Unit— 3

UNIVARIATE ANALYSIS
(Analysis of single variable)

1. Introduction to Single variable:
2. Distribution Variables
3. Numerical Summaries of Level and Spread

4. Scaling and Standardizing
5. Inequality.

1. Introduction to Single variable:
How much alcohol do men and women drink each week?

How many households have no access to a car?
What is a typical household income in Britain?

Which country in Europe has the longest working hours?

To answer these kinds of questions we need to collect information from a
large number of people.



Univariate Analysis

Uni means one and variate means variable, so in univariate analysis, there is only one dependable variable.
The objective of univariate analysis is to derive the data, define and summarize it, and analyze the pattern
present in it. In a dataset, it explores each variable separately. It is possible for two kinds of variables-

Categorical and Numerical.

Some patterns that can be easily identified with univariate analysis are Central Tendency (mean, mode and

median), Dispersion (range, variance), Quartiles (interguartile range), and Standard deviation.

Univariate data can be described through:

@ Frequency Distribution Tables

The frequency distribution table reflects how often an occurrence has taken place in the data. It gives a

brief idea of the data and makes it easier to find patterns.

Example:

Thelist of 1Q scoresis: 118, 139,124, 125,127,128,129, 130, 130, 133, 136, 138, 141, 142, 149,130, 154.

|Q Range Number
118-125 3
126-133 7
134-141 4
142-149 2
150-157 1



) Histograms

Histograms are similar to bar charts and display the same categorical variables against the category of data.
Histograms display these categories as bins which indicate the number of data points in a range. It is best

for visualizing continuous data.

I [17]: import matplotlib.pyplot as plt
ispert nuEpy &% Np
fig,ax = plt.subplots(1,1)
3 = mp.array([22,87,5,43,56,73,55,54,11,20,51,5, 79,31, 27,63, 71,99,92,95,96, 32,37 48] )
plt.hist{a)
ax.set_xlabel( Marks")
ax.set ylabel("no of students’)
plt. show()

@ Pie Charts

Pie charts are mainly used to comprehend how a group is broken down into smaller pieces. The whole pie

represents 100 percent, and the slices denote the relative size of that particular category.

In [18]: isport satplotlib.pyplot as plt
fig=plt.figure()
axwkig.add_awes([@,8,1,1])
courses=[ ‘Hachine learaing’, Web developsent’, Bpp Developsent’ |
students_snrolled=[58, 37,42]
ax.pie(students_enrolled, labelsscourses)
plt. show()
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@ Frequency Polygons
Similar to histograms, a frequency polygon is used for comparing datasets or displaying the cumulative
frequency distribution.
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Overview:

1. Introduction to problem statement

2. Hypothesis generation with respect to problem statement
3. Introduction to dataset

4. Importing dataset and first impressions

5. Variable Identification and Typecasting

6. Univariate Analysis : Numerical Variables

7. Univariate Analysis : Categorical Variables

8. Univariate Analysis : Missing Values

9. Univariate Analysis : Oulier Values

10. Summary of Univariate Analysis



* The main purpose of univariate analysis is to take data,
0 summarize that data, and find patterns among the values.
* |t doesn't deal with causes or relationships between the values.
» Several techniques that describe the patterns found in univariate data

include
o Central tendency (that is the mean, mode, and median)
o Dispersion (that is, the range, variance, maximum and minimum
quartiles (including the interquartile range),
o Standard deviation



https.//www.slideshare.net/drswaroopsoumya/univariate-analys

Three types of analysis

* Univariate analysis

— the examination of the distribution of cases on only one
variable at a ime (e.g., weight of college students)

* Bivariate analysis
— the examination of two variables simultaneously (e.g., the
relation between gender and weight of college students )

* Multivariate analysis

— the examination of more than two variables simultaneously
(e.g.. the relationship between gender, race and weight of
college students)



Purpose of diff. types of analysis

* Univariate analysis

— Purpose: mainly description

* Bivariate analysis

— Purpose: determining the empirical relationship between the

two variables

* Multivariate analysis

— Purpose: determining the empirical relationship among

multiple variables

Choosing the Statistical Technique

Specific research question or hypothesis

|

Determine # of variables in question

—

' Univariate analysis

Bivariate analysis

Multivariate analysis

v

Determine level of
measurement of variables

v

Choose univariate
method of analysis
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Choose relevant Choose relevant
descriptive statistics inferential statistics




UNIVARIATE AMNALYSIS

DESCRIPTIVE STATISTICS INFERENTIAL STATISTICS

1)Measures of central tendency
Mean
Median
Maode
2)Measures ol dispersion
Range

1} Test
2)T test
J)Chi-square test

Variance
Standard deviation

Median

The median 1s the middle observation, that 1s,
the point at which half the observations are

smaller and half are larger.

