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StudentData

Data is often representedwith a matrix.

Sex Level Brothers Sisters MilesHome
Female Fifth 0 0 102.7
Female Fourth 2 0 51.3
Female Fourth 1 0 1023.5
Male Second 0 2 130.1
Male Fourth 0 0 280.4
Male Second 0 1 152.4
Female Fourth 0 1 162.7
Female Third 0 1 123.4
Female Second 1 2 5.2
Male Fourth 1 0 210.8

Units

I A unit is an object that can be measured,suchas a person.
I All data on a single unit appears in a row.

Sex Level Brothers Sisters MilesHome
Female Fifth 0 0 102.7
Female Fourth 2 0 51.3
Female Fourth 1 0 1023.5
Male Second 0 2 130.1
Male Fourth 0 0 280.4
Male Second 0 1 152.4
Female Fourth 0 1 162.7
Female Third 0 1 123.4
Female Second 1 2 5.2
Male Fourth 1 0 210.8

Variables

I A variable is a characteristic of a unit that can be assigneda
number or a category.

I There is a column for eachvariable.

Sex Level Brothers Sisters MilesHome
Female Fifth 0 0 102.7
Female Fourth 2 0 51.3
Female Fourth 1 0 1023.5
Male Second 0 2 130.1
Male Fourth 0 0 280.4
Male Second 0 1 152.4
Female Fourth 0 1 162.7
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
0 0 102.7
2 0 51.3
1 0 1023.5
0 2 130.1
0 0 280.4
0 1 152.4
0 1 162.7
0 1 123.4
1 2 5.2
1 0 210.8

Variables

I Variablesare either or categorical.

Sex Level
Female Fifth
Female Fourth
Female Fourth
Male Second
Male Fourth
Male Second
Female Fourth
Female Third
Female Second
Male Fourth

Categorical Variables

I In a categorical variable, measurementsare categories.
I Examplesinclude blood type, sex.
I The variable year in school is an example of an ordinal

categorical variable, becausethe levels are ordered.

QuantitativeVariables

I Quantitative variablesrecord a number for eachunit.
I Examplesinclude height, which is continuousand number of

sisters, which is discrete.
I Often, continuousvariablesare roundedto a discreteset of

values(suchasheights to the nearest inch or half inch).
I We can also make a categorical variable from a continuous

variable by dividing the rangeof the variable into classes(So,
for example, height could be categorizedasshort, average, or
tall).

I Identifying the typesof variablescan be important because
somemethods of statistical analysis are appropriate only for a
specī c type of variable.



Samples

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

I The number of observations in a sample is called the sample
size.

I Commonnotation for the sample size is n.
I We typically useuppercaseletters for variablesand lower case

letters for observedvalues.

Summariesof Categorical Variables

I A frequencydistribution is a list of the observedcategories
and a count of the number of observations in each.

I A frequencydistribution may be displayed with a table or with
a bar chart.

I For ordinal categorical randomvariables, it is conventional to
order the categoriesin the display (table or bar chart) in the
meaningful order.

I For non-ordinal variables, two conventional choicesare
alphabetical and by size of the counts.

I The vertical axis of a bar chart may show frequencyor relative
frequency.

I It is conventional to leavespacebetweenbars of a bar chart of
a categorical variable.

Summary of Blood Type Data

Frequencytable:
A AB B O NA's

22 6 9 21 28

National averages:O (46%), A (40%), B (10%), AB (4%)
Bar chart:

A AB B O NA's
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Summary of Majors

[,1]
Anthropology 1
Bacteriology 5
Biochemistry 1
Biological Aspects of Conservation 3
Biology 18
Biomedical Engineering 9
Botany 1
Dairy Science 5
Genetics 19
Italian 1
Kinesiology 7
Medical Microbiology and Immunology 4
Nutritional Sciences 1
Political Science 1
Soil Science 1
Undecided 2
Wildlife Ecology 3
Wildlife Ecology - Natural Resources 1
Zoology 2
sociology 1



A Dotplot of Hoursof Sleep

I Quantitative variablesfrom very small samplescan be
displayed with a dotplot.

5 6 7 8 9

Histograms

I Histogramsare a more generaltool for displaying the
distribution of quantitative variables.

I A histogramis a bar graphof countsof observations in each
class, but no spaceis drawn betweenclasses.

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

I Selection of classesis arbitrary. Di®erentchoicescan leadto
di®erentpictures.

