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SS1.AUD	

Temporal	Attention	
	

Auditorio	
	
	

Chair:	
	

Jan	Theeuwes	
Vrije	Universiteit	Amsterdam	

Institute	Brain	and	Behavior	Amsterdam	(iBBA)	
	
	
	

The	brain	constantly	makes	predictions	about	when,	where	and	what	sensory	information	is	about	to	hit	
the	retina.	While	previously	the	focus	was	on	“where	in	visual	space”	attention	needed	to	be	directed,	very	
recently	the	focus	has	shifted	to	“when	in	time”	attention	is	needed.	Temporal	attention	is	about	how	the	
brain	uses	temporal	and	statistical	regularities	to	guide	behavior.	The	basic	notion	is	that	expectations	in	
time	 help	 to	 set	 attention	 optimally	 for	 the	 incoming	 information	 thus	 providing	 optimal	 sensitivity	 for	
perception	and	action.		
	
	
	
	
	
	
Speakers:	
	
Sander	Los	
Antonino	Vallesi	
Freek	van	Ede	
Bettina	Rolke	
Jan	Theeuwes	
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SS1.AUD.1	The	long	and	the	short	of	temporal	preparation	
	
Sander	Los1,2,	Wouter	Kruijne3,	Josh	Salet3	&	Martijn	Meeter1	
1.	Vrije	Universiteit	Amsterdam	
2.	Institute	Brain	and	Behavior	Amsterdam	(iBBA)	
3.	University	of	Groningen	
	
In	 a	 warned	 reaction	 time	 task,	 the	 warning	 stimulus	 (S1)	 initiates	 a	 process	 of	 temporal	 preparation,	
which	promotes	a	speeded	response	to	the	impending	target	stimulus	(S2).	When	the	S1-S2	interval	(the	
foreperiod)	 is	 varied	within	 blocks,	 past	 foreperiods	 affect	 preparation	 on	 subsequent	 trials	 at	 different	
time	 scales.	 An	 immediate	 effect	 on	 the	 next	 trial;	 an	 intermediate	 effect	 of	 the	 current	 foreperiod	
distribution,	and	long-lasting	transfer	effects	after	the	distribution	is	changed.	Classical	models	of	temporal	
preparation	(hazard	function	or	trace	conditioning)	fail	to	account	for	all	these	effects.	This	inspired	us	to	
develop	 the	 multiple	 trace	 theory	 of	 temporal	 preparation	 (MTP).	 MTP	 assumes	 that	 each	 timing	
experience	forms	a	unique	memory	trace,	whose	strength	gradually	dissipates	toward	an	asymptote.	On	
each	 trial,	 traces	 contribute	 to	 preparation	 proportional	 to	 their	 strength.	 We	 will	 show	 that	 these	
assumptions	suffice	to	account	for	the	complete	family	of	foreperiod	effects.	
	
	
	
SS1.AUD.2	Bayesian	modeling	of	temporal	expectations	in	the	human	brain	
	
Antonino	Vallesi1,2,	Antonino	Visalli1,	Mariagrazia	Capizzi1,	Ettore	Ambrosini1,	&	Ilaria	Mazzonetto1	

1.	University	of	Padova,	Italy	
2.	San	Camillo	Hospital	IRCCS,	Venice,	Italy	
	
We	 used	 computational	 Bayesian	 modelling	 to	quantitatively	 describe	 temporal	 expectations	 and	 to	
functionally	 disentangle	 belief	 updating	 from	 information	 surprise	 in	 order	 to	 best	 pinpoint	 the	 distinct	
functional	 anatomy	 (fMRI	 study)	 and	 electrophysiology	 (EEG	 studies)	of	 cognitive	 processes	 associated	
with	these	two	types	of	information.	The	fMRI	results	showed	that	specific	regions	belonging	to	the	fronto-
parietal	and	cingulo-opercular	cognitive-control	networks	were	differentially	modulated	by	belief	updating	
and	surprise.	The	EEG	results	confirmed	that	updating	and	surprise	could	be	functionally	distinguished	at	
the	electrophysiological	level,	with	relevant	implications	for	the	functional	interpretation	of	the	P3	within	
the	 framework	 of	 the	 Bayesian	 brain	 hypothesis.	 Overall,	 our	 findings	 contribute	 to	 enrich	 our	 current	
knowledge	about	the	neural	mechanisms	underlying	the	deployment	of	temporal	expectations.	
	
	
	
SS1.AUD.3	Temporal	anticipation	in	visual	working	memory	
	
Freek	van	Ede	
University	of	Oxford,	UK	
	
Foreknowledge	 of	 when	 sensations	 and	 actions	 are	 likely	 to	 occur	 or	 become	 relevant	 enables	 us	 to	 guide	 our	
attention	toward	them.	To	date,	the	influence	of	such	‘temporal	anticipation’	has	been	most	clearly	demonstrated	in	
the	cognitive	domains	of	perception	and	action.	Little	remains	known	about	the	role	and	mechanisms	of	temporal	
anticipation	 in	 working	 memory	 –	 despite	 the	 prospective	 purpose	 of	 this	 memory	 function	 and	 its	 proven	
susceptibility	 to	 other	 forms	 of	 attention.	 In	 my	 talk,	 I	 will	 use	 both	 behavioural	 and	 EEG	 data	 to	 highlight	 the	
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mechanisms	 by	 which	 temporal	 anticipation	 ensures	 optimal	 working-memory-guided	 behaviour.	 These	 initial	
studies	 underline	 the	 important	 role	 of	 temporal	 anticipation	 also	 in	 the	 domain	 of	 visual	working	memory,	 and	
highlight	the	dynamic	and	pro-active	nature	of	this	core	memory	function.			
	
	
	
SS1.AUD.4	 The	 benefit	 of	 being	 in	 time:	 Does	 temporal	 attention	 selectively	 boost	 relevant	
stimulus	features?	
	
Bettina	Rolke	&	Verena	C.	Seibold	
University	of	Tübingen,	Germany	
	
Various	 studies	 have	 shown	 that	 temporal	 attention	 accelerates	 responses	 to	 a	 stimulus	 or	 enhances	 its	
discrimination.	 In	 two	 event-related	 potential	 studies,	 we	 addressed	 the	 question	 whether	 temporal	 attention	
fosters	 specific	 and	 task-relevant	 stimulus	 features.	 In	 Study	 1,	 temporal	 attention	was	 task-irrelevant,	 but	 other	
stimulus	dimensions	as	 the	spatial	position	and	the	color	were	 task-relevant.	 In	Study	2,	we	defined	the	 temporal	
occurrence	of	a	stimulus	itself	as	a	task-relevant	feature.	We	observed	that	temporal	attention	modulated	stimulus	
processing	 in	 both	 studies,	 but	 that	 the	 interactive	 pattern	 of	 results	 differed	 between	 the	 studies.	 Temporal	
attention	did	not	 interact	with	the	effects	of	other	task-relevant	dimensions	when	 it	was	task-irrelevant	(Study	1),	
but	when	 it	was	 task-relevant	 (Study	 2).	 These	 results	 suggest	 that	 the	 influence	 of	 temporal	 attention	 on	 visual	
stimulus	processing	depends	on	its	specific	role	in	the	task	to	be	performed.		
	
	
	
SS1.AUD.5	Anticipatory	distractor	suppression	elicited	by	statistical	regularities	in	visual	search	
	
Jan	Theeuwes1,2	&	Benchi	Wang1,2	
1.	Vrije	Universiteit	Amsterdam	
2.	Institute	Brain	and	Behavior	Amsterdam	(iBBA)	
	
Salient	 yet	 irrelevant	 objects	 often	 capture	 our	 attention	 and	 interfere	 with	 our	 daily	 tasks.	 Recent	
research	 has	 shown	 that	 implicit	 statistical	 regularities	 present	 in	 the	 display	will	 bias	 attention.	 In	 the	
present	talk,	 I	will	show	that	 in	anticipation	of	the	stimulus,	this	attentional	bias	 is	already	 implemented	
before	 display	 onset.	 Using	 electroencephalography	(EEG),	 we	 recorded	 cortical	 activity	 of	 human	
participants	searching	for	a	target	while	ignoring	a	salient	distractor.	We	found	that	more	than	1	sec	prior	
to	 display	 onset,	 there	 was	 enhanced	 power	 in	 parieto-occipital	 alpha	 oscillations	 contralateral	 to	 the	
location	 where	 observers	 anticipated	 the	 occurrence	 of	 distracting	 information.	 After	 display	 onset,	 an	
early	 lateralized	 P1	 component	 (~100	 ms	 post-stimulus	 onset)	 was	 observed	 as	 an	 early	 anticipatory	
attentional	 index.	 Later	 in	 the	 trial,	 this	 was	 followed	 by	 distractor-related	 PD	 component	 suggesting	
suppression	of	the	location	where	observers	anticipated	the	presentation	of	a	distracting	information.	
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SS1.CIB	

EWOMS	Symposium.	
Working	Memory:	Too	Many	Theories?	

	
Cibeles	Room	

	
	

Chair:	
	

Steve	Majerus	
Université	de	Liège,	Belgium	

	
	
	
The	working	memory	research	field	has	generated	a	wealth	of	theoretical	models	and	frameworks	over	the	
past	40	years,	with	currently	more	than	20	theoretical	proposals	that	co-exist.	This	has	led	to	a	rich	set	of	
experimental	paradigms,	but	also	to	a	significant	state	of	theoretical	confusion.	The	aim	of	this	symposium	
is	to	take	a	theory	neutral	stance	and	to	identify	core	empirical	findings	that	any	model	of	working	memory	
should	 take	 into	account.	 Each	 talk	of	 this	 symposium	will	 focus	on	 critical	 aspects	of	working	memory,	
such	 as	 its	 relationship	 with	 attention,	 its	 modal	 versus	 amodal	 nature,	 its	 relationship	 with	 language	
processing,	 the	 nature	 of	 serial	 order	 codes,	 and	 benchmark	 working	 memory	 effects.	 Each	 talk	 will	
identify	core	principles	about	the	nature	and	functioning	of	working	memory	that,	we	hope,	may	lead	to	a	
more	integrated	and	unified	theory	of	the	working	memory	concept.	
	
	
	
Speakers:	
	
Christian	N.	L.	Olivers		
Candice	C.	Morey		
Steve	Majerus	
Tom	Hartley	
Klaus	Oberauer		
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SS1.CIB.1	On	the	visual	working	memory	-	attention	relationship	
	
Christian	N.	L.	Olivers	
Vrije	Universiteit	Amsterdam,	The	Netherlands		
	
From	 the	 conception	 of	 Baddeley’s	 visuospatial	 sketchpad,	 visual	 working	memory	 and	 visual	 attention	
have	been	closely	linked	concepts.	An	attractive	model	has	been	the	one	assuming	unity	of	visual	attention	
and	 working	memory,	 with	maintenance	 being	 based	 in	 the	 recruitment	 of	 sensory	mechanisms.	 I	 will	
review	 evidence	 from	 different	 paradigms	 that	 in	 my	 view	 now	 firmly	 establishes	 an	 at	 least	 partial	
dissociation	between	visual	attention	and	visual	working	memory	maintenance.	These	paradigms	include	
dual	 task	 interference,	 attentional	 set	 switching,	 and	 retro-cueing,	 and	 involve	 measures	 of	 behavioral	
performance	as	well	as	different	attention-related	and	storage-related	electrophysiological	 (EEG)	signals.	
The	 data	 appear	 more	 compatible	 with	 a	 model	 in	 which	 attention	 serves	 to	 make	 a	 memory	
representation	momentarily	available	for	an	operation	or	action.	A	measurable	side	effect	of	such	action-
related	attentional	tagging	is	then	improved	consolidation	of	plasticity-based	memory	traces.		
	
	
	
SS1.CIB.2	Maintaining	verbal	information	differs	from	maintaining	visual	information	-	but	why?	
	
Candice	C.	Morey	
Cardiff	University,	United	Kingdom	
	
It	 is	 so	 clear	 that	 temporarily	 remembering	 verbal	 and	 visual	 information	 differs	 that	 dissociating	 how	
verbal	and	visual	information	are	maintained	is	a	prime	goal	of	working	memory	models.	Two	robust	and	
consistent	 lines	of	evidence	 illustrate	how	assumptions	of	both	shared	and	specialized	short-term	stores	
are	unsatisfying.	First,	verbal	information	can	be	held	without	dual-task	cost	from	non-verbal	information,	
which	 seems	 to	 suggest	 distinct	 stores.	 However,	 visual	 memories	 are	 impaired	 by	 diverse	 tasks,	
inconsistently	 with	 the	 assumption	 of	 a	 distinctly	 visual	 store.	 Second,	 maintenance	 itself	 does	 not	
necessarily	 impose	 a	 load.	 Performance	 on	 one	 task	 is	 not	 worse	 when	 participants	 successfully	 hold	
something	 else	 in	 mind.	 On	 the	 contrary,	 performance	 declines	 when	 concurrent	 memoranda	 are	
incorrectly	 recalled.	This	 cannot	be	explained	by	assuming	 that	 storage	occupies	 resources	and	prevents	
their	 allocation	 to	 another	 task.	 We	 shall	 consider	 how	 to	 advance	 explanations	 of	 working	 memory	
beyond	this	apparent	impasse.		
	
	
	
SS1.CIB.3	Theoretical	integration	of	verbal	working	memory	and	language:	Overlap	and	
specificities	
	
Steve	Majerus	
Université	de	Liège,	Belgium		
	
There	 is	 a	 broad	 range	 of	 working	 memory	 models,	 with	 one	 extreme	 assuming	 a	 complete	 overlap	
between	verbal	working	memory	and	language	systems	while	others	assume	at	most	indirect	interactions	
between	both	systems.	I	will	review	behavioral,	neuropsychological	and	neuroimaging	evidence	indicating	
not	 only	 that	 the	 language	 system	 can	 support	 several	 working	 memory	 functions	 but	 that	 access	 to	
language	representations	is	a	precondition	for	proper	working	memory	maintenance,	and	this	particularly	
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for	item	information.	I	will	further	show	that	maintenance	of	serial	order	information	is	supported	both	by	
linguistic	and	non-linguistic	processes.	Based	on	these	empirical	 findings,	 I	will	 try	 to	define	 the	minimal	
degree	 of	 overlap	 between	 language	 and	working	memory	 any	 architecture	 of	 verbal	 working	memory	
should	take	into	account.		
	
	
	
SS1.CIB.4	Theoretical	integration	in	models	of	working	memory	and	serial	order:	balancing	
convergent	and	divergent	forces	
	
Tom	Hartley	
University	of	York,	United	Kingdom		
	
Considers	whether	and	how	disparate	models	of	working	memory	(WM)	can	be	integrated,	with	particular	
emphasis	on	the	codes	and	mechanisms	that	underpin	sequencing.	In	reviewing	existing	models,	I	will	seek	
to	 identify	general	principles	 that	would	need	 to	be	 incorporated	 into	any	 integrated	account,	but	 I	will	
also	 identify	 some	 challenges	 for	 theoretical	 integration.	 How	 should	 theoretical	 integration	 deal	 with	
domain-specificity	 and	 domain-generality	 within	WM	 (e.g.,	 verbal	 versus	 visuo-spatial	 sequencing),	 and	
with	the	possibility	that	WM	control	processes,	including	those	responsible	for	serial	order,	may	be	shaped	
by	more	general	functional	requirements?	I	will	argue	that	in	order	to	address	such	challenges,	a	diversity	
of	 approaches	 can	 be	 healthy	 but	 that	 it	 should	 be	 counterbalanced	 by	 a	 drive	 to	 unify	 mechanistic	
explanations	 of	 different	 phenomena,	 to	 bridge	 levels	 of	 description,	 and	 to	 integrate	 models	 where	
possible.		
	
	
	
SS1.CIB.5	Models	of	Working	Memory:	A	Survey	of	the	Landscape,	and	Routes	Forward	
	
Klaus	Oberauer	
University	of	Zurich,	Switzerland		
	
We	have	a	wealth	of	 empirical	 findings	on	working	memory	–	more	 than	any	 contemporary	 theory	 can	
explain.	 Last	 year,	 a	 team	 of	 researchers	 proposed	 a	 list	 of	 benchmark	 findings	 on	 working	 memory:	
Findings	that	are	robust,	general,	and	theoretically	important,	and	that	theories	of	working	memory	should	
aim	to	explain	with	high	priority	(Oberauer	et	al.,	2018).	Here	I	will	ask	how	well	our	current	theories	do	in	
explaining	these	benchmarks.	I	will	try	to	identify	clusters	of	explanatory	successes	and	of	explanatory	gaps	
in	 the	 theory-by-benchmark	 matrix.	 This	 analysis	 should	 reveal	 areas	 in	 which	 existing	 theories	 have	
overlapping	 or	 complementary	 strengths	 and	 deficits,	 and	 show	 routes	 to	 theoretical	 progress	 through	
theory	 integration	or	development	of	new	 theories.	 Time	permitting,	 I	will	 also	discuss	 the	 challenge	of	
developing	theories	that	are	broad	in	scope	–	explaining	a	large	and	diverse	set	of	findings	–	and	precise	at	
the	same	time.	
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SS1.EST	

Does	Core	Cognition	Structure	Human	Language?	
The	Case	of	Number	Sense,	Number	Words,	and	Number	Morphology	

	
Estambul	Room	

	
	

Chairs:	
	

Francesca	Franzon	
International	School	for	Advanced	Studies	–	SISSA	

Chiara	Zanini	
University	of	Zurich	

Rosa	Rugani	
University	of	Padova,	University	of	Pennsylvania	

	
	
	
Numerical	cognition,	the	core	ability	to	count	entities,	is	crucial	for	survival:	it	allows	to	track	the	number	
of	food	items	or	social	companions	(Spelke,	2000).	Basic	numerical	abilities	do	not	need	language	—they	
are	 mastered	 by	 preverbal	 infants	 and	 non-human	 species	 as	 well.	 Yet,	 since	 numerical	 information	 is	
biologically	 salient,	 benefits	 follow	 from	 communicating	 about	 it	 to	 one’s	 in-group	 (Corballis,	 2017).	
Language	 shows	 efficient	 ways	 to	 encode	 this	 information,	 e.g.	 number	 words	 (nineteen).	 Also,	 this	
information	is	almost	universally	encoded	in	grammatical	number	(singular-plural):	since	it	is	mandatorily	
expressed,	 speakers	 just	 can’t	 avoid	 conveying	 numerical	 information	 through	 language	 (Arcara	 et	 al.,	
2018;	Franzon	et	al.,	2018).	What	is	the	origin	of	these	connections	between	core	numerical	 information	
and	number	expression	 in	 language?	 In	our	 symposium,	 scholars	coming	 from	different	 fields	will	 tackle	
this	 issue	 from	 a	 wider	 evolutionary	 perspective	 and	 will	 explore	 whether	 and	 how	 numerical	
representation	is	accessed	during	language	processing.		
	
	
	
	
	
	
Speakers:	
	
Brian	Butterworth		
Silvia	Benavides-Varela	
Alissa	Ferry	
Frank	Domahs	
Brent	Strickland	
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SS1.EST.1	Counting	and	counting	words		
	
Brian	Butterworth		
University	College	London	
	
Counting	words	are	among	the	oldest	words	in	all	languages	so	far	reconstructed	(Pagel	&	Meade,	2018).	It	
has	 been	 suggested	 that	 this	 is	 because	 all	 humans	 possess	 the	 idea	 of	 set	 size	 (cardinal	 number),	 the	
concept	 requiring	 verbal	 expression	 (Butterworth,	 Reeve,	 Reynolds,	 &	 Lloyd,	 2008).	 But,	 perhaps	 even	
before	counting	words,	humans,	and	possibly	other	hominins,	enumerated	by	making	marks	on	bones	and	
stones	 (d'Errico	 et	 al.,	 2018).	 Nevertheless,	 learning	 to	 count	with	 counting	words	 is	more	 complicated	
than	 it	 seems	 to	most	 adults	 as	 it	 involves,	 calibrating	 preverbal	 representations	 of	 set	 size	 (Karolis	 &	
Butterworth,	 2016),	 linking	 them	 to	 counting	 words,	 which	 in	 turn	 requires	 understanding	 how	 the	
counting	words	mean	set	sizes.		
	
	
	
SS1.EST.2	On	the	limits	of	infants’	auditory	numerical	representations		
	
Silvia	Benavides-Varela	
University	of	Padova	
	
Phonological	memory	is	a	prerequisite	for	language	learning	upon	which	fundamental	skills	such	as	word-
sounds	 recognition	 and	 sentence	 comprehension	 heavily	 rely	 on.	 Numerous	 studies	 have	 addressed	
infants’	representational	abilities	in	the	visual	domain,	however	little	is	known	about	the	properties	in	the	
verbal	domain.	This	study	 investigated	10-month-olds’	(N	=	54)	ability	3	to	represent	syllable	sets	on	the	
basis	 of	 their	 numerosity.	 The	 results	 indicate	 that,	 in	 a	 working	 memory	 task,	 infants	 distinguish	 and	
separately	represent	2	and	3	syllable-sets	both	when	the	sets	differed	in	the	overall	duration	(Exp.	1)	and	
when	edited	to	have	identical	duration	(Exp.	2).	However,	infants	fail	to	represent	3	and	4	syllable-sets	as	
distinct	(Exp.	3).	These	results	parallel	previous	studies	showing	visual	discrimination	abilities	of	2/3	ratios	
in	9-month-olds	and	capacity	 limits	of	about	4	 items	 in	12-month-olds.	This	 suggests	 that	early	memory	
capacities	might	be	comparable	across	visual	and	auditory	domains.		
	
	
	
SS1.EST.3	Twelve	to	24-month-olds	can	understand	the	meaning	of	morphological	regularities	in	
their	language	
	
Alissa	Ferry	
University	of	Manchester	
	
To	learn	a	language,	infants	must	link	sounds	to	meaning.	While	words	are	a	clear	example,	morphological	
regularities	(e.g.,	the	plural	–s	suffix	in	English)	also	carry	meaning.	Here,	we	investigated	infants	learning	
Italian,	a	language	with	a	rich	inflectional	morphology	that	marks	gender	and	number.	Italian-learning	12-	
18-	and	24-month-olds	were	shown	pairs	of	images	of	faces	that	differed	either	in	number	(1	female	vs.	2	
females;	1	male	vs.	2	males)	or	gender	(1	female	vs.	1	male;	2	females	vs.	2	males).	Infants	were	directed	
to	look	at	one	of	the	images	with	the	morphological	regularities	as	the	only	distinguishing	cue.	Across	all	
ages,	the	infants	looked	to	the	labelled	image,	indicating	that	they	understood	the	distinctions.	Thus,	in	the	
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early	stages	of	 language	acquisition,	 infants	are	able	 to	 identify	 recurring	morphemes	and	to	map	those	
morphological	regularities	to	the	concepts	that	they	mark	in	the	language.	
	
	
	
SS1.EST.4	Semantic	interpretation	of	grammatical	number	
	
Frank	Domahs	
Philipps-University	Marburg;	University	of	Erfurt		
	
The	 grammatical	 category	 number	 is	 marked	 on	 different	 word	 types,	 including	 nouns.	 Beyond	 their	
syntactic	function,	grammatical	number	distinctions	(singular	vs.	plural)	typically	correspond	to	the	actual	
count	 of	 the	 referents	 (one	 vs.	 many).	 Therefore,	 the	 semantic	 interpretation	 of	 grammatical	 number	
basically	 evokes	 a	 quantity	meaning.	 The	 present	 talk	will	 try	 to	 shed	 some	 light	 on	 this	 process.	 I	 will	
present	 data	 from	 studies	 using	behavioral	methods,	 functional	magnetic	 resonance	 imaging	 and	 voxel-
based	 lesion-symptom	mapping	 with	 healthy	 participants	 and	 brain-damaged	 patients.	 Based	 on	 these	
findings,	I	will	come	to	the	following	conclusions:	Semantic	interpretation	of	grammatical	number	occurs	in	
a	task-dependent	way.	In	languages	with	complex	morphological	paradigms	of	grammatical	number	(e.g.,	
German),	 it	 proceeds	 in	 a	 probabilistic	 fashion,	 using	 a	 combination	 of	 cues	 of	 different	 validity.	
Neuroanatomically,	 similar	 areas	 (in	 particular	 the	 left	 inferior	 parietal	 lobe)	 are	 involved	 both	 in	 the	
interpretation	of	grammatical	number	and	in	numerical	tasks.	
	
	
	
SS1.EST.5	Core	cognition	and	learnability:	A	possible	explanation	for	cross-linguistic	similarities		
	
Brent	Strickland	
CNRS	-	Ecole	Normale	Superieure	
	
Languages	 regularly	 contain	 grammatical	 categories	with	 a	 semantic	 basis	 in	 “core”	 concepts	 (Spelke	&	
Kinzler,	 2007)	 such	 as	 the	 basic	 distinctions	 between	 male/female,	 human/non-human,	 and	
animate/inanimate	 (WALS,	 2018).	 Here	 we	 explored	 the	 possibility	 that	 linguistic	 rules	 based	 on	 core	
distinctions	are	easier	to	acquire	than	those	based	on	non-core	distinctions,	and	therefore	they	are	more	
likely	 to	 appear	 cross-linguistically.	 To	 test	 this,	 participants	 were	 tasked	 with	 learning	 grammatical	
markers	 for	 plural	 endings	 (Exp.	 1),	 pronouns	 (Exp.	 2),	 or	 determiners	 (Exp.	 2)	 in	 an	 artificial	 language	
learning	 paradigm.	 These	 markers	 could	 map	 either	 onto	 core	 distinctions	 (animate/inanimate,	
human/non-human,	 male/female)	 or	 non-core	 distinctions	 (e.g.	 vehicles/non-vehicles,	 furniture/non-
furniture).	 We	 found	 that	 participants	 more	 readily	 acquired	 artificial	 grammatical	 distinctions	 that	
mapped	 onto	 “core”	 semantic	 distinctions	 than	 those	 that	 mapped	 onto	 non-core	 distinctions.	 These	
results	 suggest	 that	 cross-linguistic	 grammatical	 regularities	 may	 be	 rooted	 in	 more	 basic	 cognitive	
distinctions	that	are	common	across	the	human	species.	
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SS1.ATE	

Time	for	Embodiment	–	New	Evidence	for	the	Time	Course	of	Bodily	Reference	
in	Cognition	

	
Atenas	Room	

	
	

Chairs	
Tatjana	A.	Nazir	

Université	Claude	Bernard	Lyon1,	Bron,	France		

Martin	H.	Fischer	
University	of	Potsdam,	Germany	

	
	
	
Embodied	cognition	has	become	an	influential	theoretical	framework	for	our	understanding	of	the	human	
mind.	Nevertheless,	there	are	few	fully	developed	models	around	and	this	is	partially	a	result	of	an	under-
specification	 of	 the	 time	 course	 of	 embodiment	 signatures.	 This	 symposium	 brings	 together	 five	
international	 experts	 who	 have	 applied	 a	 range	 of	 highly	 time-resolved	 methods	 to	 the	 task	 of	
understanding	cognition	with	a	view	towards	embodiment.	Their	results	will	provide	reference	points	for	a	
broader	discussion	with	members	of	the	audience	at	the	end	of	the	symposium.	
	
	
	
	
Speakers:	
	
Matias	Bertonatti	
Tatjana	A.	Nazir	
Marloes	Mak	
Bo	Yao	
Martin	H.	Fischer	
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SS1.ATE.1	Interaction	with	food	pictures	elicits	focused	attention	during	food	deprivation	
	
Bertonatti,	M.1,	Weymar,	M.2,	Sommer,	W.1,	&	Fischer,	M.	H.2	
1.	Humboldt-University	at	Berlin,	Germany.	
2	University	of	Potsdam,	Germany.	
	
Food	deprivation	motivates	goal-directed	actions	towards	food	items.	The	objective	of	this	research	was	to	
determine	whether	reachability	 judgments	are	 influenced	by	satiation/hunger	states.	Event-related	brain	
potentials	 (ERPs)	 were	 measured	 in	 order	 to	 explore	 whether	 this	 interaction	 is	 associated	 with	 food	
recognition	 and	 focused	 attention.	 Twenty-two	 (16	 females)	 right-handed,	 omnivorous,	 normal-weight	
participants	 in	 satiation	or	hunger	 states	estimated	 the	 reachability	of	pictures	of	 food	 items,	projected	
onto	 a	 horizontal	 plane	 while	 ERPs	 where	 recorded.	 Peripersonal	 space	 elicited	 by	 food	 pictures	 was	
perceived	as	wider	in	the	hunger	condition.	This	was	associated	with	increased	late	positive	ERP	potentials	
from	∼	350–600	ms	compared	to	the	satiated	state.	Our	findings	suggest	that	food	deprivation	enhances	
the	desire	and	motivation	to	physically	 interact	with	 food	and	 increases	 focused	attention,	 translated	to	
restore	depleted	energy	levels	of	the	body.	
	
	
	
SS1.ATE.2	Linguistically	implicit	meaning	drives	language-induced	activity	in	modality-specific	brain	
structures	
	
Tatjana	A.	Nazir,	Lianna	Hrycyk,	Yves	Paulignan,	Jacques	Jayez,	&	Anne	Reboul,		
Université	Claude	Bernard	Lyon1,	Bron,	France	
	
Many	studies	demonstrated	that	modality-specific	brain	structures	can	be	active	during	the	processing	of	
words	 referring	 to	 perception	 and	 action.	 While	 this	 fact	 was	 initially	 interpreted	 as	 evidence	 for	 the	
contribution	 of	 these	 structures	 to	 the	 elaboration	 of	 word	 meaning,	 ensuing	 studies	 progressively	
dampened	the	excitement.	This	is	mainly	because	for	the	same	word	activity	in	modality-specific	structures	
is	 not	 always	 present.	 Despite	 of	 this	 flexibility	 it	 seems	 unlikely	 though	 that	 the	 recruitment	 of	 these	
structures	 has	 no	 significant	 functions.	 Specifying	 linguistic	 conditions	 under	 which	 the	 phenomenon	
occurs	 is	 thus	 critical	 for	 its	 understanding.	 Here	 we	 manipulated	 the	 question	 that	 is	 raised	 within	 a	
particular	linguistic	context	–	cf.	the	“question	under	discussion”	(QUD)	–	and	show	that	language	recruits	
motor	brain	structures	only	when	the	primary	conveyed	information	is	the	action.	Activity	 in	these	brain	
structures	 thus	 hinge	 on	 principles	 of	 pragmatics	 and	 could	 help	 elaborating	 speaker’s	 communicative	
goals.	
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SS1.ATE.3	Eye-tracking	narrative	reading:	Individual	roles	of	perceptual	simulation,	motor	
simulation	and	mentalizing.	
	
Marloes	Mak1	&	Roel	M.	Willems1,2,3	
1.	Radboud	University,	Nijmegen,	The	Netherlands	
2.	Radboud	University,	Nijmegen,	The	Netherlands	
3.	Max	Planck	Institute	for	Psycholinguistics,	Nijmegen,	The	Netherlands	
	
People	 engage	 in	 simulation	 when	 reading	 literary	 narratives.	 This	 eye-tracking	 study	 aimed	 to	
differentiate	the	roles	of	perceptual	simulation,	motor	simulation	and	mentalizing	in	determining	reading	
behavior.	102	participants	read	three	short	stories,	which	90	different	participants	in	a	pre-test	had	rated	
for	 motor	 simulation-eliciting	 content	 (n=30),	 perceptual	 simulation-eliciting	 content	 (n=30)	 or	
mentalizing-eliciting	content	(n=30;	resulting	in	scores	of	0-30	per	type	of	simulation-eliciting	content,	per	
word).	The	results	show	that	motor	simulation	reduces	gaze	duration	(faster	reading),	whereas	perceptual	
simulation	and	mentalizing	increase	gaze	duration	(slower	reading).	Individual	differences	in	the	effect	of	
simulation	on	gaze	duration	were	found,	which	were	related	to	individual	differences	in	subjective	reading	
experiences.	 These	 findings	 suggest	 that	 the	 processes	 leading	 to	 simulation	 differ	 between	 kinds	 of	
simulation.	 Additionally,	 this	 study	 showcases	 how	 eye-tracking	 can	 be	 used	 to	 investigate	 embodied	
experiences	during	narrative	reading.		
	
