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2. Describing Data

® Organizing data to data frames

® Types of variables

® Questionnaire construction and validation

® From collection to data analysis

® Descriptive measures for each type of variable
® Contingency tables



2. Describing Data

Organizing data to data frames

In order to import data to a statistical package
we need to fully specify
— Study Unit (observation unit, subject, object)
(and its size = sample size)
[denoted by n]

— Variables (i.e. characteristics of each observation
unit)

[their number is denoted by p]



2. Describing Data

Organizing data to data frames

When we know these two basic ingredientients
we can import our data in matrix form with

— n rows and
— p columns

® Each row contains the data of one observation
unit

® Each column contains the data of a variable



2. Describing Data

Organizing data to data frames

A simple example

Four receipts were randomly sampled from one
book store. In every receipt the total value
and the number of books sold was recorded:

Receipt
Variable 1 2 3 4
1. Value (€) 42 52 48 58

2. Book number 4 5 4 3



2. Describing Data

Organizing data to data frames

A simple example
® Observation unit: RECEIPT
® Sample size : n=4 receipts

® p=2 variables — characteristics:
— Value in Euros

— Number of books [42
52
48
58

® Data matrix X —

w ~ O1 b~




2. Describing Data

Organizing data to data frames

A simple example: Specification in R

exl <- data.frame( 42 4
value=c(42,52,48,58), 52 5
nbooks=c(4,5,4,3) ) X=l18 2

ex1<-edit(ex1) 58 3

value |nbooks |var3 vard

CO | = |y [N s [ LMD




2. Describing Data
Type of variables




2. Describing Data

Quantitative variables

® Frequency tabulation

® Central location (mean, median, mode)
A typical/ordinary/average person

® Variance (standard deviation, IQR, R)
Homogeneity or divergence in groups
Close or open minded societies

® Relative location (Q,, Qs, Py, Py g7c)
The best and the worst?

® Shape of distribution (kyrtosis, skewness, symmetry)
9



2. Describing Data

Quantitative variables

Measures of Central location (mean, median, mode)

® What do we try to describe?

— The center of the distribution?
— A typical/ordinary/average/mediocre person/study unit

® \What is the mean?

— |s the mean always fair/descriptive enough of the average
level?

® What is the median? [denoted by M]
® \What is the mode?

10



2. Describing Data

Quantitative variables

Measures of Variability

® What do we try to describe?
— Variability
— Homogeneity
— Risk
— Uncertainty
® What is the variance?
— Mean square distance from the mean
— Measured in the squared units

11



2. Describing Data

Quantitative variables

Measures of Variability
® The standard deviation

— Square root of variance
— Measured in the same unit as the original variable

— Use the normal distribution to get intervals and probabilities
(mean = k SD)

— Compare with mean (and obtain CV=SD/mean)
® The interquartile range: IQR=Q;-Q,

— It is the range of the observations lying in 50% center of the
distribution

® The median absolute deviation: MAD is the median of the
absolute distance from the median e



2. Describing Data

Quantitative variables

Measures of relative location
® Quantiles or percentiles

— Indicates the value below which a given % of observations fall.

® Quantiles: Q; &M & Q,
— They split the data in 4 groups of (approx.) equal size
— The are the 25%, 50% and 75% quantiles/percentiles

e \Why quantiles/percentiles?
— Society is also interested on the extremes

— Which is the grade needed to enter the top 5% and get a
scholarship?

— What about sports, science or earthquakes? 13



2. Describing Data

Quantitative variables

Measures of shape — symmetry or skewness & kurtosis
® Measures of shape are of interest in order to know

— If the distribution is normal or close to normality
— The behavior of the mean
— The behavior of the extremes/outliers

Symmetry/skewness

— Measures whether values below and

above the mean (probabilistically) SYMMETRIC ASYMMETRIC
behave (appear) in the same way

14



2. Describing Data

Quantitative variables

Symmetry/skewness

— Measures whether values below and above the mean
(probabilistically) behave (appear) in the same way

— Mean — Mode and Median are the same

Mean
Median

Mode /
/ -

"

15



2. Describing Data

Quantitative variables
by = T = =Y ez — T)°

Symmetry/skewness # L@

— Measures whether values below and above the mean
(probabilistically) behave (appear) in the same way

— Mean — Mode and Median are the same

bdean

bMe dian hde dian bMedian

hdode bAode bAdean bAdean Mode
Symmetrical Positive Megative
Distribution Skew Skew

16



2. Describing Data

Quantitative variables

Kutrosis

— is any measure of the "peakedness" (width of peak) of the
distribution of real-valued random variables.