Used 1n place of mean when the data 1s

skewed (not sensitive to outhiers)

E.g —median price of housing in real estate,

median household income



Mode

Value that occurs most frequently.

Commonly used for a large
number of observations when the
rescarcher wants to designate the
valuc that occurs most often. 7
Bimodal: When a set of data has
two modes

For frequency tables mode is
estimated by the modal class.

Example of mean median mode
related to incomes
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Shapes of distribution

symmetrical

asymmetrical

Positively skewed:

tail on the right, cluster towards low end
of the variable

Megatively skewed:
tail on the left, cluster towards high-end
of the variable

Bimodality: A double peak

Position of mean median mode

(a) Negatively skewed {b) Narmal (no skew) (c]) Positively skewed
Mean
Median
Mode Mode

Frequency

X X

Negalive diraction The normal curve Posilive diraclion
represents a perfectly
Mode>median=mean symmetrical distribution

Mean>median>mode




Averages: advantages and disadvantages

Mean 1.Uses all data values 1.Distorted by outliers
2 Algebraically defined 2 Distorted by skewness

Median 1.Mot distorted by outliers 1.lgnores most of the
2.Not distorted by skewness infarmation

2.Not Algebraically defined

Mode 1.Easily determined far 1.Mot Algebraically defined
categorical data

Geometric mean 1.Appropriate for skewed data 1.0nly appropriate if log
transformation produces a
symmetrical distribution

Range

Difterence between minimum and maximum value 1n a data
set

Larger range usually (but not always) indicates a large spread
or deviation in the values of the data set.

v (73,060,69,067,49,60, 81, 71, 78, 62, 53, 87, 74, 65, 74,
50, 85, 45, 63, 100)

* Range- 100-45 =55
« Range detines the normal limits of a biological

characteristic,
* ¢. g- systolic BP — 100-140 mm of He
diastolic BP - 80-90 mm of Hg

Urea - 15-40 mg



Variance

* A measure of how data points differ from the mean

~  Measure of dispersion for a given score, The larger the varance 1s,
the more the scores deviate, on average, away from the mean

*  Average of the squared ditferences from the mean
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For population variance, @ N

2 Z(I_Ir)z

For sample variance, (2 —

n—1

~ difficult to interpret because it is in the units of square of variables

Standard Deviation

* A measure of variation that gives spread of data about the
mean

* Square root of the variance
* higher standard deviation indicates higher spread, less
consistency, and less clustering,
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* sample standard deviation:
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« population standard deviation:

* measured in the same units as the data, making it easy to

interpret.



Relative or Standard Normal Deviate or Variate (Z)

Deviation from the mean in a
normal distribution or curve
Given by symbol “Z”
7 = observation—Mean

SD
Indicates how much an Meanz=0 z
observation is bigger or smaller
than mean in units of SD

95% confidence level: £ = 1.96
99% confidence level: 7. = 2.575
99.9 confidence level: Z = 3.27

1
Meanz=0 Z

Normal distribution curve with SD
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Inferential univariate analysis

components
Compare an Observed Z or i-test
Mcan with Some

Predetermined Value

Compare an Observed X
Frequency with a
Predetermined Value

Compare an Observed Z or i-test for Proportions
Proportion with Some
Predetermined Value

Type of variable

Mominal
proportions

Kolmogorov- t test of
Smirnov test proportion

£ test or t test Chi square test




Drawing sample from population

O e
Population

\ Characterize using
Population ;f statistic
Charactarize wsing
paramelers L5 SR

.'T-:u draw inference. estimates,
& conclusions about .

population

/ Testdeterminesifthereisasignificant differencebetween sampleand
population means.

ZTest=(x-pn)/(c/Vn)

Here,

* X = Mean of Sample
* n = Mean of Population

* ¢ = Standard Deviation of Population

e n = Number of Observation



ZTest=(x-p) /(o /Vn)

A - E =
1 Sample Mean (%) | 112.5 |
2 |Population Mean (p) | 100 |
3 |Standard Deviation of Population (o) | 15 |
4 |Number of Observation (n) | 30 |
5_
6 |Z Test Statistics is calculated using the formula given below
7 |ZTest=(x-p)/ (o /Vn)
8

!B 7 Test Statistics Formula
[Vl Z Test Statistics
11

=(B1-B2)/(B3/SQRT(B4))
4.56

o /Test=(112.5-100) /(15 /+30)
* /Test = 4.56



LINIWARIATE AMNALYSIS

Dr. Sourmya Swaroop Sahoo
JR, Cormmuanity RMedicimne
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Acvverasges: advantagses and disadwvancagses
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Drawing sample from population
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Testing of hypotheses
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Type | and Type 1 Errors. Exameple

Suppaesc thore is @ oSt for @ prasrticullnr discasc.

