmla for some mportant test statstics are grven belows

FH—
» zZ= ._5-1'- };_Sthsamplemean,pﬂﬂmpﬁpmam mearn, &1 the population standard devaton and

41t
s the stz of the sample
X+
o t=—F s the sample standard deviation
Vi
{o=5)Y . _
. ;{FE — g E thz observed value and Fi s the sxpected vaine.
i
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Hypothesis Testing Z Test

A ztest & a way of Inpothesis testie that & used for a lage sample sze (n=30).

W

STATISTICAL COMPUTING AND R PROGRAMMING

It wueed o determme  whether there 5:a differeace benween the populanon mean and

the sample mean when the population standard devianon s known
It can ako be ysed to compare the mean of two samples. It 5 used to computs the z test statstc.

The fonmulas are gren as Hlows:

Ons sample- 7 =—i+i1

wn

E==)-x

g
k-

— &

=
19

Two samples. =

T

Huvpothests Testing 1 Test

The ttest s another method of hypothess testng that ® vsed for a small sample swe (n < 50)
It s also used to compare the sample mean and populaton mean

Howsver, the population standard devaton s not known

Al
3’1“|L§‘u

Instead. the sample standard devation & known

The mean of two samples can ako be compared usng the tiest

4

One sample: t=—

-
wTE

Two samplks: =

.1‘| et

ih

S

Y

bl

A

Hypothesis Testing Cli Square
The Cht square t=st & 2 hypothess testmg method that 5 used to check whether the vanables

m a populaton are mdependert or not It s uzed when the test statstic & chi-squared dsimbuted.
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Ons Taled Hypothess Testmg

One taded hypothesis testme s done when the rejection remen s only m one drection
It can also be known as drectional hypothess festng because the effects can betested m

one drection only,
» This typs oftesting is fiwther classified mio the right tailed test and kf tafed test
Right Tailed Hypothesis Testing
o The righr tail tests ako known as the upper tail test This test & used to check whether
the population paramster © greater than some value
» The mill and alemative hypotheses for this test ars snven as ollsws:
HO: The population parameter 1 < some valse
H1- The populaton pasamieter s = some valie

T the test statistic has a greater vale than the criwal vakie then the mill hvpothesis i rejectsd

Right Tail Hypothesis Testing g =

Left Tailed Hypothesis Testing

The left tal test 5 also known as the lower tad test It 5 ussd to check whether the populanton
pamameter & less than sorie value. The hypotheses for this vpothesis testng can be written 45 follovs:
HO: The population paramster s = soms value

H!l The populaton parameter 1 < some vals

The mill hvpothesis i rejected if the test statistic has a vabe lesser than the crmical vaie

Two Tailed Hypothesis Testing

i e T e e e e e e e e 3 e e 3 e 3 3 e 2 3 e 3 3 e 3 3 e 3 3 e 3 3 e 3 3 e 3 3 e 2 2 3 2 3 3 2 2 e 2 2 e e e e T e e T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e e o e e e e e e e e e e e e e o e
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In this Inpothess testmz method, the crfcal repon kes on both sides of the samphng detnbution
Ir 15 ako known as a non - drectonal hypothesis testme method.
The two-tadled test s used whent # needs to be determmed  1f the population paramieter = assumed
be differemt than some valie The hypothesss can be st up as Hllons
HO: the populmon paramester = some valus

H1: the popubition parameter = some vale

The mull hypothess s rejected o the test statstec has-a valoe that 5 not equal to the crgcal value.

13##""'

Two Tail Hypothesis Testing oy

THE MAT?