— It also measures tail weight, and lack of shoulders (distribution
primarily peak and tails, not in between)

m o, AYL@-D s
ms (%E (a ._—})
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2. Describing Data
Quantitative variables

.....
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2. Describing Data

Quantitative variables

Example: Baby boom dataset

SOURCE: The data appeared in the Brisbane newspaper The
Sunday Mail _on December 21, 1997.

Variables:Time, Sex (1 = girl, 2 = boy) , weight of and number of
minutes after midnight for 44 baby births.

The dataset contains data for 44 babies born in one 24-hour
period at a Brisbane, Australia, hospital. Also included is the
number of minutes since midnight for each birth.

19



2. Describing Data

Example — reading the data in R

File: babyboom.dat

| 0005 1 3837 5
0104 1 3334 64
0118 2 3554 78
0155 2 3838 115
0257 2 3625 177
0405 1 2208 245
0407 1 1745 247
0422 2 2846 262

20



2. Describing Data

Example — reading the data in R




2. Describing Data

Example — Frequency tabulations




2. Describing Data

Example — Frequency tabulations

Histogram of x

E=lieEs




2. Describing Data

Example — Frequency tabulations

24



2. Describing Data

Example — Frequency tabulations

> nclasses <- 10
> Ztep <—- (max(x)-min(x))/nclas=es
» factorx <- factor(cut(x, breaks=seq| min(x), maxi(x), atep), include.lowest = TRUE, dig.lab=3))
> az.matrix(table (factorx))
[,1] RR Graphics: Device 2 (ACTIVE) o || B EE
[1745,1986.7] 1
. oy
(13988. "f""*'ﬂ s Histogram of x
(2228.4,24970.1] 1
(2470.1,2711.8] 2
(2711.8,25953.5] 2
(2953.5,31585.2] 4 o _
(3155.2,3436.9] 13
[3436.9,3678.6] =]
(3678.6,35920.3] 8 o
(3920.3,4162] 1
> hist (%X, breaks=seq( min(x), max(x), =tep ) )
. o
=
(]
-
@
=
2 ©
i
< -
o~ -
D -

| | T | |
2000 2500 3000 3500 4000



2. Describing Data

Example — Frequency tabulations

[1745,
(12986,
I:-'"-"'-"'s

FAF A =

(2470.

(2711.1

(2953,
(3195.
(3438.
(3678.
(3920,

1986.7])

7,2228.

4]

1]
.51
.21
.91
.61
.31

Freq cum.Freq rel.Freq cum.rel.Freg

1

(¥ R S ]

1

L

= how

1

=1 N s

¥l

13
2@
35
43
44

L O e T e I i O i Y e O e Y e Y O

L0023
. 068
L0023
. 045
.045
051
L2585
205
.182
L0023

[l e T e I O i Y e O e Y e Y O ]

L0023
051
114
159
205
L2585
.551
. 785

977

.000
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2. Describing Data

Example — Frequency tabulations

BE CAREFUL

» Do not apply frequency tabulation directly on
variables (vectors in R)

> Only on tables!

