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Aim:

m Get to know basic statistical terms and definitions as they are used

specifically in medical science

m Application of appropriate statistical methods for your own data and
observations: How can you present your data? Which statistical

test should be used ?
m Hands-on experience in a well-known statistics software (SPSS)

m Where are the pitfalls and sources of error?




Introduction

m Intention: Conclude from sample on underlying population

Population

m Complete population of interest (e.g. all Austrians, all patients with
previous myocardial infarctions etc...) cannot be observed - samples
drawn from the population

m Samples should be chosen to be representative for the population

Introduction

To draw statistical conclusions, all 3 steps are needed:

(Often, stages cannot be discriminated, however)
Example:
Population of interest = Patients with previous myocardial infarction (MI)
Aim: Blood pressure reduction via a new medication

Study design: Draw representative sample of all M| patients

/ Random allocation \

Group 1 with new medication Group 2 with old medication

| |




Introduction

Group 1 with new medication Group 2 with old medication

Reduction of systolic blood Descriptive No reduction of systolic
pressure by 10 points in Statistics blood pressure in group 2 on
group 1 on average average

|

Exploratory Statistics:
Difference in mean between group 1 and group 2
in the study sample

|

Generate Hypothesis in exploratory (study) sample or from the
literature: The new medication is leading to a reduction of systolic blood
pressure in patients with previous myocardial infarctions

Inductive Statistics'in validation sample:

Within this study it could be shown that the new
medication is leading to a reduction of systolic
blood pressure in patients with previous
myocardial infarction

Data types and structuring of data




Data types and structuring of data

Different data types:
B Qualitative:

— Categorical / nominal : e.g. binary traits (two possibilities, e.g. gender:
1=male, 2=female) or categorizations, which can not be ordered

— Ordinal: can be ordered (e.g. educational status) or assigned ranks

B Quantitative:

— Count data (e.g. number of deaths in a hospital)
— Continuous: e.g. age, weight, glucose levels etc.

— Continuous data can also be dichotomized: e.g. For defining hypertension, blood
pressure is divided into high blood pressure (140/90 mmHg or above) or normal
blood pressure (below 140/90).

— Continuous data can also be divided into more than one category (e.g. Follow up
in years: 1-4, 5-9, etc.)

Data types and structuring of data

Create a dataset for your patient data:

1 1 52 0
2 1 23 0
3 2 79 1
4 2 64 1
5 1 55 0
6 2 50 0
7 2 32 0
8 1 44 1

m Unique identifier for your patient or observation (here: PatID)
m Datasets should be anonymized anyway - no names !

m The names of your variables ideally should have a meaning (PatIlD, Gender,
Age, Disease and not Var1, Var2, Var3 etc....)

m Labeling of the codings (1=male, 2=female) should be saved in an extra file
or should be declared as variable labeling in the statistics program

m All variables must have the same length




Data types and structuring of data

Create a dataset for your patient data:

1 1 52
2 1 23 0
3 2 79 1 Since diagnosis was
4 2 64 _ not sure, values have

C\, been set to missing;
5 1 55 0 L |

. = missing value

6 2 50 : 4% code in SPSS
7 2 32 0 Data view /Variable
8 1 44 1 view in SPSS

m Missing values are allowed, but have to be identifiable as such

Example: “.” for a true missing value
“-999” for a meaningful missing value (e.g. date of stroke for a

person who never had a stroke)

Import Data

and
Data Handling in SPSS




Type in data from scratch

“

Open SPSS and type in the following data into the ,Datenansicht®:

I PatiD || Gender || Age || Disease ||
1 1.00 1 52 0
2 2.00 1 23 0
El 3.00 2 74 1
4 4.00 2 64 .
£ 5.00 1 55 0
E 6.00 2 &0 .
7 7.00 2 32 0
& .00 1 44 1

And define your variables correctly in the ,Variablenansicht®

| Mame || Typ ||Spa|tenf...|| Dezimal...” Watiahlenlahal || Wertelahels ||Feh|ende W" Spalten || Ausrichtung || Messniveau
1 PatlD Murmerisch g 2 Keing Keine 8 = Rechts & Skala
2 Gender MNumerisch 8 a {1, male}.. Keine g = Rechts &5 Nominal
3 Age Mumetisch g 1] Keine Keine 8 = Rechts & Skala
4 Disease Murmerisch g a {0, gesund}l... Keine g = Rechts 7l Ordinal

Data View | Variable View

Attention: Check, if numeric data are treated/read in correctly!