	
	
SS1.ATE.4	Temporal	dynamics	of	mentally	simulated	speech	in	silent	reading	
	
Bo	Yao	
University	of	Manchester,	UK	
	
Theories	of	embodied	cognition	propose	 that	 cognition	 is	 constrained	 in	 the	body's	 interaction	with	 the	
world.		In	language	research,	a	vast	body	of	work	suggests	semantic	representation	and	processing	broadly	
depend	 on	 mental	 simulation	 (re-enactment)	 of	 one's	 sensory	 and	 motor	 experience.		 	What	 remains	
neglected,	 however,	 is	 how	 mental	 simulation	 unfolds	 in	 real	 time.		 Our	 research	 shows	 that	 mental	
simulation	is	a	dynamic	process:	Mental	simulation	of	quoted	speech	(e.g.,	"I	am	hungry!")	interacts	with	
real-time	eye	movements	during	silent	reading;	it	also	elicits	neurophysiological	signatures	that	reflect	the	
temporal	structure	of	real	speech.		With	this	dataset,	I	hope	to	illustrate	that	mental	simulation	is	dynamic	
and	time-sensitive	and	suggest	that	we	should	consider	the	time	constraints	 in	a	real	environment	when	
developing	embodied	cognition	theories.	
	
	
	
SS1.ATE.5	What	have	we	got	and	what	do	we	need?	Q&A	with	the	audience	
	
Martin	H.	Fischer	
University	of	Potsdam,	Germany	
	
The	last	time	slot	of	the	symposium	is	dedicated	to	a	more	detailed	discussion	of	requirements	for	viable	
models	of	the	time	course	of	embodiment	signatures	in	human	cognition.	Inspired	by	computational	work	
(e.g.,	Chersi	et	al.,	2010;	Pezzulo	et	al.,	2013)	and	neuroscientific	evidence	(e.g.,	Pulvermüller,	2018),	we	
can	 together	 decide	 what	 constitutes	 current	 strong	 and	 weak	 points	 of	 the	 embodied	 approach	 to	
cognition	and	perhaps	agree	on	the	designs	of	valuable	future	experiments.	
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SS1.StT	

Acting	in	a	Complex	World	–	Emerging	Perspectives	
on	Human	Agency	

	
Saint	Tropez	Room	

	
	

Chairs:	
	

Katharina	A.	Schwarz	
University	of	Würzburg,	Germany		

Nura	Sidarus	
Ecole	Normal	Supérieure,	Paris,	France	

Roland	Pfister	
University	of	Würzburg,	Germany		

	
	
	
Humans	experience	a	vivid	sense	of	agency	for	their	actions	and	the	consequences	of	those	actions.	This	is	
foundational	 for	 causally	 attributing	 events	 to	 oneself	 or	 others,	 and	 for	 feelings	 of	 responsibility	 and	
regret.	This	symposium	brings	together	emerging	perspectives	on	the	cognitive	mechanisms	that	give	rise	
to	 the	 sense	 of	 agency	 and,	 conversely,	 on	 the	 downstream	 consequences	 of	 experienced	 agency	 for	
cognition	and	behaviour.	We	first	outline	a	novel	framework	for	agency	(Wolpe)	and	innovative	methods	
for	 exploring	 agency	 in	 the	 laboratory	 (Polito).	Next,	we	explore	how	 the	 experience	of	 agency	 impacts	
action-outcome	 learning	 (Sidarus).	 We	 conclude	 by	 assessing	 how	 sense	 of	 agency	 functions	 in	
collaborative	 and	 hierarchical	 social	 interactions	 (Van	 de	Wel,	 Schwarz).	 This	 symposium	will	 provide	 a	
comprehensive	view	on	agency	 research,	hopefully	 stimulating	 future	 research	 into	 this	exciting	 facet	of	
human	experience.	
	
	
	
	
	
Speakers:	
	
Roland	Pfister	
Vince	Polito	
Nura	Sidarus	
Rob	Van	de	Wel	
Katharina	A.	Schwarz	
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SS1.StT.1	Something	from	nothing:	Agency	for	deliberate	nonactions	
	
Roland	Pfister,	Wilfried	Kunde,	Katharina	A.	Schwarz,	&	Lisa	Weller	
University	of	Würzburg,	Germany	
	
Several	law	systems	punish	non-actions	such	as	failures	to	render	assistance,	although	it	is	unknown	if	and	
how	people	spontaneously	experience	agency	and	responsibility	for	the	consequences	of	their	not	acting.	
We	will	present	evidence	 that	events	caused	by	deliberate	choices	not	 to	act	 indeed	give	 rise	 to	a	vivid	
sense	of	agency.	This	was	 true	not	only	 for	 subjective	 judgments	also	 for	 implicit	measures	of	 temporal	
binding,	indicating	that	sense	of	agency	is	not	confined	to	overt	body	movements.	These	results	replicated	
in	two	follow-up	studies.	At	the	same	time,	agency	was	more	pronounced	when	the	same	event	resulted	
from	an	action	rather	than	being	the	consequence	of	a	non-action,	highlighting	the	importance	of	ascribing	
different	degrees	of	subjective	responsibility	for	the	consequences	of	acting	and	not	acting.	
	
	
	
SS1.	StT.2	Hypnotic	models	of	passivity	delusions	as	a	window	in	to	the	sense	of	agency	
	
Vince	Polito	and	Amanda	Barnier	
Macquarie	University,	Sydney,	Australia	
	
Hypnotised	individuals	often	experience	agency	alterations	whereby	their	actions	feel	effortless.	This	has	
led	 researchers	 to	 develop	 functional	 models	 of	 psychopathology	 involving	 hypnotic	 suggestions	 for	
cognitive	alterations,	based	on	 the	 features	of	clinical	 conditions.	 I	will	 report	a	 study	 in	which	hypnotic	
models	of	control	delusions	were	used	to	alter	participants’	sense	of	agency	for	automatic	actions.	Wegner	
et	 al.	 (2003)	 found	 that	 participants	 were	 unable	 to	 suppress	 correct	 answers	 in	 a	 trivia	 quiz	 when	
instructed	to	respond	randomly.	 In	a	hypnotic	adaptation,	 I	gave	participants	suggestions	based	on	alien	
control	 and	 thought	 insertion	delusions	as	 alternative	 strategies	 for	 responding	 in	 a	 trivia	quiz.	 Thought	
insertion	 participants	 answered	most	 questions	 correctly,	 but	 were	 unaware	 of	 doing	 so.	 Alien	 control	
participants	were	 able	 to	 suppress	 correct	 responding	 and	 instead	 gave	 random	 answers.	 These	 results	
demonstrate	that	hypnosis	can	alter	metacognitive	awareness	of	actions	and	lead	to	changes	in	otherwise	
uncontrollable	behaviours.	
	
	
	
SS1.	StT.3	Against	your	will:	how	learning	is	influenced	by	conflict	between	instructions	and	
subjective	beliefs	
	
Nura	Sidarus		
Ecole	Normale	Supérieure,	Paris,	France	
	
Goal-directed	action	requires	 learning	which	actions	will	yield	desirable	outcomes.	Besides	 learning	from	
our	free	choices,	we	may	also	benefit	from	learning	from	instructed	actions.	But	what	happens	if	we	have	
to	follow	instructions	that	we	disagree	with?	We	investigated	how	learning	is	influenced	by	having	a	choice	
in	what	to	do,	and	by	conflict	between	instructions	and	subjective	beliefs	about	action	values.	Participants	
completed	a	reversal-learning	task.	Using	computational	models	of	reinforcement	learning,	we	estimated	
the	 accumulated,	 subjective	 action	 values,	 and	 assessed	 differences	 in	 learning	 rates	 across	 conditions.	
Results	 showed	 that	 learning	 rates	were	 reduced	 for	 instructed	 than	 for	 freely	 chosen	actions.	 Learning	
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rates	were	 further	 reduced	by	conflict	between	 instructions	and	subjective	action	values.	These	 findings	
suggest	that	being	forced	to	go	against	our	will	carries	a	cost	to	learning.	This	has	implications	for	how	our	
experience	of	agency	shapes	our	interactions	with	the	external	world.	
	
	
	
SS1.	StT.4	Acting	jointly:	Do	“we”	exist	and	when?	
	
Rob	Van	de	Wel		
Rutgers	University,	Camden,	USA	
	
Our	 world	 is	 filled	 with	 actions	 that	 take	 place	 in	 complex	 contexts	 involving	 other	 intentional	 agents.	
Acting	jointly	enables	us	to	accomplish	many	action	goals	we	could	not	accomplish	alone.	Joint	control	also	
inherently	introduces	ambiguities	in	deriving	a	sense	of	control.	Understanding	the	experiential	nature	of	
joint	actions	 is	 important,	as	misperceptions	of	control	may	result	 in	unduly	claiming	credit.	 In	egregious	
cases,	this	may	obviate	a	willingness	to	act	jointly	altogether.	Here,	I	will	explore	what	we	know	about	the	
sense	 of	 control	 in	 joint	 tasks.	 I	 will	 discuss	 evidence	 suggestive	 of	 we-mode	 control	 and	 explore	 how	
different	 roles	 in	 joint	 actions	 impact	 the	 joint	 sense	 of	 control.	 I	 will	 also	 discuss	 how	 the	 available	
coordination	modalities,	the	action	smoothness	and	the	quality	and	reward	of	the	action	outcome	impact	
the	 sense	 of	 control.	 Both	 predictive	 and	 postdictive	 influences	 on	 the	 joint	 sense	 of	 control	 will	 be	
explored.		
	
	
	
SS1.	StT.5	Acting	in	hierarchical	structures:	Agency,	responsibility,	and	regret		
	
Katharina	A.	Schwarz,	Roland	Pfister,	and	Wilfried	Kunde	
University	of	Würzburg,	Germany	
	
The	sense	of	agency	is	a	crucial	mental	state	for	human	beings	and	their	functioning	in	society.	It	is	directly	
linked	 to	 feelings	 of	 responsibility	 and	 also	 to	 feelings	 of	 regret	 over	 undesired	 action	 outcomes,	 both	
important	 functions	 that	 govern	 social	 interactions	 and	permeate	our	 understanding	of	 justice	 and	 law.	
The	question	of	agency	becomes	especially	 interesting	when	agency	 is	not	 limited	 to	a	single	agent,	but	
takes	social	interactions	into	account.	Here,	we	present	evidence	from	multi-agent	studies	exploring	how	
hierarchical	structures,	status,	outcome,	and	degrees	of	freedom	affect	feelings	of	agency,	responsibility,	
and	 regret	 for	 those	 actions.	 Who	 feels	 responsible	 for	 an	 action	 –	 the	 person	 who	 decides	 upon	 its	
execution	or	 the	person	executing	 it?	How	are	 judgments	of	 responsibility	and	 regret	modulated	by	 the	
agent’s	degrees	of	freedom	during	the	action?	These	questions	open	up	a	novel,	exciting	approach	to	the	
sense	of	agency	in	real-life	settings.	
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SS1.TAR	

Integrated	and	Flexible	Spatial	Representations:	Who	Makes	Them	(When	and	
How),	and	Why	They	Are	Important	

	
Tarraco	Room	

	
	

Chair:	
	

Nora	S.	Newcombe	
Temple	University		

	
	
	
People	 get	 lost.	 Even	when	 they	do	not,	 they	often	 complain	 about	 the	difficulty	of	 navigation.	 Indeed,	
much	 research	 on	 spatial	 encoding	 for	 wayfinding	 has	 found	 that	 people	 show	 rigid	 and	 fragmentary	
knowledge	of	the	locations	of	objects	and	buildings.	These	five	presentations	explore	the	conditions	under	
which	 knowledge	 becomes	 more	 integrated	 and	 flexible,	 and	 why	 such	 flexibility	 is	 important	 in	 two	
translational	contexts,	aging	and	fire	safety.	
	
	
	
	
	
Speakers:	
	
Nora	S.	Newcombe	
Jan	Wiener	
Allison	Jaeger	
Vladislava	Segen	
Hantao	Zhao	
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SS1.TAR.1	Active	movement	enhances	spatial	flexibility	
	
Corinne	Holmes1,	Nora	S.	Newcombe2,	Thomas	F.	Shipley,	Merve	Tansan,	and	Mia	Velazquez	
1.	Trinity	College	Dublin	
2.	Temple	University		
	
Recalling	 a	 spatial	 layout	 from	multiple	orientations	 –	 spatial	 flexibility	 –	 is	 challenging,	 especially	when	
people	view	an	environment	sequentially,	without	a	visual	overview.	In	a	series	of	studies,	we	have	used	
an	 integrated	 tabletop	 display	 (park-like	 panorama)	 or	 an	 array	 of	 dollhouse	 furniture	 that	 was	 either	
viewed	together	or	sequentially	(using	partitioned	viewpoints).	Participants	have	either	rotated	the	array	
or	moved	 around	 it,	 actively	 or	 passively,	with	 a	 variety	 of	 control	 conditions	 and	 dependent	 variables.	
Across	four	experiments,	we	find	that	a	stable	array	results	in	more	flexibility	than	rotated	arrays,	and	that	
active	walking	significantly	enhances	spatial	recall	relative	to	passive	movement,	array	rotation	or	controls,	
when	the	array	is	partitioned.	These	findings	suggest	that	array	stability	is	key	to	flexible	spatial	memory,	
with	 action	providing	 an	additional	 boost	 to	 spatial	 integration	when	 it	 becomes	more	 challenging.	 In	 a	
fifth	experiment,	we	examine	integration	between	spaces	not	directly	experienced.		
	
	
	
SS1.TAR.2	When	route	navigation	requires	spatial	flexibility:	Retracing	a	route	from	the	destination	
to	the	start	
	
Jan	Wiener,	Ciera	Basset,	Sophie	Bentall,	and	Chiarra	Black		
Bournemouth	University	
	
Abstract:	Route	navigation	 is	 typically	 conceptualised	as	a	 series	of	 recognition	 triggered	 responses.	 i.e.,	
landmarks	are	associated	with	behaviours	 (e.g.,	 “Turn	 right	at	 red	house”).	Such	stimulus-response	 (S-R)	
knowledge	 is	 sufficient	 when	 repeating	 a	 route.	 It	 is,	 however,	 not	 sufficient	 when	 approaching	
intersections	from	novel	directions,	including	retracing	a	route	from	the	destination	back	to	the	start.	I	will	
present	a	novel	and	 free	 route	 test	battery	developed	 to	 investigate	 the	cognitive	 strategies	 involved	 in	
repeating	and	retracing	routes	(https://osf.io/mx52y/).	We	manipulated	the	travel	direction	(repetition	vs.	
retrace)	 and	 whether	 intersections	 were	 shown	 in	 the	 same	 order	 as	 training	 or	 in	 a	 random	 order.	
Performance	and	response	time	analyses	show	that	(1)	route	retracing	is	not	achieved	by	simply	mirroring	
directional	responses	encoded	during	learning,	and	(2)	participants	use	a	combination	of	S-R	and	sequence	
learning	strategies	in	the	‘repetition	same’	condition	but	not	in	any	other	condition.	
	
	
	
SS1.TAR.3	Map	sketching	and	map	viewing:	Do	they	enhance	spatial	integration?		
	
Allison	Jaeger1,	Alina	Nazareth,	Nora	S.	Newcombe2,	Thomas	F.	Shipley,	Steven	M.	Weisberg		
1.	St.	John’s	University	
2.	Temple	University		
	
Abstract:	Verbal	descriptions	are	categorical	and	sequential	and	hence	do	not	align	well	with	the	demands	
of	 representing	 simultaneous	 analogue	 relationships.	 Thus,	 generating	 sketches	 should	 be	 better	 than	
generating	 verbal	 descriptions	 for	 helping	 people	 to	 build	 integrated	 knowledge,	 and	 similarly	 viewing	
maps	should	be	better	than	listening	to	verbal	descriptions.	In	Study	1,	156	participants	explored	a	virtual	
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environment	 (VE)	 including	 independent	 and	 connecting	 routes,	 then	 sketched	 or	 wrote	 a	 summary	
describing	 the	 layout,	 followed	 by	 free	 exploration	 and	 a	 pointing	 task	 and	 a	 model-building	 task.	
Participants	who	generated	sketches	provided	significantly	more	target	and	route	details	than	those	who	
generated	written	summaries	and	spatial	cognitive	style	correlated	with	quality	of	both	representations.	
However,	 neither	 sketching	 nor	 written	 summaries	 positively	 influenced	 spatial	 integration	 relative	 to	
controls.	In	Study	2,	we	are	examining	the	effects	of	viewing	maps	versus	reading	written	descriptions.	
	
	
	
SS1.TAR.4	Flexibility	of	place	recognition	in	older	adults		
	
Vladislava	Segen,	Marios	Avraamides,	Timothy	Slattery,	and	Jan	Wiener		
Bournemouth	University	
	
Efficient	 navigation	 depends	 largely	 on	 spatial	 memory,	 i.e.,	 the	 ability	 to	 remember	 where	 things	 are	
located	 in	 the	 environment.	 As	 shown	by	 past	 research,	 this	 ability	 declines	with	 age.	 In	 an	 attempt	 to	
characterise	 the	 exact	 nature	 of	 age-related	 deficits	 in	 spatial	 memory,	 we	 conducted	 a	 series	 of	
experiments	 in	which	 older	 and	 younger	 participants	 viewed	 arrays	 of	 objects	 depicted	 on	 a	 computer	
screen	 and	 judged	 whether	 test	 arrays	 presented	 afterwards	 were	 the	 same	 or	 different.	 These	
experiments	 included	manipulations	 aimed	 at	 assessing	 spatial	 flexibility	 across	 the	 two	 age	 groups	 (by	
introducing	 a	 perspective	 shift	 between	 the	 study	 and	 test	 array).	We	 also	 evaluate	 the	 fine-grain	 and	
categorical	 processing	 of	 spatial	 information	 (by	 rotating	 the	 array	 relative	 to	 the	 enclosing	 space	 or	
swapping	the	locations	of	object	clusters).	Behavioural	results	and	gaze	data	from	these	experiments	will	
be	presented	and	discussed	in	the	context	of	spatial	flexibility	in	the	ageing.		
	
	
	
SS1.TAR.5	Fire	evacuation	using	adaptive	signage	in	virtual	reality		
	
Hantao	 Zhao,	 Amray	 Schwabe,	 Tyler	 Thrash,	 Joonas	 Karjalainen,	 Christoph	Hoelscher,	 Dirk	 Helbing,	 and	
Victor	R.	Schinazi	
ETH-Zurich	
	
Fires	 in	built	 structures	are	a	pervasive	problem	for	many	metropolitan	areas,	 causing	several	 casualties	
everyday	in	Europe.	Fire	deaths	have	been	linked	to	navigation-related	issues	such	as	suboptimal	signage.	
Most	interventions	have	focused	on	the	saliency	of	signs,	but	adaptive	signs	may	help	resolve	wayfinding	
difficulties	by	 routing	patrons	 to	 the	optimal	exit	 in	 relation	 to	 the	distribution	of	an	emergency.	 In	 this	
experiment,	we	compared	the	efficiency	and	effectiveness	of	adaptive	and	conventional	signage	during	a	
fire	 evacuation	 in	 a	 virtual	 museum.	 Participants	 explored	 a	 virtual	 museum	 until	 a	 virtual	 fire	 was	
suddenly	triggered.	Subsequently,	they	were	asked	to	evacuate	as	quickly	as	possible.	The	results	revealed	
that	participants	 in	 the	 adaptive	 signs	 group	evacuated	more	quickly,	 used	 shorter	 routes,	 suffered	 less	
damage	 to	 their	 “health”,	 and	 reported	 less	 distress.	 Preliminary	 analyses	 of	 physiological	 data	 also	
revealed	that	participants	were	less	psychologically	aroused	in	the	adaptive	signs	group.	
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SS1.BAR	

Auditory	Cortical	Entrainment	in	Relation	with	Language	Processing	
	

Barcelona	Room	
	
	

Chair:	
	

Nicola	Molinaro	
BCBL,	Basque	center	on	Cognition,	Brain	and	Language	

	
	
	
In	 listening	 conditions,	 the	 oscillatory	 brain	 activity	 synchronizes	 with	 the	 rhythmic	 properties	 of	 the	
external	 input.	 This	 so-called	 “auditory	 entrainment”	 is	 assumed	 to	 play	 a	 crucial	 role	 in	 auditory	
perception,	 since	 it	 can	 constitute	 a	 mechanism	 through	 which	 the	 brain	 internally	 represents	 the	
temporal	 properties	 of	 the	 external	 stimulus.	 Interestingly,	 during	 speech	 perception,	 this	 phenomenon	
has	been	observed	 to	 involve	not	only	 the	primary	auditory	 cortex,	but	also	higher-order	 regions	 in	 the	
parietal	and	the	frontal	 lobes.	Recent	studies	 investigated	which	components	of	speech	entrainment	are	
driven	 by	 the	 acoustic	 properties	 of	 speech	 and	 how	 this	 phenomenon	 is	 penetrated	 by	 top-down	
influences	based	on	 linguistic	 knowledge.	 The	present	 symposium	offers	 an	overview	of	 this	new	 set	of	
findings	thus	opening	the	window	to	the	development	of	more	sophisticated	neurocognitive	approaches	to	
the	speech	entrainment	phenomenon.	
	
	
	
	
	
	
Speakers:	
	
Anne	Keitel	
Hans	Rutger	Bosker	
Anne	Kösem	
Nicola	Molinaro	
Lars	Meyer	
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SS1.BAR.1	The	importance	of	word-level	segmentation	and	representation	for	auditory	and	visual	
speech	comprehension	
	
Anne	Keitel	
University	of	Glasgow,	UK;	University	of	Dundee,	UK	
	
The	 neural	 tracking	 of	 auditory	 speech	 (often	 called	 “entrainment”)	 is	 an	 essential,	 low-level	 aspect	 of	
comprehending	continuous	speech.	The	speech	stream	is	hereby	segmented	 into	 linguistic	units,	such	as	
syllables,	 words	 or	 phrases.	 We	 could	 recently	 show	 that	 this	 neural	 segmentation	 directly	 predicts	
comprehension	 of	 speech-in-noise	 at	 two	 different	 timescales	 and	 in	 distinguishable	 brain	 areas.	 The	
segmentation	into	phrases	originated	in	motor	areas	and	seems	to	be	based	on	acoustic	temporal	cues	in	
speech.	 The	 segmentation	 into	 words	 originated	 in	 temporal	 areas,	 where	 the	mapping	 of	meaning	 to	
words	occurs.	We	corroborate	the	importance	of	these	temporal	areas	specifically	for	representing	word	
identities	with	a	new	decoding	approach.	 Interestingly,	during	 lipreading,	 the	areas	that	represent	visual	
word	 identities	 are	 largely	 distinct	 from	 auditory	 word	 identities	 and	 only	 converge	 in	 higher-order	
language	 areas.	 Our	 results	 highlight	 and	 disentangle	 the	 importance	 of	 word-level	 segmentation	 and	
representation	for	auditory	and	visual	speech	comprehension.	
	
	
	
SS1.BAR.2	Normalizing	speech	sounds	for	surrounding	context:	Charting	the	role	of	neural	
oscillations	
	
Hans	Rutger	Bosker	
Max	Planck	Institute	for	Psycholinguistics,	Nijmegen,	The	Netherlands	
	
The	way	 speech	 sounds	 are	 pronounced	 in	 everyday	 conversations	 is	 remarkably	 variable.	 If	 10	 talkers	
pronounce	the	same	sentence,	you’ll	end	up	with	10	acoustically	unique	realizations.	Listeners	cope	with	
this	 acoustic	 variability	 by	 normalizing	 speech	 segments	 for	 surrounding	 temporal	 and	 spectral	
characteristics.	That	is,	a	given	speech	sound	can	be	perceived	differently	depending	on,	for	instance,	the	
preceding	 sentence’s	 speech	 rate,	 or	 average	 formant	 values.	 I	 will	 present	 evidence	 that	 these	
normalization	 processes	 occur	 very	 early	 in	 perceptual	 processing.	 Also,	 I	 will	 argue	 that	 temporal	
normalization	may	be	explained	by	a	neural	mechanism	involving	cortical	theta	oscillators	phase-locking	to	
the	syllabic	rate	of	speech.	Entrainment	at	different	frequencies	(e.g.,	fast	vs.	slow	speech	rates)	is	argued	
to	impose	differential	cortical	sampling	regimes	unto	the	sensory	signal,	influencing	the	perception	of	the	
duration	 of	 subsequent	 speech	 sounds.	 Thus,	 I	 propose	 a	 neurobiologically	 plausible	model	 of	 acoustic	
normalization	in	speech	processing.	
	
	
	
SS1.BAR.3	Neural	entrainment	influences	perceived	speech	content	
	
Anne	Kösem	
Université	Claude	Bernard	Lyon	1,	Lyon,	France	
	
While	 neural	 oscillations	 are	 known	 to	 entrain	 to	 the	 dynamics	 of	 speech,	 it	 is	 debated	 whether	 this	
entrainment	supports	 the	neural	mechanism	 involved	 in	speech	processing.	Here,	 I	will	discuss	evidence	
that	 entrained	 oscillations	 build	 temporal	 predictions	 about	 the	 duration	 of	 speech	 tokens	 that	 affect	
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perception.	 I	 will	 show	 that	 the	 neural	 entrainment	 to	 ongoing	 speech	 can	 be	 influenced	 either	 by	
preceding	speech	rate	information,	or	by	non-invasive	transcranial	alternating	current	stimulation.	In	both	
studies,	 the	modulations	 in	 neural	 entrainment	 have	direct	 consequences	 for	 the	perceived	duration	of	
speech	acoustic	tokens,	which	determines	the	identity	of	the	words	that	are	subsequently	perceived.	The	
present	findings	thus	link	neuronal	dynamics	to	speech	processing	by	demonstrating	a	causal	role	of	brain	
oscillations	in	the	perception	of	spoken	language.	
	
	
	
SS1.BAR.4.	Auditory	entrainment	is	modulated	by	language	proficiency	
	
Nicola	Molinaro	&	Mikel	Lizarazu	
Basque	Center	on	Cognition,	Brain	and	Language	(BCBL),	Spain	
	
Auditory	entrainment	during	speech	perception	has	been	identified	as	a	basic	mechanism	through	which	
the	human	listener	extracts	abstract	language	information	from	the	acoustic	input.	Auditory	entrainment	is	
a	 multi-level	 mechanism	 in	 which	 the	 brain	 simultaneously	 tracks	multiple	 sources	 of	 information	 that	
evolve	 in	parallel	 in	differently-sized	 temporal	windows	 (i.e.,	different	 frequency	bands).	Each	 frequency	
band	 reflects	 language	 information	 with	 different	 granularity,	 such	 as	 prosodic,	 syllabic,	 and	 phonemic	
information.	Whether	such	cortical	mechanisms	are	sensitive	to	the	"language	knowledge"	of	the	listener	
is	still	a	matter	of	debate.	We	evaluate	speech	tracking	in	a	second	language	in	three	groups	of	 listeners	
with	 advanced,	 intermediate	 and	 basic	 proficiency.	We	observe	 a	 parametric	modulation	 of	 the	 speech	
tracking	at	the	prosodic	and	syllabic	level	that,	in	turn,	affects	phoneme	tracking.	These	findings	highlight	
the	complex	cortical	dynamics	supporting	speech	perception,	showing	that	language	knowledge	is	crucial	
for	accurate	speech	tracking.	
	
	
SS1.BAR.5.	Endogenous	neural	oscillations	during	the	generation	of	linguistic	representations:	
Evidence	from	electroencephalography	and	transcranial	magnetic	stimulation	
	
Lars	Meyer	
Max	Planck	Institute	for	Human	Cognitive	and	Brain	Sciences,	Leipzig,	Germany	
	
Synchronization	of	neural	oscillations	with	auditory	information	has	been	argued	to	be	critical	for	auditory	
speech	processing.	Yet,	neural	oscillations	do	not	only	track	bottom-up	acoustic	information	but	can	also	
subserve	domain-general	or	even	linguistic	top-down	functions.	 In	an	exemplary	electroencephalography	
study	 using	 ambiguous	 sentences,	 we	 found	 slow-frequency	 oscillations	 to	 phase-lock	 to	 internally	
generated	 linguistic	 representations	 rather	 than	external	auditory	 information.	Critically,	perturbation	of	
the	underlying	cortical	areas	using	transcranial	magnetic	stimulation	was	found	to	modulate	this	tendency	
to	 ignore	 external	 auditory	 information—suggesting	 that	 endogenous	 oscillations	 can	 causally	 influence	
speech	 processing.	 Hence,	 in	 addition	 to	 the	 well-known	 role	 of	 exogenous	 oscillations	 in	 auditory	
processing,	 endogenous	 oscillatory	 activity	 may	 underlie	 the	 generation	 of	 internal	 linguistic	
representations	that	may—for	example,	in	ambiguous	situations—dominate	speech	processing.	
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SS1.PAL	

Development	and	Plasticity	of	Executive	Functions	
	

Palma	de	Mallorca	Room	
	
	

Chairs:	
	

Julia	Karbach	
University	of	Koblenz-Landau	

Tanja	Könen	
University	of	Koblenz-Landau	

Tilo	Strobach	
Medical	School	Hamburg	

	
	

	
Executive	 functions	 (EF;	 working	 memory,	 inhibition,	 flexibility	 and	 dual	 tasking)	 show	 significant	
developmental	progress	across	childhood	and	mature	well	into	adolescence.	Given	that	they	are	excellent	
predictors	 for	 various	 life	outcomes,	 such	as	 academic	 success,	 social	 behavior	 and	health,	 recent	 years	
have	 seen	 an	 immense	 interest	 in	 their	 development	 and	 plasticity,	 both	 by	 short	 interventions	 and	
intense	training	regimes.	Current	work	shows	that	 individual	differences	 in	 their	effects	are	massive	and	
highlight	the	 importance	of	understanding	the	mechanisms	driving	development	and	plasticity	of	EF.	We	
present	 five	 studies	 approaching	 these	 questions	 from	 different	 angels.	 Tilo	 Strobach	 assessed	 the	
development	 of	 dual-task	 interference	 and	 Tanja	 Könen	 focused	 on	 the	 effects	 of	 induced	 affect	 on	
working-memory	performance	in	childhood.	Nikolaus	Steinbeis	and	Verena	Johann	investigated	the	effects	
of	 EF	 training	on	 academic	 abilities	 in	 children.	Nachshon	Meiran	 examined	mechanisms	underlying	 the	
plasticity	of	EF	by	analyzing	individual	differences	in	working-memory	training	gains.	
	
	
	
	
Speakers:	
	
Tilo	Strobach	
Tanja	Könen	
Nikolaus	Steinbeis	
Verena	Johann	
Nachshon	Meiran	
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SS1.PAL.1	Specifying	the	development	of	dual-task	interference	
	
Tilo	Strobach1	&	Julia	Karbach2,3	
1.	Medical	School	Hamburg,	Hamburg,	Germany.	
2.	University	of	Koblenz-Landau,	Landau,	Germany.	
3.	Center	for	Research	on	Individual	Development	and	Adaptive	Education	of	Children	at	Risk	(IDeA),	Frankfurt,	

Germany	
	
Performing	 two	 tasks	 simultaneously	 in	dual-task	 situations	 leads	 to	 increased	processing	 times	 and/	or	
error	rates	compared	to	single	tasks	with	separate	task	performance	(i.e.,	dual-task	costs).	Previous	studies	
demonstrated	that	these	dual-task	costs	are	even	higher	in	children	than	in	young	adults.	However,	these	
studies	 did	 not	 specify	 the	mechanisms	 explaining	 these	 higher	 dual-task	 costs	 and	 did	 not	 assess	 the	
specific	task	processes	that	particularly	interfere	simultaneous	task	performance	in	children.	To	assess	this	
interference	in	children	(N	=	30)	and	young	adults	(N	=	30),	we	combined	sensorimotor	tasks	in	dual	tasks	
of	the	psychological	refractory	period	(PRP)	type	and	compared	age-related	differences	in	interference	at	
perceptual,	 response-selection,	 and	motor	 processes.	 The	 results	 provided	 evidence	 for	 interference	 at	
response-selection	processes	in	both	age	groups	and	indications	for	additional	perceptual	 interference	in	
children.	We	discuss	the	data	in	the	context	of	the	locus-of-slack	logic.	
	