» For continuous variables you need to use the cut
command to change it to factors

b R Console = || Ele
> table (Tmgggoomsweight) i
1745 2121 2184 2208 . 6 2635 2846 2902 3034®F16 3150 3166 3208 3278

1 1 1 1 1 1 1 1 1 1 1 1
3294 3300 3334 3345 3370 3380 3402 g2 8 3430 3480 3500 3520 3521 3523

1 1 1 1 1 1 1 1 1 1 1 1
3542 3554 3625 3630 Za# 3736 3746 3783 3837 3838 ™ 920 4162

1 1 1 1 1 1 1 1 1
= [

3
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2. Describing Data

Example — Frequency tabulations

Birth Weight
SjPIOt / SjmiSC libraries val label frqg raw.prc validprc cum.prc
Create excellent output in [1745.1986.7] L 227 227 227
html format (editable by word (1986.7,2228.4] 3 682 6.82  9.09
and open office)
(2228.4,2470.1] 1 2.27 227 1136
(2470.1,2711.8] 2 4.55 455 1591
(2711.8,2953.5] 2 4.55 4.55  20.45
(2953.5,3195.2] 4 9.09 0.09 29.55
(3195.2,3436.9] 13 29.55 20.55  59.09
(3436.9,3678.6] 9 2045 20.45  79.55
(3678.6,3920.3] 8  18.18 18.18  97.73
(3920.3,4162] 1 2.27 227 100
NA NA 0 0 NA NA

fotal N=44 - valid N=44 -x=6.75 - ¢=2.18



2. Describing Data

Example — Frequency tabulations

sjPlot/sjmisc libraries
Create excellent output in
html format (editable by word
and open office)

babyboom$weight

Birth Weight

val label frqg raw.prc validprc cum.prc
1 1740-1989 1 2.27 227 2.27
2 1990-2229 3 6.82 6.82 9.09

3 2230-2469 1 2.27 227  11.36
4 2470-2709 2 4.55 4.55 1591
5 2710-2959 2 4.55 4.55 2045
6 2960-3199 4 9.09 9.09 29.55
7 3200-3439 13 29.55 29.55  59.09
8 3440-3679 9 20.45 2045  79.55
9 3680-3919 8 18.18 18.18 97.73
10 3920-4159 1 2.27 2.27 100
NA NA 0 0 NA NA

total N=44 - valid N=44 -x=3275.95 - 0=528.03



2. Describing Data

Example — Descriptive measures

Descriptives in R

® mean, median

® var, sd, mad, IQR

® quantile(x, probs=c(0.25, 0.5, 0.75) )
® range, min, max

® skew(x), kurtosis(x) in package ‘psych’
All summaries together

® summary(dataframe)

® l|ibrary(psych) => describe & describe.by

30



2. Describing Data

Example — Descriptive measures

IR RGui (64-bit) - [R Co.. oo e

IR File Edit View Misc Packages
Windows Help — || & %

EREEEE

> mean(x)

[1] 3275.955
> median ()
[1] 3404

> var ()

[1] 278818.3
> s5d(x)

[1] 528.0325
> mad(x)

[1] 343.%9&32
> IQR(X)

[1] 430.25

>

> range (x)
[1] 1745 41¢2
> min (x)

[1] 1745

> max (x)

[1] 4162

>

Descriptives in R — using vectors




2. Describing Data

Example — Descriptive measures

Quantiles in R using vectors

R R oeon -Rconcoe | . e e

R File Edit View Misc Packages Windows Help

EECIBEE

>
> quantile(x, probs=c( 0.005, 0.025, seq(0.05,0.95,0.05), 0.975, 0.995 ))
0.5% 2.5% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
1825.840 2125.725 2187.600 2440.9%00 2729.950 2981.200 3141.500 3203.800 3294.300 3336.200 3373.500 3404.000
55% 60% 65% 0% 5% 80% 85% 90% 95% 97.5% 99.5%

3428.000 3470.000 351%9.000 3524.900 3571.750 3654.000 3741.500 3820.800 38¢1.800 3915.%50 410%.970
> guantile(x, probs=seq(0.1,0.%0,0.1) )
10% 20% 30% 40% 50% 60% 70% 80% 90%
24?0.9 2981.2 3203.8 3336.2 3404.0 3470.0 3524.9 3654.0 3820.8 il
= |

4 P




2. Describing Data

Example — Descriptive measures

Descriptives in R — using data frames

R RGui (64-bit) - [R Console].

