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The aim of this lecture:

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

specifically in medical science
m How to interpret statistical results in the literature

m Application of appropriate statistical methods for your own data and

observations
m Hands-on experience in a well-known statistics software

m Where are the pitfalls and sources of error?
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Introduction

Statistics is one of the most important tools in science

The aim of statistical methods is:

m Describing data realistically (Descriptive Statistics)

m Formulate relations/correlations between observations and construct

hypotheses (Exploratory Statistics)

m Draw conclusions from the observed sample to the underlying

population (Inductive Statistics)



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 (Ml)
Aim: Blood pressure reduction via a new medication

Study design: Draw representative sample of all Ml 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
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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 - no names!

B In such a dataset you have variables (PatlD, Gender, Age, Disease)

m The names of your variables ideally should have a meaning (PatlD, Gender, Age,

Disease and not Varl, Var2, Var3 etc....)
m Labeling of the codings (1=male, 2=female) has to be done



Data types and structuring of data

Create a dataset for your patient data:

1 1 52 0
2 1 23
3 2 79 1 Since diagnosis was
A 2 64 _ N not sure, valugs _have
been set to missing;
5 1 55 0 . |
. = missing value
6 2 50 : % code in SPSS
7 2 32 0 Data view /Variable
8 1 44 1 view in SPSS

B 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)



Data types and structuring of data

A special case: Repeated measurements per patient: A ,typical® example

Parameterl
Measurement method 1 2
#1 Baseline 596 444.6
1 month 517.8 3874
2 months 561.8 135.2
Mean 558.533 4224
#2 Measurement method Baseline 633 653.2
1 month 655.4 518.2
2 months 625.4 542.4
Mean £38.267 e04.6
#3 Measurement method Baseline 824.8 818.6
1 month 815.2 851
2 months 782.4 820.8

Mean B07.467 B30.1333



Data types and structuring of data

Parameterl

Measurement method

#1
Mean

#2 Measurement method
Mean

#3 Measurement method
Mean

Baseline

Baseline

1 month

2 months

Baseline
1 month
2 months

596
517.8
56l.8

558.533

633

b56.4
025.4
638.267

824.8
815.2
782.4

r

4446
387.4
435.2
422.4

0l18.2
542.4
604.6

B18.6
851
820.8

B07.467 B30.1333

There are 2
measurement
methods which
have to be
compared

3 different time
points of
measurement



Data types and structuring of data

Parameterl

#1

2 Jlevels® of data:
individual data & #2
aggregated data

(mean) ~ —

NEVER EVER in
one dataset! #3

Measurement method 1 2
Baseline 596 444.6
1 month 517.8 387.4
2 months 561.8 435.2
Mean 558.533 [ 422.4
Measurement method Baseline 633 653.2
1 month b56.4 bl8.2
2 months 025.4 542.4
638.267 6046 >
Measurement method Baseline 824.8 818.6
1 month 815.2 851
2 months 782.4 820.8

Mean

B07.467 B30.1333



Data types and structuring of data

Two possibilities for repeated measures:
® One line for each patient: ,,Wide“ data format
- Unique ldentifier: Patient ID
m One line for each observation: ,,Long“ data format
—> There is not one unique Identifier, but a combination of variables: In this case:

(Patient ID) x (Measurement method) x (Time point of measurement)



Data types and structuring of data

m One line for each patient: Wide format
This is an intuitive format, but: not very easy to read

Here: 6 columns per parameter - 18 columns only for the measurements

Jil B C D E F 3 H | | K L
1 |Patient Age Sex P1L M1 T1 P1 M1 T2 P1LMLT3 P1LM2T1 P1M2T2 P1LM2T3 P2MLTL P2MLT2Z P2 MLT
2 1 46 m 596 517.8 561.8 444.6 3g7.4 435.2 BE2 293.8 .
3 2 77T 233 256.4 025.4 253.2 2l3.2 542.4 508.6 593.6
L 3 B2 m 5248 315.2 782.4 313.6 251 520.8 454.8 556.2 Ll
/ Time 1 2 3 1 2 3 1 2 .
\ J \ '
Metadata for ! f !
Method 1 2 1

each patient can
be added ! v : y

Parameter 1 2 ...




Data types and structuring of data

m One line for each observation: Long format

2 methods x 3 timepoints = 6 lines per patient

- 1 column for each parameter

A B C D E F ] H
1 Patient Age 5ex time method Parameterl Parameter2 Parameter3 | Here: Metadata are
2 1/ 46'm 1 1 596 662 1008.6 redundant
3 1 46 m 2 1 517.8 693.3 1243.8
4 1/ 46'm 3 1 561.8 625.2 1053.4
5 1 46m 1 2 444.6 616 11497 W But: Best format for most
6 1/ 46'm 2 2 374 BlE.6 1180.6
K 1 46 m 3 2 435.2 al11 1217 analyses methOdS
8 2 77f 1 1 633 S508.6 1163.8
9 2 T7f 2 1 B56.4 593.6 1234.6 B Wlth SPSS It IS pOSSIb'E to
10 2 77f 3 1 625.4 518 1240.2 .
11 2 77f 1 2 653.2 522.2 1196.6 create a wide or long data
12 2 T77i 2 2 618.2 472.6 1042.6 format as Iong as there are
13 2 T7f 3 2 542.4 548.6 1365.8 .
14 i B2m 1 1 2248 454.8 1406.4 key Varlables
15 3 B62m 2 1 815.2 556.2 1372.4
16 i B2m 3 1 JE2.4 465.2 1406.4
17 3 B62m 1 2 818.6 483.8 1075.4
18 i B2m 2 2 851 557.6 1218.8
19 3 B62m 3 2 820.3 455 1620.2

.
=



Import Data

and
Data Handling in SPSS



Type in data from scratch

Open SPSS and type in the following data into ,Datenansicht — Data View":

PatlD || Gender || Age || Disease |
1,00 1,00 52,00 00
2,00 1,00 23,00 00
3,00 2,00 79,00 1,00
4.00 2,00 64,00 .
5,00 1,00 55,00 00
6,00 2,00 50,00 .
7,00 2,00 32,00 00
8,00 1,00 44 00 1,00
| Name | Type | Width | Decimals | Label | Values | Missing | Columns | Align | Measure | Role
PatlD Mumeric o 2 Mone Mone g = Right & Scale “ Input
Gender MNumeric o 0 Gender {1, male}... Mone g = Right &5 Nominal ™ Input
Age Mumeric B P Age MNone Mone g = Right & Scale “ Input
Disease MNumeric g 0 Disease status {0, healthy}... MNone B = Right &5 Mominal ™ Input

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!



Data types and structuring of data

m 2 Examples in SPSS: Create long format (use test. sav) e.g used for
Deta  Iransfom &nelyze Grophs Uites Restructure Data Wizard 2 repeated measure

L:, Define Yariahle Properties...