	
	
SS1.PAL.2	Induced	affect	does	not	modulate	working-memory	performance	in	middle	childhood	
	
Tanja	Könen1,2	&	Julia	Karbach1,2	
1.	University	of	Koblenz-Landau,	Landau,	German.	
2.	Center	for	Research	on	Individual	Development	and	Adaptive	Education	of	Children	at	Risk	(IDeA),	Frankfurt,	

Germany	
	
All	 working	 memory	 (WM)	 models	 agree	 that	 WM	 capacity	 is	 limited	 and	 that	 reliable	 individual	
differences	exist.	Recent	research	also	demonstrated	reliable	within-person	performance	variability.	Affect	
has	 been	 discussed	 as	 a	 predictor	 of	 WM	 performance.	 It	 was	 discussed	 whether	 both	 positive	 and	
negative	 affect	 induce	 cognitive	 load	 and	 thus	 reduce	 WM	 performance	 (suppression	 hypothesis),	 or	
whether	positive	affect	might	enhance	performance	(facilitation	hypothesis).	However,	no	controlled	test	
with	children	existed	so	far.	In	a	sample	of	330	elementary	school	children	(age:	M=9.2,	SD=0.8,	range	8–
11)	we	induced	positive	vs.	negative	affect	with	film	clips	and	compared	children’s	WM	performance	pre	
and	post	induction	with	a	neutral	film	condition.	Although	the	manipulation	significantly	induced	affect	as	
expected,	no	significant	impact	of	affect	on	WM	performance	was	found.	Thus,	our	findings	suggest	that	
affect	does	not	modulate	children’s	WM	performance	causally,	although	both	have	been	found	to	co-vary	
in	correlational	designs.	
	
	
	
SS1.PAL.3	What	cognitive	training	can	tell	us	about	the	development	of	executive	functions	
	
Nikolaus	Steinbeis	
University	College	London,	United	Kingdom	
	
There	is	much	debate	whether	executive	functions	can	be	improved	by	means	of	dedicated	interventions.	
Further,	it	remains	controversial	whether	inhibitory	control	comprises	so-called	strop	processes	or	can	be	
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accounted	for	monitoring.	We	addressed	these	questions	by	means	of	a	training	paradigm	in	60	typically	
developing	children	(mean	age	=	9.3	years,	SD	=	0.5).	We	employed	a	prepost	intervention	design	(average	
20	 training	 sessions).	 Children	were	 trained	 either	 on	 inhibition,	 context	monitoring	 or	 response	 speed.	
Each	training	paradigm	was	adaptive	to	children’s	performance	on	any	given	trial	and	session.	Performance	
on	measures	of	intelligence,	reading	and	maths	and	executive	functions	was	compared	pre-post	training.	It	
was	 found	that	executive	 functions	can	 indeed	be	 improved	as	 indexed	by	training-related	gains	 in	each	
group.	Further,	there	were	differential	effects	of	 inhibition	and	context	monitoring	training	on	near-	and	
far-transfer	tasks,	suggesting	these	to	be	dissociable	processes	at	least	in	development.	
	
	
	
SS1.PAL.4	Effects	of	game-based	and	standard	executive	control	training	on	cognitive	and	
academic	abilities	in	elementary	school	children	
	
Verena	Johann1,2	&	Julia	Karbach1,2	
1.	University	of	Koblenz-Landau,	Germany.	
2.	Center	for	Research	on	Individual	Development	and	Adaptive	Education	of	Children	at	Risk	(IDeA),	Frankfurt,	

Germany.	
	
This	study	compared	the	effects	of	game-based	and	standard	training	regimens	targeting	WM,	inhibition	or	
flexibility	on	cognitive	and	academic	abilities	in	children.	153	typically	developing	children	(mean	age	=	9.6	
years,	 SD	 =	 0.8)	were	 investigated	 in	 a	 pretest-training-posttest-follow-up	 design	 and	were	 randomized	
into	 one	 of	 six	 training	 groups	 (WM	 training	 game-based/standard,	 inhibition	 training	 game-
based/standard,	flexibility	training	game-based/standard)	or	a	control	group.	We	found	training	gains	in	all	
training	 groups	 and	 higher	 self-reported	 motivation	 in	 the	 game-based	 as	 compared	 to	 the	 standard	
training	 groups.	 There	 was	 domain-specific	 transfer	 to	 untrained	 EF	 tasks	 across	 all	 training	 groups.	
Furthermore,	we	found	greater	performance	improvements	in	reading	ability	in	the	game-based	flexibility	
training	group	and	the	game-based	inhibition	training	group	as	compared	to	the	control	group.	In	sum,	our	
findings	provide	first	evidence	for	a	systematic	comparison	of	training	on	different	domains	of	EF	and	their	
differential	effects	on	academic	abilities.	
	
	
	
SS1.PAL.5	Mechanisms	of	working	memory	training:	Insights	from	individual	differences	
	
Nachshon	Meiran1,	Gesine	Dreisbach2,	&	Claudia	von	Bastian3	
1.	Ben-Gurion	University	of	the	Negev,	Beer-Sheva,	Israel.	
2.	Regensburg	University,	Regensburg,	Germany.	
3.	University	of	Sheffield,	Sheffield,	UK	
	
Computerized	working-memory	training	(WM),	despite	yielding	 large	practice	effects	 in	the	training	task,	
barely	 transfers	 to	 Fluid	 Intelligence	 (Gf).	 We	 hypothesized	 that	 training	 tasks	 gradually	 become	 less	
related	to	Gf	due	to	task-specific	skills	so	that	what	is	being	eventually	trained	is	weakly	related	to	WM	and	
Gf.	 We	 thus	 predicted	 a	 gradual	 change	 in	 the	 rank-ordering	 of	 individuals	 (quasi-simplex)	 in	 the	 per-
session	scores	of	 the	training	task	coupled	with	a	 trend	 in	reduction	 in	Gf	 loadings.	Reanalysis	of	 results	
from	 two	 published	 studies	 confirm	 the	 predicted	 quasi-simplex	 pattern.	 However,	 contrary	 to	 the	
prediction,	 the	 training	 tasks	 maintained	 or	 even	 tended	 to	 increase	 their	 Gf	 loading	 with	 training	
progression.	We	provide	post-hoc	accounts	for	these	results,	some	which	challenge	prevalent	assumptions	
beyond	the	attempt	to	improve	Gf	through	improving	WM.	



Symposia:	Session	1.	Thursday	26th	11:30-13:10	 ESCoP	2019	Symposium	abstracts	
_______________________________________________________________________________________________ 	

	

	 25 

	



	
	

	
	
	
	
	
	
	
	

SYMPOSIA	SESSION	2	
	
	
	

Friday	27th	
	

11:30-13:10	
	



Symposia:	Session	2.	Friday	27th	11:30-13:10	 ESCoP	2019.	Symposium	abstracts	
_______________________________________________________________________________________________ 	

	

	 27 

	

SS2.AUD	
Multimodality	in	Language	Learning	and	Processing	

	
Auditorio	

	
	

Chairs:	
	

Beata	Grzyb	
Yasamin	Motamedi	

University	College	London,	UK	
	
	
	

In	 the	 language	 sciences,	 there	 is	 an	 increasing	 recognition	of	 the	multimodal	 nature	of	 language—that	
human	 language	 is	more	 than	 just	decontextualized,	 rule-governed	speech.	Languages,	both	spoken	and	
signed,	 are	 primarily	 used	 in	 face-to-face	 communication,	 comprising	 a	 dynamic	 system	 of	 multiplex	
components	 in	addition	 to	structured	speech	and	sign:	gesture,	 facial	expression,	eye	gaze	and	prosodic	
modulation.	A	growing	body	of	research	aims	to	model	 language	as	a	multimodal	system,	accounting	for	
the	 effects	 of	 multiple	 channels	 on	 language	 learning	 and	 processing	 beyond	 speech	 alone.	 This	
symposium	 aims	 to	 highlight	 the	 importance	 of	 building	multimodal	models	 of	 language,	 showcasing	 a	
range	of	theoretical	and	methodological	perspectives	on	multimodality,	from	child	language	development,	
neuroimaging,	sign	language	research	and	computational	modelling.		
	
	
	
Speakers:	
	
Reyhan	Furman	
Henning	Holle	
David	Peeters	
Tessa	Verhoef		
Beata	Grzyb	
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SS2.AUD.1	 Do	 you	 see	what	 I	mean?:	 Bilingual	 and	monolingual	 children	 use	 iconic	 gestures	 in	
speech	disambiguation	
	
Reyhan	Furman	
University	of	Central	Lancashire,	UK	
	
Everyday	 language	 is	rife	with	verbal	ambiguity.	One	way	 listeners	can	deal	with	this	problem	is	through	
using	a	 speaker’s	gestures	as	disambiguation	cues.	 For	 instance,	adult	 listeners	use	 the	 information	 in	a	
speaker’s	 iconic	gestures	 to	 resolve	 lexical	ambiguities	 in	speech	and	to	disambiguate	 the	dominant	and	
subordinate	meanings	of	homonyms	(e.g.	bat	to	mean	an	animal	or	a	sports	instrument)	(Holle	&	Gunter,	
2007).	 Currently,	 we	 know	 very	 little	 about	 whether	 children	 can	 benefit	 from	 a	 speaker’s	 gestures	 to	
resolve	lexical	ambiguities	in	speech.	The	only	study	that	has	investigated	the	developmental	role	gesture	
plays	in	the	resolution	of	lexical	ambiguity	has	focused	on	how	children	produce	gestures	to	disambiguate	
homonym	 senses.	 Kidd	 and	 Holler	 (2009)	 found	 that	 while	 3-year-olds	 rarely	 disambiguated	 between	
different	senses,	4-year-olds	used	iconic	gestures	to	do	so.	In	two	studies,	we	asked	whether	a	speaker’s	
iconic	 gestures	 help	 children	 resolve	 lexical	 ambiguity	 in	 speech.	 Monolingual	 (English)	 and	 bilingual	
(English-French)	 children	 aged	 4	 watched	 videoclips	 where	 a	 speaker	 uttered	 a	 sentence	 containing	 a	
homonym	(e.g.	The	glasses	fell	on	the	floor	and	broke)	that	was	accompanied	either	by	a	cospeech	iconic	
gesture,	 or	 no	 gesture.	 Children	were	 then	 given	 pictures	 that	 depicted	 the	 dominant	 and	 subordinate	
senses	of	the	homonym	and	asked	to	choose	which	sense	the	speaker	referred	to.	Our	results	show	that	
children	often	had	a	preference	for	one	of	the	senses	of	the	homonyms,	regardless	whether	this	dominant	
sense	was	accompanied	by	a	gesture.	 In	contrast,	 the	presence	of	 iconic	gestures	 significantly	 increased	
children’s	preference	for	the	subordinate	senses	of	homonyms.	The	results	 indicate	that	children	benefit	
from	 speakers’	 gestures	 selectively,	 only	 using	 them	 to	 comprehend	 senses	 that	 they	would	 otherwise	
ignore.	 Seeing	 different	 homonym	 senses	 represented	 in	 gesture	 might	 help	 young	 children	 better	
understand	 that	one-to-many	mappings	 are	possible	 in	 language,	 and	allow	 them	 to	 zoom	 in	on	 senses	
that	they	have	not	yet	fully	acquired.	
References	
Holle,	 H.,	 &	 Gunter,	 T.	 C.	 (2007).	 The	 role	 of	 iconic	 gestures	 in	 speech	 disambiguation:	 ERP	 evidence.	
Journal	of	Cognitive	Neuroscience,	19,	1175-1192.	
Kidd,	E.,	&	Holler,	J.	(2009).	Children’s	use	of	gesture	to	resolve	lexical	ambiguity.	Developmental	Science,	
12,	903-913.	
	
	
	
SS2.AUD.2	 Identifying	 linguistic	 and	 neural	 levels	 of	 interaction	 between	 gesture	 and	 speech	
during	comprehension	using	EEG,	fMRI	and	TMS	
	
Henning	Holle	
University	of	Hull,	UK	
	
Conversational	 gestures	 are	 hand	 movements	 that	 co-occur	 with	 speech	 but	 do	 not	 appear	 to	 be	
consciously	produced	by	the	speaker.	The	role	that	these	gestures	play	in	communication	is	disputed,	with	
some	 arguing	 that	 gesture	 adds	 only	 little	 information	 over	 and	 above	 what	 is	 already	 transmitted	 by	
speech	alone.	My	own	work	has	provided	strong	evidence	for	the	alternative	view,	namely	that	gestures	
add	 substantial	 information	 to	 the	 comprehension	process.	One	 level	 at	which	 this	 interaction	between	
gesture	 and	 speech	 takes	 place	 seems	 to	 be	 semantics,	 as	 indicated	 by	 the	N400	 of	 the	 Event	 Related	
Potential.	I	will	also	present	evidence	for	a	syntactic	interaction	between	gesture	and	speech	(as	indexed	
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by	the	P600	component).	Finally,	I	will	present	evidence	suggesting	that	the	left	inferior	frontal	gyrus	and	
left	 posterior	 temporal	 lobe	 are	 crucial	 components	 of	 the	 brain	 network	 for	 co-speech	 gesture	
comprehension.	These	findings	are	consistent	with	the	 idea	that	these	areas	play	a	 joint	role	 in	gesture-
speech	 integration,	 with	 IFG	 regulating	 strategic	 semantic	 access	 via	 top-down	 signals	 acting	 upon	
temporal	storage	areas.	
	
	
	
SS2.AUD.3	Virtual	Reality:	A	Promising	Method	for	the	Study	of	Multimodal	Communication	
	
David	Peeters	
Tilburg	University,	the	Netherlands	
	
Virtual	 Reality	 (VR)	 technology	 is	 increasingly	 used	 as	 a	 tool	 for	 psychological	 research.	 In	 the	 language	
sciences,	however,	its	use	has	long	remained	virtually	non-existent.	In	this	talk,	I	will	argue	that	immersive	
VR	 technology	 offers	 unique	 possibilities	 to	 answer	 fundamental	 questions	 about	 the	 neurocognitive	
mechanisms	supporting	the	production	and	comprehension	of	multimodal	 language	and	communication.	
More	 than	 other	 methods,	 immersive	 VR	 combines	 ecological	 validity,	 experimental	 control,	 and	
repeatability	in	experimental	settings.	Moreover,	as	a	mode	of	display,	it	can	relatively	easily	be	combined	
with	 the	 collection	 of	 EEG,	 eye	 tracking,	 and	 motion	 capture	 data	 to	 track	 online	 linguistic	 and	
communicative	processes.	I	will	discuss	ongoing	work	from	our	lab	that	shows	the	added	value	of	VR	in	the	
study	of	 i)	 the	 interplay	between	communicative	 intentions	and	actions	 in	the	production	of	multimodal	
deictic	 speech	 acts,	 and	 ii)	 the	 concurrent	 processing	 of	 facial	 expressions	 and	 speech	 in	 language	
comprehension.	
	
	
	
SS2.AUD.4	 Iconic	 representations	 of	 actions	 and	 objects:	 gestural	 biases	 and	 the	 emergence	 of	
patterns	in	sign	language	
	
Tessa	Verhoef	
University	of	Leiden,	the	Netherlands	
	
The	 bodily-visual	 modality	 affords	 the	 ability	 to	 iconically	 represent	 actions	 and	 objects	 with	 the	
movement	 and	 shape	 of	 the	 body	 and	 hands.	 In	 sign	 languages,	 related	 verbs	 and	 nouns	 can	 be	
distinguished,	for	instance,	in	their	manner	of	movement	or	iconic	handshapes.	This	talk	examines	whether	
nonsigners	are	sensitive	to	representational	strategies	in	natural	sign	languages	when	pairing	gestures	with	
actions	or	objects,	 and	how	 these	 initial	biases	may	drive	 the	emergene	of	patterns	 in	 conventionalized	
languages.	It	has	been	found	that	sign-naïve	gesturers	show	a	strong	preference	for	representing	actions	
with	"handling"	handshapes,	which	show	how	you	hold	the	object,	and	a	slight	preference	for	representing	
objects	with	"instrument"	handshapes,	which	show	the	shape	of	the	object,	an	encoding	strategy	that	also	
distinguishes	 verbs	 and	 nouns	 in	 ASL	 (Padden	 et	 al.,	 2015).	 In	 ASL,	movement	 patterns	 also	 distinguish	
related	verbs	and	nouns:	verbs	are	 formed	with	 longer/continuous	movements,	while	nouns	are	 formed	
with	 faster/constrained	 movements	 (Supalla	 &	 Newport,	 1978).	 Here,	 we	 showed	 1175	 (online)	
participants	pairs	of	videos	of	iconic	gestures,	and	asked	them	to	identify	each	video	as	representing	either	
an	action	(e.g.	"using	a	handsaw")	or	object	(e.g.	"a	handsaw").	When	movement	is	constant	across	videos	
and	 handshape	 varies,	 participants	 tend	 to	 map	 handling	 handshapes	 to	 actions	 and	 instrument	
handshapes	 to	 objects.	 When	 handshape	 is	 constant	 and	 movement	 varies,	 the	 expected	 movement	
preference	 is	 also	 found.	When	 both	 handshape	 and	movement	 vary	 between	 the	 videos,	 participants	
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weight	 their	 handshape	 preference	 over	 the	 preference	 based	 on	movement	 patterns.	 A	 second	 study	
investigates	the	interaction	between	these	biases	and	pressures	to	systematize	and	conventionalize	in	the	
learnability	of	artificial	languages.	Gestural	biases,	already	present	in	participants	who	have	no	experience	
with	sign	language,	is	found	to	influence	the	emergence	of	language-like	patterns.	
	
	
	
SS2.AUD.5	Future	directions	for	multimodality	research	
	
Beata	Grzyb	
University	College	London,	UK	
	
In	 the	 final	 session	of	 the	 symposium,	we	will	 highlight	 the	 importance	of	multimodal	 language	models	
across	 language	 research,	 asserting	 that	 a	multimodal	 model	 of	 language	 gives	 a	more	 comprehensive	
understanding	of	the	mechanisms	which	underlie	language	learning	and	processing.	Using	some	examples	
of	 computational	 models	 of	 multimodal	 behaviours,	 we	 will	 present	 possible	 future	 directions	 in	
multimodal	 language	 research:	 i)	 complex	 multimodal	 models,	 that	 account	 for	 several	 interacting	
behaviours,	and	ii)	how	language	as	a	multimodal	system	can	shed	light	on	the	cognitive	systems	beyond	
language.	 We	 will	 also	 argue	 that	 bringing	 together	 computer	 science	 and	 developmental	
psychology/cognitive	 science	 permits	 to	 combine	 the	 best	 of	 human	 learning	 and	 the	 best	 of	 machine	
learning	 in	 a	way	 that	 can	 benefit	 both.	 The	 results	 of	 empirical	 studies	 can	 guide	 the	 development	 of	
computational	 models	 for	 multimodal	 learning	 and	 processing	 in	 socially	 intelligent	 artificial	 agents.	
Computer	 science,	 in	 turn,	 can	 inform	 developmental	 psychology	 by	 generating	 explicit	 and	 embodied	
computational	hypothesis	of	how	and	why	different	cues	combine	in	language	learning	and	processing.	
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SS2.CIB	

10	Years	European	Summer	School	on	Computational	
Modelling	of	Cognition	

	
Cibeles	Room	

	
	

Chairs:	
	

Klaus	Oberauer	
University	of	Zurich	

Stephan	Lewandowsky	
University	of	Bristol	

Casimir	Ludwig	
University	of	Bristol	

Joachim	Vandekerckhove	
University	of	California,	Irvine	

Robert	French	
University	of	Bourgogne	

Simon	Farrell	
University	of	Western	Australia	

Lael	Schooler	
Syracuse	University	

Gordon	D.	A.	Brown	
University	of	Warwick	

	
	

	

Most	areas	of	cognitive	science	have	recognized	the	enormous	power	of	computational	and	mathematical	
models	for	explaining	human	behavior	and	have	embraced	the	rigorous	theorizing	that	modeling	permits.	
This	trend	comes,	however,	at	a	cost:	Even	established	researchers	find	it	difficult	to	acquire	the	skills	and	
knowledge	required	to	engage	in	modeling.	The	European	Summer	School	on	Computational	Modeling	of	
Cognition	 seeks	 to	 redress	 this	 problem	 by	 introducing	 young	 academics	 to	 the	 basic	 techniques	 of	
computational	and	mathematical	modeling.	Over	the	past	10	years	more	than	150	young	researchers	have	
attended	 five	 schools,	 in	 part	 funded	 by	 ESCoP.	 This	 symposium	 showcases	 some	 of	 the	 best	 work	 on	
computational	modelling	of	cognition	by	alumni	of	these	summer	schools.	
	
	
Speakers:	
	
David	Kellen	(Summer	School	2010)	
Alice	Mason	(Summer	School	2012)	
Anna-Lena	Schubert	(Summer	School	2014)	
Charley	Wu	(Summer	School	2016)	
Sophie	Scharf	(Summer	School	2018)	
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SS2.CIB.1	Testing	the	foundations	of	SDT	and	the	general	class	of	threshold	models	
	

David	Kellen	
Syracuse	University	
	

Signal	 Detection	 Theory	 (SDT)	 is	 one	 of	 the	most	 successful	 and	widely	 used	 theoretical	 frameworks	 in	
psychology.	At	 the	 core	of	 SDT	 is	 the	notion	 that	 choices	are	based	on	 the	evaluation	of	 samples	 taken	
from	distributions	established	on	a	latent-strength	continuum.	It	is	often	assumed	that	SDT	is	untestable	in	
its	most	general	form.	The	present	work	shows	that	this	untestability	notion	is	incorrect,	and	that	one	can	
actually	 establish	 strict	 tests	 on	 SDT	 using	 well-known	 theoretical	 results	 from	 the	 decision-making	
literature.	 These	 results	 also	 provide	 a	 way	 to	 construct	 yes-no	 ROCs	without	 the	 need	 for	 confidence	
judgments	 or	 response-bias	 manipulations.	 We	 conduct	 these	 tests	 in	 a	 series	 of	 experiments,	 which	
include	a	critical	comparison	of	SDT	with	the	general	class	of	high	and	low	threshold	models.	
	
	
	

SS2.CIB.2	Assessing	the	trade-off	between	memory	and	online	updating	in	retrospective	
evaluations	
	

Alice	Mason1,	Mark	Hurlstone1,	Geoff	Ward2,	Gordon	Brown3,	Simon	Farrell1	

1.	University	of	Western	Australia	
2.	University	of	Essex	
3.	University	of	Warwick	
	

Retrieving	samples	from	memory	is	a	critical	tool	for	decision-making.	We	introduce	incentive	compatible	
methods	 to	 investigate	 the	extent	 to	which	memory	predicts	 evaluation.	 In	 a	 series	of	 experiments,	we	
present	participants	with	a	sequence	of	monetary	values	and	ask	them	to	complete	both	a	free-recall	task	
and	a	willingness	to-pay	(WTP)	task.	Using	Bayesian	hierarchical	regression,	we	predict	WTP	from	both	the	
items	 that	 were	 recalled	 and	 those	 that	 were	 presented	 and	 discuss	 how	 the	 position	 of	 a	 value	 in	 a	
sequence	determines	evaluation.	Our	findings	indicate	that	when	participants	complete	both	memory	and	
evaluation	 tasks	 there	 is	 a	 cost	 to	 memory	 accuracy,	 but	 memory	 is	 still	 an	 effective	 strategy	 for	
performing	evaluation.	Participants	consistently	show	better	memory	for	the	highest	and	lowest	values	in	
a	 sequence.	 We	 also	 examined	 whether	 an	 item’s	 location	 (range	 and	 rank)	 in	 the	 distribution	 of	
encountered	values	predicts	participant’s	evaluations,	and	memory,	of	sequences.	
	
	
	

SS2.CIB.3	Mathematical	modeling	in	cognitive	psychometrics	
	

Anna-Lena	 Schubert1,	 Gidon	 T.	 Frischkorn1,2,	 Dirk	 Hagemann1,	 Veronika	 Lerche1,	 Mischa	 von	 Krause1,	
Andreas	Voss1,	Michael	D.	Nunez3,	Joachim	Vandekerckhove3	

1.	Heidelberg	University,	Heidelberg,	Germany	
2.	University	of	Zurich,	Zurich,	Switzerland	
3.	University	of	California,	Irvine,	USA	
	

The	measurement	of	 individual	differences	 in	parameters	of	cognitive	processes	allows	to	elaborate	and	
test	 hypotheses	 regarding	 the	 cognitive	 processes	 contributing	 to	 individual	 differences	 in	 higher-order	
cognition.	Moreover,	 it	 allows	 identifying	 cognitive	 endophenotypes	mediating	 the	 association	 between	
functional	 brain	 properties	 and	 higherorder	 cognitive	 abilities.	We	will	 demonstrate	 how	mathematical	
models	of	cognition	can	be	used	to	directly	quantify	individual	differences	in	specific	cognitive	processes.	
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In	particular,	we	will	present	results	from	two	studies	in	which	diffusion	models	were	used	to	shed	light	on	
cognitive	processes	underlying	individual	differences	in	intelligence.	In	the	first	study	with	125	participants,	
diffusion	modeling	was	used	to	reveal	domain-specific	correlations	between	drift	rates	and	intelligence.	In	
the	second	study	with	122	participants,	we	used	a	model-based	cognitive	neuroscience	approach	to	reject	
the	hypothesis	that	individual	differences	in	the	velocity	of	evidence	accumulation	mediate	the	association	
between	neural	processing	speed	and	cognitive	abilities.	
	
	
	

SS2.CIB.4	Navigating	Vast	Decision	Spaces	with	the	Principle	of	Generalization	
	
Charley	Wu	
Max-Planck	Institute	for	Human	Development,	Berlin,	Germany	
	
Abstract:	How	do	people	explore	the	vast	 (and	sometimes	 infinite)	decision	spaces	 that	define	our	 lives,	
where	 the	 number	 of	 possible	 can	 never	 be	 exhaustively	 explored?	Here	 the	 traditional	 explore-exploit	
dilemma	breaks	down,	because	the	question	is	not	“when”	but	“where”	to	explore.	Using	bandit	tasks	with	
up	to	121	arms,	we	study	how	humans	search	for	rewards	under	limited	search	horizons,	where	the	spatial	
correlation	 of	 rewards	 (in	 both	 artificial	 and	 natural	 environments)	 provides	 traction	 for	 generalization.	
Across	27	different	models,	we	find	that	Gaussian	Process	function	learning	—combined	with	an	optimistic	
Upper	Confidence	Bound	sampling	strategy—	provides	a	robust	model	for	how	humans	use	generalization	
to	guide	search.	Our	modelling	results	and	parameter	estimates	are	recoverable	and	suggest	a	systematic	
—yet	sometimes	beneficial—	tendency	towards	undergeneralization.	These	results	have	been	replicated	in	
a	number	of	 follow-up	studies,	where	we	study	risky	search,	developmental	changes	 in	exploration,	and	
search	in	non-spatial	domains.	
	
	
	

SS2.CIB.5	Coherence	Effects	on	Information	Search:	The	Influence	of	Attractiveness	Ratings	
	
Sophie	Scharf1,	Marc	Jekel2,	Arndt	Bröder,	Andreas	Glöckner2	
1.	University	of	Mannheim,	Germany	
2.	University	of	Cologne,	Germany	
	
The	 integrated	 coherence-based	 decision	 and	 search	 (iCodes)	model	 predicts	 that	 information	 search	 in	
multi-attribute	decisions	is	not	only	influenced	by	the	cues’	validities	but	also	by	the	attractiveness	of	the	
options.	In	order	to	clarify	the	mechanisms	of	the	assumed	search	process,	we	manipulated	the	influence	
of	attractiveness	on	information	search	in	an	experiment	by	asking	half	of	the	participants	to	rate	options’	
attractiveness	in	a	half-open	mouse	lab	task.	Indeed,	rating	options’	attractiveness	before	search	increased	
the	tendency	to	search	for	the	more	attractive	option.	In	addition	the	manipulation	affected	a	parameter	
representing	the	relative	weight	of	attractiveness	compared	to	validity	in	the	information	search	process.	
The	 results	 of	 this	 project	 showed	 that	 the	 attractiveness	 of	 the	 options	 is	 an	 important	 factor	 in	
information	 search	 and	 that	 the	 iCodes	model	 is	 able	 to	 capture	 the	 individual	 role	 of	 attractiveness	 in	
information	search	in	an	individually	fitted	model	parameter.	
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SS2.EST	

From	Monkey	to	Man	—	100	Years	of	
Problem	Solving	Research	Since	Wolfgang	Köhler	

	
	

Estambul	Room	
	
	

Chair:	
	

Amory	H.	Danek	
Heidelberg	University,	Germany	

	
	
	
In	 Puerto	 de	 la	 Cruz,	 Tenerife,	 Wolfgang	 Köhler	 initiated	 research	 on	 insight	 problem	 solving	 with	 his	
chimpanzee	studies	at	the	anthropoid	station	of	the	Prussian	Academy	of	Sciences.	Now,	100	years	later,	
the	annual	ESCoP	meeting	offers	the	chance	to	review	the	progress	made	since	Köhler’s	groundbreaking	
work.	This	 international	symposium	brings	 together	researchers	 from	Germany,	Russia,	USA	and	the	UK.	
Contributions	are	focused	on	a	modern	formulation	of	the	Gestalt	theory	of	structural	change	(Ohlsson),	
the	 neural	 mechanisms	 of	 learning	 via	 insight	 (Kizilirmak),	 on	 the	 dynamics	 of	 working	 memory	
contributions	(Korovkin),	on	the	function	of	metacognitive	triggers	in	creative	design	(Ball)	and	on	the	tip-
of-the-tongue	experience	(Metcalfe).	This	symposium	aims	to	foster	communication	between	researchers	
from	different	countries	and	disciplines	while	at	the	same	time	honoring	the	contribution	of	the	founding	
father	of	insight	research.	
	
	
	
	
	
	
	
Speakers:	
	
Stellan	Ohlsson	
Jasmin	M.	Kizilirmak	
Sergei	Korovkin	
Janet	Metcalfe	
Linden	J.	Ball	
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SS2.EST.1	Cognitive	structures:	What	can	we	say	about	them	a	century	later?	
	
Stellan	Ohlsson	
University	of	Illinois	at	Chicago,	USA	
	
The	Gestalt	psychologists	are	known	for	 the	hypothesis	 that	 the	passage	 from	one	structure	to	another,	
‘better’	structure	is	a	principle	with	great	explanatory	power	and	scope,	from	perception	and	memory	to	
insight	 problem	 solving.	 Although	 the	 American	 and	 British	 discipline	 of	 experimental	 research	 into	
cognition	recognize	their	contribution,	actual	theorizing	in	this	discipline	is	atomistic	and	reductionistic	in	
character,	 assuming	 that	 complex	 cognitive	 structures	 are	 built	 bottom-up	 from	 simpler	 cognitive	
structures.	 In	 this	 view	 of	 cognition,	 the	 structural	 concept	 central	 to	Gestalt	 psychology	 has	 no	 logical	
place.	 Meanwhile,	 developments	 in	 evolutionary	 biology	 and	 physics	 have	 developed	 their	 own	
formulations	of	the	idea	that	the	completion	of	a	structure	is	an	event	of	explanatory	power.	I	will	review	
the	 latter	 developments	 to	 seek	 a	modern,	 consistent	 formulation	 of	 the	Gestalt	 idea	which	 allows	 the	
Gestalters’	 main	 conceptual	 contribution	 to	 take	 its	 place	 at	 the	 center	 of	 contemporary	 research	 on	
cognition.	
	
	
	
SS2.EST.2	Learning	of	novel	semantic	relationships	via	sudden	comprehension	is	associated	with	a	
hippocampus-independent	network	
	
Jasmin	M.	Kizilirmak,	Björn	H.	Schott,	Kristian	Folta-Schoofs,	Alan	Richardson-Klavehn	
Hildesheim	University,	Germany,		
	
100	years	ago,	the	Gestalt	psychologists	already	proposed	that	learning	via	sudden	insight	during	problem	
solving	 should	 facilitate	 memory	 encoding	 compared	 to	 more	 gradual	 problem	 solving.	 Recent	 studies	
support	 this	 claim	 by	 showing	 behavioral	 evidence	 for	 facilitated	 long-term	 memory	 formation	 when	
problems	are	solved	via	insight.	However,	much	less	is	known	about	the	neural	mechanisms	of	learning	via	
insight.	This	talk	will	present	accumulating	evidence	showing	that	learning	via	insight—or,	more	generally,	
sudden	 comprehension—seems	 to	 represent	 a	 special	 case	 of	 learning	 also	 from	 a	 neuroscientific	
perspective.	 Insight	 during	 problem	 solving	 has	 been	 repeatedly	 linked	 to	 an	 activation	 of	 the	
hippocampus.	 However,	 although	 this	 structure	 is	 known	 to	 play	 a	 crucial	 role	 in	 long-term	 memory	
formation,	 it	seems	not	to	be	part	of	the	network	associated	with	its	encoding	benefit.	We	present	fMRI	
data	 suggesting	 that	 learning	 via	 sudden	 comprehension	 is	 mediated	 by	 a	 medial	 prefrontal	 cortex	
dependent	network.	
	
