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e Questions

— Comment montrer I'existence d’une nouvelle classe de
mouvements oculaires ?

* Théorie
— U'ceil est fixe pendant la fixations (stabilité et accuité)

* Mais, il existe des micro-mouvements oculaires pendant les

flxat I O n S (Rolfs, M. (2009). Microsaccades: Small steps on a long way. Vision Research, 49, 2415-2441.)

— |l existe un continuum entre les macro et micro-

mouveme nt (Rucci, M., et al. (2007). "Miniature eye movements enhance fine spatial detail." Nature
447(7146): 852-855.)

* Mais, il manque des observations claires de mouvements lents
de suivi de cibles




Necker experiment

Trial duration: 5-9 reports

100-500 msec

End of Trial ’ -
Sérendipité !

Subject self paced

Square & Cross experiments

Trial duration: 34 sec

* Tasks & participants

— 23 adults, with normal or corrected-to-normal vision, participated in the experiment (15 females and 8
males; age range=20-71 years, u =28.35 £+ 10.93 years), whose tasks were two-fold:

» fixate a fixation cross at the center of the screen for a random interval between 100 and 500ms (uniform
distribution);

* report percept reversals of an ambiguous Necker cube by pressing the arrows of a keyboard when perceptual
changes occurred.

— the experiment followed a continuous viewing paradigm in which trials had variable (random) durations (
=34.00 *+ 13.26 sec, see Fig. 1-A) and ended based on which of the following condition happened first

* number completion of a trial-based randomly (uniformly) set integer number (n., => U(5,9)) of perceptual reversals
on the ambiguous stimulus (see Fig. 1-A);

* time-out maximal percept duration of 20 sec.



Variables

FX RW LJ

We imposed three type of motion

(1) 'FX’ the control condition with no motion,

(2) 'RW’ an unpredictable motion condition with a random walk and

(3) ‘LY the predictable motion condition where the cube moved along Lissajous trajectories

2.5 de




—i— Gaze
el Gtimulus




Mesures

Probability

0.1

0.09

0.08

0.07

0.06 -

o
o
a

o
o
=

0.03 -

0.02 -

0.01

RW

LJ

Motion
— RW
— LJ

-1

-0.5 0
Maximally projected correlation

0.5 1

-0.5 0 0.5 1
Maximally projected correlation




E Necker Cross Square

) Motion
0.7} i I
— RW
- ’ i . I |
05" E : — I F
04. - i

RW LJ RW LJ RW LJ

Group Results

Maximally projected correlation

e [...], eye trajectories were more similar in the predictable L) motion
condition ( p,,= 0.86910.081) than in the unpredictable RW motion
condition ( pg,= 0.477+0.035) with significant differences (y* =23;
p <0.0001; W=1and Z,,,,,=5.9052; p < 0.0001).

* We evaluated the effect of the cube motion for every subject and
found similar results (Fig. 3-B-D-F) that will be described in more
details later.
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All the participant have significant (p < 0.05) results. For individual analysis, statistics (Z score or
2 that fall inside the 95%confidence interval were drawn with light color whereas statistics
values outside the 95% confidence interval were drawn in plain color. The gray area defines a
conservative confidence interval corrected for multiple comparisons (Bonferroni),

i.e. 42 comparisons for the 42 tests computed on each subjects.
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Synthese

* Ce quiaétévu
— Comment construire une expérience
* Définir des variables, leurs échelles et leurs interactions
» Définir le modele d’analyse correspondant

* Décrire les données avec une statistique
* Rejeter ou ne pas rejeter I’hypothese nulle



* Trois exemples de mémoires des années passées

— Expérience portant sur l'utilisation d’interface cerveau
machine pour la récupération dans le cadre d’atteinte

cérébrale ou de |la moelle épiniere
— Protocole de rééducation basé sur le décodage de 'activité

EEG et I'envoie de stimulation liés a ce décodage.

* Analyse EEG

Motor pathways

Sensory pathways

 Classification de signaux naturel
e Couplage avec stimulation
magnétigue transcranienne

Mesure de |'excitabilité corticale =
activité musculaire induite par une
stimulation cérébral (MEP) ou de Ia
colonne (SEP)

..................

Spinal SEP

Lumbar

section
TEP

I -=-= Evoked by the same stimulation pulse I




Amplitude (microV)

Amplitude (microV)

100

(a) TEP amplitude

TEP Pret
TEP Pre2
TEP Post

200

180

—_ — —_ —_
[=] [a%] f [=1]
[=] [=] = [=]

tage of difference (%)

8

(b) Difference in TEP amplitude

@

oy
J

Interprétation : augmentation de I'amplitude de 8uV

Time (ms)

(a) MEP amplitude

MEP Pret
MEP Pre2
MEP Post

A e e e L T

! ;
W ﬁx*»w/w\.m—w-\;\,nm"v- T

o

Time (ms)

&

Prei Pre2 Post
Assessment block

200

180

160 -

—_

s

=
T

-y

1]

(=]
T

(b) Difference in MEP amplitude

o 1

Percentage of difference (%)

O

Pret Pre2 Post

Assessment block



0.0

-0.5

ICI (express as a ratio of the baseline)

-1.0

) Une expérience avec mes données

Une différence de 8mV, n’est pas significative.

* Les variances des différences inter ou intra
sujets sont bien supérieures a la différence de
moyenne.

* Pas d’effet, ici dans une condition ou la
variance est bcp + faible que dans la condition

de I'étude ci-dessus.

| Old | CortExTool
& Young

Dataset MEP template

Baseline_120_G_L

Baseline_rand_G_L
r Left side P_Pulse_15_ms_G_L

P_Pulse_2_ms_G_L

Protocole_H_L

W Titration_G_L

--1__005.txt
_008.txt
--3__007.txt
_001.txt
--5_.010.txt
-004.txt
--7_.002.txt
-009.1xt
__006.txt

--10__003.txt
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() i i i
0 00~ OV V1B W N
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— Cortex--1__005.txt
— Cortex--2__008.txt
—— Cortex--3__007.txt
~— Cortex-4__001 txt
i z 3 Cortex-5__010.tat
g R ; . (" Duration ( Latency Cortex--6__004 1t
'Find MEP -
£ ! ’ Plot feature Cortex--7__002.txt
Ca,cmam q S0 — _ ~ Cottex--8__009.txt
I ; f SR curve 2D Grid — Cortex-9__006.txt

|- Cortex--10__003.txt
i lasemarkevfi!e Add '> ’ Export ’ Save fig

JAmp (" Quality (" RMS

; Save marker file Mod.if'v marker emove marker



Exemple 2

* Influence de deux dispositifs d’assistance robotisée sur
I"apprentissage en chirurgie par ccelioscopie

— Expérience

* tache manuelle

* Pratiques avec 1 type de robot (2 groupe)
* Tache manuelle

— Méthode

 Mesure oculométrique + capture de mouvement et EEG prévu

* Recrutement d’une population particuliere interne en chirurgie en
apprentissage de la coelioscopie

— Résultat
* modification du nombre de fixation et des durées d’exploration.
* Diminution avec Achille (plus orienté patient) que Da Vinci

— Interprétation
* ['apprentissage de la ccelioscopie est meilleur avec Achille




Quel est le premier probleme avec cette étude ?

* Influence de deux dispositifs d’assistance robotisée sur
I"apprentissage en chirurgie par ccelioscopie
— Expérience

* tache manuelle _

* Pratigues avec 1 type de robot (2 On doit trouver
* Tache manuelle meilleur indicateur de

: 'efficacité d’une

opération !

illeur avec Achille

— Internsétat
. Iapprentlssaged 1)’



Exemple 2

e Résultats
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Interprétation : diminution du nombre de fixations avec le robot Achille



Quel est le second probleme avec cette etude ?

e Résultats

Biais cognitif de — préférer les
- éléments qui confirment plutot que ceux qui infirment une
o N
2 hypothese.
A 4
L ]
S -
-
@
o) ]
=
g i
—— Da Vinci
= —— Achile
.
' 1 2 5 6 11 12 13
N® du Sujet

Interprétation : diminution du nombre de fixations avec le robot Achille


https://fr.wikipedia.org/wiki/Biais_de_confirmation_d'hypoth%C3%A8se

Quel est le second probleme avec cette etude ?

Résultats originaux

i
—— Da Vingi
— Achile

1000

500
l

MNombre de fixations

500
l

-1000

-1500

1 2 5 6 " 12 13

N° du Sjet

Independent Samples T-Test
95% Confidence Interval

Mean

difference SE difference Lower Upper Cohen's d

Différences du
Nombres de
fixations

Student's t 5.00 400 -791 1263 0.494




Exemple 3

 Méthode statistique

— In order to test the effects of induction and different types of induction
i.e. verbal and visual we employed multilevel generalized linear model
with group (“verbal” and “visual”) as between-subject factor and time
(baseline and post-induction) as within-subject factor.

Group
B3 verbal induction
B3 visual induction

Brooding Verbal Visual
Scale

100

8

Mean change

[=]
L

Figure 2. Change in the VAS scores after the rumination induction

e Résultat type

— We observed strong effect of time on changes in the brooding score(b=
27.27,95%Cl[14.64,39.9]),while this effect was only slight when
predicting the change in proportion of visual thought (b=-0.11,
95%Cl[-2.02, -0.23]).



Exemple 3

Meéthode statistique

— In order t S pes of induction
: Rien a redire sur les analyses et leur :
i.e. verba S . 2d linear model
with grou : : factor and time
(baseline and post-induction) as within-subject factor.

Pourquoi avoir choisi des analyses
Bayésiennes plutot que des analyses
fréquentistes ?

Comment interprétez les Béta
Pouvez-vous interprétez les intervalles
de crédibilités ?

Figure 2. Change in the VAS scores after the rumination induction \
Résultat type e

— We observed strong effect of time on changes in the brooding score(b=
27.27,95%Cl
predicting th
95%CI[-2.02

2

o
2
g
[&]
a
2

[=]

Ce n’est pas moi qui ait analysé les données et je ne peux
expliquer les résultats statistiques !




Ce n’est pas moi qui ait analysé les données et je ne peux
expliquer les résultats statistiques !

2

* Le tests de I’'hypothese nulle
par 'TANOVA

— De l'intuition aux formules

Mean change

[=]

Brooding Verbal Visual

Seale * |nter vs intra

Figure 2. Change in the VAS scores after the rumination induction

— Hypotheses = contrastes ?

* Le tests de I'hypothese — Le nombre de questions

nulle par FANOVA influence o ?
— De l'intuition aux formules |} — Que faire ?
— Des contrastes aux N

comparaisons multiples __l_I_I
t(5)=0,590; p=0,581
LN A 5
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Cours 1 : Méthode

expérimentale rappel ,
e Définitions
Cours 2 : plan \

experimentaux et
variables, conséguences
de vos choix + exercices

e Cours 3 : contraintes
matériels — vérification

e Coursd:p<a,«the
earth is round »



Démarche experimentale

* || y aura deux choses a considérer dans la méthode
experimentale

— Iart| e eisii=iaie c= Eliislexacts au moyen d’une

investigation rigoureuse ;
— |'art de les mettre en ceuvre au moyen d’un

clsenlE s dsiadinnsz lafin d’en faire ressortir la

connaissance de la loi des phénomenes

Claude Bernard (1965) Introduction a I'étude de la médecine expérimentale



Démarche experimentale

e Pourquoi une méthode ?

Let The PSYCOGRAPH
READ YOUR CHARACTER!

FREE!

e Quelle méthode ?

e Comment faire ?



Démarche experimentale

* Pourquoi une méthode ? IMOdé.es,Théoﬁes j
— Partage éclairé du raisonnement

— Assure |a validité des interprétations

Attentes

— Limite les biais de raisonnement

=
— Permet la replication Lcomeoreren e

® Que”e méthode ? L Plan d’observation J

Provoquées ou

invoquées

— Démarche hypothético-déductive

Observation

e Comment faire ?

Analyse Statistique

Hypotheses

statistiques

Décision
(R




Définition
— Validité interne : fiabilité ou justesse de l'inférence

causale faite a partir des résultats d’'une expérience

compte tenu du controle des variables parasites (campbell &
Stanley, 1963; Leighton, 2010a)

» directement dépendante de |'existence ou non d'autres
facteurs déterminant que ceux manipulés directement
dépendante de |'existence ou non d'autres facteurs
déterminant que ceux manipulés

— Validité externe et validité écologique :

* C’est la possibilité de généralisation des résultats a d’autre
situations et d’autres participants (population).

https://en.wikipedia.org/wiki/External_validity



Biais cognitif

* Biais cognitif

— Limite un certains nombre de biais

Faux souvenirs
Jai vu Bugs Bunny a Disney Land
quand j'étais gosse. I était trop Biais de représentativité
sympa ! Si 2 étudiants mont dit avoir
aimeé ce cours, clest que tous les
autres lont aimé aussi.

Corrélations illusoires
La file d'attente que je choisis
est toujours plus lente que les
autres !

Biais de demande

La modification du
comportement selon sa

compréhension des

Biais de confirmation
Je vois que ce que je crois ! -

"\
Gary Spivey attentes de

Psychic Medium, Healer

l'expérimentateur




Les correlations illusoires

e Méthode

— Des chercheurs ont présentés a des psychologues cliniciens et a des étudiants en
psychologie des cas fictifs de patients présentant des problématiques divers,
accompagnés d’un diagnostic (Probleme d’impuissance, paranoia ...) et d’'un dessin de
bonhomme sensé avoir été fait par ces soi disant patients.

e Résultats
— Les sujets surestimaient la fréquences des signes présents dans le dessin en fonction du
diagnostic du patient.