Whether you need , (german) or . (english) as a decimal point depends on the system
control settings of the computer you are using !!!

Read in SPSS datafiles

B Read in the dataset Alldata Tag’]_sav: File Edit View Data Transiorm Analyze Direct Markefing

MNew r

Open ' | @ Data.

Open Database " | D syntax..
(&) Read Text Data... & output...
@ Read Cognos Data... @ Script...

m Check, if the variables have been defined correctly (Scale, nominal,

ordinal)

alue Label

m Check variable labels: vae [

Label: | |

1 ="Current smoker"
Al 2="Ex amoker"

3 = "Mever smoker"
Change

Remave




Quality control of data

m Check for missing values:

—> Are all data read in correctly ?

—> Can missing values be filled ?

m Check for outliers:

—> Are the outliers real observations
or are they possible typos?

ﬂa Missing Value Analysis

& D

& sex

& age

&> smoking
& alccon
& nheight
& weight
& WHR
& waist

& fatperc

Quantitative Variables:

& HDL
& 16
& DL
& T1C

22

Descriptives...

rEstimation

[T Listwise

Categarical Variables:

[T Pairwise

ETEM
[] Regression

Case Labels:

Use All Variables

[ OK ”Paste”Reset”Cancel” Help ]

Univariate Statistics
Missing Mo. of Extremes?
I Mean Std. Deviation Count FPercent Low High
HDL 1457 53,98 16,505 0 0 0 30
TG 1457 182,89 144423 0 0 0 78
LDOL 1454 146,71 40,743 3 2 3 18
TC 1457 237,10 43,277 0 0 6 13

a. Mumber of cases outside the range (@1 - 1.5*GR, @3 + 1. 5*QR).

Descriptive statistics: Summaryzing &
Visualizing data




Descriptive Statistics

Descriptive statistics and data summaries are used to

4 |

Characterize the study: Generate hypotheses:

Give the reader the possibility to In epidemiologic studies, research

compare studies and interpret the results hypotheses and questions are
often not prespecified or have to
be refined

Example: Example:

Results might be interpreted differently
when generated either in a study of
young patients without any serious
previous diseases or in a study with
older patients with serious previous
diseases

A new marker for disease
progression has been detected in
small experimental studies and
needs to be proved on a
population level

l {

Univariate methods (one variable) Multivariate methods (> one variable)

- This is already explorative

Descriptive Statistics

For qualitative data or grouped guantitative data:

age_group

Cumulative

S|mp|e tables with numbers Frequency | Percent | Valid Percent Percent
Walid 30-40 146 10,0 10,0 10,0

41-50 372 255 255 356
and percentages: 51-60 596 40,9 40,9 76,5
§1-70 343 235 235 100,0
Total 1457 100,0 100,0

600

5004

Barplots for illustrating tables:

4004

Graphical illustration of a
categorial variable

3007

Count

2007

But: Categorizations of
continuous variables leads to
loss of information ! 0

age_group




Descriptive Statistics

Example: A population-based study (n=1457) with the aim to identify
athersoclerostic risk factors (use dataset Alldata.sav)

Univariate methods: For qualitative data or grouped quantitative data:

- Freguencies |'Z|

) Analyze  Graphs  Uiities  Add-onz Window  Help
: Wariablers)
Simple tables Reports b (gostes.)
Descriptive Statistics » Frequencies ﬁ'[’ 3 psnckng ] —
- BEX
etz ’ E Descriptives... ﬁage -
Compare Means 2 age_group
i ) % Escplore... & alccon
. General Linear Mocel 2 & height
S m 0 kl n g : Generalized | inear Mndelz B m GEsEERS-.. & welght
& R
smoking A wusist £
) Display frequency tables
Cumulative
Freguency | Percent | Valid Percent Percent | ok l Reset || Cancel || Hel
Valid Current smoker 261 178 17,9 17,9
Ex smoker 453 311 KA 4590
Mever smoker 743 51,0 51,0 100,0
Total 1457 100,0 100,0
age_group
Cumulative
Frequency | Percent | Valid Percent Percant
H H H . Walid 30-40 146 10,0 10,0 10,0
Age-dIStrlbUtlon 41-50 372 255 255 356
51-60 596 40,9 40,9 76,5
61-70 343 235 235 100,0
Total 1457 100,0 100,0

Descriptive Statistics

Where possible, use figures to illustrate your data !