	
	
SS2.EST.3	Uncovering	insight	using	working	memory	dynamics	
	
Sergei	Korovkin,	Ilya	Vladimirov,	Alexandra	Chistopolskaya,	Anna	Savinova	
Demidov	Yaroslavl	State	University,	Russia	
	
We	 theorize	 that	 specific	 insight	 mechanisms	 require	 varying	 working	 memory	 capacities	 at	 different	
stages	of	the	problem	solving	process.	Our	study	employed	a	dual	task	paradigm	to	track	the	dynamics	of	
working	memory	 load	during	problem	solving	by	measuring	 the	 reaction	 time	 in	a	secondary	probe-task	
during	the	different	stages	of	problem	solving.	The	results	indicated	that	the	dynamics	of	working	memory	
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load	in	insight	problems	differs	from	those	in	non-insight	problems.	The	solution	of	a	non-insight	problem	
is	primarily	associated	with	the	working	memory	control	system,	while	 insight	problems	rely	on	relevant	
storage	systems.	Our	results	confirm	that	insight	requires	access	to	different	systems	of	working	memory	
throughout	the	solution	process.	We	claim	that	insight	problem	solving	requires	working	memory	storage	
during	the	entire	problem	solving	process	and	that	the	control	system	plays	an	important	role	just	prior	to	
the	solution.	
	
	
	
SS2.EST.4	Insight	and	the	Tip-of-the-Tongue	experience	
	
Janet	Metcalfe	
Columbia	University,	New	York,	USA	
	
I	 will	 explore	 the	 similarities	 in	 people’s	 experiences	 of	 insight	 problem	 solving	 and	 tip-of-the-tongue	
resolution.	 In	 both	 cases,	 at	 the	 outset,	 the	 answer	 is	 unknown	 but	 there	 is	 a	 strong	 premonition	 that	
solution	 is	 imminent.	 The	 feeling	 state	 during	 efforts	 to	 solve	 is	 unpleasant,	 and	 obsessive.	 There	 is	
little/no	 increase	 in	 the	 feeling	 of	 warmth	 prior	 to	 solution.	 Blockers	 are	 frequently	 experienced,	 but	
although	they	may	bear	semblance	to	the	answer,	the	person	knows,	definitively,	that	they	are	wrong.	The	
answer	 clicks	 into	 place	 suddenly,	 and	 the	 person	 has	 high	 confidence	 in	 its	 correctness.	 Although	 the	
individual	may	have	invested	great	effort	in	solving,	they	do	not	experience	themselves	as	a	causal	agent.		
Instead,	in	both	insight	and	TOTs,	the	answer	appears	to	come	of	its	own	volition,	accompanied	by	a	rush	
of	 positive	 affect	 and	 a	 feeling	 of	 grace	 which	 may	 motivate	 curiosity	 and	 drive	 further	 quests	 for	
understanding.	
	
	
	
SS2.EST.5	Uncertainty	as	a	metacognitive	trigger	for	strategy	change	in	complex	problem	solving	
	
Linden	J.	Ball	
University	of	Central	Lancashire,	UK	
	
Real-world	 domains	 of	 human	 problem	 solving	 (e.g.,	 innovative	 design,	 scientific	 discovery	 and	 literary	
accomplishment)	are	often	associated	with	problems	that	are	illdefined,	complex	and	multi-faceted.	Such	
problems	frequently	give	rise	to	the	experience	of	high	levels	of	uncertainty	by	the	problem	solver	given	
that	the	way	forward	is	unclear	and	elusive.	Emerging	evidence	suggests	that	heightened	uncertainty	may	
act	as	a	“metacognitive	 trigger”,	promoting	changes	 in	productive	 thinking	 that	can	engender	successful	
solutions.	I	present	Illustrative	examples	of	such	metacognitive	cueing	of	strategy	change	that	arise	in	the	
domain	of	design	problem	solving.	I	focus	especially	on	designers’	deployment	of	analogical	reasoning	and	
mental	simulation	as	useful	strategies	that	can	resolve	uncertainty	and	promote	creative	insight.	I	conclude	
by	 arguing	 for	 the	 importance	 of	 achieving	 a	 deeper	 understanding	 of	 metacognitive	 monitoring	 and	
control	as	key	elements	of	a	comprehensive	theoretical	account	of	complex	problem	solving.	
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SS2.ATE	

Peripersonal	Space	Representation	in	
Individual	and	Social	Contexts	

	
Atenas	Room	

	
	

Chair:	
	

Yann	Coello	
University	of	Lille,	France	

	
	
	
Peripersonal	space	(PPS)	is	a	multisensory	representation	of	the	environment	around	the	body	in	relation	
to	the	motor	system,	which	underlies	interactions	with	the	physical	and	social	world.	Although	a	wealth	of	
studies	have	highlighted	the	specific	contribution	of	the	body	to	the	representation	of	peripersonal	space,	
little	is	known	about	how	the	characteristics	of	the	environment	and	the	social	context	contribute	also	to	
the	representation	of	peripersonal	space.	In	this	context,	the	objective	of	this	symposium	is	to	provide	new	
insights	into	the	mechanisms	contributing	to	representing	peripersonal	space	and	how	this	representation	
influences	the	processing	of	physical	and	social	stimuli	in	the	environment.	
	
	
	
	
	
	
Speakers:	
	
Tina	Iachini	
Francesca	Frassinetti	
Yann	Coello	
Alessandro	Farnè	
Berenice	Valdés-Conroy	
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SS2.ATE.1	Collision	prediction	in	peripersonal	space:	the	effect	of	spatio-temporal	information	and	
materials	of	moving	objects	
	
Tina	Iachini1,	Francesco	Ruotolo2	&	Gennaro	Ruggiero1	
1.	University	of	Campania	“Luigi	Vanvitelli”	
2.	University	of	Lille,	Nord	de	France	
	
Being	 able	 to	 predict	 collisions	 is	 a	 fundamental	 survival	 prerequisite	 for	 all	 moving	 species,	 especially	
when	events	occur	near	organisms.	Here	we	explore	whether	 the	peripersonal	 (near)	and	extrapersonal	
(far)	distance	between	our	body	and	the	moving	objects	affects	the	capacity	to	predict	collisions.	 In	two	
experiments	we	manipulated	velocity	and	trajectory	of	two	balls	moving	towards	each	other	in	the	fronto-
parallel	 plane	 at	 a	 peripersonal/extrapersonal	 distance	 in	 such	 a	 way	 as	 to	 collide	 or	 not.	 In	 a	 third	
experiment	 we	 manipulated	 the	 materials	 from	 which	 the	 balls	 were	 made:	 glass	 vs	 gum.	 The	 results	
showed	a	lower	discrimination	capacity	and	more	false	alarms	when	the	moving	balls	had	different	velocity	
in	peripersonal	rather	than	extrapersonal	space.	This	tendency	to	erroneously	predict	collisions	was	higher	
with	 glass	 than	 rubber	 balls	 in	 peripersonal	 space.	 The	 possible	 link	 between	 the	 anticipatory	 safety	
function	of	peripersonal	space	and	collision	prediction	is	discussed.	
	
	
	
SS2.ATE.2	Time	in	the	reachable	space:	tool-use	effect	on	time	processing	in	right	brain	damaged	
patients	
	
Francesca	Frassinetti1,2	Stefano	Avanzi2	&	Michela	Candini1	
1.	University	of	Bologna,	Bologna,	Italy.	
2.	Fondazione	Salvatore	Maugeri	Hospital	IRCCS,	Mantova,	Italy	
	
Considering	 the	 link	 between	 time	 and	 spatial	 representation	 based	 on	 action	 potentiality,	 we	 have	
investigated	 if	 right	 brain	 damage	 (RBD)	 patients	 with	 a	 spatial	 attentional	 deficit	 involving	 selectively	
reachable	 or	 unreachable	 space,	 show	 a	 temporal	 deficit	 in	 the	 affected	 portion	 of	 space	 and	 if	 such	
dissociation	disappears	after	 tool-use	 training,	 inducing	a	 remapping	of	unreachable	as	 reachable	 space.	
Healthy	participants	and	RBD	patients	performed	a	Landmark	task	and	Time	Bisection	task.	Stimuli	were	
horizontal	 lines	of	different	durations,	bisected	by	a	transector	at	different	spatial	positions.	Participants	
judged	which	end	of	the	line,	 left	or	right,	the	transector	was	closer	to	(Landmark	task)	and	the	stimulus	
duration	 (Time	 Bisection	 task).	 Participants	 performed	 both	 tasks,	 in	 reachable	 and	 unreachable	 space,	
before	 and	 after	 a	 tool-use	 training.	 Results	 highlight	 the	 role	 of	 the	 right	 hemisphere	 in	 time	
representation	accordingly	with	action	potentialities	of	space	and	the	plasticity	of	such	a	representation.	
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SS2.ATE.3	The	representation	of	peripersonal	space	depends	on	the	outcome	of	executed	and	
observed	motor	actions	
	
Maria	Francesca	Gigliotti1,	Patricia	Soares	Coelho1,2	,	Joana	Coutinho2	&	Yann	Coello1	
1.	University	of	Lille,	CNRS,	UMR	9193	-	SCALab	-	Lille,	France.	
2.	University	of	Minho,	Braga,	Portugal.	
	
Peripersonal	space	(PPS)	is	a	multisensory	representation	of	the	environment	around	the	body	in	relation	
to	 the	 motor	 system,	 underlying	 the	 interactions	 with	 the	 physical	 and	 social	 world.	 Little	 is	 known	
however	 about	 how	 intrinsic	 objects	 value	 in	 social	 contexts	 influences	 the	 representation	 of	 PPS.	 In	 a	
series	of	experiments,	we	tested	the	effect	of	modifying	the	spatial	distribution	of	reward	yielding	targets	
on	a	manual	target	selection	task	and	peripersonal	space	representation.	We	found	that	when	performing	
a	 target	 selection	 task	 in	 a	 social	 cooperation	 context,	 individuals	 prioritized	 targets	 located	 in	 their	
proximal	 space,	 avoiding	 invading	 others’	 PPS.	 Despite	 the	 reduction	 of	 the	 individual	 workspaces,	 the	
target	 selection	 task	 induced	 an	 expansion	 of	 PPS	 representation,	 which	 was	 not	 observed	 when	
participants	performed	the	 task	alone,	or	 in	 the	presence	of	a	passive	confederate.	The	effect	was	even	
more	pronounced	 in	 the	presence	of	 a	biased	distribution	of	 reward-yielding	 target	 towards	one	of	 the	
confederates.	 We	 conclude	 that	 reward-dependent	 modulation	 of	 objects	 values	 in	 the	 environment	
modifies	 the	 representation	 of	 peripersonal	 space,	 when	 resulting	 from	 either	 self-generated	 motor	
actions	or	observation	of	motor	actions	performed	by	a	confederate.	
	
	
	
SS2.ATE.4	Social	dimension	of	peripersonal	space	
	
Fadila	Hadj-Bouziane,	Audrey	Dureux,	Elvio	Blini,	Laura	Grandi,	Claudio	Brozzoli	&	Alessandro	Farnè	
Lyon	Neuroscience	Research	Center	-	ImpAct	Team,	France	
	
Living	in	our	social	world	requires	flexible	adjustments	of	the	distances	to	maintain	with	respect	to	others.	
Such	 adjustments	 are	 tightly	 linked	 to	 our	 perceptual	 discriminative	 abilities	 that	 could	 be	 affected	
depending	on	the	distance	from	the	perceiver.	We	will	present	findings	aimed	at	better	understanding	how	
social	 information	modulates	discrimination	abilities	 in	different	 regions	of	 space.	Our	 results	 show	 that	
participants	 are	 faster	 to	 discriminate	 males	 from	 female	 faces	 when	 they	 are	 presented	 at	 closer	
distances,	 even	 when	 farther	 faces	 appeared	 bigger	 than	 closer	 ones.	 Thus,	 the	 recently	 reported	
improvement	 in	 perceptual	 processing	 for	 PPS	 stimuli	 (Blini	 et	 al.,	 2018)	 extends	 to	 social	 stimuli.	
Modelling	 the	 spatial	 distribution	 of	 face	 discrimination	 abilities	 in	 depth,	 together	 with	 the	 effect	 of	
distance	 and	 emotional	 valence	 on	 physiological	 measures	 and	 personality	 traits,	 will	 help	 clarify	 the	
influence	of	social	information	on	the	processing	of	stimuli	in	the	PPS.	
	
	
	
SS2.ATE.5	Brain	activation	correlates	during	the	visual	processing	of	threat	in	individual	and	social	
space	
	
Berenice	Valdés-Conroy	
Universidad	Complutense	de	Madrid,	Spain	
	
This	research	was	completed	to	study	the	influence	of	social	context	during	the	visual	processing	of	objects	
in	near	(peripersonal)	and	far	(extrapersonal)	space.	Threatening	and	non-threatening	pictures	of	objects	
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were	 presented	 at	 nine	 different	 positions	 displayed	 on	 a	 52”	 inch-long	 screen	 placed	 orthogonally	 to	
participants’	location.	The	electrical	brain	response	was	measured	while	participants	indicated	whether	the	
objects	were	near	enough	to	be	reached	or	not	(reaching	distance	estimation	task).	In	one	block	of	trials,	
participants	performed	the	task	alone	while	in	another	block	the	experimenter	sat	at	the	opposite	side	of	
the	digital	surface.	The	analyses	of	behavioral	responses	replicated	previous	effects	with	faster	responses	
to	objects	presented	in	Near-space.	Additionally,	a	3-way	significant	interaction	(Location	x	Threat	x	Social	
Context)	 showed	 that	 when	 performing	 the	 task	 in	 individual	 context,	 affective	 properties	 of	 objects	
modulated	 the	 speed	of	 response	 in	Nearspace	but	not	 in	Far-space.	Response	 to	 threating	objects	was	
significantly	 faster	 than	 to	nonthreatening	objects.	However,	when	 the	experimenter	was	 located	at	 the	
opposite	side	of	screen	(Social	context)	the	same	effect	of	threat	was	observed	but	this	time	in	Far-space	
(Near	the	other).	Event	Related	Analyses	of	the	electrical	brain	response	(ERPs)	replicated	also	main	effects	
in	a	negative	component	around	100ms	after	stimulus	onset	(N1)	observed	over	occipital	regions	and	that	
is	 frequently	 associated	 to	 early	 visual	 processing.	 Consistent	 with	 previous	 evidence,	 N1	 showed	
significantly	 faster	 latencies	 and	greater	 amplitudes	 for	objects	presented	 in	Near-space.	 This	 effect	has	
been	 previously	 interpreted	 as	 evidence	 in	 support	 for	 a	 vision-for-action	 type	 of	 processing	within	 the	
dorsal	visual	stream.	Significant	modulations	from	social	context	and	threat	interaction	were	observed	at	
later	stages	of	processing	between	300	and	600	ms	with	different	temporal	and	topographical	distributions	
for	Near	and	Far	space.	In	sum,	the	results	provide	new	evidence	about	the	effect	of	social	variables	in	the	
representation	 of	 egocentric	 space	 and	 the	 space	 of	 others.	 We	 discussed	 these	 findings	 from	 an	
embodied	 cognition	perspective	 focusing	on	 its	 possible	 implications	 in	 the	mechanisms	 involved	 in	 the	
empathic	response.	
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SS2.StT	

The	Psychology	of	Human	Habits	
	

Saint	Tropez	Room	
	
	

Chair:	
	

David	Luque	
Universidad	Autónoma	de	Madrid	

	
	
	
Goal-directed	and	habit	systems	shape	reward-related	learning	and	decision	making.	Animal	research	has	
been	 very	 successful	 at	 unveiling	 the	 neuro-cognitive	 processes	 underlying	 the	 operation	 of	 these	 two	
systems	and	 their	possible	 interactions.	Recent	years	have	seen	a	continuing	surge	of	 interest	 in	human	
habitual	 behavior	 from	 basic	 and	 neuroscientific	 research,	 also	 from	 applied	 and	 clinical	 contexts.	 This	
recent	work	has	offered	very	promising	outcomes,	but	many	questions	remain	unsolved	and	critic	voices	
have	 arisen	 to	 point	 out	methodological	 shortcomings	 and	 important	 theoretical	 gaps.	 This	 symposium	
includes	papers	that	represent	critics	to	the	state-of-the-art,	and	also	innovative	approaches	to	the	study	
of	human	habit	system.	These	presentations	also	cover	the	study	of	 individual	differences	in	the	balance	
between	goal-directed	and	habit	systems.	Together	these	presentations	will	represent	a	very-needed	step	
forward	in	human	habit	research.	Discussion	will	help	to	build	the	conceptual	and	theoretical	basis	for	the	
future	of	the	field.	
	
	
	
	
	
	
Speakers:	
	
Jan	De	Houwer	
Sanne	de	Wit	
Gonzalo	P.	Urcelay	
Felisa	González	
Pedro	L.	Cobos	
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SS2.StT.1	Why	habit	research	is	a	mess	
	
Jan	De	Houwer	
Ghent	University,	Belgium	
	
Research	on	habits	suffers	from	conceptual,	methodological,	and	theoretical	problems.	At	the	conceptual	
level,	different	people	use	the	term	“habit”	 in	different	ways.	Different	definitions	do	not	overlap,	which	
often	 leads	 to	 misunderstandings	 between	 people	 who	 use	 the	 term	 in	 different	 ways.	 At	 the	
methodological	level,	it	is	difficult	to	establish	that	a	behavior	meets	the	criteria	of	a	habit	(e.g.,	that	it	is	
automatic	or	not	a	function	of	its	consequences).	Moreover,	virtually	all	habit	research	includes	a	confound	
between	 the	 frequency	 and	 recency	 of	 behavior.	 At	 the	 theoretical	 level,	 habit	 research	 remains	
dependent	on	 simplistic	 S-R	association	 formation	 theories	 that	are	known	 to	be	grossly	 inadequate	 for	
explaining	learning	in	humans.	I	explore	potential	solutions	for	each	of	these	problems.				
	
	
	
SS2.StT.2	 Neural	 Correlates	 of	 the	 Ability	 to	 Form	 a	 Real-World	 Routine	 –	 a	 Diffusion	 Tensor	
Imaging	investigation	
	
Sanne	de	Wit		
University	of	Amsterdam	
	
Even	small	changes	in	daily	routines	can	have	major	health	benefits,	and	it	is	important,	therefore,	to	gain	
insight	into	why	some	people	succeed	in	changing	their	behavior	while	other	fail.	To	this	end,	77	healthy,	
young	volunteers	underwent	magnetic	resonance	imaging	with	diffusion	tensor	imaging,	and	subsequently	
formed	the	real-world	routine	of	taking	a	(placebo)	pill	daily	during	three	consecutive	weeks.	We	show	that	
their	ability	to	form	this	routine	was	related	to	individual	differences	in	white-matter	connectivity	between	
striatal	 and	 prefrontal	 regions	 that	 have	 been	 proposed	 to	 support	 prospective	memory	 and	 executive	
function.	We	also	investigated	the	subjective	automatization	of	pill	 intake,	and	found	that	this	correlated	
negatively	with	corticostriatal	tracts	that	have	previously	been	implicated	in	flexible,	goal-directed	action.	
Furthermore,	 we	 related	 pill	 intake	 and	 subjective	 automatization	 to	 individual	 differences	 in	
conscientiousness,	 lifestyle	 regularity,	 and	 vulnerability	 to	 ‘slips	 of	 action’	 as	 measured	 with	 a	
computerized	task.			
	
	
	
SS2.StT.3	Delayed	rewards	promote	habits	
	
Gonzalo	P.	Urcelay1,	Selina	Chadha1,	Sietse	Jonkman2,	Anushka	Fernando3	&	Omar	D	Perez4	

1.	University	of	Leicester,	UK	
2.	The	Boston	Consulting	Group,	US	
3.	University	College	London,	UK	
4.	California	Institute	of	Technology,	US.		
	
Instrumental	behaviour	can	be	goal-directed	or	habitual,	depending	on	amount	of	 training,	 schedules	of	
reinforcement,	 and	 the	 use	 of	 choice	 procedures.	 We	 will	 present	 data	 from	 rodents	 and	 humans	
suggesting	 that	another	 factor,	 a	delay	between	action	and	outcome,	 can	 facilitate	habit	 formation.	We	
trained	 rats	 to	 lever-press	 for	 pellets	 presented	 immediately	 or	 20	 sec	 later.	 Following	 outcome	
devaluation,	 we	 observed	 devaluation	 with	 immediate	 rather	 than	 delayed	 rewards.	 In	 humans,	 we	



Symposia:	Session	2.	Friday	27th	11:30-13:10	 ESCoP	2019.	Symposium	abstracts	
_______________________________________________________________________________________________ 	

	

	 43 

developed	a	task	in	which	participants	purchased	shares	of	different	companies,	with	the	feedback	of	each	
action	 presented	 immediately	 after	 a	 purchase,	 or	 5	 sec	 later.	 We	 then	 revalued	 the	 companies	 by	
informing	 participants	 that	 the	 company	 had	 crashed	 (or	 was	 doing	 better).	 We	 observed	 significant	
revaluation	with	immediate	outcomes,	but	not	when	these	were	delayed.	Because	human	actions	are	most	
often	 than	not	 followed	by	delayed	consequences,	 these	 results	have	 important	 implications	 for	human	
cognition.			
	
	
	
SS2.StT.4	Individual	differences	in	the	effect	of	outcome	devaluation	on	action	control	and	
selection:	the	role	of	emotional	impulsiveness	
	
Felisa	González	&	Irene	Hinojosa	
University	of	Granada,	Spain	
	
Adaptive	control	of	behavior	and	action	selection	requires	updating	 the	predicted	 incentive	value	of	 the	
outcome.	The	effectiveness	of	this	flexible	change	in	its	representation	of	and	its	integration	with	action-
outcome	 learning	may	 be	 estimated	 through	 the	 outcome	devaluation	 procedure.	 The	 effect	 of	 CS+	 on	
action	selection	may	also	be	assessed	through	the	interaction	between	cue-outcome	and	action-outcome	
learning,	by	means	of	the	Pavlovian-to-Instrumental	transfer	effect.		Currently,	there	is	an	ongoing	debate	
about	whether	the	outcome-specific	PIT	effect	 is	based	more	on	the	activity	of	the	habit	system	than	on	
the	 goal-directed	 one.	 Discrepancy	 in	 results	 has	 been	 usually	 explained	 appealing	 to	 procedural	
differences	that	may	encourage	participants	to	use	a	more	cognitive	strategy.	We	suggest	that,	using	the	
same	 task,	 action	 control	 selection	may	 be	 controlled	more	 by	 the	 habitual	 or	 the	 goal-directed	 action	
systems	 depending	 on	 individual	 differences	 that	 have	 been	 linked	 to	 failures	 in	 automatic-implicit	
emotion	regulation.		
	
	
	
SS2.StT.5	Exploring	the	relationship	between	avoidance	habit	acquisition	and	intolerance	of	un-
certainty	
	
Pedro	L.	Cobos	
University	of	Málaga,	Spain	
	
In	 our	 laboratory,	 we	 have	 explored	 the	 relationship	 between	 individual	 differences	 in	 avoidance	 habit	
acquisition	and	intolerance	of	uncertainty	in	healthy	population.	One	of	our	results	is	that	scoring	high	in	
intolerance	of	uncertainty	is	positively	related	to	insensitivity	to	the	devaluation	of	outcome	aversiveness.	
This	relationship	remained	significant	even	when	controlling	for	trait	anxiety.	Of	note,	we	did	not	find	any	
relationship	 between	 intolerance	 of	 uncertainty	 and	 insensitivity	 to	 outcome	 aversiveness	 in	 a	 control	
group	 who	 received	 avoidance	 training	 with	 two	 aversive	 outcomes	 of	 different	 intensities	 during	 the	
whole	 training	process.	Although	 these	 results	 do	not	necessarily	 speak	by	 themselves	of	 a	 relationship	
between	 intolerance	 of	 uncertainty	 and	 avoidance	 habit	 acquisition,	 they	 suggest	 that	 high	 intolerant	
individuals	may	be	more	vulnerable	to	acquiring	avoidance	habits	in	the	long	term.	
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SS2.TAR	
The	Multifaceted	Manifestations	of	Autobiographical	Memory:	

From	Severely	Deficient	to	Highly	Superior	Performance,	Passing	Through	
Normal	Functioning	

	
Tarraco	Room	

	
	

Chairs:	
	

Valerio	Santangelo	
University	of	Perugia,	Italy	

Daniela	J.	Palombo	
University	of	British	Columbia,	Canada	

	
	
Remembering	one’s	 own	past	 is	 a	 core	human	ability,	 typically	 referred	 to	 as	 autobiographical	memory	
(AM).	Cognitive	processes	 and	brain	 systems	underlying	AM	have	been	 classically	 investigated	either	by	
studying	normal	functioning	in	neurotypical	subjects	or	impaired	functioning	in	patients	with	neurological	
or	 psychiatric	 deficits.	 Recent	 lines	 of	 research	 offer,	 instead,	 the	 opportunity	 to	 investigate	 AM	 in	
extremely	 rare	 individuals	 that	 showed	 either	 severely	 deficient	 autobiographical	memory	 (SDAM)	 –	 in	
absence	of	any	brain	impairment	–	or	highly	superior	autobiographical	memory	(HSAM).	This	symposium	
will	 take	 inspiration	 from	 these	 recent	 findings	 to	 highlight	 the	 multifaceted	 conditions	 of	 individual	
differences	 in	AM,	 ranging	 from	 those	observed	 in	 neurotypical	 populations,	moving	 to	 impaired	AM	 in	
pathological	 conditions,	 to	 conditions	 of	 selective	 enhanced	 (HSAM)	 or	 selective	 deficient	 (SDAM)	 AM	
performance.	The	integration	among	these	findings	may	provide	important	insights	into	the	cognitive	and	
neurobiological	mechanisms	underlying	individual	differences	in	AM.		
	
	
	
	
	
	
Speakers:	
	
Marco	Sperduti	
Pascale	Piolino	
Valerio	Santangelo	
Daniela	J.	Palombo	
Signy	Sheldon	
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SS2.TAR.1	Presence	is	associated	to	memory	formation	for	naturalistic	material 
	
Marco	Sperduti,	Dominique	Makowski,	&	Pascale	Piolino	 
Université	Paris	Descartes	
	
Presence	 is	 commonly	 defined	 as	 the	 feeling	 of	 “being	 there”,	 i.e.	 the	 feeling	 of	 being	 located	 in,	 and	
responding	to	a	mediated	environment	as	if	it	were	real.	Originally	introduced	in	the	virtual	reality	domain,	
its	definition	has	been	extended	to	other	media	format	(e.g.,	films,	books),	with	some	authors	suggesting	
that	presence	in	mediated	worlds	does	not	fundamentally	differ	from	presence	in	the	real	one.	The	pillar	of	
presence	is	the	attentional	and	emotional	engagement	toward	the	present	experience,	two	factors	known	
to	play	a	pivotal	role	in	memory	formation.	Across	two	ecological	studies	on	large	samples	(study	1	=	244	
and	study	2	=	1407	participants),	we	showed	that	presence	while	watching	a	movie	was	positively	related	
with	 memory	 for	 details	 of	 the	 movie.	 Presence	 was	 modulated	 by	 the	 reported	 self-relevance	 of	 the	
movie,	 the	emotional	 reactivity	 toward	 it,	 and	by	 inter-individual	differences	 in	 interoceptive	 sensitivity.	
Our	 findings	 suggest	 that	 presence	 could	 be	 a	 key	mechanism	 in	 explaining	 the	 encoding	 of	 events	 in	
memory.	Moreover,	they	could	shed	 light	on	the	cognitive	processes	underlying	memory	 impairments	 in	
psychiatric	conditions	characterized	by	an	altered	sense	of	reality.	 
	
	
	

SS2.TAR.2	The	interplay	between	autobiographical	memory	and	temporality:	Experimental	and	
neuropsychological	evidences	
	
Pascale	Piolino	&	Valentina	La	Corte	
Université	Paris	Descartes		
	
The	study	of	autobiographical	memory	processes	has	been	expanded	to	encompass	the	processes	involved	
in	 the	 foresight	of	personal	events	 in	 the	 future	dimension	and	has	revealed	the	crucial	 role	 in	adaptive	
and	social	behaviors	and	well-being.	Given	the	fact	that	objectively	the	perspective	of	future	time	reduces	
as	time	passes	and	people	get	older,	this	issue	is	particularly	important	in	aging.	We	will	present	a	series	of	
evidence	 on	 healthy	 aging,	 Alzheimer’s	 disease	 and	 semantic	 dementia	 investigating	 the	 neurocognitive	
mechanisms	of	the	individuals’	capacity	to	travel	abroad	time	taking	into	account	all	episodic	and	semantic	
components.	Our	take	home	message	is	that	the	semantic	representation	of	past	and	future	increases	with	
the	projection	distance.	
	
	
	

SS2.TAR.3	Enhanced	brain	activity	in	highly	superior	autobiographical	memory	
	
Valerio	Santangelo	
University	of	Perugia	
	
The	 recent	 discovery	of	 rare	 individuals	with	highly	 superior	 autobiographical	memory	 (HSAM)	provides	
the	opportunity	to	investigate	the	neural	correlates	of	enhanced	memory.	Here	we	asked	a	group	of	HSAM	
and	 control	 subjects	 to	 retrieve	 autobiographical	 memories	 (AMs)	 as	 well	 as	 non-AMs	 (i.e.,	 semantic	
memory;	e.g.,	examples	of	animals)	during	fMRI	scanning.	Subjects	were	instructed	to	signal	the	“access”	
to	 an	 AM	 by	 a	 key	 press	 and	 to	 continue	 “reliving”	 it	 immediately	 after.	 Compared	 with	 controls,	
individuals	 with	 HSAM	 provided	 a	 richer	 AM	 recollection	 and	 were	 faster	 in	 accessing	 AMs.	 In	 HSAM	
subjects,	 the	 access	 to	 AMs	 was	 associated	 with	 enhanced	 prefrontal/hippocampal	 and	
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temporoparietal/sensory	 cortex	 functional	 connectivity.	 In	 contrast,	 HSAM	 and	 control	 subjects	 did	 not	
differ	in	functional	activity	during	the	reliving	phase.	These	findings	suggest	that	enhanced	activity	of	these	
regions	is	selectively	involved	in	enabling	more	efficient	access	to	past	experiences	in	HSAM.	
	
	
	

SS2.TAR.4	Severely	deficient	autobiographical	memory:	Behavioural	and	neural	substrates	
	
Daniela	J.	Palombo	
University	of	British	Columbia		
	
Although	 humans	 have	 the	 capacity	 to	 re-experience	 specific	 events	 from	 the	 past,	 emerging	 research	
suggests	 that	 there	 are	 robust	 individual	 differences	 in	 the	 capacity	 to	 do	 so.	 Indeed,	 the	 study	 of	
individual	 differences	 in	 autobiographical	memory	 has	 been	 brought	 into	 the	 spotlight	 by	 the	 dramatic	
descriptions	of	syndromes	such	as	severely	deficient	autobiographical	memory	(SDAM)	–	which	refers	to	
individuals	who	cannot	recollect	autobiographical	experiences	but	are	otherwise	healthy.	In	my	talk,	I	will	
synthesize	what	is	currently	known	about	SDAM,	including	patterns	of	reduced	performance	on	laboratory	
and	autobiographical	memory	measures,	as	well	as	reduced	engagement	of	the	canonical	autobiographical	
memory	 network,	 as	 measure	 through	 multiple	 imaging	 modalities.	 I	 will	 end	 my	 talk	 with	 a	 broad	
discussion	of	new	directions	for	targeting	mechanisms	of	SDAM.	Moreover,	I	will	reflect	on	how	the	study	
of	 individual	 differences,	 both	 in	 extreme	 and	 non-extreme	 forms,	 may	 inform	 theoretical	 models	 of	
human	memory.	
	