— En effet, les bonhommes soi-disant dessinés par une personne ayant des problemes
sexuels étaient considérés comme ayant de plus large épaules et une musculature
développée. A l'inverse, les bonhommes soi disant réalisés par des personnes souffrant
de paranoia sont jugés comme ayant de gros yeux.

e Ainsi, une corrélation illusoire est « un biais cognitif qui consiste a percevoir une
corrélation entre deux évenements, corrélation qui n'existe pas ou qui est bien plus
faible en réalité. »

* L.J.Chapman et J.P. Chapman, « Genesis of popular but erroneous psychodiagnostic observations », Journal of
Abnormal Psychology, vol. 72, no 3, 1967, p. 193-204




Age of Miss America

25yrs

23.75yrs

22.5yrs

21.25yrs

20yrs

18.75yrs

1999

2000

 Correlation is not causation

— http://www.tylervigen.com/sp

urious-correlations

http://methods.sagepub.com/reference/encyc

-of-research-design

Age of Miss America
correlates with

Murders by steam, hot vapours and hot objects

2001 2002 2003 2004 2005 2006 2007 2008 2009

8 murders
=
6 murders S
a
o
@
g
r=0,870127 5
y] 4 murders g

1999

2000

Per capita consumption of mozzarella cheese
correlates with

2001 2002 2003 2004 2005 Civil engineering doctorates awarded

-8 Murders by steam - Age of Miss Ame 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
12Ibs 1000 degrees

r=0,958648 Q o
:

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Mozzarella cheese consumption

400 degrees

o
T
a

-8 Engineering doctorates - Mozzarella cheese consumption



Biais de demande

* Les comportements d’un participants sont déterminés par les
variables expérimentales et les demandes d’une situation
experimentale.

The concept of “demand characteristics” refers to participants being aware of what the

researcher is trying to investigate, or anticipates finding, and what this implies for how
participants are expected to behave.

* Les biais de demandes ne peuvent étre éliminés

— Un biais est une modification systématique de la réponse. Votre
mesure est décalée par rapport a la mesure « vraie »

— Vous devez les évaluer
e Ces biais ont un impact sur la validité de la mesure

Philbeck, J. W. and J. K. Witt (2015). "Action-specific influences on perception and postperceptual processes: Present
controversies and future directions." Psychological bulletin 141(6): 1120.




Démarche experimentale

* Pourquoi une méthode ? IMOdé.es,Théoﬁes J
— Partage éclairé du raisonnement \,

— Assure |a validité des interprétations

Attentes

— Limite les biais de raisonnement s
— Permet la replication € @ https://ost.io/ LoomPoremene s

Plan d'observation
.‘ .‘ Provoquées ou
‘.. invoquées
—— CENTER FOR —— I ————
OPEN SCIENC !

Observation

-

https://osf.io/preprints/ https://www.cos.io/
Hypotheses
A statistiques
|

PREREGISTERED OPEN DATA OPEN MATERIALS

Analyse Statistique




Plan national pour la science ouverte

1. Rendre obligatoire la publication en acces ouvert
des articles et livres issus de recherches financées

par appel d’offres sur fonds publics.

2. 4. Rendre obligatoire la diffusion ouverte des
données de recherche issues de programmes
financés par appels a projets sur fonds publics.

Deuxi‘eme
https://tinyurl.com/meejc9vc Plan national

pour la science
ouvverte




Intro et Démarche
experimentale

J

these
A

o Le S Modéles / Théories
Hypothéses
- d théoriques
— Ir L Attentes J
_— I: Hypothéses
comportementales
[ ] I
Le t Plan d’observation
Provoquées ou
invoquées
— L7
Observation
E L
Analyse Statistique

Hypothéses
statistic

Décision

1 X formules

N IUX

wltiples

A

Définitions
 Méthode hypothético-
déductive

— De la théorie au Plan
d’expérience ou d’observation

* Interprétation
— Validité, généralisation



Méthode

D
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Observation
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Méthode

D
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Modeéles / Théories

Hypotheses
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Hypotheses
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Plan d’observation
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N ,

-

Observation

7
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Analyse Statistique

Hypotheses
‘. statistiques

Décision
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Principes psychologique
explicatifs
& |

-




Theéorie

e Définition
— Ensemble de principe destinés a expliquer un ensemble de
phénomenes (= organise les connaissances)

— Rend compte des relations entre différents phénomenes

(rapport causaux).

e QUALITES D'UNE « BONNE » THEORIE
— DoOIT ETRE PARCIMONIEUSE : n’utilise que les concepts
nécessaires

— DoIT ETRE COHERENTE : les composantes de la théories sont en
accord entre elles

— DOIT ETRE TESTABLE ET FALSIFIABLE : Doit pouvoir étre traduite
dans des termes concrets et pouvoir étre réfutée

(Hypotheses)

63



Modeéles / Théories

Principes psychologique

explicatifs

Hypotheses
| théoriques |
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Attentes
Effet des facteurs sur le
comportement

J

‘ comportementales
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Plan d’observation
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Vers I'Expérimentation

Hypothese générale Hypothese Opérationnelle

Variables
Cause indépendantes

\

Effet

\

Variable
dépendante
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Modeéles / Théories

Principes psychologique

explicatifs

Hypotheses
| théoriques |

-

Attentes
Effet des facteurs sur le
comportement

J

‘ comportementales
N\,

-

Plan d’observation

variables ayant un effet sur le
Provoquées ou comportement et leurs
invoquées | relations

[ Observation ]

Analyse Statistique
Hypotheses
‘. statistiques
C — ¥

Déterminer I'ensemble des ]

Meéthode
hypothético-déductive




De I’hypothese vers le plan d’expérience

 Qu’est ce qu’un modele ?

* Exprimer clairement = modele

— Un modele est une description des relations existantes
entre plusieurs variables.

— |l définit la maniere dont les facteurs influencent la
caractéristique étudiée

— En I'absence d’observation, il font une prédiction sur la

caractéristique étudiée [:\/slaiia=ss)

* Pourquoi le meilleur modele n’est-il pas le plus

réaliste ?



Hypothese = un modele et une question

Définir une hypothese c’est choisir un modele o A

i

70r

65

60+ °

condl cond2 cond3 co%{

Modele simple

65+ °

60 ¢ ¢ U + as3

Variables

: e controles
Modele moins simple et faux |



Hypothese = choix modele + question

* Exprimer clairement = modele

— Un modele est une description des relations existantes
entre plusieurs variables.

— Un modele a comme objet une représentation simplifiée
de la réalité.

* Contre exemple : avoir une représentation exacte de la réalité

i

Quel est le meilleur

651

modele ?

60+

condl



Théorie - modele

* Pourquoi le meilleur modele n’est-il pas le plus
réaliste ?

e Quel est le meilleur modele : |la réalité ?

Raisonnement par l'absurde :

Si le meilleur modele est la réalité,
exemple de la cartographie




Le modele exacte :
ECO

« On Exactitude in Science » =
* Les contraintes et la réalisation théorique L
d’une carte a lI'echelle 1:1
— Il faut donc ou que (a) la carte ne soit pas

transparente, ou que (b) elle ne repose pas sur
le territoire, ou enfin que (c) elle soit orientable

Impossibilité logique de la carte : « A partir du moment ot la carte est installée,
recouvrant tout le territoire (qu'elle soit étalée ou suspendue), le territoire de I'empire
est caractérisé par le fait d'étre un territoire intégralement recouvert par une carte.

La carte ne rend pas compte de cette caractéristique. A moins que, sur la carte, ne
soit placée une autre carte qui représente le territoire plus la carte sous-jacente. Mais
le processus serait infini (argument du troisieme homme). »




\

Un modele doit étre le plus simple possible : minimiser le nombre de
variables, le nombre de questions (parcimonie)

Un modele doit étre le plus réaliste possible : minimiser l'incertitude
dans les donnes, décrire au mieux la réalité

Deux conditions antagonistes

* Exprimer clairement = modele

— Un modele est une description des relations existantes
entre plusieurs variables.

— |l définit la maniere dont les facteurs influencent la
caractéristique étudiée

— En I'absence d’observation, il font une prédiction sur Ila

caractéristique étudiéel =\ /slaiia=Hs)




Hypotheéses/Modeles — un pas de +

e Combien de modeles ?

S modéles théoriques Permet de décider sur un

effet et pas une absence
* Prédictions opposées et communes d’effet !

— 2 modeles statistiques
* Erreur de mesure (H,) et effet(s) de la manipulation (H,)
e Comment les choisir ?
— Réalistes
— Parcimonieux

— Prédisant des effets opposés, mais également des
absences d’effets

Un bon modele prédit des interactions




Plan d’observation - modele

* plan d’observation

— Un plan d’observation permet de s’assurer que les seuls
facteurs influencant la ou les mesures sont les VI.

— Les autres facteurs seront controlés.
— Un plan d’observation associe un modele aux variables

e Un modele

— Un modele est une description des relations existantes entre
plusieurs variables.

* Mais, les variables controles ne sont forcément dans le modele
— Il définit la maniere dont les facteurs influencent |la
caractéristique étudiée

— En I'absence d’observation, il fait une prédiction sur la
caractéristique étudiée




Modeéles / Théories - :
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explicatifs

Hypotheses
| théoriques |

-

Attentes
Effet des facteurs sur le
comportement
Hypotheses \ 4

G) | comportementales
b N v/

e A
—— ) variables ayant un effet sur le
ot Provoquées ou
\q) invoquées comportement y

[ Observation

Plan d’observation _] Déterminer I'ensemble des
\

Sujets
appareils de mesures
. |
Analyse Statistique

Hypotheses Modele Gaussien
statistiques

\‘A 1_) A v

D
P
i

O

>
S
D)
b

O
O
i
QD
-
s

®

Q.

N
-




Modeéles / Théories

Hypothéses | explicatifs
| théoriques |

Principes psychologique

N
) Sujets
Observation -
appareils de mesures

Analyse Statistique

Hypotheses Modele Gaussien
_ statistiques
| | NHST

Q = L
= Il ©
" -+
"G — Attentes
_g Effet des facteurs sur le
> c comportement
O —_ Hypotheses \
< b)) | comportementales
z S N v/
e O )
R 6 Plan d’observation Déterminer I'ensemble des
: variables ayant un effet sur le
o) @) Provoquées ou
U ; invoquées comportement )
> v
-
©
Q.
-

Déduction

Q
-
O
-
©
&
O
)
>
<

Décision

\_




Démarche expérimentale (synthese)

* || y aura deux choses a considérer dans la méthode
experimentale

— Iart| e eisii=iaie c= Eliislexacts au moyen d’une

investigation rigoureuse ;
— |'art de les mettre en ceuvre au moyen d’un

clsenlE s dsiadinnsz lafin d’en faire ressortir la

connaissance de la loi des phéenomenes

* Pourquoi une méthode ?

— Partage éclairé du raisonnement
— Assure laj = lclticldes interprétations
— Permet la réplication

Claude Bernard (1965) Introduction a I'étude de la médecine expérimentale



Validités

e Définitions
— Validité interne : fiabilité ou justesse de |'inférence

causale faite a partir des résultats d’'une expérience

compte tenu du controle des variables parasites (campbell &
Stanley, 1963; Leighton, 2010a

» directement dépendante de |'existence ou non d'autres
facteurs déterminant que ceux manipulés directement

dépendante de |'existence ou non d'autres facteurs
déterminant que ceux manipulés

— Validité externe et validité écologique :

* C’est la possibilité de généralisation des résultats a d’autre
situations et d’autres participants (population).

https://en.wikipedia.org/wiki/External_validity



Validités

e Définitions
— Validité interne : fiabilité ou justesse de l'inférence

causale faite a partir des résultats d’'une expérience

compte tenu du controle des variables parasites (campbell &
Stanley, 1963; Leighton, 2010a)

— Validité externe et validité écologique :

* C’est la possibilité de généralisation des résultats a d’autre

situations et a d’autres participants (population).
(https://en.wikipedia.org/wiki/External_validity)



e Définition
— Validité externe et validité écologique :

* C’est la possibilité de généralisation des résultats a d’autre
situations et d’autres participants (population).

e Estinfluencée par:

1. validité écologique : le caractere trop artificiel des
recherches en laboratoire (ex : conditions limites de

perception, utilisation de matériel non significatif pour
étudier la mémoire...)

2. validité externe : la représentativité des sujets
(étudiant(e)s de psychologie, francais...).



Validité externe - Population et échantillon

e Qu’est-ce que la population ?

e Comment construire un échantillon correcte ?

Rappel : échantillonnage




Validité externe - Population et échantillon

e Qu’est-ce que la population ?

— U'ensemble de valeurs possibles des| i cic=11ti=s des
variables étudiées : (2

e Comment construire un échantillon correcte ?

— Un échantillon correcte est un échantillon qui possede les
mémes propriétés que la population (représentatif) et qui
est construit de la méme maniere que les lois statistiques
utilisées dans les modeles.

echantillon a. i. i. d.

aléatoire, identiqguement distribué et indépendant




Validité externe - Population et échantillon

* Qu’est-ce que la population ?

— L'ensemble de valeurs possibles desdes variables

étudiées : Q2
e Comment construire un échantillon correcte ?

— Un échantillon correcte est un échantillon qui possede les
mémes propriétés que la population (représentatif) et qui est
construit de la méme maniere que les lois statistiques utilisées
dans les modeles.

— échantillon a. i. i. d : aléatoire, identiqguement distribué et
indépendant

— Attention, plus I’échantillon est petit plus le risque de biais
d’échantillonnage augmente

 Limites

— Neécessite d’avoir acces a toute la population




Validité externe - Population et échantillon

e Qu’est-ce que la population ?
— L'ensemble de valeurs possibles des des variables étudiées
: Q)

e Comment construire un échantillon correcte ?

— Echantillon a. i. i. d : aléatoire, identiqguement distribué et
indépendant
— Echantillonnages par quota
* La fréguences des propriétés importantes dans la population est connue.
* On définit des quotas (fréquence) de chaque propriété
» L'échantillon est tiré sélectionné (aléatoire contraint) dans chaque
— Echantillonnages non-probabilistes

» Sélection qui n'est pas contrainte par les probabilités
— Exemple : Echantillonnage par disponibilité : Sélection des individus de la population « a portée

de main »
* Limites

Echantillon - WEIRD
— Validité externe faible .