2. Set Measurement Level for Unknown... Welcome to the Restructure Data Wizard! an a|yS| S
Iﬂ Copy Data Properties... Thiz wizard helps you to restructure your data from multiple wariables (columns) in a single caze to groups of
- related caszes (rows) or vice versa, or you can choose to transposze your data.
B 4‘ The wizard replaces the current data set with the restructured data. MNote that data restructuring
E Define Dates... i cannot ke undane.
Define Multiple Response Sets. ..
BA . .
e ldentifty Duplicate Cazes... f\‘. T VWhat do yau want to do?
RN LRI
' 1 (EHa] e | e | e m (s ra| e i 0 il i
@ Sort Cases... I = ImIme I ] I PIETE @) Restructure selected varisbles into case
. 1o e ] Use thiz when each case in your current data has some
Sort Varisbles... il i i wvatiables that you would like to rearrange into groups of
related cases inthe new data set.
ﬁﬁ Transpose. ..
. Restructure Data Wizard - Step 3 of 7
Merge Files »
EH Restructure. .. Variables to Cases: Select Variables

For each variable group you have in the current data the restructured file will have one target variahle.

In this step, chooze how to identify case groups inthe restructured data, and chooze which variables belong with

Restructure Data Wizard - Step 2 of 7 each target variable,

. . Cptionally, you can alzo choose varishles to copy to the nesw file s Fixed Variables.
Variables to Cases: Number of Variable Groups
You have chosen to restructure selected variables into groups of related cases inthe new file. “ariables in the Current File:
A group of related variables, called a variable group, represents messurements on one varishle. f PatlD Case Group Idertification
For example, the variable may be width. If it is recorded in three separate measurements, each one o - "
encler -
4Q. representing a different point in time--w1, w2, and w3, then the data are arranged in a group of § a |L|SE selected variable |
variables. g
= &b Dizeaze Wy | Variakle: | & patiD |
If there iz more than one variable in the file often i is also recorded in & variable group, for example
height, recorded in b, h2, and ha. & F1
Frm2 ~Wariables to be Transposed
&3 .
Havwy many variable groups do you want to restructure? Target Variable: |P1 _Group - |
] i P1
@ One (for example, w, w2, and wi): + ¥ g o1 o
- Fria
Fixed Variable(s):
& Gender -
f Age
A Disrase b

Cancel Help



Data types and structuring of data

Q Restructure Data Wizard - Step 4 of 7 2

Variables to Cases: Create Index Variables

In the current data, values for a variable group appearin a single case in multiple variables. For
example, a single case contains the values for w1, w2, and w3.

In the new data, values for a variable group will appear in mulliple cases in a single variable. For
example, there will be three cases, one each for w1, w2, and w3.

Anindex is a new variable that identifies the group of new cases that was created from the ariginal
case. Forexample, an index named “w™ would have the values 1, 2, and 3.

T 1 [oor How many index variables do you want to create?
11 z]o01
11| =[00s & One
2] 1] 1 [ons — ) ) )
21|z 00 Use this when avariable group records the effects of a single
21| z[00s factor, treatment or condition.
11 ]1[1 [oox . )
N ERER SR &) More than one How man 2
111 [=[00s
L = I Use this when avariable group records the effects of more than
112z |00 "
. EEER ane factor, treatment or condition.
1 [1]Jooe]z [oo7
2 [ 1 [0dd |2 [l @ Mone
2 [1]oo7[z[ons
; : g-gg 2 g-gi Use this ifindex information is stored in one of the sets of
e T Tooa = Tooe variables to be transposed.

<= Back |Next=~| Finish | pEaneel | Help




Data types and structuring of data

{"‘a Restructure Data Wizard - Step 6 of 7 x|

Variables to Cases: Options

In this step you can set options that will be applied to the restructured data file.

@ Restructure Data Wizard - Finish EE_I

rHandling of Variables not Selected
Drop variable(s) from the new data file Finish
@ Keep and treat as fixed variable(s)

r3System Missing or Blank Values in all Transposed Variables

@ Create a case in the new file

Discard the data
e

~Case Count Variable k___/ e @ Restructure the data now
[ Use this when you want to replace the current file immediately.

| Countthe number of new cases created by the case in the current data

What do you want to do?

Paste the syntax generated by the wizard into a syntax window

Use this when you want to save or modify the syntax before you
restructure the data.
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. PatiD | Gender | Age | Disease | P1_group |
1.00 1 52,00 .00 1.00
1.00 1 52,00 .00 2,00
1.00 1 52.00 .00 3.00
2,00 1 23,00 .00 2,00
2,00 1 23,00 .00 3.00
2,00 1 23,00 .00 4,00
3.00 2 79,00 1.00 3.00
3.00 2 79,00 1.00 4,00
3.00 2 79,00 1.00 5.00
4,00 2 64,00 . 4,00
4,00 2 64,00 . 5.00
4,00 2 64,00 . 6.00
5.00 1 55,00 .00 5.00
5.00 1 55,00 .00 6.00
5.00 1 55,00 .00 7.00
6.00 2 50,00 . 6.00
6.00 2 50,00 . 7.00
6.00 2 50,00 . 6.00
7.00 2 32,00 .00 7.00
7.00 2 32,00 .00 8.00
7.00 2 32,00 .00 9.00
d.00 1 4400 1.00 8.00
d.00 1 4400 1.00 9.00
g.00 1 44,00 1.00 10,00
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m Example in SPSS: Create wide format (use test3.sav)

Data  Transform  Analyze Graphs  Uilties

. Restructure Data Wizand fg|

E‘ Define Yariahle Properties...

Welcome to the Restructure Data Wizard!

_?_A_j Set Measurement Level far Unknaswen...

= This wizard helps you to restructure your data from multiple variables (columns) inoa single case to groups of
.ﬂ Copy Data Properties. . related cases (rows) or vice versa, or you can choose to transpose your data.

-

E Define Dates...

1‘. The wizard replaces the current data set with the restructured data. Mote that data restructuring
L cannot be undane,

Define Multiple Response Sets. ..

£ Idertify Duplicate Cases /\ o] | Vet o you want to da?
B I T e e wial ee Restructure selected varishles into cases
- el [ [ || o o[ i i
5? Sort Cases. . [ = Usze this when each case in your current data haz some
- el e R variables that you would like to rearrange into groups of

Zort YWariables.. related cases in the new data set.

%ﬁ Tranzpose T [em] @ Restructure selected cases into variables
= 1 |emr e i
i o] el [ R S e e [y Use this when you have groups of related cases that you
Merge Files 3 o [ o [ o o | =
g o :: :: N = 2 | weant to rearrange so that data from each group are
ﬁ Restructure... LB L] i represented az a single case in the new data set.

Restructure Data Wizard - Step 2 of 5

Cases to Variables: Select Variables

Data from case groups inthe currert file will be restructured into single cases in the new file.

Choose varishles that identify case groups by moving those variables into the Idertifier Variable list, Optionally
you can alzo choose Index Yarisbles.

.
1‘. The variables that remain in the list of Yariables in the Current File efther contain data that vary within a e u S e d fo r al re d t_te St
A case group or data that do nat vary. n .

& warigble with data that vary will become a group of new varishles inthe restructured file. & varishle
with diata that do not vary will be copied into the new file.

E—— po— (comparing values before and

& e
% Dizeaze

0 after treatment)

Fris Ind

Index Variahlels):

L& time

[: Back ] [Nex‘t :] [ Cancel H Help ]




Data types and structuring of data

Q Restructure Data Wizard - Step 3 of 5 e

Cases to Variables: Sorting Data

The variables that you used to identify case groups in the current file need to be sorted before the file
can be restructured. If you are not sure about your data, select "Yes”.