Barplots for illustrating tables:

LGy roinc o = oL

= Cnyans

Diagramme  Extraz  Fenster  Hilfe

i Diagrammerstellung

Wariahlen: £
S =
.
& aoe
& smoking H
&’ alccon i
& height |
&’ wveight |
WHR
&’ wieaist
& tatperc

& HoL
s .

Kelne Variaben ausoewiht

Grundelements | Gruppen/Funkt-D | TelFuinaten

Susweahlen aus:
C I
oy © 0

o L]

i.'.h Diagrammerstellung...

Grafiktatel- orlagenauswahl..

“erattete Dialogfelder 2

Anzahl

41:50 [Mehr...]

age_group

Elemertsigenschaftan

Favoriten

Ealken

Linie

Flache

kreis/Polar
Streu-Punkidisor...
Histogramim
Hoch-Tief

Eioxplat
Doppelachsen

0K Elr\fuﬁen Turiicksetzen Abbrechen Hilte:

::f Elementeigenschaften

Eigenschatten bearbeiten von

Balken1
X-Achsel (Balkenl)
*¥-Achsel (Balken1)

Wariable:

Statistik

[&nzahl

-~

Parameter festisgen

[T Fehlerbalken anzsigen

Fehlerbalken ertsprechen

@ rorfidenzintervalis
Mivesu (%) 195

@ standardfehler
Muttiplikator: 2

@ standardsbwsichung
WMuttipliator: |2

Balkenart:

[ B saken

Zuwveizen Schiiefen Hilte:




Descriptive Statistics

For quantitative data: Measures of location (point estimates)
Mean X : sum of observations divided by number of observations
Assume, that you have a variable X (e.g. age) (sample size n) with values

X1y Xoy weey Xiy «vey Xy i=71,..200

n

_ 1 1
X=;(x1 % T ) =;in

i=1

Example:

Given are the ages of a myocardial infarction patient group:
65, 66, 69, 70, 72, 75, 78

- Mean= (65+66 +69 + 70 + 72+ 75 + 78)/7 = 70.71

Descriptive Statistics

Attention: The mean is very sensitive to outliers.
Example:
Given are the ages of a myocardial infarction patient group:

65, 66, 69, 70,72,75,78 > Mean=70.71

Including one young patient into this group:

25, 65, 66, 69, 70, 72, 75, 78 > Mean= 65 - does not reflect the real structure
in the data

10




Descriptive Statistics

Robust measures against outliers and skewed distributions:

Quantile: An a-Quantile is a value dividing data in a way that the proportion a of the
data is smaller and the proportion 1-a of the data is larger. In the case of a 0.95-
Quantile, 95% of the values are smaller than the quantile and 5% of the values

are larger.
Percentile: a -Quantile = a * 100%-Percentile, e.g. 0.95-Quantile = 95% Percentile
Terciles: 33.3% and 66.6%-Percentile
Quartiles: 25%, 50% and 75%- Percentile

Median: 50%- Percentile

Descriptive Statistics

Example for Median: 50%-Percentile
Given are the ages of a Myocardial Infarction patient group:

‘65, 66, 69,' 70,‘72, 75, 78, - Median= 70
Y Y
50% of the data are lower,

50 % are higher than the median

Including one young patient into this group:

‘25, 65, 66, 69,“70, 72,75, 78’9 Median= 69.5
Y Y

50% of the data are lower, 50 % are higher than the median

11




Descriptive Statistics

For quantitative data: Measures of dispersion or variability
The Variance S? and Standard deviation S measure the scattering of data around

their mean:

§% =~ (1 = D+ + (1, = 0 )—-Z(x - %)

A modified version: S° = (n— I)Z(X -%)? > sample variance
The variance and standard deviation are also sensitive against outliers and
skewed distributions - robust measures:

Range = Maximum-Minimum

Interquartile range = 0.75-Quantile — 0.25-Quantile

Descriptive Statistics

Example: Mean, quantiles and sd to summarize the age-distribution of a
population-based study (n=1457)

How are such summary data typically presented in scientific publications?