— Biais d’échantillonnage = représentativité douteuse




echantillon aiid, non échantillon WEIRD

* Question : quelle est la ligne la plus grande ?

a W b >
N E’ o g

22
20 +
18 4+
16 + m Adults
14 4 o Children i

w12 +

n

10 4 -

o 1 :LI: :[:[
| d’illusion - . -

WEIRD : Western, Educated, Industrialized, Rich, and Democratic

Henrich, J., Heine, S., & Norenzayan, A. (2010). The weirdest people in the world? Behavioral and Brain Sciences, 33(2-3), 61-83. doi:10.1017/50140525X0999152X



echantillon aiid, non échantillon WEIRD

* Question : quelle est la ligne la plus grande ?

AL S B
T il i

NON-WEIRD
= Adults | people |

o Children I\

WEIRD people

h:l:u-

WEIRD : Western, Educated, Industrialized, Rich, and Democratic

Henrich, J., Heine, S., & Norenzayan, A. (2010). The weirdest people in the world? Behavioral and Brain Sciences, 33(2-3), 61-83. doi:10.1017/50140525X0999152X




Echantillon (aparté)

e Quelle taille d’échantillon ?

Smith PL, Little DR. Small is beautiful: In defense of the small-N design. Psychon Bull
Rev. 2018 Dec;25(6):2083-2101. doi: 10.3758/s13423-018-1451-8.

e Comment calculer la taille de I’échantillon ?

— Connaitre |'effet attendu
— Connaitre le modele d’analyse

— Connaitre la puissance et le seuil de décision

https://www.psychologie.hhu.de/arbeitsgruppen/allgsemeine-psychologie-und-
arbeitspsychologie/gpower

ou
https://tinyurl.com/374xcbxb



https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://tinyurl.com/374xcbxb

Validité interne

IMPORTANT
Si absence de variables contréles alors la validite interne est nulle. Il est
donc impossible de conclure sur l'existence d'une relation causale

e Estinfluencée par:

1.
2.

les facteurs historiques et I'évolution spontanée des sujets

la modification des attentes des sujets (biais de demande)
et de I'expérimentateur ( biais de confirmation)

les fluctuations de l'instrumentation, de I'appareillage

I'administration répétée de |'épreuve sans vérification
(phénomene de régression vers la moyenne)

les procédés de sélection des sujets (biais de sélection)

I'abandon ou la perte différentielle de sujets (biais de
sélection)



Plan

* |ntro et Démarche
expérimentale

e Les Variables
— dépendantes

e Les Variables dépendantes
— Sensibilité, validité etc.
— indépendantes — Modele d’analyse (résidus)

— Dépendance ? * Les Variables indépendantes

* Tests de I’hypothese nulle — Contraintes sur le choix :
— De lintuition aux formules nombres, nombres de modalités,

4 ?
— Des contrastes aux echellgs : -
comparaisons multiples — Aléatoires ou fixées
— Facteur sujets ?

e |Les Variables controles

— Tout doit étre controlé ou mis en
covariable ?

Les relations entre les variables



* |ntro et Démarche
expéerimentale

e Les Variables * Les Variables dépendantes

— dépendantes — Sensibilité, validité etc.
— indépendantes \ - Modeéle d’analyse (résidus)
— Dépendance ? e Les Variables indépendantes
« Tests de I'hypothése nulle — Contraintes sur le choix :
nombres, nombres de modalités,

— De l'intuition aux formules

— Des contrastes aux
comparaisons multiples

échelles ?
— Aléatoires ou fixées ?
— Facteur sujets ?
* Les Variables contréles

— Tout doit étre controlé ou mis en
covariable ?

e Lesrelations entre les variables



Variables Dépendantes

* 4 qualités psychométriques (ou métrologiques) des
mesures

— Validité

* Adéquation de la mesure a l'objet d’étude et a la population
e Capacité a des détecter des variations de la variable mesurée
* Peu d’erreur de mesure (e.g., stabilité dans le temps)
* Mesure ne dépend pas de son utilisateur (standardisation)
e l'éetude d’'un comportement peut nécessiter plusieurs

VDs

— Analyses séparées
* Attention augmente le risque de premiere espece (suite du CM)
— Analyses conjointes = analyses multivariées

* Interprétation délicate...
29/09/2023 93




Variables Dépendantes

4 ECHELLES DE MESURES

(STEVENS, 1946)

Détermine le modele : gaussien, binomial, multinomial,

hypergéométrique etc.

Nominales Ordinales D’intervalles De rapport

o

b‘ I ..‘:E:"_m.mul.:‘lmlﬂ” Il e

@‘,u
\
Sexe Classement Température (°C) Ecart temporel (s)

\ J | )
| |

Variables qualitatives Variables quantitatives

94



Plan

* Intro et Démarche
expéerimentale

e Les Variables * Les Variables dépendantes
— dépendantes — Sensibilite, validité etc.

— Modele d’analyse (résidus

— Dépendance ? e Les Variables indépendantes

e Tests de ’hypothése nulle — Contraintes sur le choix :
nombres, nombres de modalités,

— indépendantes

— De l'intuition aux formules

— Des contrastes aux
comparaisons multiples

échelles ?
— Aléatoires ou fixées ?
— Facteur sujets ?
* Les Variables controles

— Tout doit étre controlé ou mis en
covariable ?

e Lesrelations entre les variables




Les Variables indépendantes

* Variables indépendantes (VI)
e Variables dont on cherche a verifier I'influence sur
le comportement, |a performance.
e sources de variation
e possedent plusieurs modalités

e Questions:
e Combien de V| ?

e Combien de modalités ?

e Quelle sera la nature des V| ?

96



Les Variables indépendantes

* Variables indépendantes (VI)
e Variables dont on cherche a verifier I'influence sur
le comportement, |a performance.
e sources de variation
e possedent plusieurs modalités

e Questions:

e Combien de V| ?

97



Les Variables indépendantes

e Combien de variables indépendantes ?

— Argument conceptuel :
* Chaque variable impligue au moins une hypothese.
 Si plusieurs variables alors hypothéeses d’interactions sinon plusieurs
expérience
e Qu’est ce gu’une interaction avec 2, 3 ou 4 variables ?

— Au plus de trois : il estimpossible de formuler des
hypotheses théoriques pour tous les effets principaux et
interactions pour plus de 3 variables.

* Une interaction entre
— deux variables s’exprime par la différence de pente entre deux droites

— Trois variables par la différence d’orientation entre deux plans visualisée
dans un espace 3D

— Quatre variables par la différence d’orientation entre deux hyperplans
visualisée dans un espace 4D !

Je considere ici que chaque variable a 2 modalités



Les Variables indépendantes

e Combien de variables indépendantes ?

— Argument quantitatif : le nombre d’effet augmente avec le
nombre de variables.

e Quelle est la relation entre le nombre de variables et d’effets ?

— Au plus de trois : il est impossible de formuler des hypotheses

théoriques pour tous les effets principaux et interactions pour
plus de 3 variables.

 De maniere général le nombre d’effets principaux et
d’interactions pour n variables est égal a

40

30

20

10




Les Variables indépendantes

* Combien de variables indépendantes ?

— De maniere général le nombre (N) d’effets principaux et
d’effets d’interactions pour n variables est égal a

N=2"-1

40
30
AxB 20
10

n 12 3 4 5 6 7 8 9 10 11 12 13 14 15
ASTAIB| C D |[AxB|AxC| AxD | BxC | BxD | CxD | AxBxC | AxBxD | AxCxD | BxCxD | AxBxCxD

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

n
5 lﬂ-nn--mmm-nm



e Questions :

— Nombre de variables

* Au plus trois : il est impossible de formuler des hypotheses
théoriques pour tous les effets principaux et interactions pour
plus de 3 variables.

* Si pas d’hypotheses d’interactions, alors faire des expériences
différentes
— Pourquoi ne pas tester les interactions en combinant
plusieurs expériences ?

» Attention mettre plusieurs expériences ensembles ne permet
pas de tester l'effet d’interactions.

* probleme dans l'attribution aléatoire des sujets dans chaque
condition, plus d’indépendance



Variables Indépendantes

* Variables indépendantes (VI)
e Variables dont on cherche a verifier I'influence sur
le comportement, |a performance.
e sources de variation
e possedent plusieurs modalités

e Questions:

e Combiende VI ?
e Combien de modalités ?

102



Les Variables indépendantes

* Variables indépendantes (VI)
e Variables dont on cherche a verifier I'influence sur
le comportement, |a performance.
e sources de variation
e possedent plusieurs modalités

e Questions:
e Combien de V| ?

e Combien de modalités ?

e Quelle sera la nature des V| ?

103



Variables Indépendantes - # modalités ?

° l . o : .
QUEStIOnS . Le nombre de modalités est fonction de I'espace a
7 . 7 . . ’I .
N X A e echantillonner, de la precision de I'echantillonnage, de
« Auplustrois : il est impossible de | =18 A= 1=} 6/ = | [2! Variable, de la durée maximum de

e Sipas d’hypotheses d’interaction

tester I'effet d’interactions. (prob |’eXpérience, de Ia nature de |'hyp0thése, etc.

— Nombre de modalités

e 2 estidéal car un effet simple permet de conclure a la
différence entre les deux modalités de ma variable.

e 3 ou plus demande plusieurs comparaisons et nécessite de
construire des contrastes a priori.



Variables Indépendantes - # modalités ?

° l . o : .
QUEStIOnS . Le nombre de modalités est fonction de I'espace a
7 . 7 . . ’I .
N X A e echantillonner, de la precision de I'echantillonnage, de
« Auplustrois : il est impossible de | =18 A= 1=} 6/ = | [2! Variable, de la durée maximum de

e Sipas d’hypotheses d’interaction

tester I'effet d’interactions. (prob |’eXpérience, de Ia nature de |'hyp0thése, etc.

— Nombre de modalités

e 2 estidéal car un effet simple permet de conclure a la
différence entre les deux modalités de ma variable.

e 3 ou plus demande plusieurs comparaisons et nécessite de
construire des contrastes a priori.

— Posez vous les questions suivantes :

— Avez-vous des hypotheses pour chaque niveau de votre variable ?
— Cherchez vous une fonction dans un intervalle de valeur ?



Variables Indépendantes - # modalités ?

 Exemple True relationship
— Imaginons le cas d’'une 20
relation réelle mais eod o o

Ia VI I | I I | |

0 20 40 60 a0 100
e Avec un échantillon de 20 Dose

personnes, les
répartitions suivantes
sont possibles (plan inter)

Lazic SE. (2017) Four simple ways to increase power without increasing the sample size. Peer) Preprints 5:e3363v1
https://doi.org/10.7287/peerj.preprints.3363v1



https://doi.org/10.7287/peerj.preprints.3363v1

Variables Indépendantes - # modalités ?

e Nombre de modalités Power of designs and analyses
— La puissance est maximale 1.0 5
pour 2 modalités (N est o8 | s
ﬁXée). - \g___u___n Trend
. . 06 - test
— Mais 2 b
* Par 2 points WSSGF % 04 - T4 ANOVA
une droite.
e et une infinité de polynomes 027
du second degré :R/

Si la relation entre la VI et Ia

VD n’est pas linéaire deux
points ne sont pas suffisants

Lazic SE. (2017) Four simple ways to increase power without increasing the samp
https://doi.org/10.7287/peerj.preprints.3363v1
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Variables Indépendantes - # modalités ?

° Q ti . Le nombre de modalités est fonction de I'espace a
uestions . ; : o v :
_ échantillonner, de la précision de I'échantillonnage, de
BRAULEERENENERY 'schelle de la variable, de la durée maximum de
*  Auplus trois : il est impossible de ) o ) .
P e et ' exXperience, de la nature de I"hypothese, etc.

tester I'effet d’interactions. (prob

— Nombre de modalités

e 2 estidéal car un effet simple permet de conclure a la
différence entre les deux modalités de ma variable.

* 3 ou plus demande plusieurs comparaisons et nécessite de
construire des contrastes a priori.

* Plus vous avez de modalité plus vous augmentez le nombre de
sujets (plan inter) ou le nombre de répétition (plan intra) !

— Posez vous les guestions suivantes :




Variables Indépendantes — continues ou discrétisées ?

e Questions :

— Nombre de variables

Au plus trois : il est impossible de formuler des hypothéses théoriques pour tous les effets principaux et interactions pour plus de 3 variables.
Si pas d’hypothéses d’interactions, alors faire des expériences différentes Attention mettre plusieurs expérience ensemble ne permet pas de tester I'effet d’interactions. (probléme dans I'attribution aléatoire des sujets dans chaque condition, plus d’'indépendance)

—  Nombre de modalités

2 est idéal car un effet simple permet de conclure a la différence entre les deux modalités de ma variable.
3 ou plus demande plusieurs comparaisons et nécessite de construire des contrastes a priori.

— Dois-je discrétiser ma variable continue ?
* 50 données issues de 2 variables X et Y avec une corrélation

(pearson) : -

* Discrétisation autour de la médiane,

I

Y, 8 17
Y, 17 8

Y variable

Lazic SE. (2017) Four simple ways to increase power without increasing the sample size. Peer] Preprints 5:e3363v1Y yariable
https://doi.org/10.7287/peerj.preprints.3363v1
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Variables Indépendantes — Continues et discrétisées ?

* Dois-je discrétiser ma variable continue ?