	
	

SS2.TAR.5	Neural	and	behavioural	substrates	of	individual	differences	in	autobiographical	
remembering	
	
Signy	Sheldon	
McGill	University	
	
A	 recent	 proposal	 considers	 autobiographical	 remembering	 as	 a	 trait,	 reflecting	 a	 relatively	 stable	
preference	 in	how	an	 individual	access	 their	personal	past.	We	 tested	whether	a	preference	 in	using	an	
episodic	(experiential)	versus	semantic	(fact-based)	method	of	remembering	is	reflected	in	the	neural	and	
cognitive	 mechanisms	 of	 autobiographical	 memory.	 Using	 fMRI,	 we	 found	 that	 differences	 in	 episodic	
versus	 semantic	 remembering	 were	 reflected	 in	 intrinsic	 medial	 temporal	 lobe	 (MTL)	 functional	
connectivity	patterns.	Episodic	versus	semantic	remembering	also	related	to	representational	differences	
between	anterior	and	posterior	segments	of	the	hippocampus.	Next,	we	used	behavioral	experiments	to	
test	 the	 hypothesis	 that	 engaging	 in	 episodic	 remembering	 is	 related	 to	 the	 ability	 to	 activate	 imagery-	
related	component	processes	of	autobiographical	memory.	Together,	these	studies	suggest	that	the	ability	
to	 dynamic	 recruit	 the	 autobiographical	 neurocognitive	 system,	 likely	 directed	 by	 the	 hippocampus	 and	
other	MTL	structures,	can	account	for	trait	differences	in	how	individuals	remember.	
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SS2.BAR	
On	the	Interplay	Between	Orthographic	and	Motor	Processes	

During	Word	Writing	
	

Barcelona	Room	
	
	

Chairs:	
	

Olivia	Afonso	
Oxford	Brookes	University	

Carlos	J.	Álvarez	
Universidad	de	La	Laguna	

	
	
During	decades,	written	production	was	investigated	either	as	a	linguistic	or	as	a	motor	task.	However,	the	
expansion	 of	 research	methods	 for	 the	 analysis	 of	 chronometric	measures	 of	writing	 has	 revealed	 that	
higher-order	processes	involved	in	the	retrieval	and	maintenance	of	the	orthographic	representations	and	
processes	 involved	 in	 the	execution	of	 the	motor	 response	 interact	 in	a	complex	manner.	The	proposed	
symposium	will	include	five	talks	contributing	to	the	understanding	of	this	interaction.	Studies	presented	in	
the	 symposium	will	 address	how	the	 interplay	between	orthographic	and	motor	processes	changes	as	a	
function	of	age	and	writing	skill,	and	also	how	 it	 is	affected	by	atypical	 literacy	development.	Moreover,	
evidence	regarding	the	neural	correlates	of	this	interaction	will	be	provided.	Presentations	will	address	the	
effect	 on	 handwriting	 kinematics	 of	 a	 range	 of	 orthographic	 processes,	 such	 as	 the	 application	 of	
phoneme-to-grapheme	correspondences,	lexical	access	or	letter	order	coding.	
	
	
	
	
	
	
	
	
Speakers:	
	
Olivia	Afonso	
Eric	Lambert	
Marieke	Longcamp	
Guido	Nottbusch	
Paz	Suárez-Coalla		
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SS2.BAR.1	Repetition	facilitation	and	repetition	inhibition	effects	in	handwriting	kinematics:	What	
do	they	tell	us	about	letter	position	coding?	
	
Olivia	Afonso	
Oxford	Brookes	University	
	
In	this	study	we	investigate	how	letter	identity	and	position	are	coded	in	orthographic	representations	by	
exploring	the	effects	of	repetition	facilitation	and	repetition	inhibition,	classically	obtained	in	serial	recall	
research,	during	word	writing.	 In	Experiment	1,	participants	copied	words	 including	 the	same	 letter	 in	a	
massed	 repetition	 (BIZARRE),	 a	 non-	 adjacent	 repetition	 (PROVERB)	 or	 in	 a	 non-repetition	 context	
(VAMPIRE).	 Results	 revealed	 that	 inter-letter	 intervals	 and	 letter	 durations	 were	 consistent	 with	 the	
pattern	of	facilitation	and	inhibition	usually	reported	in	serial	recall	tasks.	Interestingly,	results	also	showed	
that	in	non-adjacent	repetitions	the	first	repetition	of	a	letter	was	slower	than	in	a	non-repetition	control,	
revealing	 a	 distinctive	 inhibition	 effect	 due	 to	 letter	 anticipation	 in	 handwriting.	 Experiment	 2	 (analyses	
ongoing)	tested	whether	these	effects	varied	when	repetition	affected	the	last	letter	of	words,	as	it	would	
be	predicted	by	models	proposing	that	last	letters	act	as	anchors	for	letter	position	coding.	
	
	
	
SS2.BAR.2	The	role	of	handwriting	and	fine	motor	skills	in	adults’	orthographic	learning	
	
Eric	Lambert	&	Margaux	Lê	
Université	de	Poitiers		
	
Many	studies	have	focused	on	how	children	learn	to	spell	new	words.	They	have	shown	that	phonological	
skills	are	an	important	factor.	But	other	cognitive	skills	are	related	to	orthography	acquisition	such	as	visual	
processing	 or	 handwriting	 processing.	 The	 role	 of	 handwriting	 could	 come	 from	 motor	 information.	
However,	few	studies	have	investigated	this	issue	in	adults,	which	we	have	done	here,	and,	we	studied	the	
motor	skills	as	mechanisms	underlying	the	role	of	handwriting.	During	the	learning	phase,	forty-five	French	
undergraduates	 had	 to	 either	 orally	 spell	 out	 pseudowords	 or	 handwrite	 them.	 During	 the	 test	 phase,	
participants	 performed	 a	 copy-to-dictation	 task.	 Participants	 were	 also	 tested	 on	 their	 fine	 motor	 and	
graphomotor	skills.	The	results	showed	that	the	spelling	of	pseudowords	was	better	recalled	if	the	items	
were	learned	using	a	handwriting	task	rather	than	a	spelling-aloud	task.	The	importance	of	handwriting	in	
adult	spelling	acquisition	may	come	from	fine	motor	skills.	
	
	
	
SS2.BAR.3	On	the	relationship	between	orthographic	and	motor	levels	of	processing	in	writing	to	
dictation:	evidence	from	brain	imaging	and	kinematic	recordings	
	
Marieke	Longcamp	
CNRS	and	Aix-Marseille	Université		
	
In	 handwriting,	 the	 dissociation	 of	 orthographic	 and	motor	 processes	 and	 their	 neural	 substrates	 is	 an	
established	 fact,	but	 the	nature	of	 the	 relationship	between	 the	 two	 is	debated.	 I	will	present	data	 two	
experiments	where	we	manipulated	the	presence	and	the	position	of	inconsistent	phoneme-to-grapheme	
mappings	 in	 words	 in	 a	 writing	 to	 dictation	 task.	 In	 the	 first	 experiment	 we	 coupled	 kinematic	 and	
functional	MRI	recordings.	In	the	second	experiment	we	recorded	writing	kinematics	only	and	performed	
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an	extensive	analysis	of	several	indexes.	Our	results	generally	support	a	continuous	and	interactive	view	of	
the	relationship	between	orthographic	and	motor	levels	of	processing.	I	will	discuss	possible	mechanisms	
within	 the	spelling	system	and	between	the	spelling	and	motor	systems.	Despite	 this,	 some	fine-grained	
behavioral	effects	remain	incompatible	with	either	the	discrete	or	the	interactive	accounts.	I	will	argue	that	
they	may	be	explained	by	the	intervention	of	extra	mechanisms,	such	as	monitoring.	
	
	
	
SS2.BAR.4	Pause	locations	in	writing	orthographically	awkward	words	
	
Guido	Nottbusch	
University	of	Potsdam	
	
According	to	current	models	of	handwriting,	delays	caused	by	higher	cognitive	processes	(such	as	access	to	
spellings)	should	arise	several	movements	before	the	production	of	the	actual	tricky	character(s)	because	
of	 incremental	 processing.	 However,	 during	 handwriting	 children	 usually	 show	 delays	 right	 at	 the	
orthographic	problem.	This	may	be	a	specific	feature	of	developmentally	unskilled	spelling.	For	this	study,	
skilled	 adults	 wrote	 orthographically	 awkward	 words	 (low	 frequency	 words	 with	 opaque	 phoneme-
grapheme-	 correspondences)	 to	 dictation.	 The	 same	 words	 were	 afterwards	 copied	 several	 times	 for	
control.	All	the	stimuli	consisted	of	nouns	containing	one	opaque	phoneme	appearing	earliest	at	the	fourth	
letter	 (e.g.	 "Amalgam").	Writing	 movements	 were	 recorded	 by	means	 of	 a	 digitizing	 tablet.	 Hesitating,	
pauses	and	non-automated	writing	movements	were	found	word-	initially	as	well	as	word-internally	before	
and	right	at	the	opaque	phonemes	with	the	pen	on	paper	as	well	as	during	in-air	movements.	Differences	
between	beginning	and	skilled	writers	will	be	discussed.	
	
	
	
SS2.BAR.5	Handwriting	production	in	children	with	dyslexia:	spelling	or	motor	difficulties	
	

Paz	Suárez-Coalla1,	Cristina	Martínez-García1,	Fernando	Cuetos1,	&	Olivia	Afonso2	

1.	University	of	Oviedo,	Spain	
2.	Oxford	Brookes	University	
	
Recent	 studies	 stated	 that	 spelling	 ability	 influence	 handwriting	 production.	 But	 it	 is	 also	 reported	 that	
children	with	dyslexia	have	slow	handwriting	because	of	poor	motor	skills.	 In	 this	study	we	examine	the	
impact	 of	 lexicality	 and	 length	 in	 handwriting	 production	 of	 children	 with	 dyslexia,	 and	 the	 possible	
relationship	with	motor	ability.	Twenty-one	children	with	dyslexia	 (10-12	years)	were	compared	 to	both	
age	 matched	 and	 literacy-ability	 matched	 children	 (8-9	 years).	 Participants	 completed	 a	 spelling-to-
dictation	task	of	consistent-high-	frequency	words	and	pseudowords,	where	length	was	manipulated,	and	
a	 drawing	 trails	 task.	 Results	 showed	 that	 children	with	 dyslexia	 produced	 longer	 latencies	 and	writing	
durations	 than	 both	 age	 and	 literacy-ability	matched	 children.	 In	 addition,	 they	were	more	 affected	 on	
writing	 duration	 by	 length	 and	 lexicality	 than	 children	without	 dyslexia,	 indicating	 they	 could	 present	 a	
deficit	 in	 the	 automation	 of	 the	 orthographic	 code.	 Finally,	 some	 children	with	 dyslexia	 showed	 similar	
motor	skills	to	literacy-ability	matched	children.	
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SS2.PAL	

Emotional	Conflict	-	Cognitive	Conflict	
	

Palma	de	Mallorca	Room	
	
	

Chairs:	
	

Renata	Cserjesi	
Alexander	Logemann	

Eötvös	Loránd	University,	Budapest,	Hungary,		
	
	
	
Cognitive	control	is	essential	for	everyday	functioning,	especially	in	response	to	emotional	and/or	cognitive	
conflict	 situations,	 and	 deficits	 of	 cognitive	 control	 can	 have	 marked	 consequences.	 More	 specifically,	
cognitive	control	and	flexibility	is	known	to	be	affected	by	affective	processes	and	Body	Mass	Index	as	well	
as	 environmental	 factors	 such	 as	 context,	 and	 perceived	 (goal)	 conflict.	 However,	 to	 the	 best	 of	 our	
knowledge,	there	is	still	substantial	ambiguity	regarding	to	how	these	factors	interact	and	affect	cognitive	
control.	This	ambiguity	is	addressed	in	the	current	symposium.		In	addition,	the	complex	relation	between	
emotional	processes,	emotional	conflict	and	cognitive	conflict	with	respect	to	behaviour	will	be	addressed.	
	
	
	
	
	
Speakers:	
	
Wim	Notebaert		
Adam	Perkins	
Artyom	Zinchenko	
Renata	Cserjesi	
Alexander	Logemann	
	
	



Symposia:	Session	2.	Friday	27th	11:30-13:10	 ESCoP	2019.	Symposium	abstracts	
_______________________________________________________________________________________________ 	

	

	 51 

	

SS2.PAL.1	The	affective	twitches	of	task	switches	
	
Wim	Notebaert	
Ghent	University,	Belgium	
	
Task	switching	refers	to	the	demanding	cognitive	control	process	that	allows	us	to	flexibly	switch	between	
different	task	contexts.	It	is	a	seminal	observation	that	task	switching	comes	with	a	performance	cost	(i.e.,	
switch	 cost),	 but	 recent	 theories	 suggest	 that	 task	 switching	 could	 also	 carry	 an	 affective	 cost.	 In	 two	
experiments,	we	 investigated	 the	affective	evaluation	of	 task	switching	by	having	participants	perform	a	
task-switching	paradigm	followed	by	an	affective	priming	procedure.	Crucially,	 the	 transition	cues	of	 the	
task-	 switching	 paradigm,	 indicating	 task	 alternations	 or	 task	 repetitions,	 were	 used	 as	 primes	 in	 the	
affective	priming	procedure	to	assess	 their	affective	connotation.	We	found	that	 task	alternation	primes	
were	evaluated	as	more	negative	than	task	repetition	primes.	These	findings	show	that	task	switching	 is	
affectively	tagged,	and	suggest	a	potential	role	for	emotion	regulation	processes	in	cognitive	control.	
	
	
	
SS2.PAL.2	Anxiety,	threat	and	goal	conflict	
	
Adam	Perkins	
King's	College	London,	UK	
	
Anxiety	 is	 a	 cognitive	 state	 that	 experimentally	 linked	 to	 goal	 conflict,	 yet	 in	 rodents	 it	 is	 also	 linked	 to	
threat	by	the	finding	that	anti-anxiety	drugs	modulate	innate	reactions	to	potential	threats.	In	a	series	of	
studies,	 I	have	tested	this	 link	 in	humans	using	tasks	that	expose	participants	to	various	forms	of	threat.	
Results	support	the	notion	that	anxiety	is	elicited	by	both	goal	conflict	and	threat	as	the	anti-anxiety	drug	
lorazepam	modulates	reactions	to	both	physical	and	abstract	threats.	Using	the	Joystick	Operated	Runway	
Task	I	found	that	lorazepam	altered	the	intensity	of	threat	avoidance	behavior	for	simple	threats	that	can	
be	 simply	 avoided	 as	well	 as	 threats	 that	 entail	 approach	 (i.e.,	 goal	 conflict).	 Using	 the	moral	 dilemma	
questionnaire	I	found	that	lorazepam	increased	the	probability	of	selecting	responses	that	entail	inflicting	
direct	 physical	 harm	 on	 other	 people.	 Overall,	 results	 suggest	 anxiety	 represents	 a	 broad	 reaction	 to	
challenging	situations,	whether	threatening	or	entailing	goal	conflict.	
	
	
	
SS2.PAL.3	Affective	modulation	of	conflict	processing	across	the	lifespan	
	
Artyom	Zinchenko	
Ludwigs-Maximilians-Universität,	Munchen,	Germany	
	
Cognitive	control	supports	goal-directed	behavior	by	resolving	conflict	among	opposing	action	tendencies.	
In	the	present	work	we	investigate	the	role	of	affective	information	in	the	modulation	of	executive	control	
across	 the	 lifespan.	 Specifically,	 we	 investigate	 how	 task-relevant	 and	 -irrelevant	 emotions	 modulate	
cognitive	control	and	response	inhibition	in	children	(5-7	years	old),	younger	and	older	adults	(26-67	years	
old)	 using	 multisensory	 face-Stroop	 and	 Go/Nogo	 tasks	 and	 EEG	 methodology.	 Finally,	 we	 attempt	 to	
identify	 specific	 mechanisms	 and	 stages	 of	 information	 processing	 that	 are	 modulated	 by	 emotional	
information	by	means	of	diffusion	modeling.	
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SS2.PAL.4	Cannot	see	the	wood	for	the	trees.	Measuring	emotional	conflict	with	a	newly	
developed	task	
	
Renata	Cserjesi	
Eötvös	Loránd	University,	Budapest,	Hungary	
	
To	measure	emotional	conflict	our	lab	developed	a	new	task,	the	emotion	shifting	task.	The	task	aims	to	
assess	 the	 speed	 and	 accuracy	 of	 shifting	 between	 opposite	 emotional	 valences.	 It	 consists	 of	 carefully	
selected	pair	of	pictures	displayed	one	by	one	on	a	screen.	In	each	pair	the	first	picture	represents	a	part	of	
the	second	picture,	whilst	the	second	picture	is	the	whole	one.	Shifting	happens	when	the	valence	of	the	
first	picture	is	different	that	of	the	second	one.	To	assess	the	psychophysiological	correlates	of	conflict,	we	
registered	 electrodermal	 activation	 and	 heart-rate	 variability	 during	 task	 performance	 in	 healthy	 adult	
participants.	 Furthermore,	 we	 used	 mouse	 tracking	 paradigm	 to	 detect	 conflict	 between	 outcoming	
responses.		
	
	
	
SS2.PAL.5	Inhibitory	control	in	contexts	that	differ	in	terms	of	anticipated	reward	
	
Alexander	Logemann1,	Afework	Tsegaye1,	Cuiling	Guo1,	Gijsbert	Stoet2,	Renata	Cserjesi1,	Gyöngyi	
Kökönyei1,3	
1.	Eötvös	Loránd	University,	Budapest,	Hungary	
2.	University	of	Essex,	UK	
3.	Semmelweis	University,	Hungary	
	
Inhibitory	 control	 is	 crucial	 for	normal	 functioning,	 and	poor	 inhibitory	 control	 is	 key	 to	negative	health	
consequences	and	conditions.	Some	studies	have	suggested	that	inhibitory	control	may	fail	in	contexts	of	
specific	anticipated	rewards	(i.e.	palatable	food),	depending	on	the	subject	state	(stress,	body	mass	index).	
However,	 there	 is	 substantial	 ambiguity	 regarding	 the	 specificity	of	 this	 effect,	 and	 the	 role	of	plausible	
factors	 that	may	moderate	 this	 effect.	 In	our	online	 study,	participants	performed	a	 go/no-go	 task	with	
three	conditions	that	differed	in	terms	of	reward	context.	In	the	neutral	condition,	go/no-go	pictures	were	
solid-color	squares,	in	the	general	reward	context	pictures	represented	money	and	in	the	specific	reward	
condition,	the	pictures	represented	palatable	food.	Preliminary	results	did	not	support	the	hypothesis	that	
the	effect	of	condition	with	respect	to	inhibitory	performance	varies	as	a	function	of	BMI	Secondary	results	
and	plausible	interpretations	will	be	discussed	in	detail.	
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SS3.AUD	

Recent	Advances	in	Cognitive	Control	Research	
	

Auditorio	
	
	

Chairs:	
	

Evie	Vergauwe	
Université	de	Genève	

Senne	Braem	
Vrije	Universiteit	Brussel	

	
Cognitive	control	refers	to	the	higher-order	processes	that	allow	for	goal-directed	and	adaptive	behavior.	
Traditional	 theories	 mostly	 understand	 cognitive	 control	 as	 originating	 from	 a	 set	 of	 supervisory,	
independent,	 executive	 control	 systems,	 which	 are	 often	 seen	 as	 diametrically	 opposed	 to	 low-level	
learning	 processes.	 Similarly,	 cognitive	 control	 is	 traditionally	 studied	 in	 isolation	 from	 other	 mental	
concepts,	 like	 emotion	 or	 social	 cognition.	 In	 this	 symposium,	 however,	 we	 bring	 together	 different	
speakers	that	deviate	from	these	traditional	definitions	and	research	lines,	by	taking	into	account	factors	
such	as	 the	need	 for	 instructions,	 its	 relation	 to	emotion,	 its	 role	 in	 social	 cognition,	or	 its	 sensitivity	 to	
contextual	 features	 in	 our	 environment.	 In	 doing	 so,	 they	 provide	 new	 insights	 into	 the	 underlying	
processes	and	neural	mechanisms	of	cognitive	control.	
	
	
	
	
	
	
	
	
	
	
	
Speakers:	
	
Noga	Cohen	
Baptist	Liefooghe	
David	Dignath	
Yu-Chin	Chiu	
Richard	Ridderinkhof	
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SS3.AUD.1	Cognitive	control	training	enhances	emotion	regulation	
	
Noga	Cohen	
University	of	Haifa	
	
Adaptive	 behavior	 depends	 on	 the	 ability	 to	 effectively	 regulate	 emotional	 responses.	 Failure	 in	 the	
regulation	of	emotional	arousal	can	result	in	heightened	physiological	reactions	and	disruptive	behavioral	
performance.	 In	 turn,	 these	 behavioral	 and	 physiological	 alternations	 can	 lead	 to	 various	
psychopathologies.	 In	 several	 studies	 we	 demonstrated	 that	 training	 cognitive	 control,	 an	 attentional	
mechanism	 that	 enables	 goal-directed	 behavior,	 lead	 to	 reduced	 emotional	 interference	 by	 aversive	
pictures.	This	training	was	also	associated	with	a	reduction	in	amygdala	activation	to	aversive	pictures	and	
with	 an	 increase	 in	 amygdala-prefrontal	 connectivity.	Moreover,	we	 showed	 that	 training	 individuals	 to	
recruit	cognitive	control	prior	to	the	presentation	of	unpleasant	pictures	enhances	their	ability	to	regulate	
an	upsetting	personal	event	using	reappraisal.	These	findings	suggest	that	the	interplay	between	emotion	
and	 cognitive	 control	 is	 essential	 for	maintaining	 adaptive	 behavior	 and	may	 be	 impaired	 in	 individuals	
with	emotion	regulation	deficits.	
	
	
	
SS3.AUD.2	On	the	demystification	of	instructions	as	the	source	of	cognitive	control:	Where	do	we	
stand?	
	
Baptist	Liefooghe	
Universiteit	Gent	
	
The	ability	to	share	and	use	verbal	instructions	is	thought	to	separate	humans	from	other	animal	species.	
Using	 language,	we	 can	 bypass	 trial-and-error	 learning	 and	 verbal	 instructions	 are	 omnipresent	 both	 in	
daily	life	as	well	as	in	psychological	research.	Many	accounts	consider	instructions	as	the	mythical	source	of	
cognitive	control.	However,	the	mechanisms	via	which	instructions	set-up	cognitive	control	are	still	poorly	
understood.	These	mechanisms	have	gained	prominence	in	research	focusing	on	automatic	effects	of	new	
instructions	that	were	never	overtly	practiced	before.	Following	a	quick	tour	of	the	current	status	of	this	
research,	 a	 critical	 analysis	 is	 presented	of	 the	many	 theoretical	 gaps	 that	 still	 need	 to	 be	 filled	 in.	 The	
thesis	is	defended	that	a	narrow	focus	on	automatic	effects	of	instructions	may	be	detrimental	when	trying	
to	understand	how	instructions	control	cognitive	control.	
	
	
	
SS3.AUD.3	Binding	of	control-states	into	event-files	
	
David	Dignath	
Albert-Ludwigs-Universität,	Freiburg	
	
How	do	we	manage	to	shield	our	goals	against	distraction?	Traditionally,	this	ability	has	been	attributed	to	
top-down	cognitive	control,	which	is	assumed	to	monitor	for,	and	intervene	in	case	of	response	conflicts.	
However,	 this	 account	 has	 been	 challenged	 by	 episodic-retrieval	 views,	 which	 attribute	 sequential	
modulations	of	conflict	effects	to	bottom-up	memory	for	stimulus	and	response	features.	In	this	talk,	I	will	
present	evidence	suggesting	that	control	and	retrieval	accounts	are	no	alternatives	but,	rather,	two	sides	
of	 the	 same	coin.	 Following	 recent	 theorizing,	 I	will	 argue	 that	 control	parameter	 can	become	stored	 in	
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event	 files,	 together	 with	 stimulus,	 response,	 and	 context	 codes,	 so	 that	 cognitive	 control	 operations,	
independently	from	the	stimulus-response	codes	the	operate	on,	can	come	under	mnemonic	control.	As	a	
consequence,	 memory	 aids	 control	 operations	 by	 automatizing	 and	 tailoring	 them	 to	 the	 situational	
circumstances.	
	
	
	
SS3.AUD.4	Stimulus-control	learning	in	task	switching	
	
Yu-Chin	Chiu	
Purdue	University	
	
Cognitive	 control	 is	 a	 top-down	 process	 that	 overcomes	 automatic	 response	 tendencies	 primed	 by	 the	
environmental	 stimuli.	 Recent	 empirical	 evidence	 suggests	 that	 interference	 control	 can	 be	 instantiated	
automatically	by	stimuli	 in	a	bottom-up	manner	based	on	prior	associations	between	the	stimulus	and	a	
particular	control	state.	We	(Chiu	&	Enger,	2017)	further	tested	this	 learning	hypothesis	with	the	control	
processes	mediating	 task	 switching.	We	 found	 that	 items	 that	 are	 frequently	 associated	with	 switching	
incur	a	smaller	switch	cost	than	items	associated	with	a	low	probability	of	switching,	i.e.,	an	item-specific	
switch	probability	(ISSP)	effect.	However,	whether	ISSP	learning	also	influences	people’s	voluntary	choice	
to	switch	task	remains	unknown.	To	address	this	question,	we	combined	an	ISSP	manipulation	and	a	hybrid	
protocol	with	75%	cued	switch	 trials	and	25%	voluntary	 switch	 trials,	 allowing	us	 to	assess	 the	effect	of	
ISSP	on	both	switch	costs	and	voluntary	switch	rate	(VSR).	We	observed	robust	ISSP	effects	on	cued	trials	
as	well	as	a	greater	VSR	 for	 items	associated	with	a	high	 than	a	 low	switch	probability.	Our	 results	 thus	
show	that	ISSP	learning	not	only	improves	the	efficiency	of	switching	but	also	increase	people’s	willingness	
to	switch	voluntarily.		
	
	
	
SS3.AUD.5	 Predictive	 processing	 and	 cognitive	 control	 in	 action:	 The	 case	 of	 inferring	 action	
intentions	
	
Richard	Ridderinkhof	
Universiteit	van	Amsterdam	
	
Cognitive	control	in	action	rests	on	the	ability	to	(learn	to)	adequately	predict	the	consequences	of	actions.		
Predictive	processing	theories	assume	that	inferring	another's	action	intentions	requires	a	forward	model	
of	that	agent's	action,	which	can	be	obtained	through	learning	by	simulation.		Based	on	this	notion,	we	ran	
a	 series	 of	 studies	 on	 goalkeepers	 in	 soccer	 and	 handball,	 who	 try	 to	 infer	 the	 intended	 direction	 of	 a	
penalty	being	kicked	or	thrown	at	them.		We’ve	run	behavioral	training	studies,	an	fmri-mvpa	study,	and	
currently	an	eeg-mvpa	study	to	grasp	the	mechanisms	underlying	the	ability	to	predict	(i.e.,	inverse	model	
the	sensory	consequences	of)	penalty’s.	Results	suggest	that	goalkeepers	do	engage	in	motor	imagery	to	
infer	 action	 intentions	 of	 penalty	 kickers/throwers,	 and	 use	 the	 ensuing	 predictions	 to	make	 successful	
saves.			
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SS3.CIB	

Language	Learning	as	a	Byproduct	of	Communication	
	

Cibeles	Room	
	
	

Chair:	
	

Marc	Brysbaert	
Ghent	University	

	
	

	
Recent	years	have	seen	a	multitude	of	studies	investigating	the	learning	of	new	word	forms	and	the	role	of	
sleep	 in	 the	process.	Most	studies	 involve	explicit	 teaching	of	 the	stimulus	materials.	However,	 it	 is	well	
documented	that	much	language	acquisition	happens	outside	formal	contexts	as	a	byproduct	of	everyday	
communication.	 Such	 learning	 is	 called	 incidental	 learning	 or	 contextual	 learning	 (because	 incidental	
learning	stresses	non-intentionality	too	much).	It	is	involved	in	learning	both	the	native	language	(L1)	and	
new	 languages	 (L2).	 The	 present	 symposium	 presents	 the	 latest	 evidence	 about	 the	 role	 of	 non-formal	
learning	in	various	aspects	of	language	acquisition.	It	involves	five	talks.	
	
	
	
	
	
Speakers:	
	
Vanessa	De	Wilde	
Kate	Nation	
Anne	Castles	
Anna	Weighall	
Irina	Elgort	
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SS3.CIB.1	L2	learning	through	out-of-school	exposure	
	
Vanessa	De	Wilde1,2,	Marc	Brysbaert1	&	June	Eyckmans1	
1.	Ghent	University	
2.	Artevelde	University	College	Ghent	
	
Today’s	 omnipresence	 of	 English	 in	 European	 countries	 provides	 an	 excellent	 context	 to	 investigate	 L2	
learning	in	an	informal	setting.	This	presentation	will	look	into	children’s	learning	of	English	through	out-of-
school	 exposure	 before	 the	 start	 of	 English	 classroom	 instruction.	 In	 a	 study	 targeting	 Dutch-speaking	
eleven-year-olds	in	Flanders,	780	children	took	a	receptive	vocabulary	test	and	an	English	proficiency	test	
(measuring	listening,	reading,	writing	and	speaking	skills).	By	means	of	a	questionnaire	factors	such	as	the	
amount	of	exposure	 to	English	 through	different	media,	 the	amount	of	contact	with	speakers	of	English	
and	the	contexts	 in	which	English	 is	used,	were	also	gauged.	The	results	show	large	 language	gains	for	a	
substantial	number	of	children	but	also	point	to	a	broad	range	in	obtained	test	scores.	The	most	beneficial	
types	 of	 input	 are	 gaming,	 computer	 use	 and	 contact	 with	 speakers	 of	 English.	 These	 input	 types	 are	
multimodal,	interactive	and	involve	production.	
	
	
	
SS3.CIB.2	Children’s	learning	of	new	words	via	incidental	reading	of	stories	containing	morpholo-
gically-complex	or	morphologically-simple	words	
	
Kate	Nation	
University	of	Oxford	
	
To	 investigate	 word	 learning	 from	 non-instructed	 reading	 experience,	 76	 10-year-olds	 encountered	 20	
unfamiliar	words	 five	times	across	a	series	of	short	 (100	word)	stories.	Half	of	 the	words	were	seen	 in	a	
morphologically-complex	condition	(e.g.,	allude,	alluded,	alluding,	allusion)	and	half	 in	a	morphologically-
simple	 condition	 (stem	 only).	 Knowledge	 of	 form	 (orthographic	 choice)	 and	 meaning	 (definition	 and	
morphological	 knowledge	 in	 new	 context)	 were	 assessed,	 along	 with	 the	 children’s	 morphological	
awareness.	 Children	 learned	 orthographic	 form	 equally	 well,	 regardless	 of	 morphological	 complexity	
during	 reading	 experience.	 The	 extent	 of	 morphological	 learning	 interacted	 with	 the	 child’s	 own	
morphological	 awareness	 and	 exposure	 condition.	 In	 the	 complex	 condition,	 low	 awareness	 children	
showed	a	greater	morphological	learning	benefit	whereas	in	the	simple	condition,	those	with	the	highest	
level	of	awareness	showed	a	learning	benefit.	Incidental	word	learning	via	reading	depends	on	the	type	of	
knowledge	assessed,	the	nature	of	exposure	and	the	child’s	existing	knowledge	and	skills.	
	