R File Edit View Misc Packages Windows Help

>
> mean(x)
[1] NA
Warning message:
In mean.default(x) : argqument is not numeric or logical: returning NA
> median (x)
Error in median.default(x) : need numeric data
> var(x)

timebirth gender weight min.after.mid
timebirth 477072.79 NA 27585.87 287333.2¢
gender NA NA NA NA
welight 27585.67 NA 278818.28 17491.38
min.after.mid 287333.26 NA 17491.38 173111.69
Warning message:
In var(x) : NAs introduced by coercion
> 5d(x)

Error in is.data.frame (x)
(list) object cannot be coerced to type 'double'

> mad(x)

Error in median.default(x) : need numeric data

> IQR(x)

Error in guantile (as.numeric(x), c(0.25, 0.75), na.rm = na.rm, names = FALSE,
(list) object cannot be coerced to type 'double'

>

> range (x)

Error in FUM(X[[1L]], ...) :
only defined on a data frame with all numeric wvariables

> min(x)

Error in FUN(X[[1L]l], ...) :
only defined on a data frame with all numeric variables

> max(x)

Error in FUN(X[[1L]l], ...)
only defined on a data frame with all numeric variables

>

> gquantile(x, probs=c( 0.005, 0.025, seqg(0.05,0.95,0.05), 0.975, 0.995))

Error in °[.data.frame" (x, order(x, na.last = na.last, decreasing = decreasing))
undefined columns selected

> quantile(x, probs=seq(0.1,0.90,0.1) )

Error in °[.data.frame" (x, order(x, na.last = na.last, decreasing = decreasing))
rndefined columns selected

>

7|

q

33



R RGui (64-bit) - [R Console]
R File Edit View Misc Packages Windows Help

2. Describing Data BREDCEE

90% 2088.1 38620.8 12e0.1

>
Example — Descriptive measure|aiets i
> g
timebirth gender weight
"integer" "factor" "integer"
min.after.mid
"integer"
> bg <- babyboom[, (g=="numeric') | (g=='integer5
° ° ° ° > X<- bqg
Descriptives in R — using data frame -
> sapply(x, mean)
timebirth weight min.after.mid
12%96.0000 3275.9545 788.7273
> sapply(x, median)
timebirth weight min.after.mid
1406.5 3404.0 846.5
> sapply(x, wvar)
timebirth weight min.after.mid
477072.8 278818.3 173111.7
> sapply(x, sd)
timebirth welight min.after.mid
&90.7046 528.0325 416.06659
> sapply(z, mad)
timebirth weight min.after.mid
805.7931 343.9632 509.2731
> sapply(x, IQR)
timebirth weight min.after.mid
1125.75 430.25 675.75

>
> sapply(x, range)
timebirth weight min.after.mid

[1,] 5 1745 5
[2,1 2355 4162 1435
> sapply(x, min)
timebirth weight min.after.mid
5 1745 5
> sapply(x, max)
timebirth weight min.after.mid

2355 4162 1435




2. Describing Data

Example — Descriptive measures

Quantiles in R using dataframes R Rouosoi-Reonsoie) SN ol =0

R File Edit WYiew Misc Packages Windows Help — | =

HEEFIRERERERIEIE

> pp<-seq(0.1,0.90,0.1)
> sapply(x, quantile, probs=pp)
timebirth weight min.after.mid

10% 301.4 2440.9 157.4
20% 597.2 2981.2 365.2
30% 899.5 3203.8 543.5
40% 1148.2 3336.2 700.2
50% 1406.5 3404.0 846.5 |
c0% 1607.6 3470.0 875.¢6
10% 1827.9 3524.9 1107.9%
80% 1949.8 3654.0 118%9.8
S0% 2088.1 3820.8 12e0.1
=

> |

35



2. Describing Data

Example — Descriptive measures

Summary statistics of dataframes

-

[R RGui (64-bit) - [R Console] =[S -
R File Edit WYiew Misc Packages Windows Help - (= =