— 50 données issues de 2 variables X et Y avec une
corrélation (pearson): p = .4,p = .002

— Discrétisation autour de la médiane, (test du X2 )
Y2 =5.13;p = 0.024

— 50% de perte de puissance (simulation Monte-Carlo) :
84% avec données continues a 34% avec données
dichotomique

8 : 17
1 o

X % :
Y, 8 17 -

Y, 17 8

Lazic SE. (2017) Four simple ways to increase power without increasing the sample size. Peer)
Preprints 5:e3363v1 https://doi.org/10.7287/peerj.preprints.3363v1

17 i 8

X variable
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Variables Indépendantes — Continues et discrétisées ?

e Questions :

— Nombre de variables

Au plus trois : il est impossible de formuler des hypothéses théoriques pour tous les effets principaux et interactions pour plus de 3 variables.
Si pas d’hypothéses d’interactions, alors faire des expériences différentes Attention mettre plusieurs expérience ensemble ne permet pas de tester I'effet d’interactions. (probléme dans I'attribution aléatoire des sujets dans chaque condition, plus d’'indépendance)

—  Nombre de modalités

2 est idéal car un effet simple permet de conclure a la différence entre les deux modalités de ma variable.
3 ou plus demande plusieurs comparaisons et nécessite de construire des contrastes a priori.

— Dois-je discrétiser ma variable continue ?

* NON : perte de puissance -
* NON : introduction de biais

* NON : augmente le taux de faux positif

L - e e = — e e e e e = = — — — ]

Y variable

Lazic SE. (2017) Four simple ways to increase power without increasing the sample size. X variable
Peer) Preprints 5:€3363v1 https://doi.org/10.7287/peerj.preprints.3363v1
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Variables Indépendantes

e Questions :

— Nombre de variables

e Auplus trois : il estimpossible de formuler des hypotheses théoriques pour tous les effets principaux et interactions pour plus de 3 variables.

* Sipas d’hypotheses d’interactions, alors faire des expériences différentes Attention mettre plusieurs expérience ensemble ne permet pas de
tester I'effet d’interactions. (probléme dans I'attribution aléatoire des sujets dans chaque condition, plus d’indépendance)

— Nombre de modalités et sélections des modalités
e Fixe:?
e Aléatoire: ?



Variables Indépendantes

e Questions :

— Nombre de variables

e Auplus trois : il estimpossible de formuler des hypotheses théoriques pour tous les effets principaux et interactions pour plus de 3 variables.

* Sipas d’hypotheses d’interactions, alors faire des expériences différentes Attention mettre plusieurs expérience ensemble ne permet pas de
tester I'effet d’interactions. (probléme dans I'attribution aléatoire des sujets dans chaque condition, plus d’indépendance)

— Nombre de modalités et sélections des modalités

* Fixe : la généralisation n’est pas possible en dehors des
modalités manipulées

» Aléatoire : généralisation possible dans 'intervalle testée.
Nécessite un nombre d’échantillon suffisants pour tester
I'ensemble de I'espace étudié.



* Quelle conséquence ?

— ajustement d’orientation (en

ne testant que les 2 . B
orientations cardinales - P .
meilleures sensibilité)
* Il estincorrecte de généralisera ) \! """"
[0, 27]
& 6 JB 6 CcpP MS

0 225 45 675 90
Reference Orientation (°)

0 225 45 675 90
Reference Orientation (°)

0 225 45 675 90
Reference Orientation (°)




Variables Indépendantes

e Questions :

— Nombre de variables

e Auplus de trois : il est impossible de formuler des hypotheses théoriques pour tous les effets principaux et interactions pour plus de 3 variables.

* Sipas d’hypotheses d’interactions, alors faire des expériences différentes Attention mettre plusieurs expérience ensemble ne permet pas de
tester I'effet d’interactions. (probléme dans I'attribution aléatoire des sujets dans chaque condition, plus d’indépendance)

— Sélections des modalités

* Fixe : la généralisation n’est pas possible en dehors des
modalités manipulées

» Aléatoire : généralisation possible dans 'intervalle testée.
Nécessite un nombre d’échantillons suffisant pour tester
I'ensemble de I'espace étudié.

La variable sujet doit toujours étre aléatoire !



Le “facteur sujet”

* Variable aléatoire (généralisation)

e Chaque sujet a des particularités qui peuvent influencer
la performance (VD) indéependamment des VI.

* Recherche d'un modele géneral

— Plusieurs sujets (groupes) : les différences individuelles
seront supposees étre neutralisées dans le calcul de |la
performance moyenne du groupe.

gl Facteur “sujet” car variable

116



Les Variables indépendantes

* Variables indépendantes (VI)
e Variables dont on cherche a veérifier I'influence sur le
comportement, la performance.
e sources de variation
e possedent plusieurs modalités

e Questions:
e Combien de V| ?

e Combien de modalités ?

e Quelle sera la nature des V| ?

117



Variables Indépendantes

Exemple o
'anxieté diminue les performances intellectuelles

... ple de I'espace étudié.

— Nature des variables

* Invoquées = les modalités sont des caractéristiques des sujets
= diminue la validité interne de I'expérience

e Age e Milieu soc.
e Genre e|ésions
e Anxiété

* Provoquées : Ses modalités sont manipulées par le chercheur

e Nature du matériel
e Condition d’apprentissage
e délais de rétention




VI invoquée/provoguée - exemple

SEJE
'anxiéte diminue les performances intellectuelles

VI invoquée VI provoquée

*N. anxiété < 10 eSans importance
*15<NA<25 eCompte pour 50 %
eN. anxiété > 30 eDétermine le renvoi
de I’étudiant
VD = Performance VD = Performance

a I'examen a I'examen 19



Méthodes de |la psychologie

NIVEAU DE GENERALISATION

MODELE DE L'INDIVIDU

MODELE GENERAL

DETERMINANTS
PROVOQUES

METHODE EXPERIMENTALE
AU SENS STRICT
(psychologie clinique)

METHODE EXPERIMENTALE
AU SENS STRICT
(psychologie générale)

DETERMINANTS

PROVOQUES ET

DETERMINANTS
INVOQUES

METHODE EXPERIMENTALE
AU SENS LARGE
[méthodes différentielle et
développementale]

DETERMINANTS
INVOQUES

(SITUATIONNELS &
PERSONNELS)

METHODE CLINIQUE AU SENS
HABITUEL

METHODES D'OBSERVATIONS
SYSTEMATIQUES
(Psychologie comparée, de I'enfant,
etc.)

Référence ??? Lieury ou Rossi
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Plan

 |ntro et Démarche
expéerimentale

Les Variables * Les Variables dépendantes

— dépendantes — Sensibilité, validité etc.

— indépendantes — Modéle d’analyse (résidus)

— Dépendance ? * Les Variables indépendantes
 Le tests de I’hypothése nulle — Contraintes sur le choix :

par ’ANOVA nombres, nombres de modalités,

échelles ?
— Aléatoires ou fixées ?
— Facteur sujets ?

Les Variables controles

— De l'intuition aux formules

— Des contrastes aux
comparaisons multiples

— Tout doit étre controlé ou mis en
covariable ?

e Lesrelations entre les variables




Variables Controles

* Une variable “controlée” (ou VC) est
— une source d’influence potentielle de la VD
— qui n'est pas étudiee pour elle-méme

— dont l'influence sur la VD doit étre controlée et dissociée
de celle de |la VI

hypothese appuyées sur des études

précédentes ou une théorie
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Variables Controles

* Une variable “controlée” (ou VC) est
— une source d’influence potentielle de la VD
— gui n'est pas étudiee pour elle-méme
— dont I'influence sur la VD doit étre contrblée et dissociée
de celle de la VI
e Type de controle
— Invoquée: proprieté de personnes
— Provoquée : manipulation expérimentale

e Sélection : fixe ou = == el =
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Variables Controles

* Répartition aléatoire des modalités d’une VC dans
les conditions expérimentales

e B) Répartition systématique
— VC neutralisée = si le chercheur choisit de sélectionner
une seule modalité de la VC

— Méthode de croisement = croiser les modalités de la VC
avec celles de |la VI

— Répartition en carré latin -> chaque modalité de la VC
intervient le méme nombre de fois pour chaque
modalités de chacune des VI

e Pas de test d’interaction !



Plan d’expérience

* Pourquoi ?

— Le plan d’expérience avec la définition des VD, VI et VC
déterminent complétement I'analyse.

* U'erreur de mesure et la mesure de l'effet dépendent a la fois
de I'échelle des variables (VI et VD) mais aussi de leur lien
(croisement, emboitement, mixte, liaison, etc.)



Plans

* Plan Inter-sujets * Plan Intra-sujets
— Le facteur sujet est dit — Le facteur sujet est dit croisé
emboité dans la VI avec la VI
— Notation : S<A> — Notation : S*A

* Plan mixtes
— Le facteur sujet est dit croisé avec une VI et emboitée avec l'autre
— Notation : S<A>*B

Si la VI est
* invoquée =2 étude expérimentale ou manipulée

* provoquée =2 étude non-expérimentale, corrélationnelle ou
observationnelle

I’échantillon est a. i. i. d. : les individus sont sélectionnés de maniere
aléatoire indépendante et identiquement distribuée.



Plans - Avantages et inconvénients

PLAN INTER

PLAN INTRA

*Pas de problemes de répétitions
(fatigue et/ou apprentissage)

Ava ntages eGroupes indépendants

eEquivalence entre les

« groupes » parfaite

*Moins de sujets

*Plus de puissance (erreur intra-

sujet)

*Probleme de
I’équivalence

Inconvénients  dessgroupes

eNombreux sujets

eEffet d’apprentissage
eEffet d’ordre
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Cas particulier de plan INTER

Groupe Contréle (ou témoin) C’est un plan
intra, car on
= | Quinesubit pas l'influence du facteur étudié introduit une
corrélation
. : dans les
Groupe Expérimental (1 ou plusieurs) B —

| QuisubitI'influence du facteur étudié

:> Implique I'équivalence des groupes
utiliser une méthode "d'appariement”
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Plan hiérarchique

e Attention

— Pas d’assignement aléatoire des sujets dans les
conditions expérimentales

— C’est le facteur de regroupement qui est le facteur
aléatoire

— Risque de facteur confondu en considérant le sujet
comme facteur aléatoire

* Exemple d’une école
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 Plan niché

— Pas d’assignement aléatoire

Four litters of four animals

des sujets dans les

conditions expérimentales ®. . @ . @ .. @
:@‘@E :‘@"@75 :'@‘@; :‘@@i
— Le facteur de TR U9 U9 99
regroupement est le
fa Cteur aléatOire Litterl:‘r!:rtggr:nised /\ Anim;;"rsafwzlg:mised
to groups to groups within litter
— Risque de facteur confondu Control | Treated Control | Treated
en considérant le sujet B, ® . APt i N
P P = | vy BYY | 9G]
comme tacteur aleatoire CloHECES PR I— .
------ o ®EF |56
: June € OV VY awme e \,
Exemple d’'une école CISHIGES] l\f;:?_:-tgi_ ey
Lazic SE. (2017) Four simple ways to increase power without increasing the sample size. .f @ @ ‘@ @ ]
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Control Treated

A Sources of varlation B el J = J C Crossed design

10 - 1w .;@@ .;@@ ] 10 -
:\_@ @’1 :.f?’i ?;3;;' Control Treated
8 4 & 8 8
“ - BED[BY.
w 6 - a 6 — a3 64 00 T A e
- § : i x L eEE |99
P DR A
3 . \ 3 4 ?\ 3 4 \.(@@ &
+ ¥ we == e e N T T T
+ ———————————————
. . # . \ .\:E?"@.t?“ __@i_%?:,
' |
— — ﬂ —
Control Treated Con Treated

0 1]
I B [ (] trol
Puissance = 0,55 s 2ot
* Exem p| Puissance = 0,07 vs 0,99

— 4 écoles ayant des caractéristiques socio-démographiques
différentes (facteur de réussite INSEE)

— Si l'effet d’'une nouvelle méthode est testée en prenant des écoles
controles et d’autres écoles « test »,

* |e facteur école est le facteur aléatoire et non le facteur sujet (confusion
fréquente). La généralisation ne sera pas possible sur les éleves.

* La puissance est plus faible gu’en croisant les écoles avec les méthodes



La Méthode Expérimentale - Résumeé

-variable d’intérét pour le chercheur “cause” du
comportement étudié

-”mesure” du comportement étudié
_acteur dit aléatoire (sujets tirés au

hasard) dont la répétition (plusieurs sujets) permet de
neutraliser les effets propres a chaque sujet.

- permettent de contrbler les sources potentielles
d’influence surla VD (en dehors de la VI) pour
respecter le principe

“toute chose égale par ailleurs”
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La Meéethode Expérimentale - Variables

" 1. Variable Indépendante (VI) : variable d'intérét pour le

chercheur “cause” du comportement éetudié

2. Variable Dépendante (VD) : “mesure” du

comportement étudié
. facteur dit aléatoire (sujets tirés au

hasard) dont la répétition (plusieurs sujets) permet de
neutraliser les effets propres a chaque sujet.

_: permettent de contréler les

sources potentielles d’influencesur la VD (en dehors de
la VI) pour respecter le principe

“toute chose égale par ailleurs”
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213 Procedures
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Introduction

 Théorie
1. « predictive coding &

efference copy »

1. (1) Permet d’anticiper la
conséquence de nos
actions et d’adapter les
attentes et retours
sensoriels.