	
	
SS3.CIB.3	Orthographic	skeletons:	Contextual	learning	of	orthographic	form	prior	to	printed	word	
exposure	
	
Anne	Castles1,	Signy	Wegener1,	Hua-Chen	Wang1,	&	Kate	Nation2	
1.	Macquarie	University,	NSW,	Australia	
2.	University	of	Oxford,	United	Kingdom	
	
When	 children	 are	 familiar	 with	 a	 word	 in	 oral	 form	 and	 know	 phoneme-to-grapheme	mappings,	 they	
appear	 form	an	expectation	about	 that	word’s	 likely	 spelling	even	before	 seeing	 it	 in	print,	and	without	
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explicit	 instruction	 (Wegener	 et	 al.,	 2018).	 Here,	 we	 asked	whether	 these	 “orthographic	 skeletons”	 are	
built	 around	 a	word’s	 consonants,	 vowel,	 or	 both?	 Forty-one	Grade	 4	 children	 received	oral	 vocabulary	
training	on	one	set	of	novel	words	(e.g.	“desh”,	“taff”,	“jorv”)	while	another	set	were	untrained.	Spellings	
were	 either	 predictable	 from	 their	 phonology	 (e.g.	 desh),	 or	 included	 an	 unpredictable	 consonant	 (e.g.	
taph)	or	vowel	(e.g.	jauv).	Trained	and	untrained	items	were	shown	in	print	for	the	first	time,	embedded	in	
sentences,	and	children’s	eye	movements	were	monitored.	Trained	items	with	predictable	spellings	were	
consistently	 fixated	 for	 shorter	 periods	 than	 untrained	 predictable	 spellings.	 Early	 processing	measures	
(first	 fixation	 and	 gaze	 duration)	 showed	 that	 this	 benefit	 of	 oral	 training	 for	 predictable	 spellings	 was	
significantly	larger	than	for	unpredictable	consonant	and	unpredictable	vowel	spellings.	Late	in	processing	
(total	 reading	 time),	 this	pattern	persisted	only	 for	unpredictable	consonants.	These	results	 suggest	 that	
orthographic	 skeletons	 involve	 both	 consonants	 and	 vowels	 initially;	with	 unpredictable	 vowel	 spellings	
being	more	rapidly	resolved	online	than	unpredictable	consonant	spellings.	More	broadly,	the	results	point	
to	 the	 extensive	 contextual	 learning	 about	 orthography	 that	 occurs	 in	 school-age	 children	 even	 before	
seeing	individual	words	in	print.	
	
	
	
SS3.CIB.4	 The	 Matthew	 Effect	 in	 word	 learning	 for	 children	 speaking	 English	 as	 an	 additional	
language.	Can	the	poor	get	richer?	
	
Anna	Weighall	1,	Emily	Oxley	2		&	Hannah	Nash	2	
1.	University	of	Sheffield,	UK	
2.	University	of	Leeds,	UK	
	
Evidence	is	mixed	as	to	whether	speaking	more	than	one	language	confers	a	language	learning	advantage,	
especially	 for	 children	 who	 enter	 UK	 schools	 speaking	 English	 as	 an	 additional	 language	 (EAL)	 with	 a	
significantly	smaller	English	vocabulary	(Murphy,	2014).	Phonological	aspects	of	word	learning	have	been	
seen	to	predict	vocabulary	growth	over	time	in	simulated	tasks	 involving	monolingual	children	(Gellert	&	
Elbro,	2013).	The	well-reported	“Matthew	effect”	(Stanovich,	1986)	provides	evidence	that	a	pre-existing	
rich	vocabulary	is	intrinsic	to	the	acquisition	of	new	vocabulary.	We	compared	explicit	and	implicit	learning	
of	novel	words	in	EAL	and	monolingual	(ML)	children	aged	7-8	years	old.	In	experiment	1,	119	children	(67	
=	EAL;	52	ML)	were	explicitly	 taught	6	novel	words	with	a	maximum	of	14	exposures.	 Immediately	after	
learning,	EAL	children	exhibited	significantly	better	recall	than	ML	children	(p<	.01),	but	this	advantage	did	
not	 remain	 7	 days	 later.	 Thus,	 EAL	 children	 displayed	 a	 phonological	 advantage	 for	 initial	 explicit	 word	
learning	but	not	in	longer	term	lexical	integration.	In	experiment	2,	80	children	(30	=	ML;	50	=	EAL)	were	
exposed	 to	6	novel	words	via	2	 spoken	stories.	This	 time,	EAL	children	demonstrated	poorer	 immediate	
recall	compared	to	ML	(p	<.01)	but	not	after	a	delay	(p	=.54).	Children	who	speak	more	than	one	language	
may	 have	 an	 immediate	 advantage	 compared	 to	 MLs	 for	 explicit	 phonological	 learning,	 but	 be	
disadvantaged	 when	 learning	 is	 implicit.	 In	 both	 cases,	 recall	 decayed	 significantly	 after	 one	 week,	
suggesting	 repeated	 exposures	 may	 be	 necessary	 to	 facilitate	 long-term	 integration.	 Moreover,	
phonological	 aspects	 of	 novel	 words	 (learning	 and	 recall	 scores)	 were	 a	 strong	 predictor	 of	 English	
vocabulary	growth	a	year	later	for	EAL	children,	but	not	ML	children.	The	results	are	discussed	in	relation	
to	 the	 role	of	 existing	 vocabulary	 knowledge	 in	 learning	new	words	and	 the	 implications	 for	developing	
vocabulary	screening	measuring	dynamic	language	learning	capacity	will	be	considered.	

Gellert,	 A.	 S.,	 &	 Elbro,	 C.	 (2013).	 Do	 experimental	 measures	 of	 word	 learning	 predict	 vocabulary	
development	over	time?	A	study	of	children	from	grade	3	to	4.	Learning	and	Individual	Differences,	26,	1–
8.	https://doi.org/10.1016/J.LINDIF.2013.04.006.	
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SS3.CIB.5	 Contextual	 word	 learning	 from	 reading	 in	 a	 second	 language:	 Overcoming	 the	 lexical	
paradox	
	
Irina	Elgort	
Victoria	University	of	Wellington,	New	Zealand	
	
Reading	affords	vocabulary	learning	opportunities	but	the	learning	journey	is	by	no	means	straightforward,	
especially	when	reading	 in	a	second	 language	(L2).	Cobb	(2007)	presented	us	with	a	 lexical	paradox	–	L2	
readers	 must	 bring	 to	 reading	 enough	 lexical	 knowledge	 to	 get	 new	 lexical	 knowledge	 from	 reading.	
University	students,	for	example,	are	expected	to	acquire	both	conceptual	and	linguistic	knowledge	from	
written	 input.	 However,	 contextual	 word	 learning	 affordances	 are	 modulated	 by	 readers’	 language	
proficiency,	 including	 size	 and	 quality	 of	 their	 existing	 vocabulary	 knowledge.	 In	 this	 talk	 I	will	 consider	
contextual	word	learning	in	English	as	a	second	language	and	how	it	is	affected	by	readers’	proficiency	and	
learning	 approaches.	 I	 will	 share	 findings	 from	 a	 number	 of	 experimental	 studies	 that	 probe	 the	
development	of	declarative	and	procedural	word	knowledge	as	well	as	quality	of	 lexical	 representations	
established	 from	 reading.	 I	 will	 conclude	 by	 proposing	 a	 framework	 for	 optimising	 contextual	 word	
learning	for	non-native	readers.				
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SS3.EST	

Numerosity	Perception	
	

Estambul	Room	
	
	

Chair:	
	

André	Knops	
University	Paris	Descartes,	Paris	

	
	
	
Humans	are	endowed	with	the	ability	to	extract	numerosity	information	(i.e.	the	number	of	items	in	a	set)	
from	 various	modalities	 and	 presentation	modes.	 This	 is	 often	 referred	 to	 as	 the	 approximate	 number	
system	 (ANS).	 The	 exact	 cognitive	 and	 neural	 mechanisms	 underlying	 the	 ANS	 remain	 elusive.	 This	
symposium	 gathers	 numerosity	 researchers	 from	 different	 methodological	 backgrounds,	 including	
psychophysics,	functional	neuroimaging,	and	behavioral	priming	in	order	to	foster	theoretical	progress.	In	
particular,	contributors	focus	on	the	role	of	early	visual	and	parietal	cortex	for	numerosity	perception	using	
functional	 neuroimaging	 (Szwed,	 Eger,	 Fornaciai).	 Arrighi	 and	 collaborators	 describe	 the	 results	 of	
psychophysical	 adaptation	 studies	 that	 suggest	an	abstract	ANS.	 Finally,	Dumoulin	presents	 results	 from	
high-field	fMRI	studies	suggesting	that	topographically	organized	neuronal	populations	flexibly	adapt	their	
tuning	to	the	input.	This	trans-methodological	approach	characterizes	the	domain	of	numerical	cognition.	
The	symposium	provides	a	platform	for	 further	developing	a	 joint	overarching	 framework	of	numerosity	
perception.		
	
	
	
	
Speakers: 
 
Roberto	Arrighi		
Marcin	Szwed	
Evelyn	Eger		
Michele	Fornaciai	
Serge	Dumoulin		
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SS3.EST.1	Psychophysical	evidence	for	a	generalized	number	sense	and	it’s	link	with	development	
of	mathematical	abilities		
	
Roberto	Arrighi1,	Giovanni	Anobile2,	&	David	Burr1,3,4	
1.	University	of	Florence,	Florence,Italy.	
2.	Stella	Maris	Scientific	Institute,	Pisa,	Italy	
3.	National	Research	Council,	Pisa,	Italy.	
4.	University	of	Western	Australia,	Perth,	Australia		
	
Most	animals	possess	an	ability	to	rapidly	estimate	numerosity,	a	capacity	known	as	number	sense.	It	has	
been	suggested	that	in	humans	the	number	sense	may	serve	as	a	start-up	tool	to	develop	symbolic	math	
but	 many	 aspects	 of	 such	 process	 are	 still	 unclear.	 Here	 we	 will	 describe	 a	 series	 of	 psychophysical	
experiments,	 largely	 using	 adaptation	 techniques,	 which	 clearly	 demonstrate	 the	 existence	 of	 a	 truly	
generalize	number	sense.	The	mechanisms	extend	over	space,	 time	and	sensory	modality,	and	 is	closely	
linked	with	action.	However,	despite	this	high	generality,	we	found	that	math	abilities	correlate	positively	
with	sensitivity	for	estimation	and	paired-comparisons	of	the	numerosity	of	visual	arrays	of	dots	but	not	
for	 sequences	of	 flashes	or	 sounds.	Overall	 these	 results	 support	 the	existence	of	a	generalized	number	
sense	but	also	demonstrate	a	specific	link	between	mathematics	and	spatial	numerosity.		
	
	
	
SS3.EST.2	Touching	numbers.	Investigating	the	neural	representation	of	numbers	in	dual	visual/	
Braille	alphabet	readers	
	
Katarzyna	Rączy1,	Maria	Czarnecka1,	 Jakub	Szewczyk1,	Dominika	Zaremba1,	Małgorzata	Paplińska4,	Guido	
Hesselmann2,	André	Knops3,	&	Marcin	Szwed1		
1.	Jagiellonian	University,	Krakow,	Poland.	
2.	Psychologische	Hochschule	Berlin,	Berlin,	Germany.	
3.	University	Paris	Descartes,	Paris,	France.	
4.	The	Maria	Grzegorzewska	University,	Warsaw,	Poland.	
	
Parietal	cortex	is	thought	to	play	a	pivotal	role	during	numerosity	processing.	Neural	assemblies	in	parietal	
cortex	 have	 been	 argued	 to	 respond	 to	 numerosity	 information	 from	 various	 modalities	 (e.g.	 visual	 or	
auditory),	notations	(e.g.	number	words	or	Arabic	digits)	or	modes	(e.g.	spatially	or	temporally	distributed	
items).	Here,	we	tested	a	unique	population	of	adults	who	can	read	numbers	 in	both	visual	 (Arabic)	and	
tactile	 (Braille)	 modalities	 in	 two	 studies.	 Using	 number	 words	 and	 Braille	 numbers	 as	 primes	 while	
measuring	naming	latencies,	we	observed	a	strong	facilitation	for	repeated	stimuli	with	little	evidence	for	
semantic	facilitation.	Multivariate	decoding	of	symbolic	numbers	(Braille	&	Arabic	digits),	and	non-symbolic	
numerosities,	in	turn,	revealed	that	symbolic	numbers	and	dot-	patterns	can	be	successfully	decoded	from	
the	 IPS	 with	 very	 limited	 trans-notational	 generalization.	 Together,	 these	 results	 suggest	 that	 parietal	
cortex	activity	may	not	necessarily	reflect	a	shared	semantic	code.	
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SS3.EST.3	Numerical	and	non-numerical	quantity	across	the	human	dorsal	visual	stream	–	sepa-
rable	representations	and	interactions	
	
E.	Castaldi1,	M.	Piazza2,	S.	Dehaene1,	A.V	ignaud1,	&	E.	Eger1		
1.	CEA	Neurospin,	France	
2.	University	of	Trento,	Italy		
	
Humans	and	other	animals	base	important	decisions	on	estimates	of	number,	and	neuroscientific	evidence	
points	 to	 parietal	 cortex	 as	 a	 crucial	 substrate	 of	 this	 ability.	 However,	 it	 remains	 debated	whether	 an	
independent	neuronal	processing	mechanism	underlies	the	“number	sense”,	or	whether	number	is	instead	
judged	indirectly	on	the	basis	of	other	quantitative	features.	Experiments	using	high-	resolution	high-field	
fMRI	 in	 humans	 show	 that	 numerosity	 explains	 a	 significant	 amount	 of	 variance	 in	 activation	 patterns	
above	 and	 beyond	 the	 combination	 of	 multiple	 other	 quantitative	 dimensions,	 within	 several	 regions	
across	 the	 dorsal	 visual	 stream.	 Furthermore,	 attending	 to	 number	 enhances	 specifically	 the	 numerical	
information,	supporting	a	processing	mechanism	dedicated	to	numerosity	separate	from	other	quantities	
from	early	stages	of	processing	on.	On	the	other	hand,	associated	non-	numerical	quantities	as	 item	size	
can	bias	the	read-out	of	numerosity	from	activity	patterns	to	a	different	degree	across	regions,	suggesting	
a	possible	neurophysiological	correlate	of	perceptual	interference	effects.	
	
	
	
SS3.EST.4	Building	a	numerosity	representation	in	early	visual	cortex	
	
Michele	Fornaciai	&	Joonkoo	Park	
University	of	Massachusetts,	Amherst,	MA,	USA		

	
Research	in	the	past	years	provided	a	growing	amount	of	evidence	characterizing	numerosity	perception.	
However,	when,	where,	and	how	a	numerosity	representation	is	constructed	across	the	visual	processing	
hierarchy	 is	 still	 unclear.	 In	 a	 series	 of	 studies	 using	 psychophysics,	 EEG,	 and	 fMRI,	we	 characterize	 the	
dynamics	 of	 numerosity	 representation	 and	 the	 processes	 that	 may	 be	 involved	 in	 building	 it.	
Neuroimaging	 results	 show	 that	 a	 numerosity	 representation	 is	 progressively	 constructed	 across	 two	
stages	 in	 early	 visual	 cortex:	 the	 first	 at	 around	100	ms	post-stimulus	 in	 area	V2,	 representing	 a	 rough,	
unsegmented	numerosity;	the	second	at	150	ms	in	area	V3,	representing	a	more	refined	set	of	segmented	
objects.	Psychophysical	results	further	show	that	these	two	stages	likely	reflect	the	integration	of	different	
feedforward	signals	carrying	rough	and	fine-grained	information,	respectively.	Our	findings	thus	highlight	
the	active	and	constructive	nature	of	brain	processes	supporting	our	visual	sense	of	number.		
	
	
	
SS3.EST.5	How	the	brain	represents	numerosity:	7T	MRI,	topographic	maps	and	population	
receptive	field	dynamics	
	
Serge	O.	Dumoulin1,2,3		
1.	Spinoza	Centre	for	Neuroimaging,	Amsterdam,	Netherlands.	
2.	University	Amsterdam,	Amsterdam,	Netherlands		
3.	Utrecht	University,	Utrecht,	Netherlands	
	
Numerosity,	 the	set	size	of	a	group	of	visual	 items,	helps	guide	behavior	and	decisions.	Using	ultra-	high	
field	MRI	at	7T	and	population	receptive	field	modeling,	we	have	described	neural	populations	responding	
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to	 specific	 numerosities	 organized	 in	 systematic	 topographic	 maps,	 analogous	 to	 primary	 sensory	 and	
motor	 cortical	maps.	 These	numerosity	maps	 extend	 topographic	 principles	 to	 higher-	 order	 features	 in	
association	cortex.	We	will	also	show	why	the	reconstruction	of	these	maps,	and	cognitive	neuroscience	in	
general,	needs	7T	MRI.	Further	experiments	demonstrate	that	these	topographic	representations	extend	
to	object	size-tuned	responses	that	are	associated	in	overlapping	maps.	This	suggests	that	these	maps	may	
form	a	generalized	quantity	representation.	Last,	while	perceptions	of	small	and	large	numerosities	differ	
in	 many	 aspects,	 they	 both	 elicit	 responses	 in	 the	 same	 numerosity	 maps.	 This	 result	 suggests	 that	
neuronal	populations	in	topographic	numerosity	maps	dynamically	adjust	their	numerosity	tuning	to	follow	
the	presented	numerosity	range.	
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SS3.ATE	

Beyond	this	Reality:	VR	as	a	Paradigm	for	Interactive	and	Embodied	Social	
Cognition	

	
Atenas	Room	

	
	

Chairs:	
	

Roberta	Sellaro	
Leiden	University	

Michiel	Spape’	
University	of	Helsinki	

	
	
	

New	advances	 in	virtual	 reality	 (VR)	 technologies	along	with	 the	currently	affordable	costs	of	associated	
equipment	have	 led	 scientists	 to	 consider	VR	as	 a	useful	 tool	 for	 carrying	out	 experimental	 studies	 in	 a	
variety	 of	 fields	 of	 psychology	 and	 neuroscience.	 The	 increased	 use	 of	 VR	 in	 psychological	 research	 is	
mainly	 due	 to	 the	 unique	 advantages	 that	 this	 technology	 offers	 over	 traditional	 experimental	 settings	
such	 as	 tighter	 control	 of	 the	 environment,	 the	 possibility	 of	 creating	 more	 ecologically	 valid	 research	
protocols,	and	of	subtly	manipulating	features	of	the	environment	and/or	of	the	participant	to	assess	their	
influence	on	people’s	behaviors	and	decisions.	 In	 this	 symposium	we	will	provide	an	overview	of	 recent	
applications	 of	 VR	 demonstrating	 the	 unique	 opportunities	 that	 this	 technology	 provides	 to	 inform	
empirical	researchers	and	interventionists	on	how	(normal	and	altered)	interactive	social	processes	come	
into	play.		
	
	
	
	
	
Speakers: 
 
Roberta	Sellaro	
Ville	J.	Harjunen	
Michiel	Spape’	
Ruud	Hortensius		
Vanessa	Era	
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SS3.ATE.1	Contingency	between	self-	and	other-generated	actions	meditates	the	positive	social	
consequences	of	imitation:	A	virtual	reality	study	
	
Sellaro,	R.,	de	Heer,	S.,	&	Hommel,	B.		
Leiden	University,	Leiden,	The	Netherlands	
	
When	engaging	 in	 social	 interactions	people	 tend	 to	 automatically	 take	over	 each	other’s	 behaviours	 in	
terms	of	voice	pitch	and	tone,	facial	expressions,	bodily	gestures	and	movements.	Interpersonal	imitation	
is	adaptive	and	it	is	assumed	to	give	rise	to	positive	social	consequences,	such	as	increased	likability,	social	
affiliation	and	interpersonal	trust.	It	has	been	proposed	that	the	behavioural	and	social	effects	of	imitation	
can	be	attributed	to	the	detection	of	the	contingency	between	self-	and	other-generated	actions	and	taken	
to	reflect	general	associative	learning	processes.	Consistent	with	this	hypothesis,	in	this	talk	I	will	describe	
recent	 results,	 obtained	 by	 using	 immersive	 virtual	 reality,	 showing	 that	 contingency	 and,	 therefore,	
predictability	 between	 executed	 and	 observed	movements	 contributes	 crucially	 to	 the	 social	 effects	 of	
imitation.	
	
	
	
SS3.ATE.2	Using	virtual	embodiment	to	reduce	ethnic	ingroup	bias	in	vicarious	pain	response:	
Evidence	from	event	related	oscillations	and	autonomic	nervous	system	activity	
	
Harjunen,	V.J.1,2,	Sjö,	P.1,	Ahmed,	I.2,	Farmer,	H.3,5,	Salminen,	M.4,1,	Järvelä,	S.1,	Ruonala,	A.2,	Jacucci,	G.5,	&	
Ravaja,	N.1,2	
1.	Aalto	University,	Helsinki,	Finland.	
2.	University	of	Helsinki,	Helsinki,	Finland.	
3.	University	College	London,	London,	United	Kingdom.	
4.	Tampere	University,	Tampere,	Finland.	
5.	University	of	Bath,	Bath,	United	Kingdom.	
	
Previous	research	has	demonstrated	that	observers	exhibit	greater	vicarious	pain	responses	to	victims	with	
similar	skin	color.	The	present	study	examined	whether	embodying	a	virtual	body	of	different	color	than	
one's	own	reduced	this	ethnic	 ingroup	bias.	 Immersive	virtual	 reality,	motion	tracking	and	photorealistic	
virtual	bodies	were	used	to	embody	the	participants	to	a	3D	human	body	with	a	similar	or	different	skin	
color.	 Then,	 sensorimotor	 EEG	 oscillations	 (ERD/ERSs),	 electrocardiography	 (ECG),	 and	 electrodermal	
activity	(EDA)	were	measured	while	showing	black,	white	and	violet	virtual	humans	in	noxious	(e.g.	injected	
by	a	needle)	or	non-noxious	situations	(e.g.	touched	with	a	feather).	The	results	demonstrated	that	putting	
oneself	 in	 virtual	 body	 of	 an	 ethnic	 outgroup	 member	 reduces	 ingroup	 bias	 in	 sensorimotor	 beta	
oscillations	and	galvanic	skin	responses	evoked	by	the	vicarious	pain	stimuli.	The	symposium	presentation	
will	further	elaborate	the	EEG	findings	and	their	theoretical	implications.		
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SS3.ATE.3	Neurosemiotics:	The	use	of	EEG	in	VR	to	understand	intention	in	communication	
	
Spape’,	M.	M.1,	Ahmed,	I.2,	Jacucci,	G.2,	&	Ravaja,	N.1,2	
1.	Aalto	University,	Helsinki,	Finland	
2.	University	of	Helsinki,	Helsinki,	Finland.	
	
Communication	requires	understanding	of	explicit	 language	as	well	as	social-emotional	 intentions	behind	
messages.	 Previous	 research	 has	 long	 shown	 that	 verbal-	 and	 non-verbal	 context,	 such	 as	 intonations,	
postures,	 touch,	 and	 expressions,	 dramatically	 alter	 interpretation	 of	 messages,	 yet	 the	 mechanisms	
behind	 this	 remains	 unknown.	We	 propose	 that	 the	 semiotic	 process	 operates	 similar	 to	 other	 binding	
problems,	in	which	an	explicit	message	(e.g.	a	positive	message)	may	retrieve	conflicting	information	(e.g.	a	
negative	expression)	if	they	are	both	bound	to	the	same	context	(messenger).	To	investigate,	we	used	EEG	
within	virtual	reality,	and	show	that	emotional	expressions,	displayed	via	artificial	agents,	interact	with	the	
psychophysiological	 processing	 of	 the	 agent’s	 message	 content.	 Interestingly,	 this	 only	 seems	 to	 occur	
after	the	message	itself	has	been	processed,	implying	a	role	for	episodic	retrieval.	VR	technology,	while	still	
a	 ‘frontier	 technology’	 presenting	 strong	 methodological	 challenges,	 is	 thus	 shown	 to	 provide	 unique	
opportunities	for	social	cognition	research.	
	
	
	
SS3.ATE.4	Probing	social	cognition	during	violent	conflicts	
	
Ruud	Hortensius		
University	of	Glasgow,	Scotland	
	
Violent	 conflicts	 lead	 to	 a	 myriad	 of	 responses	 in	 individuals.	 Combining	 the	 experimental	 control	 and	
realism	of	Virtual	Reality,	I	will	discuss	a	series	of	experiments	that	provide	new	insight	on	the	perception	
and	experience	of	distress	within	an	individual	during	violent	conflicts.	First,	 I	will	show	how	behavioural	
reactivity	 to	 distress	 and	 self-reported	 decision	 making	 can	 predict	 helping	 behaviour	 during	 a	 violent	
conflict.	Next,	I	will	show	how	the	first-person	experience	of	distress	can	lead	to	improved	recognition	of	
female	fearful	facial	expressions	in	male	domestic	violence	offenders.	In	the	final	experiment,	I	will	discuss	
how	the	direct	experience	of	a	 life-threatening	situation	 influences	neural	mechanisms	underlying	social	
threat	perception.	Together,	Virtual	Reality,	 inter-individual	difference	measures	and	functional	magnetic	
resonance	imaging	allow	researchers	to	study	distress	phenomenology,	physiology,	and	behaviour	during	
violent	conflicts	that	are	invisible	to	the	realm	of	traditional	psychological	methods.		
	
	
	
SS3.ATE.5	Neural	basis	of	human-avatar	motor	interactions	in	healthy	and	clinical	populations	
	
Vanessa	Era1,2	&	Matteo	Candidi1,2	
1.	“Sapienza”	University	of	Rome,	Italy.	
2.	IRCCS,	Fondazione	Santa	Lucia,	Rome,	Italy.	
	
Social	 neuroscience	 research	 is	 struggling	 to	 go	 beyond	 the	 study	 of	 cognition	 and	 brain	 activity	 in	
individuals	 who	 merely	 react	 to	 social	 contexts.	 With	 this	 aim,	 we	 developed	 an	 experimental	 set-up,	
which	 requires	 participants	 to	 coordinate	 and	 synchronize	 their	 reach-to-grasp	 movements	 during	
cooperative	or	 competitive	 interactions	with	 real	or	virtual	partners,	 in	order	 to	 fulfil	 a	 (motor)	goal.	By	
means	 of	 inhibitory	 transcranial	 magnetic	 stimulation,	 we	 demonstrated	 that	 the	 parietal	 cortex	 (left	
anterior	intraparietal	sulcus	and	right	temporo-parietal	junction)	is	essential	in	supporting	humans’	ability	
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to	coordinate	with	both	virtual	partners	and	with	other	humans	in	both	cooperative	and	competitive	social	
contexts.	Moreover,	we	also	showed	that	brain	damaged	patients	with	fronto-parietal	lesions	and	showing	
motor	difficulties	(apraxic	patients)	improve	their	motor	behavior	when	interacting	with	a	virtual	partner.	
Thus	 motor	 interactions	 might	 be	 exploited	 for	 the	 development	 of	 novel	 rehabilitation	 protocols	 for	
patients	with	motor	disorders.	
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SS3.StT	

Spontaneity	in	Future	Thinking:	A	Forward-Looking	
Research	Symposium	

	
Saint	Tropez	Room	

	
	

Chair:	
	

Scott	Cole	
York	St	John	University,	York,	UK	

	
	
	

Spontaneous	 thought	 and	 future	 thinking	 are	 two	 intersecting	 research	 fields	 which	 have	 seen	 a	
pronounced	 surge	 of	 interest	 in	 recent	 years.	 Here,	 we	 present	 work	 from	 a	 variety	 of	 perspectives,	
examining	the	role	of	incidental	triggers	in	future	thinking;	the	potential	importance	of	cognitive	inhibition;	
the	impact	of	visuo-spatial	orienting;	and	the	neural	substrates	that	support	access	to	such	thoughts.	Talks	
will	 consider	 spontaneous	 future	 thinking	 in	 relation	 to	 involuntary	 memory,	 given	 the	 shared	
neurocognitive	architecture	evidenced	in	the	literature.	Our	discussant,	Martin	Conway,	brings	a	wealth	of	
knowledge	 relating	 to	 autobiographical	 memory	 and	 –	 from	 his	 more	 recent	 work	 –	 the	 similar	
mechanisms	by	which	both	memories	and	future	thoughts	are	accessed.	The	lines	of	research	represented	
in	 the	 symposium	 offer	 a	 range	 of	 tentative	 answers	 as	 to	 how	 (functionally	 and	 contextually)	 future	
thinking	may	be	spontaneous,	probing	its	position	in	relation	to	other	forms	of	spontaneous	thought.		
	
	
	
	
	
	
	
Speakers:	
	
Manila	Vannucci	
Elisa	Ciaramelli	
Krystian	Barzykowski	
Helgi	Clayton	McClure	
Scott	Cole	
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SS3.StT.1	When	our	mind	wanders,	where	does	it	go?	Visuo-spatial	processing	affects	the	temporal	
orientation	of	spontaneous	mind-wandering	
	
Manila	Vannucci	
University	of	Florence,	Florence,	Italy	
	
Previous	studies	in	young	adults	have	shown	that	mind-wandering	(MW)	is	typically	directed	towards	times	
other	 than	 the	present.	Despite	 the	widely-reported	prospective	 (i.e.	 future)	bias,	 the	 temporal	 focus	of	
MW	might	 be	 more	 flexible	 than	 originally	 thought,	 as	 shown	 by	 various	 experimental	 manipulations.	
Moreover,	time	is	typically	processed	with	reference	to	a	spatial	continuum,	or	 ‘mental	time	line’	 (MTL),	
consistent	within	a	given	culture.	Across	several	studies	we	investigated	the	extent	to	which	visuo-spatial	
processing	 influences	 the	 temporal	 orientation	 of	 MW	 by	 experimentally	 inducing	 leftward	 versus	
rightward	orienting	of	attention.	Our	findings	confirm	that	the	proportion	of	spontaneous	future-oriented	
MW	episodes	was	higher	 for	 rightward	 than	 for	 leftward	orienting	of	attention,	and	vice	versa	 for	past-
oriented	 episodes.	 Possible	mechanisms	 and	 implications	 for	 research	 on	MW	 and	 spontaneous	 future	
thinking	are	discussed.		
	
	
	
SS3.StT.2	A	mind	free	to	wander:	Role	of	the	vmPFC	and	the	hippocampus	in	the	construction	of	
spontaneous	thought	
	
Elisa	Ciaramelli	
University	of	Bologna,	Bologna,	Italy	
	
The	ventromedial	prefrontal	cortex	(vmPFC)	and	the	hippocampus	are	crucial	nodes	of	a	core	network	of	
brain	regions	whose	activity	is	enhanced	when	individuals	voluntarily	remember	past	events	and	imagine	
future	 events.	 These	 regions	 are	 also	 activated	 during	 mind-wandering,	 when	 attention	 drifts	 away	
(automatically)	from	the	current	task	and	focusses	on	events	alternative	to	direct	perceptual	experience,	
such	 as	memories	 or	 plans	 for	 the	 future.	 I	will	 present	 data	 from	experiments	 involving	brain-lesioned	
patients	and	using	direct	current	stimulation	(tDCS)	to	demonstrate	that	the	vmPFC	and	hippocampus	play	
necessary	and	complementary	roles	in	both	voluntary	and	spontaneous	forms	of	event	construction.	They	
also	examine	the	critical	role	of	verbal	cues	in	mind-wandering	in	brain-lesioned	individuals.		
	
	
	
SS3.StT.3	Testing	the	cognitive	inhibition	dependency	hypothesis	of	involuntary	thoughts	
	
Krystian	Barzykowski	
Jagiellonian	University,	Krakow,	Poland	
	
The	aim	of	 the	present	 investigation	was	 to	examine	why	we	are	not	 constantly	 flooded	by	 involuntary	
future	 thoughts	 (IFTs)	 and	 involuntary	 autobiographical	 memories	 (IAMs)	 given	 that	 they	 are	 often	
triggered	 by	 incidental	 cues	 while	 performing	 undemanding	 activities.	 One	 possibility	 is	 that	 activated	
thoughts	 are	 suppressed	by	 an	 inhibitory	 control	mechanism,	 and	 therefore	depleting	 inhibitory	 control	
should	increase	their	frequency.	In	Study	1,	participants	performed	a	60-min	Stroop	task	in	either	a	high-	
or	low-conflict	condition	before	completing	a	vigilance	task	measuring	the	frequency	of	IFTs	and	IAMs;	this	
produced	 groups	 with	 ‘depleted’	 and	 ‘intact’	 inhibitory	 control	 during	 thought	 reporting.	 Study	 2	
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compared	 thought	 frequencies	 in	 individuals	 exhibiting	 high	 vs.	 low	 trait	 levels	 of	 inhibition.	 Since	 our	
findings	 do	 not	 clearly	 support	 the	 proposed	 inhibition	 mechanism,	 the	 talk	 will	 consider	 alternative	
explanations	for	the	observed	lack	of	‘flooding’	by	spontaneous	thoughts.		
	