HEEFIRERERERIEIE

> summary (babyboom)

timebirth gender weight min.after.mid
Min. : 5.0 girl:18 Min. 21745 Min. : 5.0
1st Qu.: 7%92.8 boy :26 1st Qu.:3142 1st Qu.: 482.8
Median :1406.5 Median :3404 Median : 846.5
Mean :1296.0 Mean 13276 Mean r 788.7
3rd Qu.:1918.5 3rd Qu.:3572 3rd Qu.:1158.5
Max. :2355.0 Max. 14162 Max. :1435.0

> |

1




2. Describing Data

Example — Descriptive measures

Summary statistics of dataframes

[ RGui (64-bit} - [R Consale] o | B |
R File Edit View Misc Packages Windows Help - || & %

EEREBRER

> library (psych)
> describe (babyboom)

vars n mean sd median trimmed mad min max range skew kurtosis se
timebirth 1 44 1296.00 690.70 1406.5 1322.78 805.79 5 2355 2350 -0.31 -1.18 104.13
gender* 2 44 1.59 0.50 2.0 1.6l 0.00 1 2 1 -0.36 -1.91 0.07
weight 3 44 3275.95 528.03 3404.0 3336.06 343.96 1745 4162 2417 -1.08 0.64 79.60
min.after.mid 4 44 788.73 416.07 846.5 805.00 509.27 5 1435 1430 -0.31 -1.18 €2.72

> | |

1

4

37



2. Describing Data

Example — Descriptive measures

Summary statistics of dataframes

R File Edit View Misc Packages Windows Help
EELDBORIEE N
> library(psych)
> describe.by(babyboom, babyboom$gender)
group: girl
vars n mean 5d median trimmed mad min max range skew kurtosis se
timebirth 1 18 1273.00 737.70 1406.5 1284.62 808.02 5 2355 2350 -0.1e¢ -1.22 173.88
gender* 2 18 1.00 0.00 1.0 1.00 0.00 1 1 0 NaN NaN 0.00 |
weight 3 18 3132.44 631.58 3381.0 3173.31 324.69 1745 3866 2121 -0.80 -0.75 148.87
min.after.mid 4 18 773.00 446.05 84e.5 7T79.62 481.84 5 1435 1430 -0.17 -1.21 105.14
group: boy i
vars n mean 5d median trimmed mad min max range skew kurtosis se
timebirth 1 26 1311.92 €70.72 1409.5 1345.91 801.35 118 2123 2005 -0.41 -1.33 131.54
gender* 2 26 2.00 0.00 2.0 2.00 0.00 2 2 a NaN NaN 0.00 I
weight 3 26 3375.31 428.05 3404.0 3405.45 343.%¢ 2121 4162 2041 -0.86 1.01 83.95
min.after.mid 4 26 799.62 402.69 845.5 820.45 504.83 78 1283 1205 -0.40 -1.34 78.97 i
Warning message: i
describe.by i1s deprecated. Please use the describeBy function
} [ ]
> | y
( | 38




2. Describing Data

Categorical variables

Categorical variables — nominal or qualitative
® Frequency tabulation
® The mode

39



2. Describing Data

Categorical variables

Frequency tabulation in R
® Babyboom dataset
® Variable gender

Rl RGui (64-bit) - [R Console] L= ) [
R File Edit View Misc Packages Windows
Help - [ =

SAEEIBREEIEIE

> round (xout, 3)

Freq rel.Freq
girl 18 0.40%
boy 26 0.591
> |

1

40



2. Describing Data

Categorical variables

Frequency tabulation in R

® Babyboom dataset

® Variable gender

Gender

val L

girl

boy

O1 ABPOIOTIKEC
ouxvoTNTEC OEV
£XOUV VONUa yia
KATNYOPIKEC

(zender of newborn l

val label frg raw.prc validprc cum.prc
girl 18 40.91 40.91 0.9
boy 26 59.09 59.09

NA NA 0 0 NA ¢ NA

total N=44 - valid N=44 - ¥=1.59 - 0=0.50 |



2. Describing Data

Categorical variables

Masticha Shop dataset
® Subsample from a customer satisfaction survey
® Sample size =35