Sort the current data?

@ Yes - data will be sorted by the Identifier and Index variabl...

Mo - use the data as currently sorted

< Back || Next > | | Finish || cancel|[ Help |
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ﬁ Restructure Data Wizard - Finish

i_l'.a Restructure Data Wizard - Step 4 of 5

Cases to Variables: Options Finish
In this step you can set options that will be applied to the restructured data file.

What do you want to do?

rOrder of New Variable Groups -
il i R Rl B @ Restructure the data now

@ Group by original variable (for example: w1 w2 w3, h1 h2 h3
Group by index(for example: w1 h1, w2 h2, w3 h3 *\__.-—-' - 31 Use this when you want to replace the current file immediately.

HEE

rCase CountVariable

[7] Count the number of cases in the current data used to create a new case
Paste the syntax generated by the wizard into a syntax window

Use this when you want to save or modify the syntax before you
restructure the data.

rindicator Variables

[E Create indicator variables

oot Mame

(< gack 11 || Finish |[ cancel || Help |

| < Back | ext = ]| Finish | Cancel |[_Help

P2after | P2before | P3after | P3before |

| PatiD | Gender | Age | Disease | Plafter | P1 before |
1,00 1 52,00 .00 4,00 1,00 5,00 2,00 6,00 3,00
2,00 1 23,00 .00 7.00 2,00 8,00 3.00 9,00 4,00
6,00 3,00 7.00 4,00 8,00 5,00

3,00 2 79,00 1,00
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File  Edt “iew Data  Transform  Analyze
e 2 |
Open LA
Open Databaze b

(o]) Read Text Data...

Ml cio== Cirl+F4

B Read in the dataset Basicdata.txt into SPSS

ntitled1 [DataSet0] - IBM SPSS Statist@ & Text import Wizard - Step 1 of 6

GIR R0 | R XRS5 ﬂ Welcome to the text import wizard!
30 2400 0 72 40033
632 200083108 Thiz wizard will help you read data from your text file and specify

information ataut the variables.

Does your text file match a predefined format? ———————

Browse...

h——— —

rText file: PPublichGEMEPO_Claudia_BarbaraBasic Statistik %O Biostatistikv>ermansample_basic txd

i} 10 20 30 40 a0 &l
o ooonlocooalnooalonoolooonloooolnoooloononlioooolnnnalinonoloononl

1 (ID Sex age swoking alccon height weight UWHR #

20 1 1 62 3 20,02 162,5 82,2 0,91

312 2 4a 2 14,31 180,5 133,5 1,10

41 |3 1 54 3 14,28 164,5 62,3 0,70

o) |2 2 a0 3 0,43 172,5 91,4 0,974~
1 i —— [¥
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U Text Import Wizard - Step 2 of 6

rHovw e your variables arranged? The first case of data begins on which line number?
@ Delimited ; i i ;
= - Variables are delimited by a specific character [ie., comma, tak). —Howw ate your cases represented?
Fied wicth - Wariahles are aligned in fixed width columns. @ Each line represents 2 case
A specific number of variables represents | case: 20 :
rare variable names included at the top of your file? .
] ] rHoww many caszes do you want to impart?
@ ves
o : @ Al of the cases
Mo ]
Thefirst o0 cases,
A randam percentades of the caszes (approximate]): o = %
-
rText file: POPublicWSEMEPINO_Claudia_Barbara\Basic Statistik WO Biostatistik\Germanzample _basic txt
ID 1 1ID I 2ID 1 3ID I 4I.D 1 5ID 1 EID _Data pre“ﬂew
- 0 10 20 30 40 =0 g0
11 |1 1 62 3 20,02 lg2, 5 82,2 0,914 P bbb b b b been e b b b Do b
2
: 2 2 43 2 14,31 1g0,5 133, 5 1,104 1 [ 1 6z 3 20,02 162, 5 82,2 0,018~
. 3 1 54 3 14,28 164,5 62,3 0,703 2| |z 3 43 2 14,31 180,5 133,5 1,103
& & U € 0,43 172,35 3l,4 0,378 3| = 1 54 5 14,28 184,5 82,3 0,703
= I~ 2 1 A 1a0 o 2 0 P -
I — [k T svmrumemm——— [»
Fish i
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%, Text Import Wizard - Delimited Step 4 of 6 ] \%, Text Import Wizard - Step 5 of 6
rWhich delimiters appear between variables? ——— What is the text gualifier? —— rSpecifications for variablelz) zelected in the data presdiesa
[+ Tab ] §§pace @ Mane
- ’ ’ B “Warishle name: Crriginal Mame:
] Caminia [ Semicolan Single quate
alccon
] Cther: Double gquate
Cther: Data farmat:
|Numeric T

rData preview

I = age zmoking alccon height | WWE

1 1 f2 3 20,02 162,5 a2, ﬂ

2 2 45 2 14,31 180,5 133 rData preview

3 1 54 3 14,28 164,5 f2,

4 2 50 3 0,43 1725 a1, I TEN age stnaking alccon height WYE

5 2 &7 1 43 1635 78, 1 1 B2 3 20,02 162,58

G 2 52 1 0 177 a1, 2 2 45 2 14,31 180,5

7 2 34 2 a 1785 75, 3 1 54 3 14,25 1645

& 7 52 7 45,58 1645 C 4 2 50 3 043 1725
L 5 vl =¥ 1 43 169 5

2 e e——————— [ [ ————

Check data format for each variable, has to be numeric!
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\iZ. Text Import Wizard - Step 6 of 6

You have successfully defined the farmat of your text file.
~Wiould you like to save this file format for future use’y
T ST © IS Save AZ..
1| sm| aw| 1 @ o
2| &w | 2em0| 0
3| g e o —Would you like to paste the syntax?
: 3 = e 5 © ves [« icache data local
@ ro
Pre=z the Finizh button to complete the text import wizard.
—Data previeww
10y ZEX age smoking alcocon heighit | WWE
1 1 52 3 20,02 1625 g2, ﬂ
2 2 45 2 14,31 180,35 133
g 1 24 3 14,25 1645 62,
4 2 =0 3 043 1725 a1,
5 2 &7 1 43 1695 76,
G 2 a2 1 ] 177 EL
T — ]
= Back [MExt = ] [ Finizh ] | Cancel Hel
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m Label the variable smoking: 1= Current smoker, 2= Ex-smoker, 3= Never
smoker

¥ Value Labels

—walue Labels

e |

Label: | |

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

3 ="Mever smoket"
Change

REmove

Ok Cancel | Hel

B Label the variable sex: 1= female, 2= male

B Save your SPSS-Dataset under Basicdata.sav



Read In data from other data sources

B The dataset Lipids.txt contains additional variables for the same
patients.

m Exercise: Read the dataset Lipids.txt into SPSS and save it as
Lipids.sav

®m Now: We want to merge both datasets together into one dataset
- what is the key variable, that identifies the observations?