2. (2) participe au sens de
I'agentivité (source des
actions)

2. Personne avec
schzophrénie : atteinte
du sens de l'agentivité

1. Introduc tion

It is well known that tickling oneself fzils to elicit the sensations produced when tickled by someone else. Experimentally,

a range of studies have confirmed that self-produced somatosensory stimulaton results in less ticklishness than externally

pmduced (but otherwise Ldfntlcal} stimulation (Bays Flanagan, & Wolpert, 2006; Clmun 1475; Wmskramz Hliott, &
For i gle tactile I h

it is self-applled than when applied by someone else (Wolpert & Flanagan, 2001). When we perform a voluntary act, our
brain is thought to create “efference copies” of the outgoing motor commands and use them to optimize motor control
(Sperry, 1950; von Holst & Mittelstaedt, 1950). On this basis, it has been suggested that a “forward model” (Miall, Weir,

Wolpert, & Stein, 1993; Wolpert, Ghahramani, & Jordan, 1995; Wolpert & Miall, 1996) helps us to anticipate the sensory con-
sequenoﬂ of our actions. One aspect of this predictive process {whu:h has obvious adaptu.'e value) involves the sensory

]9? S}L Effereme mples reduue the cognitive load h},l decreasmg the pmoemng of predml:able {and thus ereleva nt}n senscrry

andfor pul:enliall],l threatenlng envlrmmenl:alstimulL hsemnd mLe mm_.l relal:e tu the SEMSe of agency, Le the Sense that
“I'm the one who is causing or generating an action” (Blakemore, Wolpert, & Frith, 2002; Gallagher, 2012). More generally,
a sense of agency enables events to be classified as being caused by oneself or by an external source. Consequently,

impairment of the predictive process might reduce attenuation of the sensory consequences of voluntary actions and thus
prompt the incorrect attnbution of a seli-generated event to an external cause, This is exactly what happens in people witl
schizophrenia Firstly, the attenuation of self-applied stimuli normally observed in healthy subjects is absent [Blakemore,
Smith, Steel, Johnstone, & Frith, 2000; Shergill, Samson, Bays, Frith, & Wolpert, 2005). Secondly, some people with
schizophrenia feel as if external agents are controlling their own actions; this has been referred to as a “passivity experience”
(Blakemore et al, 2002; Frith, Blakemore, & Wolpert, 2000), This abnormal, subjective, sensory experience might be critically
involved in the emergence and persistence of delusions of control (Frith et al, 2000; Sugimor, Asai, & Tanno, 201 1) This
(first- rank}l subset ufsympmms {Sthnmder 1955) is clcrsely reLated to the dugmsu of schuaphrenu

ing clmu:al dlsease (Fletcher & FnLh 2009} Scmaul:l.rp],l refers toa cluster of persumltty traits that mcludfs unusual percep-
tual experiences, bizarre behavior, odd beliefs and social anhedonia, Most researchers have adopted a dimensional model of
schizotypy (Claridge & Davis, 2003) in which schizotypal traits vary continuously throughout the overall population. This
creates a spectrum that ranges from normal psychological characteristics and milder forms of schizophrenic symptoms to
the overexpression of these traits and thus the emergence of schizophrenia (Claridge, 1994, 1957). Schizotypy has been con-
sidered o encompass cognitive=perceptual, interpersonal and disorganized factors, which roughly correspond to the posi-
tive, negative and disorganized dimensions of schizophrenia, respectively (Raine, 1591). Given that drug treatment, long
hospital stays and psychosis-induced cognitive impairments are potential sources of experimental bias in studies of the link
between symptoms and neurocognitive functions in schizophrenia, assessment of the same functions in healthy individuals
constitutes a valuable, complementary approach (Raine & Lencz, 1995).

In line with the data obtained in schizophrenia patients (Blakemore, Smith, et al., 2000: Shergill et al., 2005) the results of
two correlational studies of healthy people have shown that individuals who score highly on schizotypal scales tend to have
trouble predicting the sensory conseq uences of their actions. In the first of the two studies, Asai, Sugimori, and Tanno (2008)
observed a negative correlation between the schizotypy score on one hand and performance in a simple pointing task
(involving the prediction of movement) on the other. In the second study, Teufel, Kingdon, Ingram, Wolpert, and
Fletcher's (2010) analysis of a force-matching task revealed a relationship between poor prediction of the sensory conse-
quences of self-applied forces on one hand and a tendency to show delusional ideation on the other. On the basis of these
findings, we reasoned that if healthy individuals high in schizotypal traits are indeed poorly able to predict the sensory con-
sequences of their own actions, they should be able o tickle themselves more successfully than healthy individuals with low
schizotypal scores. We also formed two other hypotheses concerning ind ividuals high in schizotypal traits; that the ability to
self-tickle would be (i) more strongly correlated with positive schizotypy than with other aspects of schizotypy = in line with
Teufel et al. (2010, see above) = and (ii) correlated with a greater tendency to report passivity experiences, Indeed, we saw
above that abnormal predictive mechanism has been linked to delusions of control in schizophrenic patients. Moreover cer-
tain manifestations of positive schizotypy can be regarded as non-clinical analogues of schizophrenia first rank symptoms.
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2. Experiments

2.1. Methods

Participants

Atotal of 397 students completed a 7-items questionnaire extracted from the Schizoty py Personality Questionnaire (S
Raine, 1991) at the end of university courses. Eighty participants with extreme scores (40 with high and 40 with low sco
on this mini-questionnaire were then invited to complete the full French version of the SPQ. The participants’ scores w
transformed in Z scores relative to the SPQ French normative data (Dumas et al,, 2000; mean: 236; standard deviati
1209) The 27 individuals (17 women and 10 men; mean £SD age: 234 +3.9) who scored in the upper quartile (SPC
score =.69) were selected to participate to the main study. They constituted a group high in schizotypal traits (Highs

Méthode

The Higheene and Lowss,, groups did not differ significantly with regard to age (Is; = 43; p=.67) or laterality according to
the Edinburgh Handedness Inventory {Oldfield, 1971) (s =1.42; p = 16) but did have significantly different SPQ Z-scores
(2= 1981; p<.0001}

None of the partici pants showed motor or sensory impairments or reported a history of neurological or psychiatric dis-
orders. So as not to skew the data collection, none of the participants were aware of the study's objectives. Each person pro-
vided his/her prior, written, informed consent to participation and was fully debrigf o ~= rie srodite shin srume 2 foe b e

with raw SPQ scores between 32 and 54 (mean: 38). We also selected for the main study 27 individuals (16 women
11 men; mean age: 23 £ 432) who scored in the lower quartile (SPQ Z-score = —71). They constituted a group low in schi
typal traits (Lows.y, ) with raw SPQ scores between 0 and 15 (mean: 9).

‘We chose to contrast two groups because the possible differences existing between sets of data are likely to be reves
using an extreme group design. Our purpose was first of all to compare the two distributions (low and high-schizotyp
groups) and not to test correlations between the expression of schizotypal traits, on the full schizotypy distribution,
other variables. We are aware that such a design can artificially dichotomize continuous variables, but given the subjec
nature of our task we wanted to give us the best chance to detect differences between subjects.

Our aim was not to address the issue of whether schizotypy should be understood in terms of normal set of persona
traits in the global population (full dimensional approach) or attenuated form of mental disease (quasi-dimensic
approach) (Asai, Sugimori, & Tanno, 2009: Claridge, 1994; Smyrnis et al., 2007). However, in order to form two extre
groups, our measure of interest was the degree of expression of schizotypal traits and. de facto, our approach could be viev
as more quasi than fully dimensional. Note also that the participants in the LoWsa group had a narrow range of very low !
scores. This low variability made it very difficult to detect correlations with other variables. In fact our Lows e group co
be considered as a control non-schizotypal group.

e Materials

~ The SPQ (Raine, 1991) is a 74-item forced choice (Yes/No) self-reported questionnaire consisting of 9 subscales based on
the Diagnostic and Staristical Marual of Mental Disorders (APA, 1987) criteria for schizotypal personality disorder: ideas of
reference, excessive social anxiety, odd beliefs or magical thinking, unusual perceptual experiences, odd or eccentric
behavior, no close friends, odd speech, constricted affect, and suspiciousness. The SPQ is also subdivided into three
dimensions, which are respectively regarded as non-clinical analogues of the positive, negative and disorganized symp-
toms of schizophrenia (Raine & Lencz, 1995): Cognitive-Perceptual (positive schizotypy, e.g. unusual perceptual experi-
ence and magical thinking), Interpersonal (negative schizotypy, eg social amxiety and constricted affect) amd
Disorganized (e.g. odd speech and bizarre behavior )

~ The Scale for Assessment of Passivity Experiences in the General Population (SAPE-GP) (Jones, de-Wit, Fernyhough, &
Meins, 2008) Each of the questionnaire's five items is scored on a five-point scale (0: never; 1: oocasionally; 2: many
times; 3: very often: 4: always), vielding a total score of between 0 and 20. The higher the score, the more frequently
the subject has passivity experiences. Only the 54 subjects that were selected for the main experiment were asked to
complete this questionnaire.

2.1.2 Materials
2.1.21. Questionnaires. Two questionnaires were used:

2.1.22. Experimental material. The experimental device (see Fig. 1) could be adjusted o compensate for differences in mor-
phology and thus maintain the brush in contact with the skin at a constant pressure. The area of tickling (total horizontal
displace ment: 6 cm) was accurately defined for each participant. At the beginning of the experiment, the height of the brush
was adjusted so that only the tips of the bristles touched the skin of the forearm.

Aviral metronome (GiveMeTac software, version 1.1) was set to produce a rhythm of 45 beats per minute.

2.1.3 Procedures

Each participant was tested i ndividually. A mask was placed over the eyes so that somaesthesia was not influenced by
vision (Whiteley, Kennett, Taylor-Clarke, & Haggard, 2004) The participant placed his/her non-dominant forearm flat on
the table (with the sleeve rolled up above the elbow) and performed three trials under each of the three following experi-

mental condicions; ~ Unpredictable, externally-produced tickling (ETyy) the procedure was the same as in the ET, condition except that
only the experimenter could heard the sound of the metronome through headphones connected to the computer. Here,
“unpredictable” means unpredictable on the basis of an effective external signal because the participant couldn't hear the
sound of the metronome. [n such a condition, at least for the subjects with the less efficient pred ictive mechanisms, the
rhythm of the tactile stimulation should be less easily predictable. Note that the two different externally tickle condi tions
were also included to add some variety to what was essentially a very repetitive task for the participants.

~ Self-tickling (ST): partici pant used his/her dominant hand to make back and forth movements of the paint
his non-dominant forearm, © each “tick” and “tack” of the metronome. The duration of the stimulation
beats) Both the participant and the experimenter could hear the sound of the metronome.

~ Predictable, externally-produced tickling (ET;): the experimenter applied the tactile stimulation on the
forearm with the same rhythm that in the ST condition. Both could hear the sound of the metronome.

Flg 1. 2D and 30 views of the device The experimental materisl consisted ofa wooden frame affixed to table via four suckers. A paintbn
it tolbe moved horl ndforth over the participants foream. The paintbrush’s height could be adjisted with
were blocked on each side. (o delineate the area of tickling ( total horizontal displacement: &cm).

At the end of each trial, the participant had to rate hisjher perceived sensation of tickling on a scale from 0 (“not at all
tickly”) to 10 (“extremely tickly”). The experiment lasted about 10 min for each participant and (as already mentioned) each
trial lasted only 6 metronome beats. It is well known that when the senses are exposed to a continuing stimulus, sensory
adaptation occurs, particularly when tactile receptors are stimulated (Adrian, 1928). Thus, in order to diminish adaptation,
and also because the task was very subjective in nature, we thought that 3 trials by conditions were a good compromise in
order that the subjects could stay on their first sensations.

2.14. Data analyses
For each experimental condition, the participant’s tickle ratings from the three trials were averaged. We analyzed the rat-
ings in a 2 x 3 repeated-measures analysis of variance (schizotypal traits [Highs e Lows.y.| > ticking condition [ST,ETy,
ETyy]) with schizotypal traits as a category-specific predictor. The Greenhouse-Geisser correction was applied because
the data violated the sphericity assumption. Post-hoc comparisons were conducted using Tukey's multiple comparisons test.
Moreover, an index of somatosensory attenuation (I1SA) was calculated as follows:

kT T

ISA = —2———
e

Ascore of 1indicates complete somatosensory attenuation, whereas a score of 0 indicates the absence of any atte nuation.
A Student’s t test for independent samples was used to compare the ISA as a function of the degree of schizotypy.

Lastly, Pearson’s coefficient (two-tailed ) was calculated for the correlations between the ISA and the questionnaire scores
(the SPQ scales and subscales and the SAPE-GP). As our investigations were based on a priori hypotheses, no correction was
made for multiple comparisons to avoid increasing the risk of a type Il error. Note that Bonferroni correction would be too
conservative and not appropriate here, firstly because the SPQ scales and subscales scores are not independent measures.
Moreover, some statisticians defend the idea that if all the individual p values are reported, it is not necessary and even
not recommended to adjust for multiple comparisons: but in this case the researchers have to make it clear that no correc-
tions for multiple comparisons were made (Feise, 2002: Perneger, 19%8: Savitz & Olshan, 19951

Data Analysis
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groups, our measure of inte rest was the degree of expression of schizotypal traits amd, de facto, our approach could be viewed
as more guasi than fully dimensional. Note also that the participants in the Lowes group had a narrow range of very low SPQ)
scores, This low variability made it very difficult to detect correlations with other variables. In fact our Lows . group could
be considered as a control mon-schizotypal group.

The Highe i and Loweg,, groups did not differ significantly with regard to age (o = 43; p=.67)or laterality accord ing to
the Edinburgh Handedness Inventory (Oldfield, 1971) (fsz = 1.42; p =.16) but did have significantly diferent SPQ Z-scores
[tz = 1981; p<.0001)

Mone of the partici pants showed motor or sensory impairments or reported a history of neurological or psychiatric dis-
orders. 50 as not to skew the data collection, none of the participants were aware of the study's objectives. Each person pro-
vided his/her prior, written, informed consent to participation and was fully debriefed on the study's objectives after having
completed the experiment,



Méthode : Participants

Sample N=397
— Atotal of 397 students completed a 7-items questionnaire extracted from the Schizotypy
Personality Questionnaire (SPQ, Raine, 1991) at the end of university courses.
First selection of the extremes

— Eighty participants with extreme scores (40 with high and 40 with low scores) on this mini-
guestionnaire were then invited to complete the full French version of the SPQ. The m
participants’ scores were transformed in Z scores relative to the SPQ French normative
data (Dumas et al., 2000; mean: 23.6; standard deviation: 12.09).