Tomroc Katowkiog

value N raw % valid % cumulative %o
ATt 30 8371 85.71 85.71
BeoouioviKn 3 8.37 8.37 94 29
Arto-Emapyie 2 5.71 5.71 100.00
MIS51NZS 0 000

fotal N=33 -valid N=35 -x=1.20 - g=0.53 42



2. Describing Data

Categorical variables

Masticha Shop dataset

® Subsample from a customer satisfaction survey
® Sample size =35

Adyoz Emiokeync

value N raw % valid s cumulative %o
o vo ayopaco covfevip & Gopa 16 4571 4848 48 48
Amo mepiepyein 72000 0 2121 69.70
Mov apecovv 1o mpoiovta nootiya; 9 0 2571 2727 96.97
Arro 1 286 3.03 100.00
MiSSINgs 2 5.71

total N=33 - valid N=33 -x=1.85 - 6=0.94 43



2. Describing Data

Categorical variables

Masticha Shop dataset

® Finding the mode

Advyo:z Emiewsunc

value N raw % valid % cumulative %
o va ayopaco covfevip & dopa 16 4571 4848 48 48
- S 7 AT 71 71 A0 TN
f ]
ATO TEPIEPYELD. R R Console = e e
Mov apecovy Ta mpoiovia pootiyag 9 7 mebE <o rablel)
J . > tabx
b4
7 Tix v ocoyoplow couBevip & &opo Lod meEpLEpYELD
Adio 1 e :
Mov opéoouv T Opoldvio WHOTLyog ko
. - ] 1
111155u1g5 : > tabx[which (tabx == max(tabx))]
Tix v coyopdow coufevip & Sopo
16

tatd > | L



2. Describing Data

Categorical variables

_
[= =@ ]=]

Masticha Shop dataset

® Subsample from a customer
satisfaction survey o

® Sample size =35 o ——




2. Describing Data

Categorical variables

Masticha Shop dataset

16,




2. Describing Data

Categorical variables

Reason of visit Reason of visit

[a va ayopdow couPevip & dwpa Na va ayopdow couevip & dwpd

AAAO AAAO

ATTO TTEPIEP ATTO TTEPI

Mou ap&couv Ta TTPOIOVTA JaoTiXa: V TO TTPOIOVTA JaCTiXA



2. Describing Data

Categorical variables

TR R Graphics: Device 2 (ACTIVE) = e

48




2. Describing Data

Categorical variables

“+7



2. Describing Data

Ordinal variables

® Use them as nominal variables

— Frequency tabulation
— Mode

® Cumulative frequencies are meaningful and useful

® \We can use

— The mean and the median as central location measures
— The standard deviation as measure of dispersion

but carefully especially in interpretation

® The higher the range, more appropriate the methods
for quantitative methods are

® Example: Grading or evaluation (1-5, 0-10, 0-100%) s,



2. Describing Data

Ordinal variables

Masticha shop example

masticha$d9 prices
value N raw % valid % cumulative %
[Torb kaxkny 0 0.00 0.00 0.00
Koaxm 1 2.86 3.23 3.23
Meétpia 8§ 22.86 25381 29.03
Kon 16 45.71 51.61 80.65
[Tord ko 6 17.14  19.35 100.00

missings 4 1143

total N=35 -valid N=31 -x=3.87 - 6=0.76 51



2. Describing Data

Ordinal variables

Masticha shop example

R File Edit WYiew Misc Packages Windows Help |
EEFEREEE \

-~

> describe(as.numeric (masticha$d9 prices))

Vars n mean sd median trimmed mad min max range skew kurtosis se

1 1 31 3.87 0.7¢6 4 3.88 0 2 5 3 -0.23 -0.47 0.14
> |

4




2. Describing Data

Ordinal variables

. "R RGui (64-bit) - [R C... L=l S |
MaStICha Shop example R File Edit Wiew Misc Packages
Windows Help - |5 =
S EEEEIEIE
[r1]
vars 1.00
n 31.00
mean 3.87
sd 0.76
median 4.00
trimmed 3.88
mad 0.00
min 2.00
max 5.00
range 3.00
skew -0.23
kurtosis -0.47
se 0.14
> | 3

53



