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Statistiek Wetenschappelijke methode

In de levenswetenschappen wensen we bij te leren over
natuurlijke processen.
Empirische gegevens vormen een essentieel onderdeel in dit
proces.
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of health data obtained over time from participants and analyzed in 
combination with genomic data. Second, develop and use analytic 
tools for integrating these diverse data sets and deriving actionable 
information from their observed interrelationships. Third, identify 
patterns within the health data that correlate with wellness, or tran-
sitions between wellness and disease. And fourth, learn how to best 
work with and present longitudinal health information to individuals 
by studying the reactions and feedback from participants as they are 
presented with actionable information.

Data collection
108 individuals (ages 21–89+ years; 59% males, 41% females; 89% of 
European descent; not recruited based on any specific phenotype) 
(Supplementary Table 1) participated in this study. In month 4, one 
participant reported to her coach that she had become pregnant and 
was withdrawn per protocol and informed consent. Health history and 

behavioral assessments were performed at the beginning of the study to 
establish a baseline for health coaching, including tobacco (4 reported 
users) and alcohol consumption (91 reported users). Each individual 
had their genome sequenced in full. Blood was collected in clinics every 
3 months. Additionally, participants completed at-home collections of 
saliva, stool, and first morning void urine every 3 months. Stool and 
saliva samples were shipped directly to the vendor by the participant, 
while urine was given back to the study coordinators for distribution to 
the proper sample vendor (Fig. 1). We called each of these three collec-
tion periods ‘rounds’. For each participant in each round we carried out 
218 clinical laboratory tests, measured up to 643 metabolites and 262 
proteins, and measured the abundance of 4,616 operational taxonomic 
units in the gut microbiome using 16S rRNA sequencing. We used the 
whole genome sequence to calculate 127 polygenic scores for disease 
risks and quantitative traits based on previous studies selected from the 
National Human Genome Research Institute (NHGRI) GWAS catalog9. 
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Figure 1 Types of longitudinal data collected. (a) Timeline of important events in the P100. (b) Schematic of the data collected every 3 months 
throughout the study.
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Wetenschappelijke methode

Wetenschappelijke Methode wordt momenteel algemeen
aanvaard om onze wetenschappelijke kennis van de natuur op
te bouwen:

Pijlers: wetenschappelijke theorie en observatie.

Een wetenschappelijke theorie voorspelt hoe een natuurlijk
proces zich gedraagt
Observaties worden gebruikt om de theorie te bevestigen of te
ontkrachten
Wetenschappelijke theorie kan nooit bewezen worden door
observatie, maar kan wel ontkracht worden door observatie:
falcificatieprincipe.
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1 Natuur: werkelijkheid waarover men kennis wil verkrijgen
2 Wetenschappelijke theorie/hypothese: leidt tot model dat

een aspect van de natuur beschrijft en een bepaald gedrag van
de natuur kan voorspellen

3 Deductie: Leid toetsbare gevolgen af onder de
theorie/hypothese die experimenteel kunnen worden
gevalideerd

4 Experiment worden data uit de natuur gehaald: Data zijn
manifestatie van het werkelijke gedrag van de natuur
Experiment moet representatief en reproduceerbaar

5 Statistische Besluitvorming: brug tussen het
wetenschappelijk model en de data. Laat toe op een formele
wijze het model te toetsen aan de data en te besluiten in
welke mate de theorie/het model/hypothese voor waar mag
worden aangenomen.

6 Data exploratie en analyse kan een aanzet zijn voor het
verfijnen of genereren van een nieuwe hypothese
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Illustratie: Horizon - Homeopathy the test

BBC reportage https://vimeo.com/101005591

Fragment 1: 0’00”-6’00”: Vraagstelling

statOmics, Ghent University lieven.clement@ugent.be 6/27

https://vimeo.com/101005591


Statistiek Wetenschappelijke methode

Fragment 2: 7’40”-11’30”

1 Eigenaardige bevindingen in lab experimenten

2 Nieuwe hypothese: “Memory of Water”

3 Deductie: Als een substantie met allergenen sterk worden
verdund en heftig worden geschud dan wordt de informatie
overgedragen naar het water zodat een reactie kan worden
gedetecteerd door de allergietest met gemodificeerde basofiel
bij extreem grote verdunningen.