Final selection of the extremes

— Thaoa 27 individiiale (17 wwinman and 1N man: mean * SD age 234 + 39) Who scored |n the

. . . d to participate to the main study. They
VI - schizotypal traits groups : Highs ., , KRl R A o R e a e Ry

I'OWSchiz

Juals (16 women and 11 men; mean age: 23 +

4.32) who scored In the Tower quartile (SPQ Z-score 6.71). They constituted a group low in

schizotypal traits (Lows,;,) with raw SPQ scores between 0 and 15 (mean: 9).
We chose to contrast two groups because the possible differences existing
between sets of data are likely to be revealed using an extreme group design.
Our purpose was first of all to compare the two distributions (low and high-
schizotypical groups) and not to test correlations between the expression of
schizotypal traits, on the full schizotypy distribution, and other variables. We
are aware that such a de5|gn can art|f|C|aIIy dlchotomlze continuous variables,
but given the s g  best
chance to dete

Quel mode de sélection ? Quelles conséquences ?




Experimental material

aterials
SQuestionmaires. Two questionnaires were wsed:

- The SPQ) (Raine, 1991) is a 74-item forced choice (Yes/Mo) self-reported questionnaire consisting of 9 subscales based on
“he Diagnostic and Statistical Manwal of Mental Disorders { APA, 1987) criteria for schizotypal personality disorder: ideas of
‘ference, excessive social anxiety, odd beliefs or magical thinking, unusual perceptual experiences, odd or eccentric
avior, no close friends, odd speech, constricted affect, and suspiciousness, The SPQ is also subdivided into three
‘nsions, which are respectively regarded as non-clinical analogues of the positive, negative and disorganized symp-
of schizophrenia (Raine & Lencz, 1995): Cognitive-Perceptual {positive schizotypy, e.g. unusual perceptual experi-
« and magical thinking), Interpersonal (negative schizotypy, eg. social anxiety and constricted affect) and
p isorganized (e.g. odd speech and bizarre behavior L

“ = The Scale for Assessment of Passivity Experiences in the General Population (SAPE-GP) (Jones, de-Wit, Fernyhough, &
Meins, 2008) Each of the questionnaire’s five items is scored on a five-point scale (0: never: 1: occasionally: 2: many
times: 3: very often; 4: always), vielding a total score of between 0 and 20, The higher the score, the more freque ntly
the subject has passivity experiences. Only the 54 subjects that were selected for the main experiment were asked to
complete this questionnaire.

2.1.22 Experimental material. The experimental device (see Fig. 1) could be adjusted to compensate for differences in mor-
phology and thus maintain the brush in contact with the skin at a constant pressure, The area of tickling (total horizontal
displacement: 6 cm) was accurately defined for each participant. At the beginning of the experiment, the height of the brush
S was adjusted so that only the tips of the bristles touched the skin of the forearm.
A virtual metronome (GiveMeTac software, version 1.1) was set to produce a rhythm of 45 beats per minute.

Fig 1. 2D and 3D views of the device. The experimental material consisted of 2 wooden frame affixed toa table via four suckers. A pain tbrush was mounted
on railstoenable it lobe moved horizontally back and forth over the participant’s forearm. The pamlbmshs height could be adjusted witha screw. The rails

ERSOCRY X DU IO SRR FEE T SV B TSROV RS DY P POV RS T e M i B e el i

VI : some people with schizophrenia feel as if external agents are controlling their own actions;

this has been referred to as a ““passivity experience”



Méthode : Experimental material

.The experimental device (see Fig. 1)
differences in morphology and thus n
constant pressure. The area of ticklin; m) was
accurately defined for each participar. 2nt, the
height of the brush was adjusted so that only the tips of the bristles touched the
skin of the forearm.

A virtual metronome (GiveMeTac software, version 1.1) was set to produce a
rhythm of 45 beats per minute. The experiment lasted about 10 min for each
participant and (as already mentioned) each trial lasted only 6 metronome beats.

It is well known that when the senses are exposed to a continuing stimulus,
sensory adaptation occurs, particularly when tactile receptors are stimulated
(Adrian, 1928). Thus, in order to diminish adaptation, and also because the task
was very subjective in nature, we thought that 3 trials by conditions were a good

compromise inorder that the subjects could stay on their first sensations.
|

o : : 1e skin at a
VC : qualité dela stimulation

VC : durée de la stimulation

/
,6cm

VC : nb essais




Méthode : procédures

VC : sensation purement
somesthésique

2.1.3 Procedures -
Each participant was tested individually. A mask was placed over the eyes so that somaesthesia was not influe nced by

vision (Whiteley, Kennett, Taylor-Clarke, & Haggard, 2004) The participant placed his/her non-dominant forearm flat on
the table (with the sleeve rolled up above the elbow) and performed three trials under each of the three following experi-
mental conditions:

= Self-ticking (5T): partici pant used his/her dominant hand to makr 4
his non-dominant forearm, o each “tick” and “tack” of the metr
beats) Both the participant and the experimenter could hear the p— . ey . . .

- Predictable, externally-produced tickling (ETg): the experimen VI: T|Ck|mg Condition {Self'T|Ck|mg'
forearm with the same rhythm that in the ST condition. Both ool ST, externally-produced tickling-ETP,

= Unpredictable, extermallv-produced tickling (ETyy ) the proced .
only the experimenter could heard the sound of the metronome | [EUUYCCl [{a =T SANRETGETR ol felo[FelTe
“unpredictable” means unpredictable on the basis of an effectve e : s
sound of the metronome. In such a condition, at least for the subj tICkImg ETUN}
rhiythm of the tactile stimulation should be less easily predictable.
were also included to add some variety to what was essentially a v

At the end of each trial, the participant had to rate his/her perceived sensation of tickling on a scale from 0 (“not at all
tickly™) to 10 [“extremely tickly™). The experiment lasted about 10 min for each participant and (as already mentioned) each
trial lasted only & metronome beats. It is well known that when the senses are exposed to a continuing stimulus, sensory
adaptation cccurs, particularly when tactile receptors are stimulated (Adrian, 1928), Thus, in order to diminish adapztion,
and also because the task was very subjective in nature, we thought that 3 trials by conditions were a good compromise in
order that the subiects could stav on their first sensations.

VD : perceived sensation of tickling on a scale from 0 (“not at all tickly”) to 10 (“extremely

tickly”).




Méthode : Data Analysis

2.14. Data analyses

X ’ . were averaged. We analyzed the rat-
o - Mod-ele.d analysg : Anova . WWer. ]  tickling condition [ST.ET,
Tickling sensation = f(tickling conditions x Schyzotypie groups) ser correction was applied because

+ post hoc correction g Tukey's multiple comparisons test.

—

]'.TI u-l-l'l'l _ ET

1SA =H§mﬁ Modele d’analyse : student t test

ISA = f(degree of schyzot
Ascore of 1 indicates complete somatosensory attenuation, wihnS ( 5 y ypy)

A Student's t test for independent samples was used to compare the [5A as a function of the degree of sch Lml:j.rp].r

Lastly, Pearson's coefficient (twio-tailed ) was calculated for the correlations between the 15SA and the questionnaire scores
(the SPQ) scales and subscales and the SAPE-GP). As our investigations were based on a priori hypotheses, no correction was
made for multiple comparisons to avoid increasing the risk of a type [l error. Note that Bonferroni correction would be too
conservative and not appropriate here, firstly because the SPQ scales and subscales scores are not inde pendent measures.
Moreover, some statisticians defend the idea that if all the individual p values are reported, it is not necessary and even
not recommended to adjust for multiple comparisons: but in this case the researchers have to make it clear that no correc-
tions for multiple comparisons were made (Feise, 2002; Perneger, 1998, Savitz & Olshan, 1995)

Modele d’analyse : corrélation pearson
ISA = SPQ 3 subscales

ISA = SAGE-GP
A priori, mcp ?




Introduction Méthode : Data Analysis

Modele d’analyse : Anova
Tickling sensation = f(tickling conditions x Schyzotypie groups)
+ post hoc correction

On the basis of these findings, we reasoned
that if healthy individuals high in schizotypal
traits are indeed poorly able to predict the

sensory consequences of their own actions,
they should be able to tickle themselves more

Ascore of 1 indicates complets somatosensory attenuation, whereas a score of 0 indicates the absence of any atte nuation.
A Student's t test for independent samples was used to compare the 1SA as a function of the degree of schizotypy.

Lastly, Pearson’s coefficient (two-tailed ) was calculated for the correlations between the 1SA and the questionnaire scores
(v = SPQ scales and subscales and the SAPE-GP). As our investigations were based on a priori hypotheses, no correction was
may - for multiple comparisons to avoid increasing the risk of a type Il error. Note that Bonferroni correction would be too

successfully than healthy individuals with low
i conse, ative and not appropriate here, firstly because the SPQ) scales and subscales scores are not independent measures.

hizotypal scores.
SC Ot a SCO es Moreow. . some statisticians defend the idea that if all the individual p values are reported, it is not necessary and even

_ We a ISO formed tWO Other hypOtheSES not recom. ended to adjust for multiple comparisons: but in this case the researchers have to make it clear that nocorrec-

tions for mu. ‘ole comparisons were made (Feise, 2002; Perneger, 1998; Savitz & Olshan, 1995)

Modele d’analyse : student t test
(i) more strongly correlated with positive ISA = f(degree of schyzotypy)
schizotypy than with other aspects of
schizotypy —in line with Teufel et al. (2010, see
above) — and

(ii) correlated with a greater tendency to report

passivity experiences. Indeed, we saw above . o

that abnormal predictive mechanism has been Modele d’analyse : corrélation pearson
linked to delusions of control in schizophrenic ISA = SPQ 3 subscales
patients. Moreover certain manifestations of ISA = SAGE-GP

positive schizotypy can be regarded as non- A priori, mcp ?

clinical analogues of schizophrenia first rank

symptoms.




10 (“extremely tickly”).

Résultats T ANOVA

0 (“not at all tickly”)

VI : Tickling Condition {ST, ETP,ETUN}

the HighSchiz and LowSchiz groups did not differ significantly in terms of the mean
tickle rating; hence, schizotypal traits did not have a significant effect [F(1,52) =

2.13, p=.15>.05].
a significant effect of the tickling condition [F(2,104) = 15.75,gp 2=0.23; p <
.0001]. Overall, the tickle rating differed as a function of the type of stimulation.

— A post-hoc comparison of the pairs of means showed that tickling sensation was significantly
more intense in the ETUN condition (3.99) than in the ST condition (2.83) (p < .0001).

— Likewise, the tickling sensation was significantly more intense (p <.001) in the ETP condition
(3.67) than in the ST condition (2.83).

— However, the tickle ratings in the ETUN and the ETP conditionsdid not differ significantly (p =
.29).

Our key finding was a significant interaction between schizotypal traits and the
tickling condition (Fig. 2): [F(2,104) =6.20; gp 2 =0.11; p < .01.
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OLowSchiz
B HighSchiz

(5

Tickling sensation

ET,, ET, ST

Tickling conditions

the HighSchiz and LowSchiz groups did not differ significantly in terms of the mean tickle rating; hence, schizotypal traits did not have a significant effect [F(1,52) = 2.13, p =.15 > .05].
a significant effect of the tickling condition [F(2,104) = 15.75, gp 2 = 0.23; p < .0001]. Overall, the tickle rating differed as a function of the type of stimulation.

- A post-hoc comparison of the pairs of means showed that tickling sensation was significantly more intense in the ETUN condition (3.99) than in the ST condition (2.83) (p <.0001).

- Likewise, the tickling sensation was significantly more intense (p <.001) in the ETP condition (3.67) than in the ST condition (2.83).

- However, the tickle ratings in the ETUN and the ETP conditionsdid not differ significantly (p = .29).

Our key finding was a significant interaction between schizotypal traits and the
tickling condition (Fig. 2): [F(2,104) =6.20; gp 2=0.11; p < .01.
— Groups differences

* the ST condition, there was a significant difference in the mean tickle rating between the HighSchiz and
LowSchiz groups (3.53 and 2.14, respectively; p = .041).

* In contrast, there were no significant intergroup differences in the ETP condition (3.89 and 3.46,
respectively; p =.94) or the ETUN condition (3.95 and 4.04, respectively; p =.99).
— Conditions differences

* For the LowSchiz group, the post-hoc analysis revealed significant differences between the ETUN and ST
conditions (p < .001) and between the ETP and ST conditions (p < .001). In contrast, no significant difference
was found between the ETUN condition and the ETP condition (p = .40).

* For the HighSchiz group, no significant difference was found between the different Tickling Conditions:
ETUN vs. ETP (p =.99), ETP vs. ST (p =.84), and ETUN vs. ST (p =.73).



Résultats : atténuation
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A score of 1 indicates complete somatosensory attenuation, whereas a score of 0 indicates the absence of any atte nuation.
A Student’s t test for independent sam ples was used to compare the [SA as a function of the degree of schizotypy.

SPQ (Z-score)

* An analysis of the ISA values showed that the attenuation of the self-tickling
sensation was 3.67 times greater in the LowSchiz group than in the
HighSchiz group (ISA,pschi; = 0-09 and ISA =0.33; t52 =2.80, p < .01).

LowSchiz



Résultats : atténuation et dimensions de la

schizotypie
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La Méthode Expérimentale - Interaction

Y.=b,+ b, X1,+b,X2, + by(X1,X2)+e,

e Définition
— Interactions are when the effect of two, or more,
variables is not simply additive.

http://www.psychwiki.com/wiki/What_is_an_Interaction%3F



* Exemple

— Imagine a study about the effect of energy bars and
energy drinks on time to run the 1500 meters. The
guantity of energy bars and energy drinks represent two
variables. The dependent variable is the time taken to

run 1500 meters.
* Dessiner le graphique
— Effet principal seul des barres de céreales
— Effet principal seul des boissons énergétiques

— Aucun Effet
— Effet principal des deux variables sans interactions

http://www.psychwiki.com/wiki/What_is_an_Interaction%3F



No Interaction, Main Effect for BAR No Interaction, Main Effect for DRINK
0 10

La Méthod

* Exemple

— Imagine a stt
energy drink:
guantity of e
variables. Thi
run 1500 me

* Dessiner le gra
. -g \ V4
— Effet principal seul des barres de céreales
— Effet principal seul des boissons énergétiques

— Aucun Effet
— Effet principal des deux variables sans interactions

Chart1a

Chart 2a

MNo Interaction, Two Main Effects

MNo Interaction, No Main Effects

http://www.psychwiki.com/wiki/What_is_an_Interaction%3F



* Exemple

— Imagine a study about the effect of energy bars and
energy drinks on time to run the 1500 meters. The
guantity of energy bars and energy drinks represent two
variables. The dependent variable is the time taken to

run 1500 meters.
* Dessiner le graphique
— Effet principal barres de céreales et interaction
— Effet principal des boissons énergétiques et interaction
— Aucun effets principaux mais intercations
— Effet principal des deux variables et interactions

http://www.psychwiki.com/wiki/What_is_an_Interaction%3F
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* Exemple

— Imagine a stt
energy drink:
guantity of e
variables. Thi
run 1500 me

* Dessiner le gray.