Characteristics of all participants (n=1457)
Mean % SD [25., 50.; 75. percentile for non-normal distribution] or number (%)

Age (years) 53.25+9.19
Sex (male/female), n (%) 722 (49.6) / 735 (50.4)
Smoking Status, n (%) Current Smoker 261 (17.9)
Ex-Smoker 453 (31.1)
Never Smoker 743 (51.0)
Measured Parameterl (g/dL) 3.61 £+ 0.65 [3.30; 3.70; 4.20]

Measured Parameter2 (mmol/L) 35.5 £ 16.9[15.5; 28.2; 46.7]

12




Descriptive Statistics

Example: Mean, quantiles and sd to summarize the age-distribution of a
population-based study (n=1457), in SPSS:

Reports 3 % ."_;‘t a
Descriptive Statistics 3 E Frequencies...
VeE=s 4 E Descriptives...
Compare Means 3
%- Explore...
General Linear Model 3
Generalized Linear Models b @ CESEES
Mixed Madels p | B Retio..
Correlste » [l P Piats...
Regression 3 E -G Plots....
i Explore
Dependent List:

&b sex = & aoe

% a0e_group

% =moking

& alccon Factar List:

& height

q& weeight -

& wrR

f weaist Label Cazes by:

& tatperc ~

Displary
( Both @ Statistics ©) Picts

OK Paszte || Reset || Cancel Help

Case Processing Summary
S Number of
valid Missing Total m|Ss|ng
N | Fercent N | Percent M | Fercent
age 1457 | 100,0% 0 | 00% 1457 | 100,0% Values
Descriptives
Std. Error
age Mean 53,25 241
95% Confidence Interval Lower Bound 52,78
for Mean Upper Bound 53,72
5% Trimmed Mean 53,60
edian e Measures of
Variance 84,438
Std. Deviation 5188 location and
Minimum 30
Waimu @ variability
Range 39
Interguartile Range 13
Skewness -,458 064
Kurtosis -172 128
Percentiles
Percentiles
5 10 25 50 75 a0 95
Weighted Average age 35,00 40,00 47,00 54,00 60,00 65,00 67,00
(Definition 1)
Tukey's Hinges age 47,00 54,00 60,00

Percentiles

Descriptive Statistics

Point estimates are not sufficient to illustrate the complete distribution of a
variable - Use Figures !

Frequency

Mean = 53,25
Stdl. Dev. = 9,189
N=1.457

70

T
age

13




Descriptive Statistics

o
—-

60

50

40

30

Largest value (without outliers)

Upper Quartile
= 75% Percentile

Inter-
quartile
range

Median

\ Lower Quartile
;J% ’*tl(:1ter-__ = 25% Percentile
quartile

range

A

N Smallest value (without outliers)

,Outliers®: Values above or below the whiskers are
shown as single points and are denoted as outliers.

Frequency

Descriptive Statistics

40

30

20
|

10

il ﬂm’H

Aot

T
o7

T
0z

T
0a

10

1.1

Histogram:
Graphical illustration of the distribution of a continuous variable

- Useful to see, if a variable is symmetric, skewed or follows a specific
distribution (e.g. normal distribution) 1a




Frequency

Descriptive Statistics

30

1anonom mon

I

]

400

T T
500 800

1000

1
1200

200 400 800 800 1000 1200
| 1 | | |

0
|

OMODMD Q00D O

Frequency

Descriptive Statistics

Right skewed distribution:

50

40

30

20

10

Frequency

Mean = 169
Median = 140
F”'[ Il

I
0

T
100

I
200

300 400

o

500

1
800

Symmetrically distributed:

40

20

20
1

10
1

o -

For symmetrically distributed variables > Mean=Median

For skewed variables: Medians should be preferred

Mean =0.894 = Median = 0.897
0 FIm'H FHT I'Iﬂ

15




Descriptive Statistics

 — 1

23 Diagrammerstellung

ariblen

o, verwendet

A — L S — A A — R = N—

Eigenschaften bearbetten von:

& D ] Balken
& sex K-Achsel (Balkent)
& age ¥_Achsel (Balkenl)
& smaking O —
& alcoon
& height wariable: ¢ waist
& el Stetistik

e H | istogramm =
& walst S El
& tetperc g Parameter festisgen
& HoL =
ﬁ TG [] Mormalverteiungskurve anzeigen