	
	
SS3.StT.4	Don’t	get	triggered:	Clarifying	the	role	of	‘irrelevant’	verbal	cues	in	involuntary	future	
thinking	
	
Helgi	Clayton	McClure	
York	St	John	University,	York,	UK	
	
Previous	 research	 has	 shown	 that	 involuntary	 thoughts	 of	 first-person	 past	 and	 future	 events	 can	 be	
triggered	by	the	presence	of	onscreen	verbal	cues	in	a	lab	setting,	despite	instructions	not	to	attend	to	the	
cues.	The	present	 investigation	aims	to	replicate	these	findings,	specifically	for	future-	oriented	thoughts	
(e.g.	 ‘I’m	 imagining	 being	 in	 Paris	 next	 spring’),	 using	 sparsely	 presented	 cues.	 Four	 between-subjects	
conditions	 (goal-related	 phrases,	 future-related	 phrases,	 standard	 pre-	 validated	 cues	 and	 nonsense	
scrambled	 cues)	 were	 used	 to	 assess	 the	 impact	 of	 different	 cue	 properties	 on	 the	 frequency	 and	
characteristics	 of	 reported	 involuntary	 future	 thoughts.	 The	 talk	will	 discuss	preliminary	 results,	 relating	
them	to	theoretical	models	of	future	thinking	and	attempting	to	place	the	study	in	the	broader	context	of	
‘spontaneous	thought’.		
	
	
	
SS3.StT.5	Spontaneity	in	future	thinking:	A	discussion	
	
Scott	Cole	
York	St	John	University,	York,	UK	
	
Scott	 Cole	 will	 draw	 upon	 his	 experience	 studying	 the	 neurocognitive	 characteristics	 of	 episodic	 future	
thinking	to	integrate	the	four	research	talks.	Links	between	spontaneous	future	thinking	and	related	areas	
such	as	prospective	memory,	mind	wandering	and	 involuntary	memory	will	be	examined.	Finally,	 in	 this	
discussion,	 the	 question	 of	 whether	 these	 new	 findings	 can	 be	 interpreted	 in	 the	 context	 of	 recent	
theoretical	frameworks	and	approaches	will	be	explored.	
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SS3.TAR	
Is	Memory	Slave	to	the	Rhythm?	Focus	on	the	Role	of	Timing	and	Temporal	

Factors	in	Verbal	Short-Term	Memory	
	

Tarraco	Room	
	
	

Chair:	
	

Simon	Gorin	
Université	de	Genève,	Switzerland	

	
	
	

Research	from	rhythm	cognition	has	provided	evidences	that	rhythmic	 information	can	 influence	various	
aspects	 of	 cognition,	 for	 instance	 supporting	 attentional	 guidance	 or	 promoting	 language	 development.	
The	question	whether	rhythm	also	plays	a	role	in	more	specific	contexts	such	as	memorizing	lists	of	verbal	
stimuli	 remains	 open.	 This	 symposium	 represents	 an	 attempt	 at	 addressing	 the	 relation	 between	 the	
functioning	 of	 verbal	 short-term	 memory	 (STM)	 and	 rhythm	 processing,	 building	 on	 research	 from	
experimental	to	developmental	psychology,	as	well	as	cognitive	modelling.	We	will	see	from	experimental	
studies	 how	 verbal	 STM	 performance	 is	 improved	 when	 presented	 with	 musical	 rhythm,	 and	 how	
performance	is	affected	when	to-be-remembered	material	is	rhythmically	unpredictable.	We	will	also	have	
a	 look	at	 the	 importance	of	 rhythm	 in	 transferring	 information	 from	STM	to	 long-term	memory,	 and	 its	
influence	on	 language	development.	 Finally,	we	will	 see	 how	 rhythmic	 aspects	 are	 important	 to	 build	 a	
model	of	auditory	verbal	STM.	
	
	
	
	
	
	
Speakers:	
	
Gaën	Plancher		
Simon	Gorin		
Rob	Hughes	
Usha	Goswami		
Tom	Hartley		
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SS3.TAR.1	Boosting	maintenance	in	working	memory	with	temporal	regularities	
	
Gaën	Plancher		
Université	Lumière	Lyon	2,	France	
	
Music	 cognition	 research	has	provided	evidence	 for	 the	benefit	of	 temporally	 regular	 structures	 guiding	
attention	over	time.	In	recent	studies,	we	investigated	whether	working	memory	mechanisms	can	benefit	
from	temporal	regularities.	We	examined	the	potential	benefit	of	a	regular	rhythm	on	the	maintenance	of	
serial	 order	 information	 in	 working	 memory.	 Across	 several	 experiments	 we	 asked	 participants	 to	
remember	series	of	letters	for	serial	recall.	We	compared	conditions	where	a	sound	was	presented	with	a	
regular	stimulus-onset-asynchrony	during	the	maintenance	interval	to	a	silent	condition.	We	observed	that	
the	presence	of	the	regular	rhythm	resulted	in	improved	memory	performance.	Interestingly,	the	presence	
of	the	isochronous	rhythm	also	improved	recall	performance	of	healthy	older	adults,	but	only	when	they	
have	 good	 inhibition	 capacities.	 Overall,	 the	 present	 results	 suggest	 that	 maintenance	 mechanisms	 of	
working	memory	can	be	boosted	with	temporal	regularities,	potentially	because	regularities	help	guiding	
attentional	maintenance	of	memory	representations.	
	
	
	
SS3.TAR.2	Does	rhythmic	(ir)regularity	during	encoding	influence	serial	order	recall	from	verbal	
short-term	memory?	
	
Simon	Gorin	
Université	de	Genève,	Switzerland	
	
The	 nature	 of	 the	 codes	 underlying	 the	 representation	 of	 serial	 order	 information	 in	 verbal	 short-term	
memory	(STM)	is	still	debated.	According	to	some	models,	serial	order	is	represented	through	time-based,	
event-based,	 or	 even	 both,	 codes.	 As	 event-based	 and	 time-based	 theories	 make	 different	 predictions	
regarding	the	manipulation	of	presentation	timing	in	serial	recall	tasks,	it	is	argued	that	our	understanding	
of	the	ordering	codes	involved	in	verbal	STM	should	benefit	from	the	study	of	items	presentation	rhythm	
effects.	I	will	present	the	results	from	experiments	requiring	participants	to	recall	digit	lists	for	which	items	
presentation	 timing	 is	 manipulated.	 Recall	 performance	 and	 error	 patterns	 will	 be	 compared	 between	
conditions	where	items	are	presented	with	an	isochronous,	steady	rhythm	or	an	unpredictable,	unsteady	
rhythm.	The	data	should	shed	new	light	on	the	(possible)	role	of	rhythm	in	representing	sequential	order	
information	in	verbal	STM,	and	contribute	to	constraint	future	models.		
	
	
	
SS3.TAR.3	Rhythmic-motoric	determinants	of	the	relation	between	verbal	serial	recall	and	verbal	
learning	
	
Rob	Hughes	&	Amanda	Sjöblom	
University	of	London,	United	Kingdom	
	
The	dominant	account	of	verbal	serial	short-term	memory	posits	a	distinct	phonological	short-term	store	
whose	 evolved	 function	 is	 verbal	 sequence	 learning	 (Baddeley,	 Gathercole,	 &	 Papagno,	 1998).	 We	
examined	an	alternative	approach	wherein	 these	 functions	are	 supported	by	motor	planning	 (as	well	 as	
perceptual	organization	with	auditory	sequences).	Contrary	to	previous	work,	we	show	first	that	the	Hebb	
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repetition	 effect—the	 enhancement	 of	 verbal	 serial	 recall	 performance	 for	 a	 repeated	 sequence	 in	
amongst	 non-repeated	 sequences—is	 attenuated	when	 vocal-motor	planning	of	 a	 visually-presented	 to-
be-remembered	sequence	is	restricted	by	articulatory	suppression.	Second,	when	the	repeating	sequence	
was	presented	 in	different	 temporal	groupings	across	 repetitions,	 learning	was	abolished	but	only	when	
that	grouping—based	on	evidence	from	output	response-times	during	serial	recall—was	mimicked	within	
the	 motor-plan	 supporting	 its	 short-term	 recall.	 We	 argue	 that	 verbal	 serial	 short-term	 memory	 and	
learning	 are	 supported	 by	 general-purpose,	 temporally-structured,	motor-plans,	 not	mnemonic	 systems	
specialized	for	verbal	input.	
	
	
	
SS3.TAR.4	The	role	of	rhythm	patterns	in	children’s	language	development	and	short-term	
memory	
	
Usha	Goswami	
University	of	Cambridge,	United	Kingdom	
	
Rhythm	patterns	 are	 a	 core	 aspect	 of	 speech	 encoding	 by	 the	 brain.	Using	 recent	 neural	 insights,	 I	will	
provide	 an	 overview	 of	 key	 factors	 underpinning	 individual	 differences	 in	 children’s	 development	 of	
language,	 phonology	 and	 short-term	 memory.	 The	 framework	 will	 be	 a	 neural	 oscillatory	 “temporal	
sampling”	 perspective	 for	 linking	 rhythmic	 auditory	 processing	 to	 language	 acquisition	 by	 infants	 and	
young	 children.	 I	 will	 show	 that	 children	 with	 phonological	 impairments	 (developmental	 dyslexia)	 are	
relatively	 insensitive	 to	 speech	 and	non-speech	 rhythm,	 and	 that	 this	 relates	 to	 acoustic	 insensitivity	 to	
amplitude	modulation	patterns.	 Infant-directed	 speech	exaggerates	 core	amplitude	modulation	patterns	
to	aid	language	acquisition.	This	enhances	prosodic	structure,	yet	children	with	dyslexia	struggle	to	recover	
prosodic	structure	from	the	speech	stream.	Nevertheless,	dyslexic	children	show	prosodic	similarity	effects	
in	short-term	memory,	just	as	other	children	do.		
	
	
	
SS3.TAR.5	What	cognitive	function(s)	does	neural	entrainment	to	speech	subserve?	Possible	
answers	and	predictions	from	a	model	of	auditory-verbal	short-term	memory	
	
Tom	Hartley	
University	of	York,	United	Kingdom	
	
Hartley,	Hurlstone	and	Hitch	(Cognitive	Psychology,	2016)	show	that	temporal	grouping	effects	in	auditory-
verbal	short-term	memory	are	 insensitive	to	foreknowledge	about	 list	structure,	suggesting	that	bottom-
up	processes	exploit	rhythm	in	encoding	the	timing	and	serial	structure	of	spoken	material.	This	talk	gives	
an	intuitive	and	non-technical	overview	of	the	mechanism	at	the	heart	of	their	model,	highlighting	some	of	
its	explanatory	strengths	and	weaknesses	from	the	standpoint	of	theoretical	integration	in	the	overlapping	
areas	 of	 rhythm,	 verbal	 short-term	 memory,	 language	 development,	 and	 in	 linking	 specific	 cognitive	
functions	to	neural	entrainment.	Falsifiable	predictions	will	be	identified.	
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SS3.BAR	
Negation	Processing:	New	Insights	and	Models	

	
Barcelona	Room	

	
	

Chair:	
	

David	Beltrán	
Universidad	de	La	Laguna.	Spain	

	
	
	

Negation	 is	 a	 ubiquitous	 feature	 of	 human	 languages	 with	 critical	 functions	 in	 communication	 and	
cognition.	Negation	is	important	because,	among	other	things,	it	helps	to	represent	the	world	in	ways	that	
deviates	of	what	is	actually	the	case,	bringing	so	into	the	mind	the	concepts	of	opposition	and	alternative	
worlds.	To	explain	this	powerful	function,	cognitive	researchers	have	focused	on	what	is	represented	as	a	
result	of,	and	during	the	comprehension	of	negative	sentences,	and	more	recently	on	the	processes	and	
neurocognitive	mechanisms	used	to	build	and	manipulate	the	involved	representations.	In	this	symposia,	
new	 findings	 and	 ideas	 regarding	 negation	 processing	 will	 be	 presented.	 Two	 talks	 will	 introduce	
processing	models	that	places	special	emphasis	upon	how	context	modulates	what	is	represented	during	
negation	understanding,	while	the	other	three	will	discuss	evidence	concerning	the	reuses	by	negation	of	
domain-general	processes	associated	with	the	control	of	perceptions	and	actions.	
	
	
	
	
	
Speakers:	
	
Ruth	Mayo	
Isabel	Orenes	
Carolin	Dudschig	
David	Beltran	
Bo	Liu	
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SS3.BAR.1	Effective	and	spontaneous	negation	
	
Ruth	Mayo	
The	Hebrew	University	of	Jerusalem	
	
The	main	conceptualization	these	days	is	that	in	the	process	of	understanding	information,	one	must	first	
believe	 and	 only	 later	 one	 is	 able	 to	 negate.	 Negation	 is	 considered	 a	 secondary	 process,	 demanding	
awareness	and	cognitive	resources	and	therefore	at	risk	of	failure.	This	"negation	as	a	secondary	process"	
perspective	 lies	at	 the	heart	of	known	effects	such	as	 false	memory	and	misinformation.	 I	will	 introduce	
two	models	for	the	negation	process	and	suggest	that	while	one	may	lead	to	a	negation	failure,	the	other	
offers	a	successful	negation	process	that,	for	example,	may	diminish	false	memory	and	enable	correction	
of	misinformation.	Furthermore,	 I	will	present	empirical	research	demonstrating	a	spontaneous	negation	
process,	 eliminating	 accessibility	 effects	 (e.g.	 priming,	 confirmation).	 The	 conclusion	 offered	 is	 that	 our	
mind	is	equipped	with	a	successful	and	spontaneous	negation	process	and	that	the	question	of	our	default	
response	–acceptance	or	negation–	is	context	dependent.		
	
	
	

SS3.BAR.2	The	time-course	of	processing	counterfactual	and	negation:	Evidence	from	the	visual	
world	paradigm	
	
Isabel	Orenes,	Juan	Antonio	Madruga,	Orlando	Espino,	&	Ruth	Byrne	
Universidad	Nacional	de	Educación	a	Distancia	(Madrid)	
	
Negation	 and	 counterfactual	 are	 both	 linguistic	 devices	 which	 comprehension	 calls	 for	 dual	 models	 of	
representation.	We	report	two	eye-tracking	studies	to	examine	how	people	process	these	two	possibilities	
and	 whether	 they	 are	 equally	 accessible.	 In	 Experiment	 1,	 people	 heard	 affirmative	 and	 negative	
counterfactuals	(e.g.	“if	you	had	(not)	arrived	early,	you	would	have	(not)	bought	roses”)	while	looking	at	
four	 printed	words	 on	 a	 computer	 screen	 (e.g.,	 roses,	 no	 roses,	 carnations,	 no	 carnations).	 The	 results	
showed	that	participants	first	looked	at	‘roses’	and	then	its	implicit	negation,	‘carnations’.	In	contrast,	for	
negated	counterfactuals,	 they	 looked	only	at	 ‘roses’.	 In	Experiment	2,	we	corroborated	 these	 results	 for	
affirmative	 counterfactuals	 in	binary	 contexts	 (there	were	 roses	or	 carnations	 in	 the	 shop)	 and	multiple	
contexts	 (there	 were	 roses	 or	 carnations	 or	 lilies	 or	 daisies).	 We	 discuss	 how	 the	 understanding	 of	
counterfactuals	and	negation	affects	the	accessibility	of	the	two	possibilities.	
	
	
	
SS3.BAR.3	Negation	as	conflict	
	
Carolin	Dudschig	&	Barbara	Kaup	
University	of	Tübingen	
	
Negation	 processing	 is	 often	 associated	with	 the	 activation	 of	 two	 competing	meaning	 representations.	
According	to	this	view,	a	sentence	such	as	“The	door	is	not	closed”	activates	both	the	representation	of	an	
open	and	the	representation	of	a	closed	door.	Interestingly,	this	phenomenon	highly	resembles	the	notion	
of	conflict	as	typically	studied	in	the	Stroop-,	the	flanker-	or	the	Simon-tasks.	In	our	studies,	we	investigate	
in	how	far	negation	processing	involves	conflict-adaptation	mechanisms	that	are	well	known	from	conflict	
processing	in	the	above	mentioned	tasks.	We	will	report	a	series	of	electro-physiological	experiments	that	



Symposia:	Session	3.	Friday	27th	15:40-17:20	 ESCoP	2019	Symposium	abstracts	
_______________________________________________________________________________________________ 	

	

	 77 

aimed	 at	 finding	 out	 whether	 during	 negation	 processing	 indeed	 two	 competing	 representations	 are	
activated	and	whether	this	conflicting	situation	then	results	in	conflict	adaptation	effects.	
	
	
	
SS3.BAR.4	Negation	as	inhibition	
	
David	Beltran	&	Manuel	De	Vega	
Universidad	de	La	Laguna.	Spain	
	
The	inhibition	of	the	concepts	under	its	scope	is	one	of	the	most	well-replicated	cognitive	consequences	of	
negation.	But	how	this	inhibitory	role	is	 implemented	at	a	neurocognitive	level	 is	still	poorly	understood.	
Based	on	the	idea	of	neural	redeployment,	we	have	recently	proposed	that	negation	reuses	evolutionary	
ancient	mechanisms,	in	particular	those	involved	in	the	control	of	actions.	In	support	of	this	proposal,	we	
reported	 an	 interaction	 between	 linguistic	 negation	 and	 well-known	 neurophysiological	 markers	 of	
response	inhibition.	Here,	we	will	introduce	new	evidence	to	reinforce	and	extend	it.	Firstly,	we	will	show	
that	the	interaction	with	response	inhibition	markers	is	not	restricted	to	the	negation	of	action	concepts;	
instead,	it	happens	regardless	of	the	semantic	modality,	and	hence	involves	a	domain-general	mechanism	
of	 negation.	 Secondly,	 we	 will	 present	 an	 EEG	 functional	 localizer	 study	 which	 shows	 that	 the	 neural	
network	underlying	response	inhibition	is	active	during	the	comprehension	of	negative	sentences.	
	
	
	
SS3.BAR.5	Response	inhibition	influence	on	negation	comprehension	
	
Bo	Liu,	Manuel	De	Vega,	&	David	Beltrán	
Universidad	de	La	Laguna.	Spain	
	
The	 Response	 Inhibition	 in	 Negation	 (RIN)	 hypothesis	 holds	 that	 the	 inhibitory-	 like	 consequences	 of	
negation	 imply	 the	 reuses	 of	 neural	 mechanisms	 of	 response	 inhibition.	 Supporting	 evidence	 has	 laid	
emphasis	 only	 on	 the	modulatory	 effect	 of	 negation	 on	motor	 inhibition,	without	 touching	 the	 reverse	
side.	We	tested	in	an	ERP	experiment	whether	motor	inhibition	modulates	subsequent	comprehension	of	
sentential	negation,	as	indexed	by	modulations	of	the	semantic	N400	component.	To	that	end,	participants	
performed	a	GNG	task	before	reading	either	an	affirmative	or	a	negative	sentence	(“now	you	will	cut	the	
bread”	 vs	 “now	 you	will	 not	 cut	 the	 bread”).	 Verbs	 in	 the	Nogo-negative	 condition	 elicited	 larger	N400	
amplitudes	 than	 all	 other	 conditions,	 suggesting	 more	 difficulty	 to	 integrate	 them	 into	 the	 preceding	
semantic	context.	Regarding	the	RIN	hypothesis,	this	finding	supposes	an	additional	probe	of	the	sharing	of	
inhibitory	mechanisms	by	both	response	inhibition	and	negation	processing.	
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SS3.PAL	

New	Findings	and	Approaches	on	Strategic	Variations	
in	Human	Cognition	

	
Palma	de	Mallorca	Room	

	
	

Chair:	
	

Svenja	Hammerstein	
Goethe	Universität,	Frankfurt	

	
	
	

Two	 decades	 of	 research	 on	 human	 cognition	 robustly	 found	 that	 participants	 use	 several	 strategies	 to	
accomplish	 a	 wide	 variety	 of	 tasks	 in	 most	 cognitive	 domains,	 that	 strategies	 used	 by	 participants	 are	
crucial	 determiners	 of	 their	 performance,	 and	 that	 numerous	 variables	 influence	 participant’s	 strategy	
selection	and	execution	processes.	The	present	symposium	will	discuss	 research	that	offers	new	 insights	
into	 some	 of	 these	 factors	 involved	 in	 strategy	 use	 and	 present	 advances	 in	 approaches	 to	 infer	which	
strategies	 were	 chosen.	 The	 first	 three	 presentations	 focus	 on	 new	 data	 on	 lifespan	 developmental	
changes	 in	arithmetic	 strategies.	Two	of	 them	also	examine	how	age-related	changes	are	moderated	by	
either	 the	 presentation	 format	 of	 the	 task	 or	 prior-task	 success.	 The	 last	 two	presentations	 used	multi-
method	designs	to	assess	which	cognitive	strategies	were	chosen.	Both	make	new	proposals	regarding	how	
to	improve	strategy	assessment.	
	
	
	
	
	
Speakers:	
	
Jeanne	Bagnoud	
Svenja	Hammerstein	
Patrick	Lemaire	
Patrick	Lösche	
Sebastian	Poloczek	
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SS3.PAL.1	The	use	of	the	Min,	First,	and	Sum	strategies	for	addition	problems	in	children	
	
Jeanne	Bagnoud	&	Catherine	Thevenot	
Université	de	Genève,	Switzerland	
	
Strategies	to	solve	addition	problems	evolve	considerably	during	the	first	years	of	schooling.	 It	has	been	
described	 that	 children	 initially	 use	 a	 Sum	 strategy,	 corresponding	 to	 the	 fact	 that	 both	 operands	 are	
represented	 either	 mentally	 or	 on	 fingers	 before	 being	 added	 up.	 This	 strategy	 is	 replaced	 by	 a	 First	
strategy,	where	children	count-on	from	the	first	of	the	two	operands.	The	more	sophisticated	Min	strategy,	
which	 consists	 in	 counting-on	 from	 the	 minimum	 addend,	 is	 then	 used.	 In	 this	 study,	 children	 from	
different	grades	were	asked	to	orally	solve	simple	addition	problems	involving	operands	from	1	to	9	and	
solution	times	were	collected	for	each	problem.	Children’s	strategies	were	inferred	from	solution	times	by	
considering	the	best	predictors	depending	on	the	types	of	problems	(e.g.,	tie,	non-tie,	n	+1).	The	evolution	
of	solution	times	and	therefore	of	the	inferred	strategies	were	considered	during	the	course	of	children's	
development.	
	
	
	
SS3.PAL.2	The	influence	of	presentation	format	on	elementary-school	children’s	strategy	use	in	
computational	estimation	
	
Svenja	Hammerstein	&	Gerhard	Büttner	
Goethe	Universität	Frankfurt,	Germany	
	
The	 present	 study	 investigated	 how	different	 presentation	 formats	 influenced	 children’s	 strategy	 use	 in	
computational	 estimation	 with	 a	 choice/no-choice	 paradigm.	 Third	 and	 fourth	 graders	 (N	 =	 769)	 were	
asked	 to	 find	estimates	 for	 two-digit	 addition	problems	 (e.g.,	 42	+	76).	 In	 the	 choice	 condition,	 children	
were	 told	 to	 choose	 between	 the	 rounding-down	 (i.e.,	 rounding	 both	 operands	 down	 to	 their	 nearest	
decades),	 the	 rounding-up	 (i.e.,	 rounding	 both	 operands	 up)	 and	 the	 mixed-rounding	 strategy	 (i.e.,	
rounding	one	operand	up	and	the	other	down).	 In	the	no-	choice	condition,	the	best	strategy	to	execute	
was	 cued	on	each	problem.	Additionally,	 children	were	 randomly	assigned	 to	one	of	 three	presentation	
conditions:	(1)	time-unlimited	visual,	(2)	time-limited	visual,	or	(3)	auditory.	Results	showed	that	children’s	
strategy	selection	and	execution	were	influenced	by	the	presentation	format.	Interestingly,	this	influence	
was	moderated	 by	 children’s	 age.	 These	 findings	 have	 implications	 for	 our	 understanding	 of	 processes	
involved	in	arithmetic	strategy	use	and	development.		
	
	
	
SS3.PAL.3	Arithmetic	performance	are	modulated	by	prior-task	success	in	young	and	older	adults	
	
Patrick	Lemaire	
Aix-Marseille	Université	&	CNRS,	Marseille,	France	
	
We	tested	whether	and	how	participants	improve	arithmetic	performance	after	successfully	accomplishing	
a	 prior	 task.	 Young	 and	 older	 participants	 (N	=	 162)	 accomplished	 computational	 estimation	 tasks	 (i.e.,	
providing	 the	 best	 estimates	 to	 arithmetic	 problems)	 under	 a	 success	 or	 a	 control	 condition.	 Following	
success,	 although	 both	 young	 and	 older	 adults	 increased	 their	 performance,	 older	 adults	 outperformed	
young	adults.	Moreover,	prior-task	success	led	older	(but	not	younger)	adults	to	select	the	better	strategy	
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on	each	problem	more	often	and	to	repeat	the	same	strategy	more	often	when	it	was	appropriate	or	less	
often	when	inappropriate.	We	also	found	that	better	strategy	use	mediated	effects	of	prior-task	success	in	
older	adults	and	that	 individual	differences	 in	baseline	performance	moderated	 individuals’	sensitivity	to	
effects	of	prior-task	success.	These	findings	further	our	understanding	of	mechanisms	underlying	effects	of	
prior-task	 success	 and,	more	generally,	 provide	new	perspectives	on	arithmetic	processing,	on	 cognitive	
aging,	and	on	how	social	environment	modulates	age-related	differences	in	cognitive	performance	even	in	
specific	domains	like	arithmetic.	
	
	
	
SS3.PAL.4	Identifying	fraction	comparison	strategies	through	eye-tracking	
	
Patrick	Lösche	
Goethe	Universität	Frankfurt,	Germany	
	
Previous	research	suggests	that	strategies	for	solving	fraction	comparison	tasks	can	be	identified	from	self-
reports.	 Here,	 we	 investigated	 whether	 it	 is	 possible	 to	 identify	 strategies	 from	 patterns	 of	 eye-
movements.	We	asked	34	participants	to	compare	fractions	and	decide	which	one	is	larger.	We	recorded	
think	 aloud	 protocols	 and	 tracked	 pupil	 movement.	 The	 stimulus	 material	 was	 designed	 so	 that	 each	
problem	would	 favor	a	specific	strategy.	Results	suggest	 that	distinct	eye-tracking	patterns	emerge	 for	a	
subset	 of	 strategies	 (simple	 comparison	 of	 numerator/denominator	 and	 advanced	 multiplication	 for	
common	 denominator).	 However,	 strategies	 identified	 from	 eye-tracking	 only	 rarely	 overlap	 with	 self-
reported	 strategies.	 This	 suggests	 that	 participants	 were	 not	 always	 self-aware	 of	 their	 solution	
approaches,	 and	 that	 non-	 reactive	methods	 such	 as	 eye-tracking,	 could	 serve	 to	more	 accurately	 infer	
strategy	use	in	fraction	comparison.		
	
	
	
SS3.PAL.5	Integrating	multiple	data	sources	to	study	strategy	development	
	

Sebastian	Poloczek1,2,	Klaus	Oberauer3	&	Chris	Jarrold1	
1.	University	of	Bristol,	UK.	
2.	Goethe	Universität	Frankfurt,	Germany.	
3.	University	of	Zurich,	Switzerland.	
	
Often,	no	 single	data	 source	 is	perfect	 for	 inferring	 cognitive	 strategy	use	 in	 children.	Trial-by-	 trial	 self-
reports	 can	 provide	 a	 detailed	 insight	 into	 children’s	 strategy	 choices;	 however,	 only	 if	 the	 child’s	
metacognitive	 awareness	 is	 developed	 well	 enough	 and	 valid	 self-reports	 are	 given.	 Behaviour-based	
indicators	also	do	not	map	one-to-one	onto	cognitive	strategies.	Children	between	the	age	of	6	and	11	(N	=	
144)	 completed	 an	 immediate	 serial	 recall	 experiment	 and	 gave	 self-reports	 after	 each	 trial;	 self-paced	
presentation	 time	 patterns	 linked	 to	 strategy	 use	 were	 recorded;	 and	 spontaneous	 strategy-related	
verbalisations	 were	 systematically	 observed.	 We	 developed	 a	 Bayesian	 Cognitive	 Model	 to	 infer	 each	
child’s	preferences	for	listening,	single	rehearsal,	cumulative	rehearsal	and	other	memory	strategies	based	
on	 three	 data	 sources	 (self-reports,	 time	 patterns	 and	 observed	 verbalisations).	 The	 model	 as	 well	 as	
comparisons	 between	 simulated	 data	 based	 on	 the	 model	 and	 collected	 data	 will	 be	 presented	 and	
implications	for	strategy	research	will	be	discussed.	
	



	
	
	
	
	
	
	
	

SYMPOSIA	SESSION	4	
	
	
	

Saturday	28th	
	

10:00-11:40	
	



Symposia:	Session	4.	Saturday	28th	10:00-11:40	 ESCoP	2019	Symposium	abstracts	
_______________________________________________________________________________________________ 	

	

	 82 

	
SS4.AUD	

Bilingualism,	Development	and	the	Brain:	A	Neuroemergentist	Perspective	
	

Auditorio	
	
	

Chair:	
	

Arturo	Hernandez	
University	of	Houston	

	
	

The	 ability	 to	 flexibly	 adapt	 to	 a	 new	 set	 of	 circumstances	 is	 a	 hallmark	 of	 language	 and	 cognitive	
development.	This	symposium	will	present	work	that	considers	the	nature	of	plasticity	in	the	learning	of	a	
second	 language	 where	 the	 brain	 must	 adapt	 to	 two	 sets	 of	 sounds,	 scripts	 and	 meanings.	 The	
presentations	 consider	 a	 number	 of	 circumstances	 which	 yield	 variety	 in	 language	 processing.	 	 This	
includes	 work	 describing	 how	 bilingual	 infants	 adapt	 to	 processing	 of	 two	 languages	 during	 very	 early	
stages	of	development.		Work	with	trilinguals	will	look	at	the	effects	of	two	languages	on	the	learning	of	a	
third.		The	final	presentation	seeks	to	look	at	how	language	proficiency,	age	of	second	language	acquisition	
interacts	 with	 individual	 differences	 across	 development.	 The	 final	 presentation	 broader	 view,	
Neuroemergentism,	the	notion	that	both	the	content	of	cognition	and	the	neural	substrate	underlying	it,	
transition	 from	 simple	 to	 complex	 processing	 in	 a	 non-linear	manner.	 This	 Neuroemergentist	 approach	
offers	a	more	nuanced	view	of	the	effects	of	experience	which	captures	the	dynamic	nature	of	 language	
development	in	speakers	of	more	than	one	language.		
	
	
Speakers:	
	
Marina	Kalashnikova	
Dean	D’Souza	
Guillaume	Thierry	
C.	Morrison	
Arturo	E.	Hernandez	
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SS4.AUD.1	Early	speech	perception	development	in	Spanish-Basque	bilingual	infants	
	
Marina	Kalashnikova	&	Manuel	Carreiras	
Basque	Center	for	Cognition,	Brain	and	Language	
	
The	 effects	 of	 early	 bilingual	 exposure	 on	 speech	 perception	 development	 are	 debated.	 Inconsistent	
findings	have	been	attributed	to	the	inclusion	of	bilinguals	acquiring	language	pairs	that	vary	extensively	in	
their	 degree	 of	 phonological	 and	 lexical	 overlap,	 and	 due	 to	 variability	 in	 infants’	 individual	 language	
exposure	 patterns.	 This	 study	 assessed	 speech	 perception	 in	 infants	 acquiring	 Spanish	 and	Basque,	 two	
phonologically	 similar,	 but	 lexically	 and	 grammatically	 distinct	 languages.	 A	 visual	 fixation	 habituation	
paradigm	was	used	to	assess	nine-month-old	monolingual	and	bilingual	infants’	ability	to	discriminate	the	
native	 /pa/-/ba/	 and	 non-native	 /pa/-/pha/	 contrasts.	 Results	 showed	 that	 monolingual	 and	 bilingual	
infants	 discriminated	 the	 native,	 p=.034,	 but	 not	 the	 non-native	 contrast,	 p=.929,	 demonstrating	
attunement	 to	native	phonetic	 categories.	 Importantly,	 in	 the	bilingual	 group,	native	discrimination	was	
correlated	 to	 individual	 degrees	 of	 bilingualism,	 r=.615.	 Thus,	 infants	 with	 greater	 bilingual	 exposure	
showed	weaker	attunement	 to	 their	native	phonetic	categories	even	when	acquiring	 two	phonologically	
similar	languages.	
	