Reject H,<— Reject H

a
2

Hapothesss Testine Steps
Hypothess testme can be easilv performed m five smople steps. The most mmportant step & to
comectly set up the hypotheses and demfy the nole method for lvpothess testmg

The basic steps to perform hypothesss testmz are as fllows:

* Stepl: Setup the mll hvpothesis by comrectly Wentifving whether ot & the Bfi-taled.
nght-tailed. or two-taled hypothess testme

» Step2: Sstup the alternative hvpothesis.

o Step 3: Choose the comect simificance byl g, and find the concal valis

» Step 4: Calculate the corrsct test statstie (z tor ) and p-vales.

e Step 5: Compare the test statiSte with the critical valne or comyrare the p-value with
¢ to amrwe at a concluswon  In other words, decude of the mull hypothess 5 to be rejected ornot
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Hypothesis Testing Example

The best way to sohe aproblem on Inpothesis testing s by apphvme the 3 steps memtioned m

the préevions section. Suppose a researcher clamg that the méan averase weight of men &

oreater thant 100kes with a standard deviation of 15kes. 30 men are chosen with an sverase weght
of 112 5 Kg Usmz ypothess iestmg check o there 1= snough evdence 1o support the -
researcher's clam The confidence mmenal » gnen as 23%.

Siep 1. This is an example of a right-tailed test. Set up the null hypothesis as HO: u
Step 2: The afematne hypothess = pren by HI p= 100

Step 3: Asthes 5 a one-taed test, o= 10080 - 95%= 3% This can be used to determmme the
crical vale

l-e=1-005=095

0935 grves the requwed area under the curve. Now usmeg a normal dismbution tzble, the area

0958k atz=1.645 A smmilar process can be bliowed for & t-test The onby additonal

T T e T T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e o

requremesi s t© calculate the degrees of freadom gren by n- L
Step 4: Caleulate the z test statstc. Ths & because the sample sz s 30
Furthenmore, the sample and populativn means dre known slong with the standard deviahon
u=100,—x=1125 n=30.c=15
vy 11254100

p= B N4 56

K w;ﬁ}"

Step 5: Conclusion As4 56> 1645 thus. the null Inpothess can be rejected.

Hypothesis Testing and Confidence Intervals
o (Confidence intervals form an mporntam part of ypothess testng.

The = because the alpha k=l can be determned  fom a gven confidence mterval

JSSCACS 2023-24 ROOPA
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o Supposs a confidence mterval £ sren as 93% Subtract the confidence mterial fom 100%.

e

Ths gres 100 - 85 =3% or 0.05.

¢ Ths 5 the alpha value of a2 ons-taded Inpothess testme
To obtam the alpha value for a two-talled hypothess testme. drde ths vahie by 2.
This grees 003 2=0025

Important Notes on Hypothesis Testing

» Hipothess testmo & a techmque that & used to verdy whether the resulis of an expenment
ars statistically sinificant

» Itunolves the settng up of a mull hvpothess and an alternate Inpothesis.

o There arc-thiee types oftests that can be conducted under hypothess tedtmo - 7 test. tisst
and chi square test

o Hypothess testmo can be classified asrohr 3l Bff tadl and two tal tests

Hypothesis testing involves several components:

Null Hypothesis (H0) A smrement assumed to betro= umil evidence sugpests othervse.
Alternative Hypothesis (HI or Ha). A statement chalenging the mill hypothesis,
TestStatistic: A numerieal summary used to decide betivesn the mill and alteenative nvpothes
Significance Level(o): The threshold for accepimo of rejectmz the null fypothess.

P-value: The probabifity of obtaming results as extreme as the observad data, assunmg the

T T e T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

mill hypothesis 5 e
Decision Rule- Critern- based on the sionifirance kevel and the p-value to accept or reject
the mill hvpothesis.
Conclusion: Based on the p-vahe compared to the siomificance Evel determming whether
o r=iect or &l to reject the mull lypothesis:

Hypothesis testing in R

= Gren valies
population mean <= 100
sample mean < 1125
standard devition <= 15

e e e e iﬁ111fiml-ml-l-l-!-!-!-!-!-'!-'!-'!-1‘1‘1‘1‘1‘1'll'1'1"l"l'1‘1‘1‘1"l"l"l"l"l"l‘ﬂ‘ﬂ"l"l"l"l"l"l"l"l"l"l"l"l"l'l'l