—~ both datasets have to be sorted by the key variable

- . . .
« ” ﬁ Sort Cases ﬁ
9 here Sort by ID Data Transform Analyze Direct Marketing
) ) Sort by:

E Define Variable Properties... & HDL & DA |

2. Set Measurement Level for Unknown... & TG

I= Copy Data Properties & Lo

Lopy 4] & 1C

d;gl Sort Order

& Define Dates... ® Ascending

Define Multiple Response Sets... Descending

Validation g

Save Sorted Data

= =] ; ;
g |dentify Duplicate Cases.. [ Save file with sorted data

F~ Identify Unusual Cases...

i Compare Datasets... &

= Sort Cases...

Lok J | Baste || Reset || cancel|[_Help |




Merge two datasets

- Create an additional variable in the Lipids.sav (testiD)

# *Lipids.sav [DataSet2] - [BM SPSS Statistics Data Editor (NN Lipids.sav [DataSet2] - IBM SPSS Statistics Data Editor | —_m
File Edit View Data Transform Analyze Direct Marketing File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons
= 0 raaliaes

SHA M «~ B SEEKc~ BLAE H &

1:HDL - 39,1 > |

: : | D | tesD | HOL | TG | DL | TC |
D |t C"t : 1 1 1 39,1 2492 2419 326.9

1 1 - 2 2 12,4 9612 105.1 2441
2] 2 Copy 3 3 64.3 62.6 1536 2417
— 3] 3 Paste 4 4 57,9 2317 115.7 217.3
1 s Clear 5 5 483 156.5 2115 289.1
- 6 6 6 38.4 2425 146.7 225.0

_ 5 | > =4 Insert Variable 7 7 49,9 2395 1516 2383
:IE 6 Sort Ascending 8 8 59.5 994 123.6 219.9
7 7 Smaescendmg s 9 9 430 7126 156,0 224,1
8 ] 8 = 10 10 42,1 149.6 147.6 2311
I| g Descriptives Statistics 11 1 109,1 95,5 87.8 2280
apelling [ 12 ] 12 12 27.4 577.4 168.0 302.4

L 1[] "8 Speling.. ; 13 13 51.0 3517 180 6 298 1
14 14 34,3 201.9 187.1 2857

15 15 58.7 78.3 144.1 2253

16 16 67.3 83.1 112.6 204,1

17 17 48,0 167.7 168,8 2564

18 18 474 129.7 186.5 264.1

19 19 68.2 131.6 126.1 2271

20 20 78.6 91.6 72.3 178.2

21 21 93,5 39,7 736 1905




Merge two datasets

If you have sorted both datasets by the key variable:

- Go into the Basicdata.sav and merge the additional dataset Lipids.sav

Uata Iranstorm Analyze Uirect Marketng —Grapns  Utimes  Add-ol

[ Define Variable Properties... 3 @ ﬂﬂ ﬁ
34 Set Measurement Level for Unknown...
Iz Copy Data Properties...
gl® New Custom Attribute || alccon || height
& Define Dat . 3 20,02 1f
efine Dates...
- 2 14,31 LIE o o _ .

[=]=] i _— L
Define hultiple Response Sets... 3 14,28 3 Add Variables to Basicdata.sav[DataSet1] -

Validation E 43 — —

- Select a dataset from the list of open datasets or from a file to merge with the active dataset
% Identify Duplicate Cases.. 1 43.00 P g
@ An open dataset

F~ Identify Unusual Cases... 1 .00 Lipids savDataset2]
T, Compare Datasets... 2 .00
{5 Sort Cases... 2 48,58
EH Sort Variabl ] 00
Bl Sort Variables. .
' - 2 a0 An external SPSS Statistics data file
FEl Transpose... P 178 Browse

Merge Files * | B AddCases.. Mon-SPSS Stafistics data files must be opened in SPSS Statistics before they can be used as part of a merge.
= Restructure... :

= Add Variables...
= H = [Conﬁnue” Cancel ” Help ]




Merge two datasets

If you have sorted both datasets by the key variable:

- Go into the Basicdata.sav and merge the additional dataset Lipids.sav

Add Variables from DataSet1 — - - ]
== i . S
Excluded Variables: Mew Active Dataset:
sex(*) “
age(™)
smaoking(*)
; Y El|C.CCIFII,:*}
height(*)
weight(*)
WHR™)
Rename... waist(*)
Match cases on keyvariables fatperc(®) =
Iﬂégases are sorted in order of key variables in both datasetsé )
Key Variables:
@ Both files provide cases +« |p
©) Non-active dataset is keyed table
© Active datasetis keyed table
["] Indicate case source as variable: =ource0?
(*)=Active dataset
| (+)=Dataset1




Merge two datasets

- Create a variable ,t" and subtract testID from ID to check if the merge
process was correct = t should be ,,0" for all patients

Compute Variable

- e - -

Target Variable:

Mumeric Expression:

| _  |ID-testiD

Transform  Analyze Direct Marketing Graphs

E Compute Variable...
E Count Values within Cases..

Shift Values...
= S

It

& 1D

& testiD
&5 sex
& age
&5 smoking
& alccon
& height
@@ weight
& WHR
@ﬁ waist
@ﬁ fatperc
& HDL
& TG

& LDL
& 1C

Function group:

All =
Arithmetic
CDF & Moncentral COF

Conversion
Current Date/Time
Date Arithmetic
Date Creation =

Functions and Special Variables:

(optional case selection condition)




Merge two datasets

12 Aldotasov [DotaSert] - 18M PSS Stasitis Data Edior T R A ——— W

File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window Help

%.% e E&%@ i
E

[1: testiD

| ID || testlD || t || sex || age || smoking || alccon || height || weight || WHR || waist || fatperc || HDL || TG || LDL || TCc ||
1 1 1 .00 1 62 3 20,02 162.5 822 918 104.0 . 391 2492 2419 326.9
2 2 2 .00 2 43 2 14,31 180.5 1335 1,108 1320 38,68 124 961.2 1051 244 1
3 3 3 .00 1 54 3 14,28 164.5 62,3 702 715 30,64 64,3 62,6 1836 217
4 4 4 .00 2 50 3 A3 1725 914 978 104.5 3n 579 2317 187 21173
5 & 5 .00 2 67 1 43,00 169.5 76.8 960 95.5 33,03 483 165,56 2115 2891
6 6 6 .00 2 52 1 .00 177.0 918 913 102.0 29,80 384 2425 146.7 2250
7 T 7 .00 2 34 2 .00 178.5 759 869 82,5 20,03 499 2395 1616 238.8
8 8 8 .00 2 52 2 4858 184.5 86.8 908 98,0 26,65 595 99.4 1296 219.9
g ] 9 .00 2 58 3 .00 166.5 61.3 838 0.0 23,69 43.0 72,6 156.0 2241
10 10 10 .00 1 46 2 .00 162.5 96.5 1.020 116.0 45 35 421 149.6 1476 2311
11 11 1 .00 1 a7 2 1,75 162.0 58,5 754 69.5 29,93 1091 955 87.8 2280
12 12 12 .00 2 64 2 51,45 168.5 935 1.026 115.0 36,06 274 5774 168.0 3024
13 13 13 .00 2 63 2 99,99 164.0 7.8 a7 90,0 2928 51,0 3|17 180.6 2981
14 14 14 .00 1 50 2 .00 160.5 736 849 90,0 39,05 343 2019 187 .1 2857
15 18 15 .00 2 65 3 15,86 158.5 62,9 842 0.0 31.30 58,7 78.3 1441 2253
16 16 16 .00 2 63 3 20,02 1735 80,7 933 97.0 . 67.3 83.1 1126 2041
17 7 17 .00 2 55 1 83,15 1735 80,9 870 98.0 . 48.0 167.7 168.8 266 4
18 18 18 .00 1 56 3 .00 162.0 60.5 16T 69.0 3219 474 1297 186.5 2641
19 19 19 .00 1 a3 3 .00 163.5 85,0 707 66.5 2712 68,2 131.6 1251 2271
20 20 20 .00 1 47 1 9,94 171.0 87.0 834 91.0 39,24 78.6 91.6 723 178.2
21 21 21 .00 1 &) 3 2,86 169.0 54,0 826 67.5 22,31 93,5 39,7 73,6 190.5
22 22 22 .00 1 38 3 .00 163.0 82,9 758 84.0 . 64,1 107.5 134.0 2415