I ek ddiscmmse really exisis mocl as dimgeroscd carls, it cmnm b
s ssfully erceancad

I an k= anof addimseereoescd auaed aeol treabe«<E,. the prer=saan sill
oo orrame soweras sy allisalsbod

I & prorsaem ks orroemconsly diagEmneaescdd as having: the diiscasac
sl oo, o plhysicoll dinsyengede is cosasc.

Far wrfede-fe Cugaes eol amrrwres wecer carras el ferer rer aodsnal TR

MTestimnge of hvpotheses
Twpe I ared Ty pe 1 Errors. Exammprlic.

I isimrns _!:'-u-'u P I [ S s

Pl clEnprrmoesocl L) M= Bl crvar

e P P R | L |

SRl g
prcancal Bus neotk harresead -:--:-:--‘I-d -b_.__l:_‘:::__“

[ = ey e T

LIS o e e pee ol Twvgee crmor Tl hoaw e el Toeweel ool
sigmEficommnsce

F -rtesc

- For iestinge ihoe sipmificonce of difforcncoes ot ocm v arescars
aaf smrmapelas

= Fr coeforfoaress ffeer prrveferd A ey e Efres revae ssoremapedess oo nrd el Freenoes
afrerae freerer preaperdarrfo s el Sfter seaereet ameaR r, o e rerareress g sdarg
arrareee e frann sorreres g veaeder i i

- e Ry o et

- FFaopraslanricmn agspeoxirmale iy PNaoarmrenl o largpe sarmmgesle. Somarsgele
e awnErs g e Enorgme s glnsem 5400

- ImEz rananst Bee cpuommms i@z pEw o

=  TThe wamrimb e is sssmracd fo Fallow moreremsl o istrilbsanfiaoem imm
Blne prasgrunlomd o

Example (z test of proporcion)

= Im o recent survey. SS9 of the popualastion were
Ffounc o be awvwware of rmodes of T
transmission. A randornm sample of 1S5S0 uarban
prersoans showed that $9%40 of therm were awanrs
o the same. Is the difference s fRocame™”

= Lisingz the formmuls for proportions and 5 step
methvod to solwe ., | o

Solution:

Stepp 1:
arndorm samnyple
Thee sammprle s e {3000
Stoep X
Hi,: &, = .55 {Cconwaerting 6 1o praoparticrr )
€ Hy: &, = &~ &
H,: M = .55
Step 3
The samprle is large, so we use 2 dlistrilbsutiomn
Alphaa (o) = S
Crivical 2 — 21 9%



Solution (cont.)
STe <6

oy — e — (55

- - = —1._48
APl — Py S e WSSl —.S5) /150

-

Step S

= F [ochtaimed) = F [(critical)

= Fail to rmeject H,, There is o significant difference
betwwreaeeaem the state populatiomn anmnd the urbam samiple.

C Tesc

= WhWhen the sample size is smmall Capproximesabclys = 300
thoem the Stwdemt ™= ¢ distribuaticom skhowulcd be ascecl

= Thee st statistic is kmnoser s "5

= The cwurves o f the @ distribation is Flatcer thasen thoat o f
e 2 alistribaeticom ot as thhe sarmple si=c imercmses, the
o starts to rescmmbile the F-cwurve

- [ e 7 @S 1 AN E RSO

I o= 100, @ aprproachass &7

Example of € testc

= M orandorm sample of 26 sociolooy praduoates
scorcd 4558 om the adwvanced sociology test with
a standard dewvistion of 240, Is this significantly
i fferemt from the population awoeraageas L =
e L N

Solution (using fAve step Model)

- SNpep 1: ‘Miake Acssummmniptions ancd Plaect Toest
Reocuircmrnsmis:

= 1. FRandorm sample
= 2. Llewel of muecasuraemment is interval-ratio
- 3. The samplce s swvall (=30)

Solution (contc.)
Stogr 2 Simite ihae nall and altcrmate hvpeothoesces.
H .z mmull hypothesis puo — 490 (or . = = pay

H , altermyate hywpothesis e 2= <=0y

Soclucion (Ccomt.)