4 Zet nieuw experiment op om “Memory of Water”-hypothese
te evalueren

5 Verken, analyseer en interpreteer de resultaten uit het
experiment

6 Verspreiden van resultaten
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Introduction

Human basophils play a pivotal role in the pathogenesis of
chronic allergic diseases such as asthma. Activation of baso-
phils by cross-linking of IgE induces fusion of the cytoplas-
mic granules with the plasma membrane and the subsequent
release of potent mediators including histamine. Basophil
activation can be quantified by the measurement of secreted
histamine [1] and by direct microscopic examination of the
percentage of degranulated cells [2]. More recently, flow
cytometry has been used to measure basophil activation
using the cell surface marker CD63, in conjunction with anti-
IgE [3]. CD63 is expressed on intracytoplasmic granules of
resting basophils and only weakly expressed on the outside
membrane (<5%) [4]. However, basophil activation leads to
the upregulation of CD63 on the cell surface, which can be
easily quantified using flow cytometry. Both pharmacologi-
cal concentrations and high dilutions of histamine have been
reported to modulate anti-IgE induced basophil degranula-
tion [5]. The aim of this study was to confirm that a 2-colour
(anti-IgE FITC and anti-CD63 R-PE) flow cytometric method
can quantify basophil activation and to investigate the effects
of histamine on basophil activation. 

Materials and methods

Leukocyte suspensions were obtained by sedimentation (1–1.5 h) of
heparinised blood from healthy control subjects. Cells were washed
(2¥) with Hepes EDTA buffer and then incubated with equal volumes
of histamine solutions (final concentrations: 10–2 to 10–40 M) for 30 min
at room temperature, essentially as previously described [4]. Basophil
activation was induced by incubation of 20 ml cells with 20 ml anti-
human IgE (0.2 mg/ml, Dako, UK) for 30 min at 37 °C. Cells were
washed and labelled with 10 ml anti-IgE FITC (0.5 mg/106 cells, 
Caltag, USA) and 10 ml anti-CD63 PE (1 mg/106 cells, Caltag, USA) for
20 min at 4 °C. Basophils were selected by their brightly fluorescent
anti-IgE FITC (high mean channel fluorescence MCF). Data from at
least 250 basophils (in duplicate) were used to measure the propor-
tion of activated basophils expressing CD63 and each experiment was
performed at least 5 times. Negative controls consisted of isotype-
matched, directly conjugated non-specific antibodies.

Effect of physical treatments of histamine dilutions 
on their biological activity

Temperature – Histamine dilutions were heated to 70 °C for 30 min.
These solutions were tested in parallel with the same solutions that had
not undergone heating. 

Freezing/thawing – Histamine dilutions were frozen (–70 °C) and
then thawed to room temperature (both processes completed twice) and
analysed in parallel with histamine dilutions that had not undergone this
cycle.

Results and discussion

Activation of basophils with anti-IgE caused a consider-
able increase in CD63+ cells compared with unstimulated
cells (15.2 ± 3.5% and 64.2 ± 4.1% respectively, n =10,
p < 0.0001, Wilcoxon signed rank test).

Effect of histamine dilutions on basophil activation

Significant inhibition of CD63 expression was observed
after incubation with histamine at 10–2, 10–4, 10–6, 10–14,
10–18, 10–20 and 10–26 M, with maximal inhibition at 10–20 M
histamine, 43.8% ± 11.5% p = 0.0005 (Fig. 1). 

Effect of physical treatments of histamine dilutions 
on their biological activity

Heating histamine dilutions (10–2 M, 10–30 M, and 10–36 M)
caused a significant decrease in the inhibitory effects of these
histamine dilutions on basophil activation, with p = 0.039,
p = 0.018, p = 0.0064 respectively. 