Save the merged data set - ,Alldata.sav”



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?

i]ﬁ Missing Value Analysis

& 1D

&b sex

& age

&5 smoking
& alccon
& neight
ﬁ weight
& WHR
ﬁ waist

& fatperc

o

CQluantitative Variables:

& HDL
& 16
& DL
& 1C

Categorical Variables:

Case Labels:

| Use All Variables |

4

Descriptives...

rEstimation——
[C] Listwise
[] Pairwise
[ EM

[ Regression

Regressiol

| QK ||F'aste Reset || Cancel Help

Univariate Statistics
Migsing Mo, of Extremes?®
M Mean Std. Deviation Count Fercent Low High
HOL 1447 53,89 16,504 1] 0 ] 30
TG 1457 182,89 144 423 1] 0 0 78
LDL 1454 14671 40,743 3 2 3 18
TC 1457 23710 43277 1] 0 ] 13

a. Mumber of cases outside the range (21 - 1.5%1QR, Q3 + 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

& &

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

- This is already explorative



Descriptive Statistics

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

Univariate methods:
For qualitative data or grouped quantitative data:

Simple tables for one variable

= Frequencies

Analyze  Graphs  Uilties  Add-ons  Windowe  Help

Fo = L&) smoking |
Descriptive Statistics b Frequencies.. & sex
Takles k - & ane

= E Descriptives ..
Compare Means k ~ & ooe_oroup
% Explare. .. ﬁ alccon
General Linear Model g % & height
Cieneralized | inrar Models B o g weeight
WHF
.&’& wivsiet -

m Dizplay frequency tables

[ Ok ” Pazte ” Reset ”Cancel” Helh ]




Descriptive Statistics

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

Univariate methods:

For qualitative data or grouped quantitative data:

Simple tables for one variable

Sums up to 100%

smoking
Cumulative
Frequency Fercent | Valid Percent Fercent
Valid Current smoker 261 17,9 17,9 17,9
Ex smoker 453 31 31 4490
Mever smoker 743 51,0 51,0 100,0
Total 1457 100,0 100,0




Descriptive Statistics

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

How is the age distribution of study participants?
m First, create the variable age group out of the variable age: 1=30-40, 2=41-50,

3=51-60, 4=61-70

Transform  Analyze  Graphs  Uilties  Add-o

. Recode into Different Variables

E Compute Yariakle...

Humeric Variable -= Output Wariakle: _ q
L] count values within Cases... s P — Output Variable
Iame:
Shift Walues. .. % e
. . % smoking FUe_group
E Recode into Same Variables. .. & aiceon
E Recode into Different Warisbles... & height .
B automatic Recod & weigh _
omatic Recode. .. &
- WHR
[h8 visual Binning... & wwaist
fatperc
Eﬁ Rank Cases... § HDpL
% Date and Time Wizard... & 16
= & [Old and hewe Walues. . ] D —
) . LDL =
ﬁ Create Time Seties... & 1c
%E Replace Missing YWalues... (u:uptiu:unal caze selection condtion)
s Random Mumber Generators... ok Paste [Reset ”Cancel” Help ]

@ Fun Pending Transforms Clrl+ G




Descriptive Statistics

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

How is the age distribution of study participants?

m First, create the variable age group out of the variable age: 1=30-40, 2=41-50,
3=51-60, 4=61-70

\f. Recode into Different Variables: Old and New Values

Ol Yalue ey Yalue
Walue: @ Walle: |1 |
System-miszing

System-missing Copy old value(s)
System- ar user-missing
® Range: Cled --= Mewy:

o |

thraugh Ao -

|‘1":| | Change
Range, LOWEST through value: —_—
Range, value through HIGHEST:

[ cutput variables are strings Wictth: 3

Al gther values ! Convert numeric strings to numbers [13'-=3)

[Cu:untinue” Cancel ” Help ]




Descriptive Statistics

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

How is the age distribution of study participants?

m First, create the variable age group out of the variable age: 1=30-40, 2=41-50,
3=51-60, 4=61-70

B Label the variable age group (Variable view in SPSS — Values) : 1= 30-40, 2=
41-50, 3= 51-60, 4=61-70

age_group
Cumulative
Frequency | Percent | Valid Percent Percent
Valid  30-40 146 10,0 10,0 10,0
41-50 372 255 255 356
51-60 596 409 409 765
61-70 343 235 235 100,0
Total 1457 100,0 100,0




Descriptive Statistics

Or relative
frequencies

Barplots for illustrating tables: Absolute frequencies (select
percentage here)

Where possible, use figures to illustrate your data !

m How to create a bar plot in SPSS
#5 Chart Builder @Viﬁ Element Properties EY

Graphs  Utilities  Add-ons  Window |

Variables: Chart preview uses example data Edit Properties of.
i Bar1
il Chart Builder... &1 = ar )
‘y testiD \ K-Axis1 (Bar1)
E Y-Axis1 (Bar1
Graphboard Template Chooser... %t pre \ (Sert)
Sex i : .
. f age ! i | \-Statlstlc
Legacy Dialogs r & smoking ! Variable:
& alccon Pro fistic: v
g& height o Count =
f weight ! :
& WHR : : Set Parameters
Gt =i I
o 20 lore ] Display error bars
o catﬁggﬁ;){scab &; age_graup rError Bars Represent
"""""" @ Confidence interva
Gallery  BasicElements Groups/PointlD  TitlesiFootnotes @& S
Elernen1 &) stanaara erro
Choose from: Properties... r |2
Favorites @ standard deviation
— 0 - -
Bar ‘ plions Multiplier; |2
Line Hl_l
Area
Pie/Polar —— — Bar Style:
Scatter/Dot | o i) % b0 |I Bar b
Histogram i) b ¢
High-Low
Boxplot
Dual Axes

[ ok ][ Paste || Reset |[cancel|[ Heip | (2000 ][ ciose | [ Heip |




Descriptive Statistics

Barplots for illustrating tables:

Using absolute frequencies: Using relative frequencies

GO0

50,0%

500

40,0%

400

30,0%]

Count

300

Percent

20,0%
200

10,0%
100

T T T T
30-40 41-50 51-60 61-70 0%

T T T T
30-40 41-50 51-60 &1-70
age_group

age_group

Barplot:Graphical illustration of a categorial variable

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



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 veey Xiy ooy Xy 151,000

n’

_ 1 1
X=E(x1+x2+---+xn) =—in

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



Descriptive Statistics

The mean is invariant towards linear transformations:

Example:

In one European study, measurements of cholesterol levels are given in mg/dl,
your US-American colleagues, however, want to see it in mmol/l :

Measurements in mg/dl * 0.0259 - Measurements in mmol/I
Mean (in mg/dl) = 225
- Mean (in mmol/l) = 225*0.0259 = 5.8275

It is not invariant against non-linear transformations,

e.g.: mean (log(Cholesterol)) # log(mean(Cholesterol))



Descriptive Statistics

Robust measures against outliers and skewed distributions:

Quantile: An a-Quantile is a value dividing data in a way that the proportion o 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




Frequency

Descriptive Statistics

Right skewed distribution:

Mean = 169

40

Median = 140

40
30

30
I

Frequency
20
|

20
|

10

10

Symmetrically distributed:
Mean = 0.894

Median = 0.897

”[H(NJL "

. Nm MMW"MMhmmm : mﬂﬁHﬂm

0 100 200 300 400 500 500 07

For symmetrically distributed variables 2> Mean=Median

For skewed variables: Medians should be preferred

08

08

1.0

|
1.1



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:

522 (Gt = B+ (1~ D)) = %Zl(xi %

mn
1 _
A modified version: S° = (n— 1)2(9&' -X)° > sample variance
i=1

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:

Ages of Myocardial Infarction patient group: 65, 66, 69, 70, 72, 75, 78

(n—1)

= [(65-70.71)2+(66-70.71)2+(69-70.71)2+(70-70.71)2+(72-70.71)2+(75-70.71)2+(78-70.71)2] * 1/6
= 21.90

s
1
Sample variance = §2 = Z(xi — X)*
i=1

Sample standard deviation = \21.90 = 4.68

B The standard-deviation is invariant against linear transformations



Descriptive Statistics

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

Reports k (
Cescriptive Statistics 2 E Frequencies...
F
TEIEIES [ 3 E DESCrimiVES.. ta Explore: Statistics a M Case Processing Summary N u m ber
Compare Means k A, Expl Cases . ]
wplare... = - f
zeneral Linear Mocel [ 3 - Confidence Interval for Mean: o Valid Missing | Total O I I "SSI ng
- % Crosstabs ] N Percent N Percent || N Percent
Generalized Linear Models b = [C] M-estimators age 1457 | 100,0% 0 00% | 1457 | 1000% Val ues
] E Ratio [] Qutliers
Mized Models 4 = [+ Percentiles |
- Descriptives
Correlate k E P-P Plots.. |
. | Continue I Cancel Help i Std. Error
Regression 3 E Q-2 Plots... — — | a0 Mean 53,25 241
—————————————————————————
o — " E 95% Confidence Interval Lower Bound 5278 M
"F" Expl for Mean Upper Bound 5372 easu reS
Us LXplore 5% Trimmed Mzan 5360 of loca |O N
Median 54,00 f I t
Dependent List: L -
= _§ Variance 84,438
& sex SLE Std. Deviation 9,189 and
% age_group Minimum 30
smoking Maxirmum [ 1 b 1 I 't
& slocan Factor List: Range T Varl a. I I y
.g@ height Interquartile Range 13
& weight - Skewness -458 064 M ed | an
6@ WYHR Kurtosis 172 128
.g@ weaist Label Caszes hy:
& tatperc il | Percentiles
Display Percentiles
L ] 10 25 a0 75 a0 45
’7@’ Both @ statistics © Plots Weighted Average age 35,00 4000 | 47.00 54,00 60,00 | 65,00 67,00
(Definition 1)
[ Ok ” Pazte ” Rezet ”Cancel” Help ] Tukey's Hinges age 47,00 54,00 50,00




Descriptive Statistics

Example: Mean, quantiles and standard deviation 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]



Descriptive Statistics

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

707 807 Mean = 53,25
-1 Stel. Dev. = 9,189
N=1457
| AT
-
60 R0 H N
= [N

- \

(2]

e /] _

L]
o 3 || -

3 & 40 | N

1™ _

= |
40 20 \

N\
30 —_—
a T T T T T
a0 40 a0 &0 70

T
age
age




Descriptive Statistics

Largest value (without outliers)

= &
Upper Quartile
g _ 5 «~ =75% Percentile
Inter- _
quartile - Median
= 1 range
) | '\ Lower Quartile
Up to 5 = 25% Percentile
g 1.5%Inter- |
quartile
range i
< = _l_&

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

Histogram and Boxplot for a symmetrically distributed variable:

2 1
T ] - .
— 7] |
=0 o
(x5 =
o2
o _| [
N H
— _- 1
1
1L © ,
i I = i
= _| 1
= a
1
1
|
- |
ikl o . ’
N —
P I nd|
| I I I | @

07 08 09 1.0 1.1



Descriptive Statistics
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Descriptive Statistics

How to create such a plot (=Histogram) in SPSS: e.qg. for the variable waist

il Chart Builder .. = Rt b
il ¢ ‘ t{-.::- B Mean = 90,94
] Stl. Dev. = 12,093
I I

@ Graphboard Template Chooser... N=1.453

1259

I
Legacy Dialogs 4 Bar...
m 3-D Bar... ﬂ

B Line.. %7 |

B area.. -
i Pie... I
High-Lavwe... -

5] Boepict .. 50| —_/ E
E Errar Bat ...

E Paopulation Pyrarnid. ..

w
Frequency
=1
(4]
I
1
_--F-—_
I
— |

257

B scatterimat ...
Histoorat. .. /-l_r

| T |
40,0 600 an,0 100,0 1200 140,0

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)



Descriptive Statistics

How to create a boxplot in SPSS: e.g. for the variable waist

il Chart Builder .. ‘ @ %
—

Graphhoard Template Chooser ... I
Legacy Dialogs F Bar EE ﬁE =imple
3.0 Bar-.. —
ﬁ Line... Ha FE Clustered
E Area...
rData in Chart Are
[ pie... 1
— 3 2 summaties for groups of cases
L @) Summaries of separate variahles
(5] Boxpiot... —
iDefineil | Cancel | | Hel
@ Error Bar ...
E Population Pyramid...
B scatteriDat...
140,09
Histogram...

}OOCU

120,0-

\%. Define Simple Boxplot: Summaries of Separate Variables

Boxes Represent: .
= Options... 100,07

ﬁ D g& wyaist
|_£) sE |
& age e

% Age_group
&) smoking
ﬁ alccon

50,0

T
waist



Descriptive Statistics

Histogram for waist seperated by a grouping variable e.g.sex

p
it Chart Builder

===

ﬂ'ﬁ Element Properties

Variables:

& ID

& testiD
ot

&b sex

& age

&5 smoking
f alccon
& height
& weight
& WHR

g& waist

AP Ei o

Chart preview uses example data

waist

Ell

Mo categaries (acak
warizbie)

Edit Properties of.

Pyramid1

H-Axis1 (Pyramid1)
Y-Axis1 (Pyramid1)
Snlit (Puramid1’

Scale Variable Distribution Options:

Galer | gesiElamens | GrowsPOID. TiesrFociots.