8 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 3 e e e 3 e e e e e 3 e 2 1 e 2 2 2 2 e e 2

sample sizm < 30
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= Caleulating the z-score
z score <- (sample mean - populston mead) | (standard devistion [ sqri{sample siz2))

= Speciving the alpha level
alpha <- 005

# Fmdmg the crifical vale for a'one-tailed fest
crmcal value < gnorm(l - alpha)
= Nakmo the conclson
if {z score = cmxeal value) {
cat{'Null hypothesis rejected: There 5 cooush ewdence 10 support the chim that the mean
average weight of men i meater than 100kzs ")
} e
cat{"Null hypothesis camot be rejected: There i not énough =wdence to support the claim
that the mean average weisht of men 5 greater than 100kss”)
3
OUTPUI:

null hypothesis rejected: There is enough avidence to support the claim t
hat the wean average weight of men s grearer than 100kgs.

components of hvpothesis test

A hvpothess testnvpially mvolves several components, dnd m R programmming
different finctions and packages are ussd for zach stage of the process Here are the kev
components of a hypothess test m R

1.Formmuiate Hyvpotheses:
State the mill hypothesis (HO) and alternatre Inpothesis (H1),
Example
= Null Ivpothesss: The mean of groupl & equal o the mean of group2
= Altermative hypothess: The means are not equal

2.Choose Significance Level (Alpha):
Decde on the sipmficance evel (common chowes are 0.03 or 0.01)

Exampie:

= Set the siomficance level

SRR ERRR LSRR LR SRRV NN NSRS NN SSRGS F SN0 o 0 o o o o oo o o o o o o o 0 b O - 0 0 O O b o o e o

alpha =-0.03
3, Collect and Anabvze Data: Collect relevant dam
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Example:

2 Collect data mfo vectors, matrices. or data frames
eroupl <- (25,30, 35, 40.45)

groupl < c[20, 28, 32, 38, 42)

4.Choase the Approprate Tesr

Select the approprate statistical test based on the tvpe of dafa and research question.
Exampie:

Two-sample t-test for comparmo means:

Chesquared test for mdependence.

Wilcoxon  rank sum test for non-parametre  comparions
s.Perform the Test:

Usg the relevant R fimction to perdform the lypothesss test
Example:

= Two-sample t-1est

1_test result <- tiestioroupl, group?)
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6.Perform the Test:

Use the rebvam R fimcton 1o perform the hvpothess st
Examnle:

= Two-sampk t-test

t test yesult <- ttest{moupl, group2)

7Alake a Decision:

Based on the p-iale and smmificance level decide whether 1o reject the mill

hypothess,

Exanple: £ Compare p-valie to siomficance kel
1f (t_test resultdp value <alpha) (
cat{"Reizer the mll hvpothess n”)
} e
cat("Fail 10 reject the mill hypothess 'n”)
)
OQutput: Fail to reiect the null nvpothess
8. Draw Conclusions:

Provde aconchision based on the results of the Inpothests. test

Example:

# Conclusion

cat{"The means are siemficantly differsnt n")
Output-
The means are significantly difrent
TESTING MEANS:
Testme means in sampline distobutions tvprally velves hypothess testing, where vou compare
sample statstics to population parameters or compare two sample means to eachother. Itsa way to
mifer whather anyv ohserved difference hetween the means 18 simnsficamt or due to random chanes.
Typesoftastingmeans
TESTING MEANS: testriz means m samplng dswbutions wvolves various methods o
compars means, detenmme  differences or spmlarites betwesn populotions or sanples, and
nifer conchiswne about the underlving dam

Intestmz mean majorly we can use Ttest or z test Anova.pawed test
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| Sanzle: tostme mem) o0 (e sample oo

1Tows mtple = mimn oy oo sample mn

Single testing mean  or One sample mean
Smole testme of amean also known asa ore-sample mean test, & a2 stabehcal analvss
method used to determme wiether the mican of 2 single sample ddfers smificamly fom a
Erovm or hypothesized popubinon mean

1. Z-Test for One Sample Mean:

¢ TUthzed when the populaten varance 3 known

o Assesses if asanplk mean ® snificantly diffrent fom a known population mean.