Interaction, Main Effect for BAR

Chart 2b

Interaction, No Main Effects
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Interaction, Main Effect for DRINK
10

Chart 1h

Interaction, Two Main Effects

* drink

¥ no drink

— Effet principal barres de céreales et interaction

— Effet principal des boissons énergétiques et interaction

— Aucun effets principaux mais intercations

— Effet principal des deux variables et interactions

http://www.psychwiki.com/wiki/What_is_an_Interaction%3F




Conscioisness and Cognition 41 (2016) 64-71

Contents lists availabla at ScienceDirect

Consciousness and Cognition

ELSEVIER journal homepage: www.elsevier.com/locate/concog

Individuals with pronounced schizotypal traits are particularly @mw
successful in tickling themselves
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ARTICLE INFO ABSTRACT

Article hstory: We assessed selftickling sensations in a group of partidpants high in schizotypal traits
Received 13 September 2015 (n=27) and group of participants low in schizotypal traits (n=- 27} The groups were
Revised & January 2016 formed by screening a pool of 397 students for extreme scores in the French version of

Accepted § February 2016

Available online 15 February 2016 the Schizotypal Personality Questionnaire As observed in a previous study involving

psychiatric people with auditory halludnations andfor passivity experiences our results
showed that self-applied tactile stimulations are felt to be more ticklish by healthy individuals

2’3:;;; high in schizotypal traits. In contrast, there were no significant intergroup differences in
Schizophrenia the mean tickle rating in the externally-produced tickling condition. Furthermore, maore
Agency suceessful  self-tickling was associated with more frequent self-reports of unusual
Delusions perceptual experiences (such as supematural experiences) and passivity experiences in
Passivity experiences particular (such as a feeling of being under the control of an outside force or power).
Ticklishness @ 2016 Elsevier Inc All rights reserved.
Effere nce copy

Predictive sensorimaotor process.

1. Introduc tion

It is well known that tickling oneself fails to elicit the sensations produced when tickled by someone else. Experimentally,
a range of studies have confirmed that self-prod wced somatosensory stimulation results in less ticklishness than externally
produced (but otherwise identical) stimulation (Bays, Flanagan, & Wolpert, 2006; Claxton, 1975 Weiskrantz, Hliott, &
Darlingtom, 1971). For instance, a single tactile stimulus (such as a feather) used for tickling is felt to be less intense when
it is self-applied than when applied by someone else (Wolpert & Flanagan, 2001). When we perform a woluntary act, our
brain is thought to create “efference copies” of the outgoing motor commands and use them to optimize motor control
(Sperry, 1950; von Holst & Mittelstaedt, 1950). On this basis, it has been suggested that a “forward model” (Miall, Weir,
‘Wolpert, & Steim, 1993; Wolpert, Ghahramani, & Jordan, 1995; Wolpert & Miall, 1996) helps us to anticipate the sensory con-
sequences of our actions, One aspect of this predictive process (which has obvious adaptive value) involves the sensory
attenuation of voluntary action effects and thus enhancement of the salience of externally induced sensations (Claxton,
1975), Efference copies reduce the cognitive load by decreasing the processing of predictable (and thus irrelevant) sensory
stimuli (Pynn & DeSouza, 2013). Consequently, an individual is more likely to focus on the rapid detection of unexpected
andfor potentially threatening environmental stimuli. A second role may relate to the sense of agency, Le. the sense that
“I'm the one who is causing or generating an action” (Blakemore, Wol pert, & Frith, 2002; Gallagher, 2012), More generally,
a sense of agency enables events to be classified as being caused by oneself or by an external source. Consequently,

* Cormesponding author.
E-mail address: gilles.lafargueiuniv-lilledfr (G Lafargue).

hitt p: [ dolorg | 101016/ concog 201602005
1053-8 1000 2016 Elsevier Inc. All rights reserved.
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impairment of the predictive process might reduce attenuation of the sensory consequences of voluntary actions and thus
prompt the incorrect attribution of a self-generated event to an external cause. This is exactly what happens in people with
schizophrenia Firstly, the attenuation of self-applied stimuli normally observed in healthy subjects is absent (Blakemore,
Smith, Steel, Johnstone, & Frith, 2000; Shergill, Samson, Bays, Frith, & Wolpert, 2005). Secondly, some people with
schizophrenia feel as if external agents are controlling their own actions; this has been referred to as a “passivity experience”
(Blake more et al, 2002; Frith, Blakemore, & Wolpert, 2000). This abnormal, subjective, sensory experience might be critically
involved in the emergence and persistence of delusions of control (Frith et al, 2000; Sugimori, Asai, & Tanno, 201 1) This
(first-rank) subset of symptoms (Schneider, 1955) is closely related to the diagnosis of schizophre nia.

Interestingly, schizophrenia-like “schizotypal traits” are present to various extents in many people not classified as hav-
ing clinical disease (Fletcher & Frith, 2005} Schizotypy refers to a cluster of personality traits that includes unusual percep-
tual experiences, bizarre behavior, odd beliefs and social anhedonia. Most researchers have adopted a dimensional model of
schizotypy (Claridge & Davis, 2003) in which schizotypal traits vary continuously throughout the overall population. This
creates a spectrum that ranges from normal psychological characteristics and milder forms of schizophrenic symptoms to
the overexpression of these traits and thus the emergence of schizophrenia (Clari dge, 1994, 1997), Schizotypy has been con-
sidered to encompass cognitive- perce ptual, inter personal and disorganized factors, which roughly correspond to the posi-
tive, negative and disorganized dimensions of schizophrenia, respectively (Raine, 1991). Given that drug treatment, long
hospital stays and psychosis-induced cognitive impairments are potential sources of experimental bias in studies of the link
between symptoms and neurocognitive functions in schizophrenia, assessment of the same functions in healthy individuals
constitutes a valuable, complementary approach (Raine & Lencz, 1995),

In line with the data obtained in schizophrenia patients (Blakemore, Smith, et al., 2000; Shergill et al,, 2005) the results of
two correlational studies of healthy people have shown that individuals who score highly on schizotypal scales tend to have
trouble predicting the sensory conseq uences of their actions. In the first of the two studies, Asai, Sugimori, and Tanno (2008)
observed a megative correlation between the schizotypy score on one hand and performance in a simple pointing task
(involving the prediction of movement) on the other. In the second study, Teufel, Kingdon, Ingram, Wolpert, and
Fletcher's (2010) analysis of a force-matching task revealed a relationship berween poor prediction of the sensory conse-
quences of self-applied forces on one hand and a tendency to show delusional ideation on the other. On the basis of these
findings, we reasoned that if healthy individuals high in schizotypal traits are indeed poorly able to predict the sensory con-
sequences of their own actions, they should be able o tickle themselves more successfully than healthy individuals with low
schizotypal scores. We also formed two other hypotheses concerning ind ividuals high in schizotypal traits; that the ability to
self-tickle would be (i ) more strongly correlated with positive schizotypy than with other aspects of schizotypy = in line with
Teufel et al. (2010, see above) = and (ii) correlated with a greater tendency to report passivity experiences, [ndeed, we saw
above that abnormal predictive mechanism has been linked to delusions of control in schizophrenic patients. Moreover cer=
tain manifestations of positive schizotypy can be regarded as non-clinical analogues of schizophrenia first rank symptoms.

2, Experiments
2.1. Methods

2.1.1. Partidpants

A total of 397 students completed a 7-items questionnaire extracted from the Schizotypy Personality Questionnaire (SPQ,
Raine, 1991) at the end of university courses. Eighty participants with extreme scores (40 with high and 40 with low scores)
on this mini-questionnaire were then invited to complete the full French version of the SPQ. The participants’ scores were
transformed in Z scores relative to the SPQ French normative data (Dumas et al, 2000; mean: 23.6; standard deviation:
1209) The 27 individuals (17 women and 10 men; mean 5D age: 234 +3.9) who scored in the upper quartile (SPQ Z-
score =.69) were selected to participate to the main study. They constituted a group high in schizotypal traits (Highsene)
with raw SPQ) scores between 32 and 54 (mean: 38). We also selected for the main study 27 individuals (16 women and
11 men; mean age: 23+ 432) who scored in the lower quartile (SPQ Z-score = —.71). They constituted a grouplow in schizo-
typal traits {Lows ) with raw SPQ scores between 0 and 15 (mean: 9).

‘We chose to contrast two groups because the possible differences existing between sets of data are likely to be revealed
using an extreme group design. Our purpose was first of all to compare the two distributions (low and high-schizotypical
groups) and not to test correlations between the expression of schizotypal traits, on the full schizotypy distribution, and
other variables, We are aware that such a design can artificially dichotomize continuwous variables, but given the subjective
nature of our task we wanted to give us the best chance to detect differences between subjects.

Our aim was not to address the issue of whether schizotypy should be understood in terms of normal set of personality
traits in the global population (full dimensional approach) or attenuated form of mental disease (quasi-dimensional
approach) (Asal, Sugimori, & Tanno, 2009; Claridge, 1994; Smyrnis et al., 2007). However, in order to form two extreme
groups, our measure of interest was the degree of expression of schizotypal traits and, de facto, our approach could be viewed
as more guasi than fully dimensional. Note also that the participants in the Lowsa group had a narrow range of very low SPQ
soores. This low variability made it very difficult to detect correlations with other variables, In fact our Lows.;, group could
be considered as a control non-schizotypal group.
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1'l|eHggjllm,,zand].ﬂ\.\r,,,,zg.mu[:neadndm)tdjlfers.;gmﬁc.:mtly\.\mﬁl'eg.:m.itoagf:(.rg A3; p=_67)or laterality according to
y (Oldfield, 1971) (ts2 = 1.42; p =.16) but did have significantly different SPQ Z-scores

(:g =1981; p<.0001)

None of the participants showed motor or sensory impairments or reported a history of neurological or psychiatric dis-
orders. 50 as not to skew the data collection, none of the participants were aware of the study’s objectives. Each person pro-
vided his/her prior, written, informed consent to participation and was fully debriefed on the study’s objectives after having
completed the experiment.

2.1.2 Materials
2121, . Two questi ires were used:

~ The SPQ (Raine, 1991) is a 74-item forced choice (Yes/No) self-reported questionnaire consisting of 9 subscales based on
the Diggnostic and Statistical Manual of Mental Disorders {APA, 1987) criteria for schizotypal personality disorder: ideas of
reference, excessive social anxiety, odd beliefs or magical thinking, unusual perceptual experiences, odd or eccentric
behavior, no close friends, odd speech, icted affect, and ici The SPQ is also subdivided into three
dimensions, which are respectively regarded as non-clinical analogues of the positive, negative and disorganized symp-
toms of schizophrenia (Raine & Lencz, 1995): Cognitive-Perceptual (positive schizotypy. e.g. unusual perceptual experi-
ence and magical thinking), Interpersonal (negative schizotypy, eg. social anxiety and constricted affect) and
Disorganized (e.g. odd speech and bizarre behavior)

—~ The Scale for Assessment of Passivity Experiences in the General Population (SAPE-GP) (Jones, de-Wit, Fernyhough, &
Meins, 2008) Each of the questionnaire’s five items is scored on a five-point scale (0: never; 1: occasionally; 2: many
times; 3: very often; 4: always), vielding a total score of between 0 and 20. The higher the score, the more frequently
the subject has passivity experiences. Only the 54 subjects that were selected for the main experiment were asked to
complete this questionnaire.

2.1.22. Experimental material. The experimental device (see Fig. 1) could be adjusted o compensate for differences in mor-
phology and thus maintain the brush in contact with the skin at a constant pressure, The area of tickling (toml horizontal
displacement: 6 cm)was accurately defined for each participant. At the beginning of the experiment, the height of the brush
was adjusted so that only the tips of the bristles touched the skin of the forearm.

A virtual metronome (GiveMeTac software, version 1.1) was set to produce a rhythm of 45 beats per minute.

2.1.3 Procedures

Each participant was tested individually. A mask was placed over the eyes so that thesia was not infl d by
vision (Whiteley, Kennett, Taylor-Clarke, & Haggard, 2004) The participant placed his/her non-dominant forearm flat on
the table {(with the sleeve rolled up above the elbow) and performed three trials under each of the three following experi-
mental conditions:

~ Self-tickling (ST): participant used his/her dominant hand to make back and forth movements of the paintbrush on her/
his non-dominant forearm, to each “tick” and “tack” of the metronome. The duration of the stimulation was 85 (ie. 6
beats) Both the participant and the experimenter could hear the sound of the metronome.

~ Predictable, externally-produced tickling (Elg): the experimenter applied the tactile stimulation on the participant's
forearm with the same rhythm that in the ST condition. Both could hear the sound of the metronome.

ml mammwmoﬂmd&vn The experimental matenial consisted of a wooden frame affixed toa table via fowr suckers. A pain thrush was mounted
b ck and forth over the partici pant™s forearm. The paintbrush's height couldbe adjusted witha screw. The rails
wers blocked on each side. to delineats the area of tickling ( total horizontal displacement: & cm).
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- Unpredictable, externally-produced tickling (ETyy) the procedure was the same as in the ET, condition except that
only the experimenter could heard the sound of the metronome through headphones connected to the computer. Here,
“unpredictable” means unpredictable on the basis of an effective external signal because the participant couldn't hear the
sound of the metronome. In such a condition, at least for the subjects with the less efficient predictive mechanisms, the
rhythm of the tactile stimulation should be less easily predictable. Note that the two different externally tickle conditions
were also included to add some variety to what was essentially a very repetitive task for the participants.