Choose from:

Basic chart building blocks |

Favorites
Bar
Line

Area

Pie/Palar
Scatter/Dot
|Hismgram
High-Low
Boxplot
Dual Axes

Element

[T] Display normal curve

rAnchor First Bin

@ Automatic

Custom value for anchor:

rBin Sizes
@ Automatic
Custom

(=]

@ Number of intervals:

[

@ Interval width:

B Display error bars

onfidence intervals level (%)

[T=] |r'| (]
[

Categorical Variable Distribution Options:




Descriptive Statistics

Histogram for waist seperated by a grouping variable e.g.sex

sex
female male
140,0 1400
120,0 —120,0
100,0 =100,0
k] =
= S
= n
50,0 50,0
0,0 50,0
40,0 —40 0
I I I I !

1 | I ! T
1000 800 600 400 200 00 200 400 600 800 1000

Frequency Frequency



Descriptive Statistics

Boxplot for waist seperated by a grouping variable e.g.sex

"#2 Chart Builder ’ ﬁ k - - ) #2 Element Properties & |
Variables: Chart preview uses example data Edit Froperties of
& 1D -~ Box1 g
4 testiD H-Auis 1 (Box1)
% t . Y-Axis1 (Box1)
& sex :
& age : o ~Statistics
&5 smoking Variable: ¢ waist
hr] 1
¢ alccon R Statistic:
§ he'_gr:t P Boxplot -
weig ; 5
& WHR : Set Parameters
& waist i i I
.& Lo — oo T — bbbt fen'llale méle ! EIE |:.Ia errar bars
e catﬁgrq;;;}(scab & e ~Error Bars Represent
_____________ @ Confidence intervals
Level (%): (95
Gallr | BasioElemerts  GroupsPomD. TiesiFootates
Element & standard error
Choose from: Multiplier: |2
Favorites ¢ o a0 " Options... | ® Standard deviation
Bar é ﬂa ! Multiplier: |2
Line é “
Area Q
Fie/Polar
Scatter/Dot
Histogram
High-Low
Boxplot
Dual Axes




Descriptive Statistics

150,0-

(1]

5552278
g4g 327

204 32
e 613
85

100,0—

waist

50,0-

T
female male

sex

Such plots can be used to create hypotheses -

Waist circumference seems to differ between men and women



Descriptive 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 quantitative 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 27?

2 quantitative variables (e.g. cholesterol and age)

Correlation and scatterplots

Are the two variables associated with
each other?




Descriptive Statistics

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

—
) Reports r % i . .
h
Cescriptive Statistics 2 Frequencies
i Tables k -
d = Descriptives...
Compate Means F
% Explare. ..
General Linear Mocel F
. . @ Crozstabs. .
Generalized Linear Models P =
Mixed Madels b SIS
Correlate 3 4| P-P Flots ..
Regression k E G- Plats...
= Crosstabs ¥ | i Crosstabs: Cell Displa
) play
Rowis): riZourt rz-test
e @b 38x Ohserved Compare column proportions
e L e R
% g |:| Expected . Adivzt p-values (Bonferroni methad)
age_groL)
ge_BroLp [7] Hide smal courts
& alcoan Calumn(s): Lessthon
?heigm & smaoking
weeight -
y WHR ~Percentages rResiduals
& weaist Leiar 4 @il ¥ Row || [ unstandardized
& tatperc || [0 standardized
Prewvious [t
& HoL e = [ Totsl [] Adjusted stancardized
&
& oL - rMonirteger Weight
f e @ Round cell counts © Round caze weeights
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Descriptive Statistics

2 qualitative variables: Crosstable including absolute and relative frequencies

sex * smoking Crosstabulation

Example: pp——
Current
smoker Exsmoker | Mever smoker Total
Gender sex  fernale  Count 117 143 475 735
X % within sex 15,9% 19.5% fi4.6% 100,0%
Smoking % within smoking 44 8% 31,6% fi3,9% 50,4%
male Count 144 o 268 ¥22
% within sex 19 9% 42 5% 3T 1% 100,0%
% within smoking 55 2% 68,4% 36,1% 49 6%
Total Count 261 4h3 743 1467
% within sex 17,9% 311% 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
(475/1457:32.6%).

1. 37.1% of all men have never smoked, but 64.6% women

2. 55.2% of all current smokers in the study are male



Descriptive Statistics

2-dimensional tables by barplots next to each other: e.g.: table on Gender x Smoking

il'ﬁ Chart Builder & | i!ﬂ Element Properties u
Variables: Chart preview uses example data Edit Properties of.
Fs
& D < Cluster an *: et calor |Elar1. | @
& testiD P ; X-Ais1 (Bar1)
ot b ses ; Y-Axis1 (Bar1)
% sex E- ------------------------------- rEronnalnr (Rard &7
& age P - Statistics
&> smoking i i Variable:
& alccon P E Statistic:
ﬁ hetont P i |Count -
& weight ' i
& WHR A ‘ Set Parameters...
% 'f‘a_ls_t__ E P ! Current  Ex smoker Mever smoker
— ek [] Display error bars
e Caff,ﬁﬁ;}mcm N smuoking ; ~Error Bars Represent
e — @ Confidence intervals
Gallery | Basic Elements | Gr ointlD | Titles/Footnotes ® o
Element & Standard erro
Choose from: Properties... Multiplier: |2
Favorites m @ Standard deviation
B | Multiplier: |2
= ol et Ry 55
Area Clustered Bar .
Pie/Polar Bar Style:
Scatter/Dot | ¢ i} ¢tp ¢ ¢ | B Bar -
Histogram ‘I’ ¢ ¢
High-Low
Boxplot
Dual Axes
[ OK ”Paste”ﬂeset”{:ancei” Help ]




Descriptive Statistics

2-dimensional tables by stacked barplot: e.g.: table on Gender x Smoking

i Chart Builder

| 2

ﬂ'ﬁ Element Properties | P |

Variables:

Chart preview uses example data

&b

& testD
aht

&b sex

& age

&5 smaking
‘ﬁ alccon
&7 height
f weight
& WHR

f waist

A et e

Fercentage

Current Ex smoker MNever smoker
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No categories (scak
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Descriptive Statistics

lllustrating 2-dimensional tables by barplots: Example: table on Gender x Smoking
1] TS’:r:aIe 1] ::n:{ale
500 B male 100,0% male
50,0%
& E 50,0%]
3 S
40,0%
20,0%
0,0%—
Current smoker Ex smoker Mever smoker Current smoker Ex smoker Mever smoker
smoking

smoking




Descriptive Statistics

1 qualitative variable, 1 quantitative variable:

Example: Comparing the height between men and women: Calculate measures for
location and variance, as well as their graphical illustrations separately for the levels of
the qualitative/grouping variable: Analyze — Descriptive Statistics — Explore