LoL
Fan B Fehisrbaiien anzeigen
ol s _oroup R | R - halken entsprechen

Kehe K ategorien P @ ontidenzintervalle
(metrische Varabie) }& Niveau (%) (95
® Stendardtehler

Histogram for waist in

SPSS

. Mutiplikator. |2 .
Grundelemente GruﬁﬂenPunH-lD TitehFultnoten ® Standardabweichung SI m ple
Auswahlen aus: _— Multiglikator: |2 .
N Histogramm:
Balken Ealkenart:
Fce 8 Baten o] i
Kreis/Polar Sl = 1200
Streu-Punkidisgr '
Histogramm
Hoch-Tiet \
Boxplot Zuweizen WW p— 1 1
Doppelachsen
/ N i
Ok Ei en Furicksetzen Abbrechen Hilfe: ;
/ \ :
Simple Histogram seperated by a grouping
Histogram  variable, e.g. sex
IG.Q G;D wWe 000 I:{IQ III!IC
waist

Explorative Statistics

Describing the relationship between two variables:

Methods used

Hypothesis that might be created

¢ 2 qualitative variables (e.g. gender and smoking):

2-dimensional tables

Is variable 1 related to the other variable
and vice versa ?

¢ 1 qualitative variable (e.g. gender), 1 qu

antitative variable (e.g. cholesterol):

E.g. Comparison of measures of
location of the quantitative variable
between levels of the qualitative
variable

Simple case: Does the mean of group 1
differ from the mean of group 2?

® 2 quantitative variables (e.g. cholesterol

and age)

Correlation and scatterplots

Are the two variables associated with

each other?




Explorative Statistics

2 qualitative variables: Crosstable including absolute and relative frequencies: do
it in SPSS: gender and smoking

Reports 3 2 1
Descriptive Statistics 3 E Frequenciss...
Takles 2 -
= E Descriptives...
Compare Means 3
A Explore..
Genersl Linesr Model 4 @
. : Crozstabs. .
Generalized Linear Models P =
Mixedl Madels y | [ retio...
Correlate [XJ \fs: Crosstabs: Cell Display
Regression Rowi(s): ~Count; rz-test
& I % sex Ohserved [T] compare column proportions
& age - [F Expected m Leljrst p-values (Bonferroni method)
age_grou
& ace_oroup [ Hide smal counts
f alcoon Column(s): N
& height & smoking e
& weeight L
8@ WHR rPercentage: rResidual
& waist e e [ Row [T Unstandardized
& fatperc : D Stanclardized
& HoL EEEES [ Tetal [7] Adusted stardardized
& 10 !
§ ?EL - ~Nonirteger Wight
® Round cell counts © Round cass weights
O Truncate cell counts O Truncate case weights
B H o n table layers © Mo adjustments
|| Dizplay clustered bar charts
7] suppress tahles [Eg EFME:] Eﬁngel. _HElg
[ O ” Paste ][Reset ][Cancel” Help l

Explorative Statistics

2 qualitative variables: Crosstable including absolute and relative frequencies

sex * smoking Crosstabulation

Example: pp—
Current
smoker Ex smoker | Mever smoker Total
Gender sex  female  Count 117 143 475 735
X % within sex 15,9% 19,5% £4.6% 100,0%
Smoking % within smoking 44 8% 31,6% £3,9% 50,4%
male Count 144 no 268 722
% within sex 19,9% 42 9% T 1% 100,0%
% within smoking 68,4% /1% | 49,6%
Total Count 261 453 743 1457
% within sex 17,9% MN1% 51,0% 100,0%
% within smoking 100,0% 100,0% 100,0% 100,0%

Different numbers have a different emphasis and interpretation. Examples:
1. Altogether, there are 475 women in the study, which have never smoked
2. 37.1% of all men have never smoked, but 64.6% women