- Suocp 3 Sclect Samplinge [Distribwtiorn s
Establish the Critical FRegmion

| B8 Small sample. I-1R scale of moasurcrmmaent, s F
st to be usocl.

2. A0 plea (o — JOS
= IDerreecs of Freodom — ni—-1 = Z26-1 = 25
4. Criticzal © = 2 050

Solution (cont.)

- SNpepy 4 Usaingz Formmaula to Cormypate the Test
Satistic

o TRl ATy
e — 1 o 2Ee —1

Lookimng at the currve For che © discrib>ucicom
Adpha (o2 =— 0SS




Step 5s Make a Decision and Interpret
Resulcs

The obimired @ score fell iy the Criticoml Raoegiom, Sso e

refecy the B, § t {obiaimned) = t (critically §

— IF the H,, werns true,. a sample ountcorme o <$5 8 wonlcd
be umlikely.

— T hoer=fore, the Fig is falsae anc smuest b rejectaecd .

Sociology gradunites have o score that is sipnaficaunely
difforent frormmne the peoncecral studont bodss at (0 = 4.5 =
2S5, o= 5.

Main Consideracions inmn Hypocthesis
Testimg:

S prle S aaeee
— Lfse & Foor bonree saamgeloes, B oo sermuasll f = 1068000

Thicre arc o otdbheer chobocs Bor b rmumade
— Chme-t@miledd or rweeo—tni lead tese
= ““li= thorc @ ddifTfcremneoce™ ™ = Z-tmilcad dosi
= "= rhee difforeonoe bess than or groemcter thham™™ = | -cwilogd nese

Sl Cee b lewel
— S, L o MR (e S s gneeSE O T e o

Selected nonparametric Dests
Chii-Soaguares gosodmess of fic ceso

Tas afcrermanse swilnedbver o varable has o fregascmcey diseribunaceas
aarrmapEmral e tor thae one ex e boew

| =
ﬁ(..f.—..r- Ko

e e Frecpuemoe s oo bee basaed oas

ac =2

- L1 SRS
- P T LS W T
- L:I:Im.:’:q_l.l_'l'l-ﬁ-m'l AL S

Selected nonparametric Desrs
Chi-Squares goodness of Ao cesc. Exarmypade

Thee aveoerage EropEngaesis of toanld hap replascocsmoemni am eolatiom doe gesim
recdhscEisay e gy je-amk as

e aelbome = HAN
Fiia i o | — 1 O
= Tt Pt |
el § L — 59
el - 5%
It aoar sty of wwe lhnd ot & differemD ol B o=
e o llema - EIESL
FEpS S S oL | - Fea -
o s e rwvecl
vl s s -
[ 5= =1 1] -

o aab=asrwoed] fresguencoies ddifTer frorm expeectoad 7

Selected nonparametric Dests
Chi-Sguares goodness of Ao cesc. Exarmpale

= =0, = Lk, 5. o= 53
= s o= =, o=, Foog— BZ
e 8.2, df=3 JfA-017% » B O
:.‘_ i i =1 IO |

ARME D = g == R o T e e ——

Pdanll hiwpasthesis s rejeoted

Acdvantages

Simmapler mmoaesdel

— Easicr o builcd, test ancgd aondorscasmnsd than oo swmscde s

Poloere re s le

— Plorne relinhle ms onlsy oomse varsable is asoddl,

Erescripree s avsctleock

— #omruivear ek crecslel s oo strornges alescrapetise et Sorenllsyeses
e chanise osse varinble coch tarmree the arsoclel s rurs o
ab@ain resulics s shaosy “wwhmame 05T sconarios. For cscormaple
actunamgiregs v varinbh lcs Frooarn faeee o arecoanes cons showes
difforent results which descoribe what happons wwhon omec
fcior hangees weitham ikhee rrosadiced .

Disadwvantagses

Pt oo ncircTes v
— M umnidvarsalss moklel 55 Foss commyprrehonsive comprancadd i
rmitdavmrintss rmrcsBel=. Tos thee real wasrled, cherse s ol s re
thmm just omne fmcoor at pilnee aresd o omivmriste sysescdel = anmbilce
oy oo thuis it scoount cdaiee goe des Enbeorecme lHersitmrdosorus .
Ivic= ol ostnabdlish rclotiansteips

— M= axmally oree wvomriablce cnse bboe chommgeel s o CEeras, s i e
micic]s mre unablc o showw rcl@tionshipes Borwveccrs ofli fificrcase
fEmctors.
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Testing of hypotheses

learning ohfectives:
1o understand the role of significance

v 1o distinguish the null and alternative
hypotheses

o 1o interpret p-value, type | and I errors