O sample z=—f_;_t

Example: # Gren data
wple dare <-of23,37,22.30,25,28.21.36.24.09)
populaton mean <- 26
population sd <- . # Assion the known popubtion standard devaton
# Calculate sample statistics
sample mean < mean(sample data)
ample_size <- length{sampie data)
# Cakolate Z-stors
Z_score < (sample mean - populition mear)) | (populaton sd  sqrifsample. size))
= Specidy sigmificance level alpha (e.g, 0.03)
alpha =-0.03
#Fmd crtral value for a two-tailed 1est
crmcal value < gnorm(] -alpha  2)
= Make a decswon

if {abs(z score) = ermral value) |

JSSCACS 2023-24 ROOPA
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cat{"Reject mull hvpothess: The sample mean s siomficamly differem from the population

mean ")

}eke |

cat{ Fal to rejeet mill hypothess: Thers = not epough svdence w clamn a swmficam
difference. )
}

Output: Fail to rereet mill hypothess: There s not coough ewdence -to clam a sgnificant d
ference.
2 T-Test for One Sample Mean-
o Applied when the population vamance 1 mknown
¢ Dstenmmes f a sample mean senificantly ddfers fom alypotheszed population
mean

One sample: I=i}‘_i-‘-

Example-
= Generate a samplke
satple_data < (23, 27, 22_30/:25, 28, 2126, 24, 29)
= Perform one-sample f-fast
t test result < ttest{sample data. mw =26) = mu = the Inpothesized mean
= Prmt the result
prot{t_test_result)
O ipet
Onz Sample t-test
data- zample dain
t=-052222 §f =9, p-value = 06141

af=mative nvpothess: s nean & not aqml © 16
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2. Two sample testing mean or iwo sample mean

Two-sample testng for means, ako known as a two-samplk mean test. mvolves companng

the means of wo mdependent samplks © determme of they come Fom popubtions wih

The test evalmtes whether there's a spmficant difference betwesn the means of the two

oroups or populatons:
Z-Test for Two Sample Means-

e Compares of two mdspendent samples.
o Checks if the difference betwesn sanplk means s statstcally significant

T X)) —(ps—as,

Two samples: = =

l

L

g
i]liﬂl

T —
sroupl <- (23, 27, 22, 30, 25)

group? =-cf28,21,26.24.29)

#Perform two-samplke t-185t
1 test result < ttest{groupl, aroupl)

= Prom the result
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prmi(t_test_result)
Owpur Wekh Two Sample t-test

data: groupl awd sroup)
t=-0.098533, df =&, p-vale =0.9239
altemative: Inpothess: e diference- m means = not egual 1o 0
93 perceit confidence mérmal
-4 880677 4480677
sampk cstmates.
mean of X mieant of v
254 256

T-Test for Two Sample Means

¢ Comparss means of two mdependemt samples with unknewn population varancss.
®  Acsesses of there's aspmificant difference betwesn the means of the two groups

. ; -'x__"“cﬂ ity —ay
Two samples: 1=L*—I._——L
=

Zphi

Example:
= Gren data for two samples
sanple_dam 1 < ¢(23, 27,22, 30, 25)

samiple data 2 < c(28, 21, 26, 24, 29)

= Calculate sample statstrs for each sample
mean | < mean(sampl_data 1)

mean 1 <- pean(sampl data 2)

n 1 <- lensth(zample dats 1)

n 2 < lengh(sample_data 2)

var 1 < var(sample data 1)

var 2 < varsample data 2)
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STATISTICAL COMPUTING AND R PROGRAMMING
= Perform two-sample t-test assumng unequal varances

t_test_resull < trest{sample data !, sample dama 2. varequal =FALSE)

= Extract p-valie and test statstc
p valie <1 test resultSp valus

test statstic =<- t_test resultSstatistic

£ Spectfy significance level alpha (22, 0.03)

alpha <-0.05

= Make a decswon based on the p-value or test statstic
if (p_value < alpha) {
cat{'Réject mull hypothesis: The means of the two samples are siomficantly diferent ")
i gle {
cat('Fail to reject mill Inpothess: There = not snouch evidence to clam a siomficant differsnce
1 means, )
h

Crutpur Fad to reject mull lypothess There 5 oot snoush sdence to clhim 3 sipmfeant
dffrence m neans.