Little if any effect was observed on the percentage of
inhibition of activation following 2 cycles of freezing and
thawing of histamine dilutions 10–2 M–10–40 M (data not
shown).

These results firstly confirm that CD63 expression is
upregulated on the surface of anti-IgE activated basophils
compared with unstimulated cells and also that low doses of
histamine have an inhibitory effect on human basophil
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thawing of histamine dilutions 10–2 M–10–40 M (data not
shown).

These results firstly confirm that CD63 expression is
upregulated on the surface of anti-IgE activated basophils
compared with unstimulated cells and also that low doses of
histamine have an inhibitory effect on human basophil
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activation with significant effects observed at 10–2, 10–4,
10–6, 10–14,10–18, 10–20 and 10–26 M. We are unable to provide
any explanation for the mechanism of action of these high
histamine dilutions. However, the incubation of the histamine
dilutions at 70 °C reduced the inhibition of basophil activa-
tion at most histamine dilutions tested. Thus basophil degra-
nulation appears to be regulated by histamine through a nega-
tive feedback process even at homeopathic concentrations. 
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Fig. 1. Effect of histamine on anti-IgE induced expression of CD63 on human basophil membranes. Data are represented as mean ± SEM for n =10.
Statistical analysis was performed using the Wilcoxon signed rank test with * = p < 0.05, **p < 0.01, ***p < 0.001.

Werking van Homeopathie
Theorie: “Memory of Water”

Substantie biologisch actief bij
ongelofelijk sterke verdunning

Detectie via diagnostische assay

statOmics, Ghent University lieven.clement@ugent.be 8/27



Statistiek Wetenschappelijke methode

Statistiek levert methoden om te toetsen in welke mate data
consistent zijn met een gepostuleerd model: Statistische
Besluitvorming

De wijze waarop de data tot stand gekomen is erg belangrijk:
Proefopzet

Het experiment moet eigenlijk zo opgezet worden dat het het
model uitdaagt en pas als alle moeite gedaan is om te pogen
data te bekomen die inconsistent zijn met het model, dan pas
kunnen de theorie en het model als waar beschouwd worden:
De uitzondering bevestigt de regel.

Wanneer de data inconsistent zijn met het vooropgestelde
model, kan direct besloten worden dat het model incorrect is:
Falsificatie Principe

statOmics, Ghent University lieven.clement@ugent.be 9/27



Statistiek Wetenschappelijke methode

Statistiek
Statistiek is wetenschap rond verzamelen, exploreren en analyseren
van data. Ze laat toe

tot een goede proefopzet te komen,

om te leren uit data en

hierbij variabiliteit en onzekerheid te

kwantificeren,
controleren en
te rapporteren

d.m.v. statistische besluitvorming modellen op een formele
wijze te toetsen aan de data

Ze vervult daarom belangrijke rol in zowat alle wetenschappen.
(Zie ondermeer populaire column “points of significance” in
Nature Methods.
http://blogs.nature.com/methagora/2013/08/giving_

statistics_the_attention_it_deserves.html)
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Statistiek Proefopzet

Wetenschappelijke resultaten dienen reproduceerbaar te
zijn

818 •SCIENTIFIC PAPER NATURE VOL. 333 30 JUNE 1988

Blind experiments and dilution protocols as in Table 1. —, Lack of strained
bands. ND, not determined. A faint band corresponding to IgG appeared after
reduction by 2-mercaptoethanol.
* Basophil degranulation tests I, II, III were performed using 3 different blood
samples (see Fig. 1). Percentage basophil degranulation induced by aIgE, as
compared to Tyrode's HSA, was calculated from duplicates.
t Electrophoresis (polyacrylamide 7-15%, revealed by silver staining) was carried
out in Rehovot (A) and at INSERM U 200 (B).
$ Uncoded additional tube for positive control.
§ + +, + Bands correspond to IgG present in large or small amounts.

according to the type of resin used and the pH, did or did not
retain the anti-IgE IgG at low dilutions, whereas the same
activity at high dilution was always excluded from the columns
and fully recovered in the first eluate. These filtration and ion-
exchange experiments demonstrated that the activity of the
antiserum at high dilution cannot result from contamination of
the highly diluted solution with the starting material. They
showed, in addition, that the high-dilution activity does not
present in space the steric conformation of an IgG molecule as it
acts like a 150K charged molecule, but is not retained by the 10K
filter or by a charged chromatography column.