I Too few classesis an over-summary of the data.
I Too manyclassescan cloud important featuresof the data

with noise.

Milesfrom MSC

Histogram of MilesClass

MilesClass
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CorrectedMilesfrom MSC

Histogram of MilesClass[MilesClass < 20]

MilesClass[MilesClass < 20]
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Milesfrom Home

Histogram of MilesHome

MilesHome
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Milesfrom Homefor Studentswithin 250miles

Histogram of MilesHome[MilesHome <= 250]

MilesHome[MilesHome <= 250]
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Summary of Height

Height (inches)
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Stem-and-LeafDiagrams

I Stem-and-Leafdiagramsare usefulfor showing the shape of
the distribution of small data setswithout losing any (or
much) information.

I Begin by rounding all data to the sameprecision.
I The last digit is the leaf.
I Anything before the last digit is the stem.
I In a stem-and-leaf diagram,eachobservation is representedby

a single digit to the right of a line.
I Stemsare shown only once.
I Show stemsto ¯l l gaps!
I Combining or splitti ng stemscan leadto a better picture of

the distribution.



Stem-and-LeafDiagramof BrothersandSisters

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-Leafof Milesfrom Class(< 5)

Data:
[1] 0.25 0.32 0.33 0.34 0.40 0.42 0.47 0.47 0.48 0.55 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 1.24 1.25 1.26 1.26 1.29 1.29 1.40 1.52 1.83 2.25 2.50 2.50
[76] 4.20

Stemplot:
The decimal point is at the |

0 | 333344
0 | 555666666666666667777777788888888888999
1 | 0000000111111111222333334
1 | 58
2 | 3
2 | 55
3 |
3 |
4 | 2

Skewness

I Histogramsshow severalqualitative featuresof a quantitative
variable, suchas the number of modesand skewness.

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

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

I A distribution is skewed to the left if the left half of the data
(the smaller values)are more spreadout than the right half of
the data.

I It is fairly commonfor biological data to be skewed to the
right. Often timesthere is a barrier below which there can be
no values,but no upper limit.

SampleMean

I For sample data y1; y2; : : : ; yn, the sample meanis

¹y =

nX

i=1

yi

n

I The sample meanis the balancing point of the variable.



SampleMedian

I The sample median is the middle value | at leasthalf the
valuesare larger and at leasthalf are smaller.

I If a sample size is odd, only onenumber will be the median.
I If a sample size is even,any number betweenthe middle two

numberscould be the median. By convention we take the
averageof the middle two numbers.

I Imagine a histogrammadeof a uniform solid material. The
meanis about the point at which the solid would balance.
The median is about at a point that would divide the area of
the histogramexactly in half.

Comparing the meanand the median

I The meanand median of a symmetric distribution are the
same.

I The median is more resistant to outliers than the mean. For
example, the meanand median of the numbers1, 2, 3 are 2,
but for the data set 1, 2, 30, the median is still 2, but the
meanis 11, far away from eachobservation.

I The median can be a better measureof a `typical value' than
the meanespecially for strongly skewed variables.

I If a variable is skewed to the right, the meanwill typically be
larger than the median.

I The opposite is true if the variable is skewed to the left.

Example

Data:
[1] 4.95 6.63 13.03 15.96 20.99 40.01 41.42 49.09 56.26

[10] 59.60 61.02 61.81 62.31 65.18 66.17 67.12 67.61 68.50
[19] 69.60 74.67 75.02 81.50 85.08 85.89 86.01 89.40 92.75
[28] 93.10 95.04 97.00 98.38 99.06 99.11 100.63 102.60 104.31
[37] 110.91 111.82 117.69 120.73 121.69 128.78 130.58 131.83 133.26
[46] 135.05 142.64 144.23 146.18 146.41 155.15 160.04 161.00 174.12
[55] 179.59 180.81 208.70 212.17 230.12 230.36 241.10 244.36 245.49
[64] 251.00 253.52 254.96 268.53 269.00 273.90 279.49 280.22 282.23
[73] 285.45 343.80 376.12 517.70 519.92 665.44 697.87 840.73 878.12
[82] 1073.03 1726.48 1995.02 7220.00

Mean = 311.2,Median = 130.6

Quantiles

I Quantilesare a generic namefor positions in the distribution
of a quantitative variable.

