Units

I A unit is an objectthat can be measuredsuchasa person.

Exploatory Data Analysis I All data on a single unit appeas in a row.
Sex Level Brothers Sisters MilesHome
Bret Larget Female Fifth 0 0 102.7
Female Fourth 2 0 51.3
Departments of Botany and of Statistics Female Fourth 1 0 1023.5
University of Wisponsin|Madison Male Second 0 2 130.1
Statistics 371 Male  Fourth 0 0 280.4
Male Second 0 1 152.4
13th Septemler 2005 Female Fourth 0 1 162.7
Female Third 0 1 123.4
Female Second 1 2 5.2
Male Fourth 1 0 210.8

StudentData Variables

I A variable is a chaacterstic of a unit that can be assgneda

Data is often representedwith a matrix. number or a categay.

Sex Level Brothers Sisters MilesHome | Thereis a column for eachvariable.

Female Fifth 0 0 102.7

Female Fourth 2 0 51.3 Sex Level Brothers Sisters MilesHome

Female Fourth 1 0 1023.5 Female Fifth 0 0 102.7

Male Second 0 2 130.1 Female Fourth 2 0 51.3

Male Fourth 0 0 280.4 Female Fourth 1 0 1023.5

Male Second 0 1 152.4 Male Second 0 2 130.1

Female Fourth 0 1 162.7 Male Fourth 0 0 280.4

Female Third 0 1 123.4 Male Second 0 1 152.4

Female Second 1 2 5.2 Female Fourth 0 1 162.7

Male Fourth 1 0 210.8 Female Third 0 1 123.4
Female Second 1 2 5.2
Male Fourth 1 0 210.8



Variables

I Variablesare either quantitative

Brothers Sisters MilesHome

Variables

PRPOOOOOFr,NO

I Variablesare either

Sex

Level
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102.7
51.3
1023.5
130.1
280.4
152.4
162.7
123.4
5.2
210.8

or categaical.

Female
Female
Female
Male
Male
Male
Female
Female
Female
Male

Fifth
Fourth
Fourth
Second
Fourth
Second
Fourth
Third
Second
Fourth

Categuoical Variables

I In a categaical variable, measurementsre categaies.
I Exampesinclude blood type, sex

I The variable yea in schal is an exampé of an ordinal
categaical variable, becausethe levek are ordered.

Quantitative Variables

I Quantitative variablesrecad a number for eachunit.

I Exampesinclude height, which is continuousand number of
sisters which is discrete

I Often, continuousvariablesare roundedto a discreteset of
values(suchas heights to the neaestinch or half inch).

I We can also make a categaical variable from a continuous
variable by dividing the rangeof the variable into classeqSo,
for exampe, height could be categaizedas shat, average or
tall).

I ldentifying the typesof variablescan be important because
somemethaods of statistical analysis are appropriate only for a
speci ¢ type of variable.



Samples

A sampe is a collection of units on which we havemeasured
oneor more variables.

The number of observatbnsin a sampe is caled the sampe
size

Commonnotation for the sampe sizeis n.

We typicaly useuppercaseetters for variablesand lower case
letters for observedvalues.

Summaiesof Categaical Variables

A frequencydistribution is a list of the observedcategaies
and a count of the number of observatonsin each.

A frequencydistribution may be displyed with a table or with
a bar chat.

For ordinal categaical randomvariables, it is conventonal to
order the categaiesin the disply (table or bar chat) in the
meanngful order.

For non-adinal variables, two conventonal chocesare
alphabetical and by size of the counts.

The vertical axis of a bar chat may show frequencyor relative
frequency

It is conventonal to leavespacebetweenbars of a bar chat of
a categaical variable.

Summay of Blood Type Data

Frequencytable:

A AB B O NA's
22 6 9 21 28

National averagesO (46%), A (40%), B (10%), AB (4%)

Bar chat:
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Summay of Majars
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Biomedical Engineering
Botany

Dairy Science

Genetics

Italian

Kinesiology

Medical Microbiology and Immunology

Nutritional Sciences
Political Science
Soil Science
Undecided

Wildlife  Ecology

Wildlife  Ecology - Natural Resources

Zoology
sociology

=

=
PFNRPWONRPRRPRANR OURO©OWR R

NA's




A Dotplot of Hoursof Sleep Milesfrom MSC

I Quantitati ve variablesfrom very smal sampescan be

displyed with a dotplot. Histogram of MilesClass
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Histograms CarectedMilesfrom MSC
| Histogramsare a more generaltool for displying the Histogram of MilesClass[MilesClass < 20]

distribution of quantitative variables.

I A histogramis a bar graphof countsof observatbonsin each
class but no spaceis drawn betweenclasses.

I If classesare of di®erentwidths, the bars shoutl be drawn so
that areasare proportional to frequences.

I Sekction of classegs arbitrary. Di®erentchoicescan leadto
di®erentpictures.