We then investigated the physical chemical nature of the
entity active at high dilution. Our results can be summarized as
follows. (1) The importance of agitation in the transmission of
information was explored by pipetting dilutions up and down ten
times and comparing with the usual 10-s vortexing. Although the
two processes resulted in the same dilution (degranulations at
1 x 102 and 1 x 103 were superimposable whatever the dilution
process), degranulation did not occur at high dilution after
pipetting. Ten-second vortexing was the minimum time
required, but vortexing for longer (30 or 60 s) did not increase
high-dilution activity. So transmission of the information
depended on vigorous agitation, possibly inducing a sub-
molecular organization of water or closely related liquids. (2)
The latter is possible as ethanol and propanol could also support
the phenomenon. In contrast, dilutions in dimethylsulphoxide
did not transmit the information from one dilution to the other,
but increasing the proportion of water in dimethylsulphoxide
resulted in the appearance and increment of the activity at high
dilutions. (3) Heating, freeze-thawing or ultrasonication
suppressed the activity of highly diluted solutions, but not the
activity of several active compounds at high concentrations. A
striking feature was that molecules reacted to heat according to
their distinctive heat sensitivity, whereas all highly diluted solu-
tions ceased to be active between 70 and 80°C. This result
suggests a common mechanism operating at high dilution,
independent of the nature of the starting molecule.

Therefore we propose that none of the starting molecules is
present in the dilutions beyond the Avogadro limit and that
specific information must have been transmitted during the
dilution/shaking process. Water could act as a 'template' for
the molecule, for example by an infinite hydrogen-bonded
network12, or electric and magnetic fields13,14. At present we can
only speculate on the nature of the specific activity present in the
highly diluted solutions. We can affirm that (1) this activity was
established under stringent experimental conditions, such as

blind double-coded procedures involving six laboratories from
four countries; (2) it is specific for the ligand first introduced, as
illustrated when goat antiserum (IgG) anti-human IgE, but not
goat IgG anti-human IgG supported this phenomenon. The link
between high and low anti-IgE dilutions is shown as we could not
detect basophil degranulation at high dilutions if it did not occur
within the classical range. High dilutions of histamine, but not of
its carboxylated precursor histidine, inhibited IgE-dependent
basophil degranulation. Finally, ionophores at high dilution did
not work when the specific ion was removed from the cell
suspension (F.B., unpublished results). (3) Using six bio-
chemical and physical probes, we demonstrated that what
supports the activity at high dilutions is not a molecule. (4)
Whatever its nature, it is capable of 'reproducing, subtle molec-
ular variations, such as the rearrangement of the variable region
of an IgG (anti-€ versus anti-y) molecule.

The precise nature of this phenomenon remains unex
plained. It was critical that we should first establish the reality
of biological effects in the physical absence of molecules.
The entities supporting this 'metamolecular' biology can only
be explored by physical investigation of agitation causing inter-
action between the original molecules and water, thus yielding
activity capable of specifically imitating the native molecules,
though any such hypothesis is unsubstantiated at present.

We thank Professor Z. Bentwich from Ruth Ben Ari Insti-
tute for supervision of experiments conducted in Rehovot. The
participation of J. Geen (Univ. Toronto), B. Descours and
C. Hieblot (INSERM U 200) in experiments and of V. Besso in
editing is gratefully acknowledged. This work is dedicated to the
late Michel Aubin, who played a decisive role in initiating it.
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Editorial reservation
READERS of this article may share the incredulity of the many referees
who have commented on several versions of it during the past several
months. The essence of the result is that an aqueous solution of an
antibody retains its ability to evoke a biological response even when
diluted to such an extent that there is a negligible chance of there being a
single molecule in any sample. There is rfo physical basis for such an
activity. With the kind collaboration of Professor Benveniste, Nature
has therefore arranged for independent investigators to observe repeti-
tions of the experiments. A report of this investigation will appear
shortly. •
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Fragment: 14’50”-18’56”

7 Reproduceer resultaten

Wat ging er fout?