At the end of each trial, the participant had to rate his/her perceived sensation of tickling on a scale from 0 (“not at all
tickly™) to 10 (“extremely tickly”). The experiment lasted about 10 min for each participant and (as already mentioned) each
trial lasted only 6 metronome beats. It is well known that when the senses are exposed to a continuing stimulus, sensory
adaptation occurs, particularly when tactile receptors are stimulated (Adrian, 1928). Thus, in order to diminish adaptation,
and also because the task was very subjective in nature, we thought that 3 trials by conditions were a good compromise in
order that the subjects could stay on their first sensations.

2.14. Data analyses

For each experimental condition, the participant's tickle ratings from the three trials were averaged. We analyzed the rat-
ingsin a2 x 3 repeated-measures analysis of variance (schizotypal traits [Highs e LOWs ;] = tckling condition [ST,ETg,
ETyy]) with schizotypal traits as a category-specific predictor. The Greenhouse-Geisser correction was applied because
the data violated the sphericity assumption. Post-hoc comparisons were conducted using Tukey's multiple comparisons test.

Moreover, an index of somatosensory attenuation (I15A) was calculated as follows:

Elp+ETp
A= g l_ST
=L +5T

Ascore of 1 indicates c l y attenuation, wh a score of 0 indicates the absence of any atte nuation.
A Student's t test for independent samples was used to compare the 1SA as a function of the degree of schizotypy.

Lastly, Pearson's coefficient (two-tailed ) was calculated for the correlations between the ISA and the questionnaire scores
(the SPQ scales and subscales and the SAPE-GP). As our investigations were based on a priori hypotheses, no correction was
made for multiple comparisons to aveid increasing the risk of a type Il error. Note that Bonferroni correction would be too
conservative and not appropriate here, firstly because the SPQ scales and subscales scores are not independent measures.
Moreover, some statisticians defend the idea that if all the individual p values are reported, it is not necessary and even
not recommended to adjust for multiple comparisons; but in this case the researchers have to make it clear that no correc-
tions for multiple comparisons were made (Feise, 2002; Perncger, 1998; Savitz & Olshan, 1995)

22. Results

Overall, the Highs ., and Lows . groups did not differ significantly in terms of the mean tickle rating: hence, schizotypal
traits did not have a significant effect [F1,52)=2.13, p=.15> 05]. In contrast, there was a significant effect of the tickling
condition [F2,104)=1575, ,h‘z =0.23; p< 0001]. Overall, the tickle rating differed as a function of the type of stimulation. A
post-hoc comparison of the pairs of means showed that tickling sensation was significantly more intense in the ETy,, con-
dition (3.99) than in the ST condition (2.83) (p<.0001). Likewise the tickling sensation was significantly more intense
{p<.001)in the ET, condition {3.67) than in the ST condition (2.83). However, the tickle ratings in the ETyy, and the ET, con-
ditions did not differ significantly (p=.29).

Our key finding was a significant interaction between schizotypal traits and the tickling condition (Fig. 2): [ 2,104)
=6.20; 1j,' = 0.11; p < 01,

Tickling sensation

ET,
Tickling conditions

Fg. 2. Mean tickle ratingas a the tickling condi low in traits and high traits. The
ermor bars comespond to the standard eror of the mean. ==p< 001: *p < {5
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Post-hoc comparisons showed that in the ST condition, there was a significant difference in the mean tickle rating
between the Highsene and Lowsase groups (3.53 and 2.14, respectively; p= 041). In contrast, there were no significant inter-
group differences in the ET, condition (3.89 and 3.46, respectively; p=.94) or the ET,y condition(3.95 and 4.04, respectively;
p=99)

For the Lowsy, group, the post-hoc analysis revealed significant differences between the ETyy and ST conditions
{p <.001) and between the ETyand ST conditions (p < 001). In contrast, no significant differe nce was found between the ET,y,
condition and the ETe condition (p = 40).

For the Highzy group, no significant difference was found between the different Tickling Conditions: ETyy vs. ETp
(p=99), ETsvs. ST (p = 84), and ETy,y, vs. ST (p=.73).

An analysis of the ISA values (see Fig. 3) showed that the attenuation of the self-tickling sensation was 3.67 times greater
in the Lowsy; group than in the Highes: group (I5Auwgeene = 0.09 and ISA gysenz = 0.33; t5 =280, p<.01).

Lasdy, when considering the Highg., groupalone, we observed significant correlations between the 1SA on one hand and
the cognitive-perceptual factor (r=—-.58), the unusual perceptual experiences subscale (r= —44) and suspiciousness
(r=-.56) on the other. There was also a significant negative correlation between the ISA and the SAPE-GP score
(r=—.41). None of the other correlations with the ISA were statistically significant. The correlations carried out and the asso-
ciated p-values (two-tailed) are listed in Table 1. All significant correlations plots are shown in Fig. 4.

3. Discussion

It is well known that tickling oneself usually fails to elicita marlmd tickling sensation. This phenomenon has been linked
to the attenuation of the sensory « es of self- by a predictive sensorimotor process
(Blakemore, Wolpert, & Frith, 1998, 2000). As mentioned in the Introduction, it llas been shown that impairment of this pro-
cess may (i) reduce the attenuation of the sensory ¢ es of self- ts and (ii) lead to the erroneous
attribution of a self-generated event t an external source. Accordingly, Blakemore, Smith, etal. {2000) showed that psychi-
atric patients with auditory hallucinations and jor passivity iences felt the ¢ es of self-applied tactile stimu-
lation (such as tickling) 0 be more intense, when compared with patients lacking these symptoms. Correlational studies
subsequently showed that non-pathological individuals with high schizotypal scores were poor at predicting the sensory
consequences of their own actions in a pointing task (Asai et al, 2008) and in a self-producing force task (Teufel et al.,
2010). However, o the best of our knowledge, our study is the first to have focused on whether or not non-pathological indi-
viduals with high schizotypal scores experience self-tickling more intensely.

By using an extreme-group design, we tested the hypothesis whereby non-pathological individuals with high schizotypal
traits share the greater self-tickling ability observed in psychiatric patients with passivity experiences (Blakemore, Smith,
etal, 2000). As expected (on the basis of the literature data), we observed that subjects low in schizotypal traits (the LoWsse
group ) felt a self-applied tactile stimulation to be less tickish than the same stimulation applied by someone else (\Wol pert &
Flanagan, 2001). In contrast (and in agreement with our starting hypothesis), subjects high in schizotypal traits (the Higheae
group ) rated a self-applied tactile stimuli to be more tickly than the low schizotypal subjects did. Our findings suggest that
the Highsy, participants were less able to generate neural predictions that match the sensory consequences of their volun-
tary acts (Wolpert & Miall, 1996 ; Wol pert et al., 1995). In the task used inthe present study, the participants used their dom-
inant hand to move a paintbrush back and forthover the skin of the contralateral forearm; one can hypothesize that LoWsae
participants generated efference copies in relation to the motor commands sent to the arm muscles. On this basis, a forward
model could then predict the hand movements' sensory impact on the contralateral forearm The sensory feedback from the
forearm (ie. the re-afference) will then be compared with the sensory predictions. In the Lowscwz group, these predictions
were accurate and thus could be used to attenuate the sensory effects of the self-produced movement. In contrast, the sen-
sory predictions might have had beenless accurate in the Highss, group, with much less attenuation (by a factor of 3.67, on
average)

Given that sensory prediction mechanisms are supposedly used to differentiate between self-produced and externally-
produced sensations (Wolpert & Flanagan, 2001), the lack of attenuation of tickly sensations in Highscw: participants might
have been associated with a lower sense of agency. This is exactly what was found in a correlation analysis of the partici-
pants in the Highsy, group: the more able a participant was to tickle him/herself, the more he/her reported passivity-
like experiences (evidenced by the negative correlation between the SAPE-GP score and the ISA) and paranoid ideas
(suspiciousness).

Our current findings corroborate the pattern of results previously reported in psychiatric patients with auditory halluci-
nations and for passivity experiences by Blakemore et al. and extend them to schizotypy (Blakemore, Smith, et al, 2000). The
findings of a few other studies (based on different experimental designs) are also in line with the hypothesis whereby the
sensory consequences of voluntary actions are abnormally attenuated in people with schizophrenia (Lindner, Thier,
Kircher, Haarmeier, & Leube, 2005; Shergill et al., 2005). More generally, it has been suggested that people with schizophre-
nia have a reduced sense of “voluntariness” (i): a mv)ew see (Lafargue & Franck, 2009), as characterized by greater aware-
ness of afferent (bott p) neural infc (BL Smith, et al, 2000; Shergill et al., 2005) and lesser awareness of
efferent (top-down) neura] ulfa'mamn (Lafargue, Franck, & Sirigu, 2006; Lafargue & Sirigu, 2006; Pirio Richardson et al.,
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2006). This abnormal subjective experience of willed actions might be related to impaired frontoparietal functioning (Jardri
et al, 201 1) and might predispose to delusions of being controlled by an external agent.

Maher (1999) suggested that “a major critical difference between delusional beliefs and non-delusional beliefs is the nat-
ure and intensity of the phenomenological experience that is being explained”. Furthermore, this researcher has also stated
(Maher, 1974) that “where the patient may differ from 2 normal observer is not in the manner of drawing inference from
evidence but in the kinds of perceptual experience that provide the evidence from w]ucll the inference is to be drawn™. In
line with Shergill et al. (2005), our data show that non-clinical subjects with schizoph like have anab l
subjective experience of willed actions. The greater this anomaly, the more the subjects tended to (i) report paranoid ideas
and unusual perceptual experiences, and (ii ) score highly on the SAPE-GP. In more concrete terms, successful self-tickling is
related to more frequent self-reports of suspiciousness and unusual perceptual experiences (such as SPQ item 9°T'm sure 'm
being talked about behind my back™ and SPQ) item 31 “1 often hear a voice speaking my thoughts aloud”), passivity experi-
ences (such as SAPE-GP item 1 “feeling as if you were under the control of some force or power other than yoursel™ and
SAPE-CP item 4 “feeling as if you were a robot or zombie without a will of your own®).

Using a different experimental strategy, our results replicate Teufel et al.'s (2010) finding that a reduced tendency to pre-
dict and attenuate the sensory consequences of self-generated action, in the general population, is associated with higher
levels of delusional ideation. Our study also extends the results of this previous work because we also specifically examined
the relationship between abnormal sensory prediction mechani and level of self- d passivity experiences in the
healthy population. We found that more successful self-tickling was associated with more frequent self-reports of passivity
experiences. This finding is interesting since delusions of control are considered as “first rank” symptoms of schizophrenia,
because they play a very important role in the diagnostic of this pathology (Schneider, 1955) Our results are in line with the

Tabsle 1
The correlations (r values with associated two-tailed p values) between Index of Somatmsensory Attenuation, SPQ) [actors and SAPE-GP for High and LowSchiz
individuals

Index of Somatosensory Al temsation (I5A)

HighSchiz LowSchiz

T Pvaluse r P value
Cognitive Perce ptual Factor 58 001 30 RE
Meas of reference 28 16 -] Bt}
Magical think mn a5 mn 3
Unisieal perceptual experiences A4 0z il a2
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Interpersonal factor 17 a8 B Jo
Social anxiety -] 26 06 a7
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Constricted affect prx) 24 8 g
Disorganized factor | ) m a3
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Comelations that are significant at the 05 level or less are reported in bold
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hypothesis that these false beliefs inan il control by ural agents arise as the result of a perceptual disorder
(independent of neurole ptic medication) and not as the result of a thinking disorder per se (see Lafargue & Franck, 2005 for a
complete discussion). The fact that the perceptual abnormality encompasses the very content of the delusion, might explain
why delusions of control. in schizophrenia. are very difficult to correct and so resistant to rational counter-argument and
psychotherapy.

A recent study (Parees et al, 2014) demonstrated that patients with functional movement disorders displayed low sen-
soryattenuamn Nevertheless, these patients did not differ from healthy (control) participants in terms of their msponssto
questi probing i beliefs. Other literature data have highlighted ab 1 predictive h
nmlpsychonc patients. For example, healthy elderly adults tend to overestimate their physical capabilities (lal'argue
Moel, & Luyat, 2013). However, ﬂle latter study did not prove the putative link between faulty predictive mechanisms
and o passivity exp

Future research will have to dlanctetme the types and intensities of ab il perceptual experi from which
delusions and psychotic disorder emerge.

4. Conclusion

Our starting hypothesis was that healthy people high in positive schizotypal traits are characterized by poor prediction of
the sensory consequences of their own movements. We further hypothesized that this would enabled these people to tickle
themselves more particularly successfully. By applying three different standardized tickling conditions, we investigated pre-
dictive mechanisms in participants high in schizotypal traits and in participants low in schizotypal traits.

The Highss, participants (but not the Lowss,, participants)did not feel self-tickling to be less ticklish than tickling by a
third party. This finding suggests that Highgs, participanis had less efficient predictive mechanisms and were less able to
predict the sensory conseq uences of their own actions. Given that the sensory prediction mechanism is supposedly involved
in differentiating between self-produced and externally-produced sensations, a loss of attenuation of tckling sensations in
Highs.ry, participants might be associated with a lesser sense of agency. This supposition was supported by the positive
correlations between successful self-tickling, high positive schizotypal traits and the frequency of self-reported passivity

A-L Lemairre er al / Gonscioisness and Cognition 41 (2016) 64-71 T

es. When considering a continuum ranging from the absence of a disorder to the full-blown symptoms of
sdlmopllmua our data provide a basis for understanding the illusions of control experienced by schizophrenic patients.
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