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WHOAMI

64-80: Fadt og opvokset i Vamdrup, Jylland
80-83: Munkensdam Gymnasium, Kolding
83-84: Veernepligt, Flyvestation Skrydstrup
84-91: Studerende Arhus Universitet + diverse

91-94: Ph.d. studerende ved Landbohgjskolen (KVL)
94-04: Adjunkt og lektor i statistik pa KVL

04- : Professor i Statistik, DTU Informatik

08- : Sektionsleder for 30 statistikere, DTU Informatik

1991: 5 mdr. University of Washington, Seattle, USA
1993: 6 mdr. University of California, Davis, USA
2001: 6 mdr. CSIRO, Sydney, Australia
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Statistik i aktion

Hvad er

Statistik

1. Et fantastisk spaendende emne, som
jeg altid har drgmt om at bruge 2 timer
en fredag eftermiddag pa at hare mere
om?

2.Noget kedeligt med tal, der kun
overgas af revisorernes landsforening?

3.Jeg er f... ligeglad — hold dog op med
at stille den slags latterlige spgrgsmal!
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Hvad er

Statistik?
1. Historisk, samfundsmaessigt,
naturvidenskabeligt

(Mennesker som maleinstrumenter)
2. Egentlig introduktion til statistik

¥

FORBAVSENDE kort vej fra GYM til
Business/Videnskab!!
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Hvad er
Statistik?

Egentlig ikke s& meget:

*Danmarks Statistik: http://www.dst.dk/

*Preesident Zuma og statistik: ISI meeting 17/8 2009. -
http://www.statssa.gov.za/isi2009/ISIbane Newsletter 1.pdf

*Danske skolekarakterer: http://www.karakter.dk/
Men mere selve ANALYSEN og FORTOLKNINGEN:

«Statistik: Et af de 11 mest vigtige bidrag til medicin i 1000 ar!!!
http://content.nejm.org/cgi/content/extract/342/1/42

«Statistikere uundveerlige for Google: New York Times 5/8 2009

http://Iwww.nytimes.com/2009/08/06/technology/O6stats.html?scp=1&sqg=statist| =Search
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President Zuma Warns of
Challenges Facing Statistics!

Application of
Statistics to Medicine

1747: James Lind behandlede 12 skgrbug-
ramte skibspassagerer med bla. citronsaft i
verdens farste kliniske forsgg

1854: John Snow opdagede sammenhang

mellem kolera og forurenet vand i London.
("Pumpen i Broad Street”)
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De 11 vigtigste bidrag
til den medicinske forskning
det seneste artusind

Elucidation of Human Anatomy and Physiology
Discovery of Cells and Their Substructures

Elucidation of the Chemistry of Life

Application of Statistics to Medicine

Development of Anesthesia
Discovery of the Relation of Microbes to Disease
Elucidation of Inheritance and Genetics

Knowledge of the Inmune System

. e NEW ENGLAND
%’ JOURNALo MEDICINE

Development of Body Imaging
Discovery of Antimicrobial Agents

Development of Molecular Pharmacotherapy
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Jyllandsposten
15/3.2010...

Lilly fir Byetta Lar-godkendelse
mjm svaerdslag
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Matematik i
medicinudvikling

A PO e s et 188 e ey R0

New York Times DU
5/8 2009: g

@, Entarge This image “People think of field archacology as

Indiana Jones, but much of what you
really do is data analysis,” she said.

Now Ms. Grimes does a different kind >

of digging. She works at Google, where
she uses statistical analysis of mounds of data to come up

with ways to improve its search engine.

Ms. Grimes is an Internet-age statistician, one of many

who are changing the image of the profession as a place fo
dronish number nerds. They are finding themselves
increasingly in demand — and even cool.

o e o e
E i s “I keep saving that the sexy job in the next 10 vears will by

statisticians id Hal Varian, chief economist at Google,

Multimedia

——

Hvad er [T
Statistik?
Egentlig ikke:

«Danmarks Statistik: http://www.dst.dk/

*Praesident Zuma og statistik: I1SI meeting 17/8 2009. -
http://www.statssa.qgov.za/isi2009/ISIbane Newsletter 1.pdf

*Danske skolekarakterer: http://www.karakter.dk/
Men mere selve ANALYSEN og FORTOLKNINGEN:

«Statistik: Et af de 11 mest vigtige bidrag til medicin i 1000 &r!!!
http://content.nejm.org/cgi/content/extract/342/1/42

«Statistikere uundveerlige for Google: New York Times 5/8 2009

http:/iwww.nytime: m/2009/08/0! 1nology/O6stats.html?scp=1&sqg=: &st=Search
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S marew— | “And I'm not kidding.~

Bang & Olufsen

* Interfaces such as touch screens are
becoming more and more common
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Switch investigation

The relative importance of visual, auditory and haptic information
for the user’s experience of mechanical switches

Ditte Hvas Mortensen, Department
of Psychology, Aarhus University,
Denmark and Bang & Olufsen a/s,
Struer, Denmark

Sgren Bech, Bang & Olufsen als,
Struer, Denmark

Ranking of switches

DTU Informatics
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The sensory panel:

» Trained assessors
e A sensory measurement instrument

» Evaluates products under controlled
and designed conditions

e NOT preference evaluations
* NOT consumer studies

DTU Informatics

UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff
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What is sensometrics?

Sensometrics is the scientific area that
applies mathematical and statistical
methods to model data from sensory
and consumer science.

Brockhoff, P.B. (2010). Sensometrics. In: International
Encyclopedia of Statistical Science, Lovric, Miodrag (Ed.),
Springer.

NEW Book for NON
statisticians! (to appear)
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What is sensory?
Neurophysiology
Anatomy
Process Psychophysics

Technology
Data analysis

I't p— Sensory
Quality control Science :
Chemometrics

Chemistry
Psychology
nstrumental measurements. o :
= Cognitive science
Marketing

Statistics

onsumer Science
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Sensometrics

STATISTICS FOR
SENSORY AND
CONSUMER SCIENCE

TUIRMAMD NS, PER B, BROCKIFE AND OLIVER TOMIC

(Another NEW

Book — u

to appear) "

DTU Informatics

History: Since 1992!

f Conferences:

Sensometrics (100-200) Pangborn Sensory (500-700-900)
1992 Leiden, NL

1994 Edinburgh, Scotland
1996 Nantes, France

1998 Copenhagen, Denmark
2000 Columbia, MS, USA
2002 Dortmund, Germany 2003 Boston, USA

2004 Davis, CA, USA 2005 Harrogate, UK
2006 As, Norway 2007 Minneapolis, USA
2008 Ontario, Canada 2009 Florence, Italy
2010 Rotterdam, Holland 2011 Bangkok, Thailand
2012 Rennes, France

f The Sensometric Society

www.sensometric.org
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1992 Jarvenpaa, Finland
1995 Davis, USA

1998 Alesund, Norge
2001 Dijon, Frankrig

Triangle test:

A subject is presented with 3 samples,
two of which are equal:

® O O

Question: Which is different?

Binomial data: answer is correct or incorrect

DTU Informatics

UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff




Binomial models:

* X = Number of correct answers

X follows a binomial distribution
with some unknown p
n!
P(X =k)=———p*(1- p)"*
(X == i P P

"Plat-og-krone fordelingen”
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Triangle test:
(pa ens produkter)

Forventet fordeling hvis rent gatteri

8 n=50
s p=1/3

B OF 4 & & MWW WM X T NN DM N D MWW WL MM R
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Triangle test:
(hvor ¥ af

alle folk erkender forskelle
Forventet fordeling hvis 25% kan detektere forskellen

: n=50
: p=2/3

807 4 & 8 W W W W BAR R T s =

108

o

om0
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Plat og krone
p=1/2

Plat og krone fordeling, p=1/2

] n=50
H 1 p=1/2
R iL_

0 0F 4 4 & WM oW W W W I B NN XN OW MWW WL oMo R

oo
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Triangle test:
(hvor halvdelen af

alle folk erkender forskelle
Forventet fordeling hvis 50% kan detektere forskellen
s
-
[ ibetivssps i NPT UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff

Triangle test:
(pd ens produkter)

Forventet fordeling hvis rent gaetteri

: n=50
5 p=1/3

B OF 4 8 8 MW W W W R I NN N D MWW WL MM R
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Hvad nu hvis??

Vi far 50 korrekte svar ud af 50?

Hvad er svaret pa spgrgsmalet:
1.Kan vi pavise en (detekterbar) forskel pa gllene?
2.Kan | smage forskel pa Carlsherg og Tuborg?