Proefopzet!

Bias kan worden gëıntroduceerd als de wetenschapper weet
hoe de stalen worden behandeld.

Blinding?

Blinding: at random codes toe te wijzen aan de stalen
De codes worden gebroken nadat alle data is gecollecteerd
Hoe subjectiever de meting hoe belangrijker blinding

Double blinding?

Zowel proefpersoon als wetenschapper weten niet welke
behandeling er werd gegeven
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Waarom blijkt homeopathie dan toch mensen te genezen?

Het feit dat patiënt verbetert is geen bewijs dat medicijn werkt

Placebo-effect

Placebo-gecontroleerde studies zijn erg belangrijk in
biomedische wetenschappen

Ethische beperkingen van placebo gebruik?

Test behandeling tegen standaardbehandeling
Doel aantonen dat nieuwe behandeling op zijn minst evengoed
werkt.

Belang van een goeie controle!
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Het feit dat patiënt verbetert is geen bewijs dat medicijn werkt

Placebo-effect

Placebo-gecontroleerde studies zijn erg belangrijk in
biomedische wetenschappen

Ethische beperkingen van placebo gebruik?

Test behandeling tegen standaardbehandeling
Doel aantonen dat nieuwe behandeling op zijn minst evengoed
werkt.

Belang van een goeie controle!

statOmics, Ghent University lieven.clement@ugent.be 14/27



Statistiek Proefopzet

Controverse gaat verder

De Wetenschappelijke Methode

! NATUUR!

MODEL! DATA!

Theorie' Experiment'

Statistische'besluitvorming'

Olivier Thas (UGent) Hoofdstuk 1: Inleiding 11 / 33

Introduction

Human basophils play a pivotal role in the pathogenesis of
chronic allergic diseases such as asthma. Activation of baso-
phils by cross-linking of IgE induces fusion of the cytoplas-
mic granules with the plasma membrane and the subsequent
release of potent mediators including histamine. Basophil
activation can be quantified by the measurement of secreted
histamine [1] and by direct microscopic examination of the
percentage of degranulated cells [2]. More recently, flow
cytometry has been used to measure basophil activation
using the cell surface marker CD63, in conjunction with anti-
IgE [3]. CD63 is expressed on intracytoplasmic granules of
resting basophils and only weakly expressed on the outside
membrane (<5%) [4]. However, basophil activation leads to
the upregulation of CD63 on the cell surface, which can be
easily quantified using flow cytometry. Both pharmacologi-
cal concentrations and high dilutions of histamine have been
reported to modulate anti-IgE induced basophil degranula-
tion [5]. The aim of this study was to confirm that a 2-colour
(anti-IgE FITC and anti-CD63 R-PE) flow cytometric method
can quantify basophil activation and to investigate the effects
of histamine on basophil activation. 

Materials and methods

Leukocyte suspensions were obtained by sedimentation (1–1.5 h) of
heparinised blood from healthy control subjects. Cells were washed
(2¥) with Hepes EDTA buffer and then incubated with equal volumes
of histamine solutions (final concentrations: 10–2 to 10–40 M) for 30 min
at room temperature, essentially as previously described [4]. Basophil
activation was induced by incubation of 20 ml cells with 20 ml anti-
human IgE (0.2 mg/ml, Dako, UK) for 30 min at 37 °C. Cells were
washed and labelled with 10 ml anti-IgE FITC (0.5 mg/106 cells, 
Caltag, USA) and 10 ml anti-CD63 PE (1 mg/106 cells, Caltag, USA) for
20 min at 4 °C. Basophils were selected by their brightly fluorescent
anti-IgE FITC (high mean channel fluorescence MCF). Data from at
least 250 basophils (in duplicate) were used to measure the propor-
tion of activated basophils expressing CD63 and each experiment was
performed at least 5 times. Negative controls consisted of isotype-
matched, directly conjugated non-specific antibodies.