I For example, percentilesdivide a distribution into 100 equal
sizedparts.

I Quarti les. which divide a distribution into four equalsized
parts are a commonstatistical tool.

I The ¯rst quarti le, Q1, is the location that separates the
smallest quarter of the data from the rest. This is also known
as the 25th percentile.

I The third quarti le, Q3, is the location that separates the top
quarter of the data and is also known as the 75th percentile.

I The median is the secondquarti le.



De¯nition

I Di®erentauthors and statistical software packageshave
di®erentde¯nitionsof quantiles.

I The de¯nition I prefer is that a value x is a p quantile of a
sample if the proportion of observations lessthan or equalto
x is at leastp and if the proportion of observationsgreater
than or equalto x is at least1 ¡ p.

5 Number Summary

I The minimum, ¯rst quarti le, median, third quarti le, and
maximum are called the ¯ve-number summary of a
quantitative variable.

I The interquarti le range(IQR) is the di®erencebetweenthe
third and ¯rst quarti les.

IQR = Q3 ¡ Q1

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

I Graphical displays of ¯ve-number summariesare called
boxplots.

Example

> fivenum(MilesClass)

[1] 0.250 0.635 0.845 1.230 1994.830

Boxplots

I In a simple boxplot, a box extending from the ¯rst to third
quarti lesrepresentsthe middle half of the data. The box is
divided at the median, and whiskersextendfrom eachend to
the maximum and minimum.

I It is commonto draw more sophisticatedboxplots in which
the whiskersextendto the most extremeobservationswithin
upper and lower fencesand individual observationsoutside
thesefencesare labeled with individual points aspotential
outliers.

I The most commonrule de¯ning the fencesare that they are
1.5 IQR below the ¯rst quarti le and 1.5 IQR above the third
quarti le.



Boxplot of Hoursof Sleep
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Boxplot of Milesfrom Class(< 20)

Data:
[1] 0.25 0.32 0.33 0.34 0.40 0.42 0.47 0.47 0.48 0.55 0.55 0.55

[13] 0.57 0.58 0.58 0.59 0.60 0.62 0.62 0.62 0.63 0.64 0.64 0.65
[25] 0.65 0.65 0.67 0.68 0.70 0.71 0.73 0.75 0.75 0.75 0.75 0.75
[37] 0.76 0.79 0.80 0.81 0.81 0.83 0.86 0.87 0.92 0.98 0.99 1.00
[49] 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 1.24 1.25 1.26 1.26 1.29 1.29 1.40 1.52 1.83
[73] 2.25 2.50 2.50 4.20 10.68

[1] 0.25 0.62 0.80 1.11 10.68
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Side-by-sideboxplot of heightversussex
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Measuresof Dispersion

I The standard deviation or SD is the most commonstatistical
measureof dispersion.

I A deviation from the meanis the signeddistanceof an
observation from the mean.

deviation = value of observation¡ mean

Observationsgreaterthan the meanhavepositive deviations
while thoselessthan the meanhavenegative deviations.



Measuresof Dispersion

I The standard deviation is a special type of averagedeviation
|

s =

vu
u
u
u
t

nX

i=1

(yi ¡ ¹y)2

n ¡ 1

This is almost the square root of the meansquared deviation
from the mean.

I Statisticiansusen ¡ 1 insteadof n in the denominator for a
technical mathematical reasonof historical, if not practical,
importance.

I The standard deviation can often be interpreted as the size of
a typical deviation from the mean.

The EmpiricalRule

For manyvariables(especially thosethat are nearly symmetric and
bell-shaped), the following empirical rule is often a very good
approximation.

I About 68% of the observationsare within 1 SD of the mean.
I About 95% of the observationsare within 2 SDsof the mean.
I Nearly all observationsare within 3 SDsof the mean.

Example

> sleep = Sleep[!is.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)

[1] 1

SamplesandPopulations

I The previoustechniquesare usefulfor describing a data set, or
a sample of data.

I It is often of interest to generalize ¯ndingsfrom a sample to a
larger group that statisticianscall a population.

I This generalization is called statistical inference.
I Statistical inferenceis often concernedwith using statistics,

characteristics that can be calculated from sample data, to
estimate parameters, characteristics of populations.

I Examples:
I p = populationproportion, p̂ = sampleproportion
I ¹ = populationmean,¹y = samplemean
I ¾= populationstandard deviation,s = samplestandard

deviation
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