Testing of proportions:

Testing Proportions

Let 65 consuler the parameter p of the populanon proporton For mstance, we mmoht wane
toknow the propormion of maks within a tofal population of aduls when we coenduct a survey.

A test of proportion. will assess whether or not a sample fom apopulaton represents the

true proporton of the entre. populaton

One-Sample Z-Test

In testing. for the trie value of some proporton of succsss, kt “p be the sample proporton overn

JSSCACS 2023-24 ROOPA
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mals and Br the null vshe be denoted weth O
You find the test statetr with the foliowme

P — o

f ol —mo)
L

R Function: prop.test

P

To the prop.test function. as used for a smegle sampk test of 2 properton,

provide thermmber of successes observed as x the total muvber of ik asn and the mil

vahie asp.
Example: prop testiz=sumisck ) r=lenmhisick) p=02)

Cutput:

l-sample propomons test without comtrmity cosrechon data:
sumisick) out of Eneth{sxck), oull probabiity 02
Xesquared = 1.0431

aliematree Inpothess! tus p B not eqial o 02

03758621

Two Proportions
To compare two estmated ortions from mdependem pnlmhmns
I testing for the true difference beyeen two proportions mathematically,

ryand @y, let py =y fny be the sample proportion for xy sticeesses in 1,
trials corresponding to my, and the same quantities as po = xo/nip for 7.
With a null value of the difference denoted m, the test statistic is given by
the following;

fla= Py =Ty

Jri=p (L)

l=

JSSCACS 2023-24 ROOPA
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Example:
prop testix=c(x2 x1),r=c(nl.nl ).altemative="greater" correct=FALSE)
Output:
1-samiple test for equality of proportions without continuity
2-correctiondata: ¢(x2, x1) out of ¢(n2, ni)
X-squared =9.9395
altermative Inpothess: greatersample estrmates:

propl prop 2
08883249 07725322

Testing categorical vanables:

® testmz acategoncal vanable typically mwvolves methods to analvse and compare the
distrbution or proportions of diffrent categores withm the =rable
o It offen ichides techmgnes ke chi-soquare tests or other Ivpothess tests o detenmine
i there are sionidficant diErencss between groups or categoriss,
Application / use of testing categoncal vanable

Market Research: Understandine consumer behavwour by analysing preferences, buyving patterns,
or demographic charactenstics:

Mb:di_cal Kasgmh: Exsmming the relationshp betivesn categoneal varmbles ke treatment types
and patent outcomes.

Secial Sciences: Studvmo the mpact of socal factors such as educaton level mcome. or mardal
status on various aspects of life.

Quality Control: Amahsme defects or non-confimuties mn mamfacturine by stodyme categoncal
varmbles related to production hnss or product claractenisties.

Election Analvsis: Iiveshgating votms pattems. demiooraphcs, and factors mfluencing votme

JSSCACS 2023-24 ROOPA
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behazwonr

W

Customer Segmentation: Creatme customsr profiles bassd on preferences, demographrs,

or betmviowr 1o tatlor morketme strategies.