Effect of physical treatments of histamine dilutions 
on their biological activity

Temperature – Histamine dilutions were heated to 70 °C for 30 min.
These solutions were tested in parallel with the same solutions that had
not undergone heating. 

Freezing/thawing – Histamine dilutions were frozen (–70 °C) and
then thawed to room temperature (both processes completed twice) and
analysed in parallel with histamine dilutions that had not undergone this
cycle.

Results and discussion

Activation of basophils with anti-IgE caused a consider-
able increase in CD63+ cells compared with unstimulated
cells (15.2 ± 3.5% and 64.2 ± 4.1% respectively, n =10,
p < 0.0001, Wilcoxon signed rank test).

Effect of histamine dilutions on basophil activation

Significant inhibition of CD63 expression was observed
after incubation with histamine at 10–2, 10–4, 10–6, 10–14,
10–18, 10–20 and 10–26 M, with maximal inhibition at 10–20 M
histamine, 43.8% ± 11.5% p = 0.0005 (Fig. 1). 

Effect of physical treatments of histamine dilutions 
on their biological activity

Heating histamine dilutions (10–2 M, 10–30 M, and 10–36 M)
caused a significant decrease in the inhibitory effects of these
histamine dilutions on basophil activation, with p = 0.039,
p = 0.018, p = 0.0064 respectively. 

Little if any effect was observed on the percentage of
inhibition of activation following 2 cycles of freezing and
thawing of histamine dilutions 10–2 M–10–40 M (data not
shown).

These results firstly confirm that CD63 expression is
upregulated on the surface of anti-IgE activated basophils
compared with unstimulated cells and also that low doses of
histamine have an inhibitory effect on human basophil
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activation with significant effects observed at 10–2, 10–4,
10–6, 10–14,10–18, 10–20 and 10–26 M. We are unable to provide
any explanation for the mechanism of action of these high
histamine dilutions. However, the incubation of the histamine
dilutions at 70 °C reduced the inhibition of basophil activa-
tion at most histamine dilutions tested. Thus basophil degra-
nulation appears to be regulated by histamine through a nega-
tive feedback process even at homeopathic concentrations. 
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Statistiek Proefopzet

Fragment 31’00-39’30”:The ultimate test - proefopzet

2 x 5 proefbuizen met verdunning van 5C.

5 met actieve stof, 5 met puur water

10 tubes worden random gelabeld: blinding

Na labeling volgt een verdere verdunning tot 18C

2.5 The ultimate experiment

• 2 × 5 tubes are prepared, with 5C dilution. The first five starting from active
substance, the second five starting from pure water

• These 10 tubes are given a random label: blinding

• The tubes are diluted further to obtain 2 × 20 dilutions of 18C

Introduction to Biostatistics 17
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Herlabelen om alle fraude te voorkomen

Humane cellen worden toegevoegd

Nagaan met flowcytometrie hoeveel cellen zijn geactiveerd

Metingen uitgevoerd in twee onafhankelijke labs

Labs werd meegedeeld dat er 20 actieve en 20 placebo
oplossingen waren om te voorkomen dat alle stalen als niet
actief werden geklasseerd.

• New labels are assigned, in order to rule out any form of fraude.

• A sample of living human cells is added to a drop of each tube.

• How many cells have been activated by the different test solutions ?

• Measurements are performed by two different labs in parallel.

• Labs were told there were 20 ‘active’ solutions and 20 ‘placebo’ solutions. This
was done to avoid that researchers would classify all solutions as non-active.

Introduction to Biostatistics 18
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Fragment 39’30-43’00”: The ultimate test - data analyse

Exploratie

Samenvatting
2.6 The statistics

• The solutions have been analysed in parallel by two different labs

• Let’s focuss on the results from the second lab:

Introduction to Biostatistics 19
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lab Marion: negatieve buizen

9 proefbuizen van homeopathische verdunning (D) en 11 van
de controles (C) zijn negatief gelabeld

Omdat onderzoekers wisten dat er 20 actieve proefbuizen (D)
en 20 controle proefbuizen (C) waren, weten we ook dat er 11
(D) en 9 (C) stalen als positief werden gelabeld

Kruistabel

Negatief Positief
Homeopathie (D) 9 11 20

Controle (C) 11 9 20
20 20 40
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Falsificatie-principe

Het is moeilijk een hypothese te bewijzen: moeilijk aan te
tonen dat er een effect van D anders is dan van C.