I Too few classeds an over-summesy of the data. ' ' I I I

. 0 2 4 6 8 10
I Too many classescan cloud important featuresof the data
with noise. MilesClass[MilesClass < 20]
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Milesfrom Home

Frequency

Milesfrom Homefor Studentswithin 250 miles
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Stem-and-LeaDiagrams

Stem-and-Leafdiagramsare usefulfor shaving the shape of
the distribution of smal data setswithout loshg any (or
much) information.

Begn by rounding all data to the sameprecsion.
The last digit is the leaf.
Anything befare the last digit is the stem

In a stem-and-eaf diagram, eachobservatbn is representedby
a single digit to the right of a line.

Stemsare shovn only once.
Showv stemsto T1 gaps!

Combhing or spitti ng stemscan leadto a better picture of
the distribution.



Stem-and-LeaDiagramof Brothersand Sisters

Brothers:
The decimal point is at the |

0 | 000000000000000000000000

1| 000000000000000000000000000000000000000000000
2 | 00000000000

3| 00000
4]0

Sisters:

The decimal point is at the |

0 | 000000000000000000000000000000000000000000
1| 00000000000000000000000000000000

2| 0000000000

3]0
4|
5|
6 |

0

Stem-and-Leabf Milesfrom Class(< 5)

Data:

[1] 0.25 0.32 0.33 0.34 0.40 0.42 0.47 0.47 0.48 055 0.55 0.55 0.57 0.58 0.58
[16] 0.59 0.60 0.62 0.62 0.62 0.63 0.64 0.64 0.65 0.65 0.65 0.67 0.68 0.70 0.71
[31] 0.73 0.75 0.75 0.75 0.75 0.75 0.76 0.79 0.80 0.81 0.81 0.83 0.86 0.87 0.92
[46] 0.98 0.99 1.00 1.02 1.03 1.03 1.03 1.06 1.08 1.09 1.10 1.11 1.11 1.12 1.13
[61] 1.14 1.21 1.22 124 1.25 1.26 1.26 1.29 1.29 1.40 152 1.83 2.25 2.50 2.50
[76] 4.20

Stempbt:

The decimal point is at the |

333344
555666666666666667777777788888888888999
0000000111111111222333334

58

3

55
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Skewness

Histogramsshow severalqualtative featuresof a quantitative
variable, suchasthe number of modesand skewness.

A distribution is approximately symmetrc if the left and right
halvesare approximately mirror imagesof eachother.

A distribution is skewed to the right if the right half of the
data (the larger values) are more spread out than the left half
of the data.

A distribution is skewed to the left if the left half of the data
(the smaler values) are more spread out than the right half of
the data.

It is fairly commonfor biological data to be skewedto the
right. Often timesthereis a barier below which there can be
no values,but no upper limit.

SampleMean

The sampk meanis the balancing point of the variable.



SampleMedian

The sampk medan is the middle value | at leasthalf the
valuesare larger and at leasthalf are smaler.

If a sampe sizeis odd, only one number will be the medan.

If a sampe size is even,any number betweenthe middle two
numbers could be the medan. By conventon we take the
averageof the middle two numbers.

Imagne a histogrammadeof a uniform soid material. The
meanis about the point at which the sold would balance.
The medan is about at a point that would divide the area of
the histogramexactl in half.

Compaing the meanandthe median

The meanand medan of a symmetrc distribution are the
same.

The medan is more resstant to outliersthan the mean. For
exampe, the meanand medan of the numbers1, 2, 3 are 2,
but for the data set1, 2, 30, the medan is still 2, but the
meanis 11, far away from eachobservatbn.

The medin can be a better measureof a "typical value' than
the meanespecally for strongly skewed variables

If a variable is skewed to the right, the meanwill typicaly be
larger than the medan.

The opposte is true if the variable is skewed to the left.

Example

Data:

[1]
[10]
[19]
[28]
[37]
[46]
[55]
[64]
[73]
[82]

4.95 6.63 13.03 1596 20.99 40.01 4142 49.09 56.26
59.60 61.02 6181 6231 65.18 66.17 67.12 67.61 68.50
69.60 74.67 75.02 8150 85.08 8589 86.01 89.40 92.75
93.10 95.04 97.00 98.38 99.06 99.11 100.63 102.60 104.31

11091 111.82 117.69 120.73 121.69 128.78 130.58 131.83 133.26
135.05 142.64 144.23 146.18 146.41 155.15 160.04 161.00 174.12
179.59 180.81 208.70 212.17 230.12 230.36 241.10 244.36 245.49
251.00 253.52 254.96 268.53 269.00 273.90 279.49 280.22 282.23
285.45 343.80 376.12 517.70 519.92 665.44 697.87 840.73 878.12

1073.03 1726.48 1995.02 7220.00

Mean= 311.2,Median= 130.6

Quantiles

Quantiesare a generc namefor postionsin the distribution
of a quantitative variable.