Psychology: Understanding behaviow by sxamming categorcal varables lke persomalty tvpes,

mental health condmons, or respomses to stmuli
Tvpes of categorical vanable

1. Simgle Caegoncad Vanable
2. Tuo Ctesned Vimsbla

I 5ipare Caegoneal Visble

The samplng dsmbution of a single categoncal varable, specifically the dsubution of sample

proportions; can be estmated vsmeg the Drmmla for the standard =rror of a proportion

Formula for Standard Ervor of 2 Proporiion:

The standard error (SE) of a sample proportion (p') & cakulated

SE(P = |22

Wherep" 5 the sample propomon.

n s the sample swe.

population =- e{rep(l, 400), rep(0, 600)) = | represems the category of merest

Example:
# Smmilated populanion data (hmary categoncal vanable)
population <- cfrep(l, 400}, rep(C. 600)) = | represents the category of mtersst
= Function to caleulate standard error of propernon
se_proporton = finction{sample_prop, sample size) |
sqri((sample_prop * (1 -sample prop)) | sample swze)
}
#Smmbanng the samphng dstrbution by takmg nuitple samples
sstseed(123) = Sefimg seed ®or reproducibalaty
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mim_samplies = 1000

sampie_stzes =- (30, 50, 100) = Different sample swes to explore

for (sze m sample sizes) |

sampie_props <- rephcate(num_samples, mean(sampi(population sz =sme) = 1))

se <-sg_proporton(sample props, sze)

cat{"Sample sme”, swe. "a)

cat("Mean proporton”. mean(sample props), "a)
cat("Standard Emor”. mean(ss) “na")

]

Outpst

Sample swe: 30

Mean proportion: 0.4003
Standard Error: 0.08780136
Sanple swe: 30

Mean proportion: 0.40178
Standard Error 006863868
Sanple swe 100

Mean proportion: 1.32843
Standard Error- 004874045

LTwo Categorical Variables

Two categoncal vanables refer to two tvpes of data that are categorcal of qualdatne = patare

and consst of distmct catepories: or groups. These vanables categorize observatons mio

speciic groups or clisses wthout any mirinsic order or mumercal vake

To uss two categoncal variable to usechisquare test

l:ﬂl—El]E

o s

Example:
= Create a commgency table

data < matri{c(30, 10,20, 40), nrow =2)

= Perform chi-sguarsd test

chi squared result < chusg test{data)

= Prmt the result
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protichy squarsd result)
QOutput:

Pearson's Cli-squared testwith Yates' comtinuity corvection

data: data

X-squared = 15,042, df = |, pvalue = 0.0001032

ERRORS AND POWER:

An ermror refers to the decrepancy or deviaton between an observed or caleulated vale and the
true value or the value that ons would =spect under weal condmons

Type 1 Error (False Positive):

Definition: Tipe [ =tror occws when vou reject arue mill nvpothesis It's the probabilty of
rejectme amull hypothes® when o's actaally wue

¢ Twvpe I Emor(abo kmown as alphn emor): Type [ epor oocoms when we meject the
e Nullbwpothess but the Null hypothess = correct The case s ako known as a false posgn
Solution: Decrease the sisnificance level (alplia Bvel) for hypothesis tesimg Lowerme the alpha

vel decreases the chances of nakine 3 Type [ amor

T T e T T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e o

A conreprual dagram of the Type | errorprobabity o

DiatribuUody ddedior b o =y DHutibrution under Ha . 0= e

Example:

# sample size
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n=10

# standard deviation

sigma=3

£ significance level

alpha=0.03

typel.tester(mu0=0,sigma=1,n=40,alpha=0.05)

Output:

[1] 0.0488

Type I Error (False Negative):

Definition: Type II error occurs when vou &d o reject 2 false mull hypothesss. It's the probabiity

of failiniz to reject a ke mill Inpothess.

o Type I Emor(also known as beta emvor): Type I srror ocours when we £l o remove the
o Null Hypotheses when the Null hypothesss s mcomrectthe altermative hypothess s comrect
The case & ako known as a ks negatne.
Solution: Increase the sample swe or adjust the siemficance level Increasmg the sample sme

reduces the chance of a Tvpe II emor by providing more mformation for analvss
Abemarnelv, adjustmg the stemificance leel can alo affect the hkelihood ofa Type I emror.
A conceptual digam oFthe Type Temror probabiey

Dhglribution undal He: 1= lo Dislribvaiion wider M : p==
wprts erhiicar s
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L

Example:

# sample size

n=10

# standard deviation

sigma=3

£ significance level

alpha=0.03

typell.test(mu0, TRUEmu, sigma, n, alpha, iterations = 10000)
Output:

[1] 3¢-08

T T e T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
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ONE WAY ANOVA IN IN R PROGRAMMING

A ons-way ANOVA. or onc-way amalise of vansnce, = a stansteal techmgue used to
compare. the mears of thres or more moups o determme  of there are statsteally simificant
differences among these groap msans.