We kunnen wel het omgekeerde proberen te ontkrachten: C
en D hebben eenzelfde effect

Als C en D eenzelfde effect hebben verwachten we

Negatief Positief
Homeopathie (D) 10 10 20

Placebo (C) 10 10 20
20 20 40

Enerzijds zou men in het experiment een lichte aanwijzing
kunnen zien dat homeopathische verdunning actief is: 11/20
stalen werden correct geklasseerd.

Anderzijds, zou het kunnen dat de 11/20 berust op toeval.
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De random variabiliteit in experiment is ook te zien als we vgl
met lab Wayne:

Negatief Positief
Homeopathie 11 9 20

Placebo 9 11 20
20 20 40

Als men een experiment herhaalt vindt men zelden exact
dezelfde resultaten terug.

Als er geen effect is van D zal men door toeval toch resultaten
vinden die lichtjes afwijken van 10/20.

Maar hoeveel is “lichtjes”: 11/20? 12/20? 13/20? ...
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Hoeveel correcte positieve tests x nodig om voldoende
bewijskracht te hebben voor werking van D?

Onderbouwen met kans om ten minste x correcte positieve
tests te vinden door zuiver toeval wanneer D niet verschilt van
C.

p = P(ten minste x correcte positieve tests|effect D= effect C)

Dergelijke kansen kunnen worden berekend door gebruik te
maken van probabiliteitstheorie:

x p

10 0.62
11 0.38
12 0.17
13 0.056
14 0.013
15 0.002
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Het is erg onwaarschijnlijk om ten minste 15 stalen correct te
klasseren als er geen effect is van D (p=0.002)

Bijgevolg zou het observeren van x = 15 een sterk bewijs zijn
ten gunste van D

Als er geen verschil is tussen C en D, dan zal men echter in
37.6% van de experimenten door toeval een x observeren van
minstens 11

Het experiment geeft dus absoluut geen bewijs voor de
werking van D

“There’s absolutely no evidence at all to
say that there is a difference ...”

• Note how unlikely it would be to observe, e.g., x = 15 correct positive test results
if H and P would be equivalent (p = 0.0019)

• Therefore, observing x = 15 could be considered strong evidence in favour of H

• On the other hand, if there is no difference between H and P, one will observe at
least 11 correct positive test results in 37.62% of the cases, by pure random
chance.

• Our experiment therefore does not provide any evidence in favour of H

“There’s absolutely no evidence at all
to say that there is a difference. . . ”

(M.Bland)
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Mogelijke fouten

Een experiment is onderhevig aan random variabiliteit
bijgevolg zijn de conclusies dat ook.

Zelfs als D en C equivalent kan men 15 correcte positieve
resultaten observeren door toeval. Dat kunnen we in 2 op de
1000 experimenten verwachten.

In dergelijke steekproef zal men ten onrechte besluiten dat er
bewijs is voor de werking van D terwijl er in realiteit geen
verschil is tussen D en C.

Intüıtief voelen we aan dat we niet met absolute zekerheid
uitspraken kunnen doen over populatiekarakteristieken op
basis van een eindige steekproef.
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Statistiek

Proefopzet

Beschrijvende statistiek: samenvatten
en beschrijven van geobserveerde data
zodat relevante aspecten naar voor
komen.

Statistische besluitvorming: bestuderen
in hoeverre geobserveerde trends/effecten
veralgemeend kunnen worden naar de
algemene populatie.

kan gebruikt worden om alles bewijzen

Voor data analyse waarbij onzekerheid

gekwantificeerd,
gecontroleerd en
gerapporteerd wordt
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