3. 55.2% of all current smokers in the study are male

17




Explorative Statistics

Yariablen: 1 Eigenschaften bearbeiten won:
:& I “ Balken1 - @
&) SEX X-Acheel (Balkent)
& aoe Y-Achsel (Bakent)
T GruppeFarbe (Balken) -
&) =moking i
ﬁ alccon E
f height i Watighle:
& welght z Statistik
i
y iR z lanzahl =
& waist
f fatperc Parameter festlegen
i HbL - H Current - Ex smoker _Ne\rer smoker_
= | smoker ["] Feblerbalken anzeigen
[ female H -
B . &) smoking Fehlerbalken entsprechen
@ Konfidenzintervalle
Miveau (%) |95

W GruppenPunkt-In | TitelFuRnaten @ standardtehler

oo _Elemerrte\enschaﬂen... Mutipliator: |2

Balken Multiplikator: |2

Linie: Hl—l H

Piche = Balkenart:

Kreis/Polar i -

Streu-Punktdiagr o | Balken

Histogramm

Hoch-Tief

Boxplat

Doppelachzen g:, Q % {I] ¢

Tuweizen | | Sehlisfen Hilfe:
O Elnfuﬁen Zutlicksetzen Abhrechen Hilfe

Explorative Statistics

lllustrating 2-dimensional tables by barplots:

Example: table on Gender x Smoking: Different presentations for different statements

sex sex
[l female Wl female
5001 male 100.0% W male
50.0%
= 2
£ 60.0%-
© e
N N
< g
o
40.0%
20 0%
0.0%—
Current smoker Ex smoker Mever smoker Current smoker Ex smoker Never smoker
smoking smoking

18




Explorative Statistics

agrammerstellung
Variskler: Dig - Eigenschaften bearbeiten von:
il _ e )
& alccon X-dchzed (Punid!)
& height Y-Achsel (Purit1)
f nveight
& wHR :
Qg& wraist (e} o o Wariable: & weight
f tatperc o
& HOL O o Statistik
& 16 &L [t s
o
& Lol
o] Parameter festizgen...
&1
,{l age_groun >
o
Kele K ategarien H H
(metische fanabie ) ‘ : & height 140.0-]
o
Grundelemente | Gruppen/Punkt-ID  TitelFulnoten S e
ementeigenschatften
Buswwihlen aus: 1o
Favorten
Ealken (o] C CPC @‘
Linie P & # 10001
Flache =l
] o
KreizPolar =
Streu-Punktdiagr.. o] o
Histogramm L o 8001
Hoch-Tief
Boxplot
Doppelachsen
b EF J]
0.0
[
40 1400 1500 1800 1700 1800 1900 2000
TN =70 | P | T -
height

Explorative Statistics

2 quantitative variables: Correlation

Positive correlation:

Negative correlation:
r<o

19




Explorative Statistics

2 quantitative variables: Correlation

No correlation:

r~o0

Positive correlation:

r>0
There is a structure
in the data, but

Correlation‘coefficient

is not able to find it

Negative correlation:

24 r<o

Explorative Statistics

2 quantitative variables: Which correlation coefficient to use?

Pearson correlation coefficient:

Test statistic is based on Pearson's
product moment correlation, that follows
a t-distribution (~approximation of normal
distribution)

Measure of linear association!

Spearman correlation coefficient:
Estimate a rank-based measure of
association.

Observations  Rank
of Var x rank(x)
11 1

15 2

17 3.5

17 3.5

22 4

Can be used if data
follow a

bivariate

normal

distribution

Useful also for
nonlinear but
monotonic
relationships.
Data can also be
ranks or ordinal.

The correlation coefficient r ranges between -1 and 1
Often, the squared correlation coefficient r2 is given, that ranges between 0 and 1

20
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Explorative Statistics

Analyze  Graphs  Uilties Add-ons Window  Help
g e
Reports » ﬂﬂ [ %
Descriptive Statistics =
Tables

Compare Means
General Linear Maocel

Generalized Linear Models

> | smoking |
1 1

}
3
3
}
P
}
r
3
}

2
Mixed Models
Carrelste 2] Bivariate...
Reoression ] Partial
lgeliwzey E Distances
140,0-]
o
o
120,0 o ° Coo ¢ @
o o ° % o
o g g% 0%,
o % O @
) 8 g@o &° D
00,0 ° Y i ° B8
) P 0o
o @
o
0,0 o ng
&
o
8
60,0 ® 0, @
o of @ © =
°% o Ipearson 0.565
o
o =
40,0 r.Spearman 0.584
1400 1500 1600 1700 1800 180,0 2000
height

Roughly, correlations can be
interpreted in the following way:

[r] < 0.5 : weak correlation
0.5 £ |r| < 0.8 : moderate correlation

0.8 = |r| : strong correlation

This interpretation always depends
on the kind of data. For ,weak"
variables (e.g. in social sciences),
high correlations cannot be reached,
in contrast to ,strong” variables

(e.g. laboratory measurements).