For exampeg, percentlesdivide a distribution into 100 equal
sized parts.

Quatiles which divide a distribution into four equalsized
parts are a commonstatistical tool.

The rst quatile, Qy, is the location that sepaatesthe
smalest quater of the data from the rest. This is also known
asthe 25th percentle.

The third quatile, Qs, is the location that sepaatesthe top
quater of the data and is also known asthe 75th percentle.

The medan is the secondquartile.



De nition

I Di®erentauthars and statistical software packageshave
di®erentde nitionsof quanties.

I The de nition | preferis that a value x is a p quantie of a

sampe if the proportion of observatonslessthan or equalto
X is at leastp and if the proportion of observatbons greater

than or equalto x is at least1lj p.

5 Number Summay

I The minimum, rst quatile, medan, third quatile, and
maximum are caled the ve-number summay of a
guantitative variable.

I The interquatile range(IQR) is the di®erenceéetweenthe
third and rst quatiles.

IQR= Q3 Q1

I The rangeis the di®erencebetweenthe maximum and the
minimum.

I Graphcal displys of ve-number summaiesare caled
boxplots.

Example

> fivenum(MilesClass)

(1

0.250 0.635 0.845 1.230 1994.830

Boxplots

In a simple boxplot, a box extendng from the rst to third
guatilesrepresentsthe middle half of the data. The box is
divided at the medan, and whiskers extendfrom eachendto
the maximum and minimum.

It is commonto draw more sophsticated boxplots in which
the whiskersextendto the most extremeobservatonswithin
upper and lower fencesand individual observatbons outside
thesefencesare labeled with individual points as potential
outliers

The most commonrule de ning the fencesare that they are
1.5IQR below the rst quatile and 1.5 IQR abovethe third
quatile.



Boxplot of Hoursof Sleep

Boxplot of Milesfrom Class(< 20)

Data:

[1]
[13]
[25]
[37]
[49]
[61]
[73]

(1]

0.25
0.57
0.65
0.76
1.02
1.14
2.25

0.32
0.58
0.65
0.79
1.03
121
2.50

0.33
0.58
0.67
0.80
1.03
1.22
2.50

0.34
0.59
0.68
0.81
1.03
1.24
4.20

0.40
0.60
0.70
0.81
1.06
1.25
10.68

025 0.62 0.80 1.11 10.68

0.42
0.62
0.71
0.83
1.08
1.26

0.47
0.62
0.73
0.86
1.09
1.26

0.47
0.62
0.75
0.87
1.10
1.29

0.48
0.63
0.75
0.92
111
1.29

0.55
0.64
0.75
0.98
1.11
1.40

0.55
0.64
0.75
0.99
112
1.52

0.55
0.65
0.75
1.00
1.13
1.83

Side-ly-sideboxplot of heightversussex
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Measure®f Dispersion

The standad deviation or SD is the most commonstatistical
measureof disperson.

A devation from the meanis the signeddistanceof an
observaton from the mean.

devation = value of observatonj mean

Observatons greaterthan the meanhave postive devations
while thoselessthan the meanhavenegative devations.



Measure®f Dispersion

The standad devation is a special type of averagedevation

|
X

Vi ¥)?°
i=1

ni 1
This is almost the squae root of the meansquaed devation
from the mean

cooce<

S=

Statisticiansusenj 1 insteadof n in the denomnator for a
technical mathemattal reasonof historical, if not practical,
importance.

The standad devation can often be interpreted as the size of
a typical devation from the mean

The EmpiricalRule

Example

> sleep = Sleepl[lis.na(Sleep)]

> m= mean(sleep)

> s = sd(sleep)

> c(m, s)

[1] 7.1147059 0.8013688

> sum(abs(sleep - m) < s)/length(sleep)

[1] 0.5058824

> sum(abs(sleep - m) < 2 * s)/length(sleep)
[1] 0.9647059

> sum(abs(sleep - m) < 3 * s)/length(sleep)

[EN

Samplesand Populations

I The previoustechnguesare usefulfor descrbing a data set, or
a sampe of data.

For many variables (especilly thosethat are nealy symmetrc and
bel-shaped), the following emprical rule is often a very good
appoximation.

I About 68% of the observatbns are within 1 SD of the mean.

I About 95% of the observatbns are within 2 SDs of the mean.

I Nealy all observatonsare within 3 SDsof the mean.

I It is often of interestto generalze ndingsfrom a sampk to a

larger group that statisticianscal a population.
This generalzation is caled statistical inference

Statistical inferenceis often concernedwith using statistics
chaacteristics that can be calculated from sampé data, to
estimate parameters chaacteristics of populations.
Exampes:

I p = population proportion, f = sampleproportion

I 1 = populationmean,y = samplemean

I %= populationstandad deviation,s = samplestandad
deviation
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