= Generate example data wih three groups

groupl <- (23, 30, 35, 40, 43)

aroup? <= c(20, 28, 32, 38, 42)

group3 <= ¢f22, 19 54 39, 44)

= Combme the data sto a data frame

data <- data frame(value = c{zroupl, groupl. group3),
group = reple('Groupl”, "Group2', "Group3”), each =5))
= Perform ons-way ANOVA

anova result =- aov{value ~-group. data = dam)
JSSCACS 2023-24 ROOPA

SRR ERRR LSRR LR SRRV NN NSRS NN SSRGS F SN0 o 0 o o o o oo o o o o o o o 0 b O - 0 0 O O b o o e o

ta s dadddaddddd dddddaddd dd ad i d i d dd b dd i b g g aag gl



T T e T T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e o

8 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 3 e e e 3 e e e e e 3 e 2 1 e 2 2 2 2 e e 2

e wdd

= Suwmmmarize the ANOVA results

summarylanova result)

OUTPUT:

Bt Sum Sg Mean Sg F value Pr(>F)
group g g 11.27  0.181 ©.833
Residuals 12 33 o9_93

1
L] L]
1 LA

TWO WAY ANOVA IN IN RPROGRAMMING

A two-way ANOVA, ako known as a two-factor ANOVA, & asawncal method used to an
ahze the mfluence of two categonral mdependent vamables (factors) on a commwous depen
dent varable Thi anahsk smultaneously assesses the effects ofthese two factors. as well

as ther misraction =f=ct, on the response varable,
2 Generate sxample data for a two-way ANOVA
croup] < o(23, 30, 35, 40, 45)

aroup? <= ¢(20, 28, 32, 38, 42)

soup3 < ¢(22, 29, 34,39, 44)

# Creatme asecond factor

factor! <- rep(c(FactorA”, "FactorB"), each=13)

= Combme the data mto a data frame

data <- dam Fams(
valie = c(groupl. goup2, greup3),
sroup =rep(e('Groupl”, “Group?”, "Group3”), each=73),
factor? = factor?

)

# Parform two-way ANOVA
anova result <-aow(vahe — group * Heior?, data= data)

= Summarize the ANOVA results
summarylanova_result)

OUTPUT:

Di Sum Sg Mean 5qF whe Pi=E)
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group 2 A3 1 2255 0322 0728
factor? I 00 000 0000 LOOD

grogpfactor2 2 0.0 0.00 0.000 1.000
Resvluale 24 16784 6393

MODULE 4 QUESTIONS:

2 Marks Questions:

1 What & sampling dstributions.

2 Defne Hypothess test,

3 Explain erors and power

4 What are all the components ofhypothesis test
5 Diefine” Analysis i variances( ANOVA)

3 Marks Quesftions:

1exphin samphne dstribution Dwsmibution for a sanple mean

2.what are all the confidence infervals.

3 Exphan testmg proporfions.

4 Difference between smgle categorical valie and Two categoncal vales.
5 Explamn ons way ANOVA

S Marks Q_nesﬁnns:

ldiscuss samphng dstrbution m detad

2 Fxplamn types testng means testing.

3 Explain tvpe T and tvpe [T emrors

4 Explain statsncal power and smmlating power, power curve,
S Explain Ons way ANOVA with exanple

10 Marks Questions:

1 Brefly explam componsnts of Inpothests test.

2 Explam Testmg proportions with example.
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