Explorative Statistics

1 qualitative variable, & Explore ]
H 1 1 . Dependent List
1 quantitative variable: | PN (satstes..
y o Pt
Example: Comparing waist & areig
fa\ccun e)sax
between men and women ||
&’We\gm
& wrr Label Cases by:
Descriptives & Tatperc ha
sex Statistic | Std. Error Displar
waist  female  Mean 84,58 408 . - iy
95% Confidence Interval | Lower Bound 5378 (QEUW et (£ ‘ 0,,, *:‘m
for Mean Upper Bound 8538 "o by
5% Trimmed Mean 8414 \ L i
Wedian 8400 |\
Variance 121,840 \ -
Std. Deviation 11,038 \ BOXpIOtS for Wa|st 3w
Winimum 61 N
Maximum 131 .
e el seperated by sex:
Interquartile Range 16
Skewness 585 000 iy n '
=] _pls it just by chance?
male Mean 97,39 P
85% Confidence Interval Lower Bound e60p— ————
for Wean Upper Bound 98,08 sex
5% Trimmed Mean a1 female male
Median 97,00 . Lo
Variance 88,519 . . 1
i, Devton sats Histogramms for waist
Minimum 7 . 1004 00
Wasimu i seperated by sex:
Range 61
Interquartile Range 12 1000+ 000
Skewness 438 081 kol £
Kurtosis 694 182 ’;' B
o] hioo
Percentiles
Percentiles i ™
sex 5 10 25 50 75 90 55
Weighted Averags waist female | 68,80 71.00 76,00 54,00 52,00 9340 | 10420 o Leso
(Definition 1) male 82,08 86,00 90,88 97,00 | 103,00 [ 10850 | 11388 r . — —— T T
Tukey's Hingss| waist female 76.00 34.00 52,00 meme me A mEe . wmeoann o wma e
1 male 91,00 97,00 | 103,00 fiufigkert Haufigkelt 21




Point and Confidence Estimates

Point and confidence estimates

m So far: We have calculated measures of location (e.g. mean) in our
study sample

m But remember: Our intention is to conclude from our sample on the
underlying population

Population

Sample 2
Mean

Sample 3
Eg—."
True mean ? mean

m There is uncertainty involved in the estimation of a population mean from
the population mean - Standard error / Confidence Intervals
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Point and confidence estimates

B There is uncertainty in parameter estimation because it is based on a
random sample of finite size from the population of interest

—> Construct an interval, that includes the true population parameter with
given certainty: Confidence Interval ClI

— The measure of certainty is given by the error probability o
oa=5% -2 95% CI
a=1% - 99% Cl etc.

Interpretation of the confidence interval of the mean:

If the study is repeated 100 times on 100 different samples, the true mean
will be within this range in (1-a = 95%) percent of the studies

Point and confidence estimates

Example: 95% CI for height in Austrian men born 1992

True mean and true sd are known: mean=182 cm, sd =7

and data are normally distributed!

T T T T
170 180 120 200
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Point and confidence estimates

Example: 95% CI for height in Austrian men born 1992
True mean and true sd are known: mean=182 cm, sd =7
and data are normally distributed!

Experiment 1:

100 men are drawn randomly 100 times
- 100 different mean values and 100 Clis

170 1680 190 200

Point and confidence estimates

Example: 95% CI for height in Austrian men born 1992

True mean and true sd are known: mean=182 cm, sd =7

and data are normally distributed!

Experiment 1: Experiment 2:
100 men are drawn randomly 100 times 20 men are drawn randomly 100 times
- 100 different mean values and 100 Cls > 100 different mean values and 100 Cls

/EE\ =

.'_‘L_J
/ = \ = —
/ == / TS
“'r_ % // == \
1' _“' - \\,

P =

170 180 190 200 170 180 1090

5 out 100 95% CI do not cover the true mean of 182 cm just by chance!
LS