DR informatkes .. - UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff

Hvad nu hvis??

Vi far 17 korrekte svar ud af 50?

Hvad er svaret pa spgrgsmalet:
1.Kan vi pavise en (detekterbar) forskel pa gllene?
2.Kan | smage forskel p& Carlsberg og Tuborg?

OTU Informatics . . UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff

Triangle test:
(pa ens produkter)

Forventet fordeling hvis rent gaetteri

n=50
5] p=1/3
]
1
gl
‘% W oW Mo
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Hvad nu hvis??

Vi far 20 korrekte svar ud af 50?

Hvad er svaret pa spgrgsmalet:
1.Kan vi pavise en (detekterbar) forskel pa allene?
2.Kan | smage forskel pa Carlsberg og Tuborg?

Triangle test:
(pa ens produkter)

DR informatkes .. - UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff

Forventet fordeling hvis rent gaetteri
n=50
|
oty Iv}(m-pulks_ } . R UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff|
Triangle test:
(pd ens produkter)
Forventet fordeling hvis rent gaetteri
2 n=50
]
S — |HH T
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Hvad nu hvis??

Vi far 26 korrekte svar ud af 50?

Hvad er svaret pa spgrgsmalet:
1.Kan vi pavise en (detekterbar) forskel pa gllene?
2.Kan | smage forskel pa Carlsherg og Tuborg?
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Triangle test:
(pd ens produkter)

Forventet fordeling hvis rent gaetteri

n=50

||h p=1/3
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Hypotesetest

Hvad nu hvis: vi far x korrekte svar ud af n

Hvad er svaret pa spgrgsmalet:
1. Er der en (detekterbar) forskel pa gllene?
2. Kan | smage forskel pa Carlsberg og Tuborg?

H,:p=1/3

Hypothesis test:
1. Find P-value and compare with the nominal level (alpha)
2. How odd does the data look? (IF the hypothesis is OK)

H,:p>1/3
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Hvad er statistik?

At tage intelligente beslutninger pa
basis af tal (empirisk information).
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Type | and Il risks

Claiming Claiming
Difference Similarity
("Rejection™) ("Acceptance”)

Products are TYPE 1 ERROR Correct
similar (alpha) decision
Products are Correct TYPE 2 ERROR
different decision (beta)

ST emiics X il b4 UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff

Consequences
of errors:

» Example: New and "better” recipe for
an existing product is saught!

e Type |l error: A perfect recipe is rejected
(Production department is unhappy!)

* Type ll error: A"wrong” product is
accepted and sent on the market

(Marketing department is VERY unhappy)

OTU Informatics . . UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff
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Confidence
intervals

 Intervals are used instead of single numbers
* Good tool to summarize information
» Example:

0+1.96x | PL- p)n

ST emiics X sl b UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff
3-AFC test:
Hvilken er mest bitter?
5
—
A B

al az b

Sensory continuum

90) = [~ oz = )0()dz
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Triangle test:
(Hvilken gl er anderledes?)

—
A B

al a2 b

Sensory continuum

al8) = 2[ {m [—:\/34-6\/2,."3] S [—:u’a = 6.]2;3]} le?aml—z’ﬂldz
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Hvad er
Statistik?

1. Historisk, samfundsmaessigt,
naturvidenskabeligt

2. Egentlig introduktion til statistik
(link til matematik p& gymnasiet)

FORBAVSENDE kort vej fra GYM til
Business/Videnskab!!

The “paradox” is resolved!

o

o " &ﬁfﬁ
% -Duo-trio
c o« ol
& = s Triangle
g e
o
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o @ "
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c
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2

w08 PR 20 s a0 s
d-prime
oty h(bll'.ullkt. } . R UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff|

Mennesker som maleinstrumenter

OTU Informatics UNF Bornholm, 19 Marts 2010, © Per Bruun Brockhoff

Statistics DTU
Profile

« Examples:  Characteristics:
« Climatology » Working with the use and development
« Energy (Wind)  of statistics in several areas
« Pharmaceutics * KORT vej fra kursusviden til
« Finance forskning og/eller business
« Food science

- Environmental . ; !
research

« Marine biology ~4j)
« Microbiology
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Bachelor i Matematik
og Teknologi:

DTU Informatics
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