-
o Q Explore: Statistics &
Descriptives -
sex Statistic | Std. Error @ Explore —— — -
- ¥ iDescriptives
height female Mean 160,822 22058 B e
95% Confidence Interval  Lower Bound | 160,389 Dependent List: Statistics s %
for Mean - =1 SR
UpperBound | 161,254 &0 - B & height \\ [7] M-estimators
5% Trimmed Mean 160,776 i
Median 160,500 ﬁ IESND [C] Qutliers
Variance 35,687 & age S eI [/ Percentiles
Std. Deviation 50730 &) s?noking —&) ox - Bootstrap... | ||
Minimum 1435 £a I [Conﬁnue” Cancel ” Help ]
Maximum 1795 alccon
Range 36,0 -f weight I b
Interquartile Range 8,0 & WHR Label Cases by L
Skewness 140 080 & waist = | = | i
Kurtosis -,.0a2 180 -
male Mean 173,772 12437 Display I
95% Confidence Interval LowerBound | 173,294 ’7 e
' ©) Both Statistics © Plots
for Mean UpperBound | 174,251 OBoth © sta or
5% Trimmed Mean 173,781
Median 173,500 [ OK ” Paste ” Reset HCanceI“ i
Variance 42,887 '
- o
Std. Deviation 6,5488 8
Minimum 1505 1900 L
Maximum 196,0
Range 455
Interquartile Range g5 180,0 o
Skewness .0z2a 081
Kurtosis 246 182
- 17007
=
Percentiles
160,0
Percentiles —_
sex 5 10 25 50 75 30 a5 8
» [ Weighted Averags height female | 151,500 | 153,000 | 156,500 | 160,500 | 164,500 | 168,000 | 171,125 | o
1500
(Definition 1) male | 163,000 | 165650 | 169,500 | 173,500 | 178,000 | 182,500 | 185,000 e
lTukey's Hinges I height  female 156,500 | 160,500 | 164,500 e
male 169,500 | 173,500 | 178,000 1400
falr:ﬁle m;\a



Descriptive Statistics

2 quantitative variables: Simple scatter plots between two variables:
#f Chart Builder 2 |Y #2 Element Properties ===

Variables: Chart preview uses example data Edit Properties of.
£ = |F'oin_t1 . 12
& testD X-Ais1 (Point1)
- 2 S ||| Y-Axis1 (Paint1)
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&3 smoking - o Wariable: & weight
# alccon 3 o I sistc
& heignt 5 o |value T
& weight : o
& WHR 1 fo) 8 Set Parameters...
g S| i#i | 0 0°
= o . B Display error bars
No calegories (scak i ) : -
varihis) :ﬁ height Error Bars Represent
@ Confidence intervals
- Level (%): (95
Gallry  Basic lemenls GroupsiPantID, TiesFosinotes o~
Element @
Choose from: T
ot — 1 Comons) ||| &
Bar o Cj OOC O| - ‘ otio o
-]
Line p &
Area
Pie/Polar ‘ g 120,04
|| |ScatteriDot ©o (9 EF T m:
Histogram o E E D |
High-Low
Boxplot 100,04
Dual Axes £ o
=]
g
o T
60,01
40,0
T T T T T T T
1400 150,0 1600 1700 180,0 1900 200,0



Descriptive Statistics

2 quantitative variables: Correlation

Positive correlation:

r>0

Negative correlation:

r<o



Descriptive Statistics

2 quantitative variables: Correlation

Positive correlation:

r>0
There is a structure

in ghe data, but

Correlation’coefficient

IS not able to find it

Negative correlation:

r<o



Descriptive 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)
22 1

18 2

15 35

15 35

11 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 r? is given, that ranges between 0 and 1



weight

Descriptive Statistics

Analyze  Graphs  UHilties  Add-ons Wincowy

Help

Reports | 2
Descriptive Statistics

=
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r
Tables | 2
Compare heans LS ” smaking ”
General Linear Model r 1 1
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Mized Models » 1 3
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i r = 0.565
o o Pearson
o
o =
40,0 rSpearman 0.584
T T T T T T T
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Roughly, correlations can be

interpreted in the following way:

Ir] < 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).



Point and Confidence Estimates



Point and confidence estimates

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

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

population

B There is uncertainty involved in the estimation of a population mean from
the underlying population = standard error / confidence intervals

Population




. . . B3 gt Y \
Point and confidence estimates I .

For example:

Descriptive measures in the study sample

Conclude on

unknown parameter / characteristic of the underlying
population

Arithmetic Mean in the study sample: X = X;
l. i=1

Is the estimate of

Expectation value u of the underlying population



Point and confidence estimates

m Example:
Population of interest = All patients with previous Ml
,Parameter” of interest: blood pressure

Study sample: Representative sample of all patients with previous Ml

Arithmetic Mean of blood pressure in the study sample:

IS the estimate of

|

Expected value of the blood pressure in the
underlying population, that cannot be observed



Point and confidence estimates BSEE —a

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 population parameter with given
certainty: Confidence Interval CI

— The measure of certainty is given by the error probability o
o =5% :95% CI; o = 1% : 99% CI etc.

Interpretation of the confidence interval in general:

If the study is repeated 100 times on 100 different samples, the point
estimate (here: mean) will be within this range in (1-o = 95%) percent of
cases



Point and confidence estimates

Example: Cl for the Mean:

Quantiles of the
Mean +/- Standardnormal-
Distribution

* Standarderror of the Mean

Standard Normal distribution

= Gaussian curve

0.025-Quantile  0.975-Quantile:
=-1.96 =+ 1.96

For a 95% confidence interval:



Point and confidence estimates

S Example for 95% confidence
a—= interval for the mean of total
I-5vn L
cholesterol within a sample of
n=1475 individuals

43.28
,237.1+ 1.96
V1457 V1457

[237.1 — 1.96

If this study Is repeated 100 times, it is

expected that the mean of total
[ 234.88,239.32] cholesterol falls into this range in 95

times
SE*=standard error of the mean



Point and confidence estimates

r@ Explore EE__] @ Explore: Statistics . ﬁ1

Dependent List: Statistics... [ Descriptives

&2 height - « & 1C Confidence Interval for Mean: o5
& weight

[] M-estimators

& WHR Options... _

& waist Factor List: ["] Dutliers
& fatperc L BT [CliPercentiles
& HOL g

§TG I |Conﬁnue| Cancel || Help
LDL

Label Cases by
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Display
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Descriptives

Statistic Std. Error
TC Mean 237,100 1,1338 : :

95% Confidence Interval Lower Bound 234,876 Confldence Intervals can
for Mean UpperBound | 239,324 be used to compare
5% Trimmed Mean 235,974
Median 233,900 groups
Variance _ 1872925 - Do Cls overlap or not ?
Std. Deviation 43,2773
Minimum 88,1 . H
e —r If yes: groups do not differ
Range 667,5 . 1
Interquartile Range 53,5 If no groups do dlﬁ:er
Skewness 1,446 ,064
Kurtosis 14,042 ,128




Formulating a statistical hypothesis



Formulating a statistical hypothesis

m If one has no a priori hypothesis, results from descriptive / explorative
analyses can be used to formulate hypotheses (ideally on different
datasets!)

Example:

Waist circumference seems to differ
between men and women. o m%

415 2
—

100.0

s this difference statistically
significant? °

50.0

But: With statistics per se, it cannot
be answered, if this difference is
meaningful or clinically relevant !




Formulating a statistical hypothesis

First steps in conducting a statistical test:

m Quantify the scientific problem from a clinical / biological perspective

B Formulate the problem as a statistical testing problem:
Null-hypothesis versus alternative hypothesis

The current example:
» Scientific hypothesis: Waist circumference differs between men and
women
» Statistical hypothesis:
* Nullhypothesis: Waist circumference does not differ between men
and women

* Alternative hypothesis: Waist circumference differs between men
and women - This is the hypothesis you want to proof