	
	
SS4.AUD.2	 Is	mere	 exposure	 enough?	 The	 effects	 of	 bilingual	 environments	 on	 infant	 cognitive	
development	
	
Dean	D’Souza1,	Daniel	Brady2,	Luke	Mason3,	&	Hana	D’Souza4	
1.	Anglia	Ruskin	University	
2.	University	of	Reading	
3.	Birkbeck,	University	of	London	
4.	University	of	Cambridge	
	
Bilinguals	 purportedly	 outperform	 monolinguals	 in	 nonverbal	 tasks	 of	 cognitive	 control.	 However,	
inconsistent	 results,	 combined	 with	 publication	 bias,	 has	 led	 many	 scientists	 to	 question	 whether	 the	
bilingual	 advantage	 is	 real.	 To	 progress	 beyond	 the	 controversy	 and	 advance	 our	 understanding,	 in	
addition	 to	 carrying	 out	 more	 studies,	 we	 must	 develop	 a	 framework	 that	 can	 account	 for	 the	
inconsistencies	in	the	literature	and	explain	when,	how,	and	why	learning	two	or	more	languages	improves	
cognitive	 control.	 The	 most	 influential	 explanation	 for	 the	 bilingual	 advantage	 is	 the	 proposal	 that	
managing	 two	 or	 more	 languages	 during	 language	 production	 constantly	 draws	 upon,	 and	 thus	
strengthens,	 domain-general	 cognitive	 control	 processes.	 According	 to	 this	 model,	 infants	 raised	 in	
bilingual	 homes	 should	 not	 show	 a	 bilingual	 advantage	 before	 they	 can	 produce	 language.	 Yet	 studies	
suggest	 that	 they	 do.	We	 argue	 that	 exposure	 to	 more	 varied	 language	 environments	 drive	 infants	 to	
explore	more	by	constructing	less	detailed	models	of	their	environments	and	placing	more	weight	on	novel	
information.	Getting	by	on	less	detailed	models	would	allow	the	child	to	switch	more	and	faster	to	novel	
stimuli	and	thus	sample	more	from	their	environments.	We	will	present	infant	data	(n	=	102)	from	several	
experiments	designed	to	test	our	hypotheses.	
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SS4.AUD.3	Evidence	 for	parallel	unconscious	processing	 in	 the	bilingual	mind:	Dual	power	under	
cover?	
	
Guillaume	Thierry	
Bangor	University,	Wales	
	
In	this	talk	I	will	show	how	bilinguals	engage	in	high-level	mental	operations	spontaneously	even	when	the	
tasks	 they	 are	 asked	 to	 do	 require	 no	 such	 complex	 processing.	 I	 will	 focus	 on	 results	 from	 three	
experiments	(Wu	and	Thierry	2012;	Wu	et	al.,	2016;	Li	et	al.,	submitted)	in	which	Chinese-English	bilinguals	
either	 (i)	 filter	 out	 semantic	 access	 to	 negative	 emotional	 context,	 (ii)	 access	 the	 meaning	 of	 part-
translations	and	change	their	 looking	behaviour	accordingly,	and	 (iii)	access	metaphors	 that	only	exist	 in	
their	native	language	and	process	them	in	context,	when	the	experiments	were	conducted	in	English	and	
participants	were	completely	unaware	of	their	engagement	in	sophisticated,	abstract	cognitive	processing.	
In	 all	 cases	 the	 tasks	 requirements	 were	 deceptively	 simple:	 (i)	 semantic	 relatedness	 decision,	 (ii)	 spot	
circle	or	square	shapes,	(iii)	indicate	whether	gaps	in	time	between	heard	stimulus	and	present	time	were	
1	or	2	day/year.	And	in	all	cases,	their	brain	manifested	clear	signs	of	engaging	with	cognitive	operations	
entirely	 irrelevant	 vis-à-vis	 the	 tasks	 at	 hand	 but	 targeted	 by	 factor	manipulations	 in	 the	 experimental	
designs	 used:	 (i)	 selective	 inhibition	 of	 access	 to	 Chinese	 translation	 equivalents	 in	 the	 case	 of	 English	
words	with	a	negative	valence,	(ii)	particular	attention	to	English	words	semantically	related	to	the	concept	
of	 circle	or	 square	via	 translation	 into	Chinese,	 and	 (iii)	processing	difficulty	 in	 the	 case	of	English	dates	
conflicting	with	spatiotemporal	metaphors	of	Chinese	in	terms	of	configurations	of	relative	time	(future	/	
past)	and	physical	origin	in	space	(front	/	back).	All	in	all,	these	findings	provide	support	for	the	provocative	
idea	 that	 bilinguals	 in	 fact	 have	 two	 minds	 operating	 in	 parallel,	 both	 being	 as	 unconscious	 that	 the	
presumably	unique	mind	operating	in	monolinguals.		
	
	
	
SS4.AUD.4	 Differences	 in	 working	 memory	 ERPs	 between	 Arabic-English	 and	 English-French	
bilinguals	
	
Morrison,	C.1,2,	Kamal,	F.1,2,	&	Taler,	V.1,2	
1.	University	of	Ottawa,	Canada	
2.	Bruyère	Research	Institute,	Canada	
	
The	study	of	whether	bilinguals	exhibit	cognitive	advantages	over	monolinguals	has	been	a	controversial	
area	of	research.	Inconsistent	findings	may	be	due	to	methodological	differences	within	and	across	studies.	
One	major	 limitation	 is	 that	many	studies	 focus	on	comparing	 Indo-European	 languages	such	as	English,	
French,	 and	 Spanish.	 The	 purpose	 of	 this	 study	was	 to	 compare	working	memory	 performance	 and	 the	
underlying	 brain	 activity	 between	 Arabic-English	 bilinguals	 and	 English-French	 bilinguals.	 Participants	
completed	a	n-back	working	memory	task	while	reaction	time,	accuracy,	and	electroencephalography	were	
recorded.	 Preliminary	 data	 show	 that	 behavioural	 data	 between	 the	 groups	 are	 similar,	 whereas	
electrophysiological	measures	differ.	The	P3b	was	larger	in	English-French	bilinguals	than	monolinguals	but	
not	Arabic-English	bilinguals.	Additionally,	P3b	amplitude	did	not	differ	between	Arabic-English	bilinguals	
and	monolinguals.	These	results	suggest	that	the	conflicting	findings	across	bilingualism	studies	may	be	due	in	part	
to	characteristics	of	the	languages	under	study.	
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SS4.AUD.5	Genetics,	plasticity	and	cognitive	control:	A	neuoremergentist	approach	
	
Arturo	E.	Hernandez	
University	of	Houston	
	
Does	 bilinguals	 have	 better	 cognitive	 control	 or	 does	 better	 cognitive	 control	 lead	 to	 better	 bilinguals?		
Whereas	 recent	 work	 in	 the	 literature	 has	 focused	 on	 the	 debate	 of	 whether	 bilingual	 possess	 some	
advantage	over	monolinguals,	there	has	been	much	less	attention	paid	to	the	factors	that	might	mediate	
these	differences.	 	 In	the	present	talk,	work	that	has	begun	to	 look	at	 the	potential	 role	of	genetics	and	
language	 history	 in	 bilinguals	 will	 be	 presented.	 Recent	 work	 reveals	 that	 bilinguals	 relative	 to	
monolinguals	 have	 a	 higher	 proportion	of	 individuals	 carrying	 the	A1	 allele	 of	 the	 Taq1A	polymorphism	
which	 has	 been	 associated	with	 better	 task	 switching	 performance.	We	 have	 also	 found	 evidence	 that	
carrier	status	of	this	gene	as	well	as	language	history	factors	are	associated	with	different	patterns	of	brain	
activity	 in	 bilinguals.	 Finally,	 results	 from	 language	 proficiency	 tests	 show	 that	 balanced	 bilingualism	 is	
dependent	on	age	of	acquisition	and	A1	carrier	status.		Taken	together	these	results	are	consistent	with	a	
complex	relationship	between	language	experience	and	genetics.			
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SS4.CIB	

Motivation	for	Effort:	Physiology,	Behaviour	and	Neural	Computations	of	How	
Humans	Face	Cognitive	and	Physical	Challenges	

	
Cibeles	Room	

	
	

Chair:	
	

Eliana	Vassena	
Donders	Institute	for	Brain,	Cognition	and	Behaviour	

	
	
	

Motivation	 is	 the	 core	 driver	 of	 most	 human	 endeavors,	 and	 its	 impairment	 is	 highly	 debilitating	 in	
neuropsychiatric	 disorders.	 Motivated	 behaviour	 generally	 requires	 expenditure	 of	 physical	 and/or	
cognitive	 effort.	 The	 willingness	 to	 exert	 effort	 to	 obtain	 a	 reward	 has	 received	 growing	 attention	 in	
psychology	research.	However,	an	integrative	view	on	the	underlying	cognitive	and	neural	mechanisms	is	
still	lacking.	This	symposium	combines	behavioural,	neural,	and	physiological	evidence	on	when,	how	and	
why	humans	choose	to	engage	in	effortful	behaviours.	Eliana	Vassena	will	discuss	the	neurocomputational	
mechanisms	 underlying	 decision-making	 and	 preparation	 for	 effort.	 Ross	Otto	will	 show	how	behaviour	
and	 pupillometry	 capture	 effort/reward	 trade-offs,	 and	 inter-individual	 variability.	 Matthew	 Apps	 will	
describe	 a	model	 of	motivational	 fatigue,	 explaining	 how	 exertion	 of	 physical	 effort	 affects	 subsequent	
decisions.	 Guido	 Gendolla	 will	 show	 that	 affective	 priming	 alters	 effort	mobilization.	 Finally,	 Jacqueline	
Scholl	will	describe	how	humans	learn	when	actions	are	effortful	and	rewarding,	and	how	perseverance	is	
related	to	clinical	symptoms.	
	
	
	
	
Speakers:	
	
Eliana	Vassena	
Ross	Otto	
Matthew	Apps	
Guido	H.E.	Gendolla	
Jacqueline	Scholl	
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SS4.CIB.1	Choosing	to	make	an	effort:	Neurocomputational	mechanisms	and	potential	for	behavi-
oural	change	
	

Eliana	Vassena	
Donders	Institute	for	Brain,	Cognition	and	Behaviour	
	
Capturing	 the	 neural	 mechanisms	 underlying	 motivation	 for	 effort	 is	 essential	 to	 understand	 clinical	
conditions	in	which	this	skill	 is	 impaired.	Combining	fMRI	and	computational	modeling,	we	examined	the	
neural	mechanisms	driving	the	choice	to	engage	in	mentally	effortful	behaviour.	In	a	first	experiment,	we	
demonstrate	a	critical	role	of	dorsal	Anterior	Cingulate	cortex	during	decision-making	about	effort	as	well	
as	during	preparation	for	effortful	cognitive	performance.	We	propose	meta-learning	as	cortico-subcortical	
mechanism	 regulating	 dACC	 interaction	 with	 brainstem	 nuclei,	 controlling	 decisions	 to	 engage	 and	
performance.	 We	 successfully	 simulate	 brain	 and	 behavioural	 results.	 In	 a	 second	 experiment,	 we	
investigate	the	effect	of	prioritizing	effort	as	opposed	to	prioritizing	reward	information	on	effort-related	
decisions	and	performance.	In	line	with	model-simulations,	the	results	show	that	prioritizing	reward	leads	
to	reduced	effort	avoidance,	and	improves	performance	accuracy.	Overall,	these	approaches	indicate	novel	
translational	avenues,	with	potential	for	devising	intervention	tools	to	reduce	motivational	deficits.	
	
	
	

SS4.CIB.2	Understanding	cost-benefit	decision-making	about	cognitive	effort	
	
Ross	Otto		
McGill	University	
	

Our	ability	to	perform	tasks	 is	constrained	by	our	 limited	mental	resources,	which	mandates	that	people	
should	 minimize	 use	 of	 cognitively	 “effortful”	 processing	 when	 possible.	 Recent	 theories	 posit	 that	
decisions	 to	 expend	 effort	 are	 governed	 by	 a	 cost-	 benefit	 tradeoff,	 whereby	 the	 potential	 benefits	 of	
effort	 can	 offset	 its	 perceived	 costs.	 I	 will	 present	 a	 series	 of	 recent,	 computationally-informed	
experiments	 combining	 behavioural	 experimentation	 and	 pupillometry	 to	 gain	 critical	 insights	 into	
understanding	 when	 and	 why	 we	 allocate—or	 withhold—cognitive	 effort,	 both	 from	 an	 individual	
differences	 perspective,	 and	 at	 the	 level	 of	 the	 task	 by	 examining	 the	 effect	 of	 changes	 in	 costs	 and	
benefits.	We	 find	 that	 individual	 differences	 in	 cognitive	 capacity—	and	 relatedly,	 intrinsic	motivation—
govern	 trial-to-trial	 adjustments	 to	 cognitive	 effort	 expenditure	 in	 accordance	 with	 shifts	 in	 costs	 (i.e.,	
opportunity	costs)	and	benefits	 (i.e.,	 rewards).	Further,	we	find	that	task-evoked	pupillary	responses	can	
elucidate	internal	computations	of	these	effort	allocation	decisions.	
	
	
	

SS4.CIB.3	Neuro-computational	Mechanisms	of	Motivational	Fatigue	in	Health	and	Parkinson’s	
Disease	
	

Matthew	Apps	
University	of	Oxford	
	

Fatigue	-	a	feeling	of	exhaustion	arising	from	exertion	-	is	one	of	the	most	common	symptoms	in	primary	
medicine	 and	 is	 highly	 prevalent	 in	 Parkinson’s	 Disease	 (PD).	 Healthy	 people	 also	 show	 the	 effects	 of	
fatigue	after	exertion	with	accuracy	and	vigour	declining	with	 time-on-task.	Prominent	 theories	propose	
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that	 fatigue	 increases	 after	 effort,	 declines	 through	 rest,	 and	 that	 this	 fluctuating	 subjective	 “feeling”	
impacts	on	motivation.	However,	formal	models	that	can	account	for	moment-to-moment	fluctuations	in	
fatigue,	 motivation,	 and	 their	 neural	 underpinnings	 have	 not	 been	 forthcoming.	 Here,	 I	 put	 forward	 a	
computational	framework	of	momentary	fatigue	and	test	its	ability	to	explain	trial-to-trial	variability	effort-
based	decision-making.	Using	this	framework	in	conjunction	with	fMRI	I	will	highlight	how	systems	in	the	
healthy	 brain	 linked	 to	 effort-based	 decisions-making	 are	 under	 the	 influence	 of	 momentary	 levels	 of	
fatigue	 that	 influence	 the	 motivation	 put	 in	 effort	 and	 ‘work’.	 Moreover,	 I	 show	 that	 this	 model	 can	
provide	a	computational	signature	of	impaired	motivation	in	PD.		
	
	
	

SS4.CIB.4	Prime	awareness	and	task	context	moderate	implicit	affective	influences	on	effort	
mobilization	
	

Guido	H.E.	Gendolla	&	David	Framorando		
University	of	Geneva	

	
Research	 on	 the	 implicit-affect-primes-effort	model	 (Gendolla,	 2012)	 has	 revealed	 ample	 evidence	 that	
implicitly	 processed	 facial	 expressions	 of	 emotions	 influence	 effort-	 related	 cardiac	 response	 (especially	
cardiac	 pre-ejection	 period)	 during	 cognitive	 performance:	 As	 long	 as	 success	 is	 possible	 and	 justified,	
processing	sadness	or	fear	primes	during	task	performance	results	in	higher	effort	than	implicit	activation	
of	 the	 happiness	 or	 anger	 concept.	 However,	 recent	 studies	 revealed	 that	 these	 effects	 depend	 on	
unawareness	of	this	affective	influence.	Making	people	aware	of	the	presentation	of	the	affect	primes	or	
their	 effect	 turned	 out	 to	 be	 a	 boundary	 condition	 of	 implicit	 affects’	 systematic	 impact	 on	 effort	
mobilization.	Other	research	found	that	affect	primes	only	systematically	influenced	effort	when	they	were	
processed	in	an	achievement	context	that	called	for	effort	and	in	which	implicit	affect	could	inform	about	
task	 demand.	 When	 the	 affect	 primes	 appeared	 in	 a	 “just	 watch”	 context,	 they	 had	 no	 impact	 on	
cardiovascular	responses.		
	
	
	

SS4.CIB.5	Effort	learning,	motivation	and	perseverance	–	neural	mechanisms,	pharmacological	
manipulation	and	clinical	relevance	
	

Jacqueline	Scholl	
University	of	Oxford	
	

To	make	good	decisions	we	have	to	trade-off	rewards	and	costs	such	as	effort.	However,	how	rewarding	
and	effortful	actions	actually	are	often	has	 to	be	 learnt	over	 time	 from	experience.	We	 identified	dorsal	
anterior	cingulate	for	both	trade-off	decisions	and	learning.	We	then	related	these	neural	and	behavioural	
mechanisms	 to	 clinical	 depression,	 a	 motivational	 disorder,	 and	 its	 commonly	 prescribed	 serotonergic	
treatment	(SSRIs).	We	found	that	SSRIs	strengthened	 learning	signals	 for	reward	and	effort	and	that	this	
translated	into	improved	learning.	In	a	separate	study	we	looked	at	sustained	motivation	(perseverance),	
again	identifying	dACC	as	well	as	perigenual	ACC.	We	found	that	healthy	people	actually	over-persevered.	
However,	self-insight	about	this	bias	allowed	some	people	to	avoid	situations	in	which	it	manifested.	In	a	
large	 population	 sample	 we	 further	 explored	 links	 between	 motivation,	 perseverance	 and	 insight	 and	
clinical	factors	related	to	motivational	disorders	such	as	apathy	or	depression.	
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SS4.EST	

The	Role	of	Reasoning	in	Moral	Decision	Making	
	

Estambul	Room	
	
	

Chairs:	
	

Indrajeet	Patil	
Harvard	University,	USA	

Ivar	Hannikainen	
Pontifical	Catholic	University	of	Rio	de	Janeiro,	Brazil	

	
	
	

Owing	 largely	to	a	pair	of	 landmark	publications	(Greene,	Sommerville,	Nystrom,	Darley,	&	Cohen,	2001;	
Haidt,	2001),	 research	 in	moral	psychology	underwent	a	profound	and	 lasting	 ‘affective	revolution’.	As	a	
result,	 it	 is	 now	widely	 believed	 that	moral	 judgments	 result	 fundamentally	 from	 emotional	 processes.	
Through	 five	 distinct	 research	 programs,	 this	 symposium	 emphasizes	 the	 neglected	 role	 of	 rational	
deliberation	 in	 moral	 cognition:	 Patil	 reports	 neuroanatomical	 and	 behavioral	 evidence	 that	 domain-
general	 reflectivity	 predicts	 utilitarian	 moral	 values.	 Hannikainen	 presents	 convergent	 cross-cultural	
evidence	 that	 reflection	 promotes,	 while	 rationalization	 undermines,	 utilitarian	 views	 about	 taboo	
behavior.	 In	 three	 further	 talks,	Byrne,	Buon	and	Bostyn	demonstrate	 that	moral	 evaluations—including	
punishment,	 wrongness	 and	 blame—are	 influenced	 by	 reasoning	 about	 causation,	 counterfactual	
possibilities,	and	effort.	Thus,	the	symposium	highlights	the	multifaceted	relationship	between	reasoning	
and	moral	evaluation	and	calls	for	a	more	nuanced	picture	of	the	interplay	between	affect	and	reasoning	
processes	in	moral	cognition.		
	
	
	
Speakers:	
	
Indrajeet	Patil	
Ivar	Hannikainen	
Ruth	M.J.	Byrne	
Marine	Buon	
Dries	Bostyn	
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SS4.EST.1	Reasoning	supports	utilitarian	inclinations	while	resolving	moral	dilemmas	
	
Indrajeet	Patil	
Harvard	University,	USA	
	
Sacrificial	 moral	 dilemmas	 elicit	 a	 strong	 conflict	 between	 the	 choice	 of	 personally	 harming	 someone	
versus	achieving	the	greater	good,	which	is	often	called	the	“utilitarian”	response.	Although	past	research	
has	argued	that	superior	reasoning	abilities	and	deliberative	cognitive	style	is	associated	with	endorsement	
of	 utilitarian	 solutions,	 this	 work	 suffers	 from	 several	 conceptual	 and	methodological	 issues	 that	 leave	
open	 the	possibility	 that	utilitarian	 responses	are	due	 to	 reduced	emotional	 response	 to	harm.	Across	8	
studies,	 using	 self-report,	 behavioral	 performance,	 and	 neuroanatomical	 measures,	 we	 overcome	
limitations	of	the	prior	work	and	show	that	individual	differences	in	reasoning	ability	and	cognitive	style	of	
thinking	are	positively	associated	with	a	preference	for	utilitarian	solutions,	but	bear	no	relationship	with	
harm-relevant	 concerns.	 These	 findings	 support	 the	 dual	 process	 model	 of	 moral	 decision	 making	 and	
further	underscore	the	utility	of	process	dissociation	methods.		
	
	
	
SS4.EST.2	Rationalization	and	reflection	differentially	modulate	prior	attitudes	toward	the	purity	
domain	
	
Ivar	Hannikainen	
Pontifical	Catholic	University	of	Rio	de	Janeiro,	Brazil	
	
Outside	Western,	predominantly	secular-liberal	environments,	norms	restricting	bodily	and	sexual	conduct	
are	 widespread.	 Moralization	 in	 the	 so-called	 purity	 domain	 has	 been	 treated	 as	 evidence	 that	 some	
putative	 violations	 are	 victimless.	 However,	 respondents	 themselves	 disagree:	 They	 often	 report	 that	
private,	yet	indecent	acts	incur	self-harm,	or	harm	to	one’s	family	and	the	wider	community.	In	the	present	
work,	we	 distinguish	 two	 cognitive	 processes	 that	 could	 give	 rise	 to	 this	 link	 between	 harmfulness	 and	
immorality,	and	recreate	them	in	a	set	of	parallel	experiments:	We	randomly	assign	Colombian	and	British	
participants	to	either	reflect	(decide	whether	acts	are	harmful	and	reconsider	their	initial	moral	judgments)	
or	rationalize	(decide	whether	acts	are	immoral	and	reconsider	their	initial	harm	beliefs).	In	both	countries,	
reflection	 promoted	 opposition	 to	 unjust,	 but	 not	 impure,	 behavior.	 Additionally,	 in	 both	 countries,	
ruminating	 on	 the	 moral	 status	 of	 impure	 acts	 elevated	 beliefs	 in	 their	 harmfulness.	 Thus,	 discord	
surrounding	 putative	 violations	 of	 purity	 and	 decency	 appears	 to	 originate	 in	 intrinsically	 moral	
differences,	rather	than	in	factual	disagreements	about	their	harmfulness.	
	
	
	

SS4.EST.3	Counterfactual	thoughts	in	moral	judgments	
	
Ruth	M.J.	Byrne	
University	of	Dublin,	Ireland	
	
People	 often	 think	 about	 how	 things	 could	 have	 or	 should	 have	 turned	 out	 differently	 and	 the	
counterfactual	 alternatives	 to	 reality	 that	 they	 create	 affect	 their	 moral	 judgments.	 For	 example,	 our	
experiments	show	that	people	more	often	judge	that	an	agent	should	be	punished	when	they	 imagine	a	
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counterfactual	alternative	in	which	an	outcome	would	have	been	different	if	a	harmful	action	had	not	been	
carried	out.	Our	experiments	also	show	that	people	more	often	judge	that	an	agent	should	have	acted	in	a	
self-sacrificial	manner	when	 they	 imagine	a	 counterfactual	 alternative	 in	which	an	outcome	would	have	
been	different	if	such	a	noble	act	had	not	been	carried	out.	We	discuss	the	implications	of	the	results	for	
two	 conflicting	 theories:	 (1)	 the	 effect	 of	 counterfactual	 thoughts	 on	moral	 judgments	 is	 evidence	 of	 a	
deliberative	consideration	of	alternatives,	(2)	it	is	evidence	of	an	intuitive,	default	representation	of	what	is	
possible.	
	
	
	
SS4.EST.4	Intent-based	moral	judgments	and	dual-processes	models	of	moral	cognition	
	
Marine	Buon	
Paul	Valéry	University	-	Montpellier	III,	France	
	
When	making	moral	judgments,	the	agents’	intentions	and	the	harm	they	cause	are	two	critical	inputs	that	
can	act	in	concert	(e.g.,	intentional	harm)	or	in	conflict	(e.g.,	cases	of	accidental	harms).	How	those	factors	
are	 incorporated	 into	 moral	 judgment	 remains	 highly	 debated.	 In	 the	 present	 work,	 we	 will	 present	 a	
series	of	experimental	studies	using	cognitive	load	manipulations	to	probe	the	deliberative	versus	intuitive	
basis	 of	 incorporating	 causation	 and	 intention	 into	 adult	moral	 judgment.	 Unexpectedly,	 we	 found	 the	
integration	 of	 causation	 to	 be	more	 resource-	 dependent	 than	 the	 integration	 of	 intentions.	Moreover,	
results	showed	that	the	influence	of	cognitive	load	not	only	differ	depending	on	the	type	of	input	but	also	
depending	on	the	type	of	moral	judgments	asked.	Whereas	wrongness	judgments	highly	rely	on	available	
cognitive	resources,	punishment	judgment	do	not.	We	will	discuss	these	results	in	the	light	of	the	current	
available	dual-processes	models	of	moral	cognition.	
	
	
	
SS4.EST.5	The	shape	of	blame	
	
Dries	Bostyn	
University	of	Ghent,	Belgium	
	
While	 certain	 behaviors	 are	 undeniably	 praiseworthy	 (giving	 to	 charity)	 and	 others	 undeniably	
blameworthy	(theft),	there	exists	a	class	of	behaviors	for	which	blameworthiness	and	praiseworthiness	is	a	
function	of	how	much	of	that	behavior	is	done:	e.g.	spending	time	with	your	loved	ones.	These	behaviors	
lie	on	a	continuum	in	which	part	of	the	continuum	is	blameworthy	(spending	only	a	small	amount	of	time	
with	 loved	ones)	and	another	part	of	 the	continuum	is	praiseworthy	 (spending	a	 lot	of	 time).	 In	a	set	of	
four	 studies,	 we	 study	 how	 blame	 and	 praise	 change	 as	 a	 function	 of	 “effort”.	 We	 uncover	 that	 the	
blame/praise	curve	is	logistical	in	nature.	Additionally,	we	estimate	a	neutral	point	for	each	behavior:	the	
effort-level	at	which	people	are	neither	blamed	nor	praised.	We	find	that	this	neutral	point	 is	 related	to	
what	people	think	the	average	“effort	level”	is	for	that	behavior.	
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SS4.ATE	

Exploring	Cognition	Using	New	Technological	Advances	Such	as	Embodied	
Artificial	Agents	

	
Atenas	Room	

	
	

Chairs:	
	

Agnieszka	Wykowska	
Francesca	Ciardo	

Italian	Institute	of	Technology	
	
	
	

The	study	of	human	cognition	can	benefit	from	rapid	development	of	embodied	artificial	agents.	The	aim	
of	 this	 symposium	 is	 to	 highlight	 the	 crucial	 role	 that	 the	 use	 of	 embodied	 agents	 plays	 in	 modelling	
cognitive	processes	and	in	understanding	human	cognition.	Using	embodied	artificial	agents	in	interactive	
protocols	 to	examine	human	cognition	allows	 for	excellent	experimental	 control	 and,	 at	 the	 same	 time,	
ecological	 validity.	 Artificial	 agents	 allow	 for	 systematic	 manipulation	 of	 behavioural	 parameters	 in	 a	
controlled	 and	 modular	 way.	 They	 also	 allow	 for	 a	 higher	 ecological	 validity	 relative	 to	 screen-based	
stimuli,	 as	 embodied	 agents	 allow	 for	 investigating	 cognitive	mechanisms	 during	 a	 real-time	 interaction	
with	the	environment.	The	use	of	embodied	artificial	agents	in	modelling	cognition	allows	for	novel	insights	
into	 cognitive	 architectures.	 The	 speakers	will	 cover	 a	 broad	 spectrum	of	 topics	 in	 cognitive	 psychology	
ranging	from	human-robot	interaction	to	modelling	cognitive	processes	in	an	embodied	system.	
	
	
	
	
	
Speakers:	
	
Emilie	Caspar	
Emily	Cross	
Jocelyne	Ventre-Dominey	
Pablo	Lanillos	
Tony	Prescott	
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SS4.ATE.1	Asking	robot	to	accomplish	tasks:	A	threat	for	the	human	sense	of	agency?	
	
Emilie	Caspar	
Netherlands	Institute	for	Neurosciences;	Université	libre	de	Bruxelle	
	
Feeling	morally	responsible	for	one’s	own	action	is	nowadays	considered	as	a	key	feature	of	humans;	what	
distinguishes	 us	 from	 other	 mammals.	 However,	 the	 feeling	 of	 responsibility	 has	 been	 observed	 to	 be	
easily	flickering,	even	totally	abolished	in	some	contexts,	leading	to	dramatic	consequences.	Experimental	
studies	have	for	instance	shown	that	receiving	orders	from	an	authority	appears	to	decrease	the	feelings	of	
responsibility	and	agency	of	 the	executant,	 leading	 to	harmful	 conducts	 towards	others	 (Milgram,	1963;	
Caspar	et	al.,	2016).	The	rise	of	robots	in	daily	activities	could	add	an	additional	complication	for	humans	to	
experience	 responsibility:	 if	 a	 robot	 executes	 the	 action	 decided	 by	 a	 human,	 does	 the	 human	 feel	
responsible	 if	 things	 go	 wrong?	 In	 other	 word,	 does	 the	 actions	 of	 an	 entity	 with	 no	 own	 feeling	 of	
responsibility	influence	negatively	or	positively	human	sense	of	agency	and	responsibility?	
	
	
	
SS4.ATE.2	Perceiving	and	Interacting	with	Artificial	Agents:	Insights	from	Social	Neuroscience	
	
Emily	Cross	
Bangor	University;	University	of	Glasgow	
	
Understanding	how	we	perceive	and	interact	with	others	is	a	core	challenge	of	social	cognition	research.	
This	challenge	is	poised	to	intensify	in	importance	as	the	ubiquity	of	artificial	intelligence		
and	 the	 presence	of	 robots	 in	 society	 grows.	 This	 talk	 examines	 how	established	 theories	 and	methods	
from	psychology	and	neuroscience	reveal	fundamental	aspects	of	how	people	perceive,	interact	with,	and	
form	 social	 relationships	 with	 robots.	 Robots	 provide	 a	 resolutely	 new	 approach	 to	 studying	 brain	 and	
behavioural	flexibility	manifest	by	humans	during	social	interaction.	As	machines,	they	deliver	behaviours	
that	can	be	perceived	as	“social”,	even	though	they	are	artificial	agents	and,	as	such,	can	be	programmed	
to	deliver	perfectly	determined	and	reproducible	sets	of	actions.	This	 talk	highlights	work	bridging	social	
cognition,	 neuroscience	 and	 robotics,	 with	 important	 implications	 not	 only	 for	 social	 robot	 design,	 but	
equally	 critically,	 for	 our	 understanding	 of	 the	 neurocognitive	 mechanisms	 supporting	 human	 social	
behaviour	more	generally.	
	
	
	
SS4.ATE.3	Embodiment	into	a	robot	increases	its	social	acceptability	
	
Jocelyne	Ventre	Dominey	
Université	Claude	Bernard	Lyon	1	
	
Here	 we	 used	 a	 simple	 neuroscience-inspired	 procedure	 for	 teleporting	 a	 human	 subject	 into	 a	 robot.	
Participants	wore	a	Head	Mounted	Display	 (HMD)	tracking	their	head	movements	and	displaying	the	3D	
stereo	visual	scene	taken	from	the	eyes	of	the	robot,	which	was	positioned	in	front	of	a	mirror.	As	a	result,	
participants	 saw	 themselves	 as	 robots.	 Interactive	 visuo-tactile	 or	 visuo-motor	 stimulation	 created	
subjects’	 illusion	of	embodiment	 into	 the	robot	 in	multiple	dimensions	and	 intensities	depending	on	the	
type	of	stimulation.	Critically,	participants	judged	the	robot	as	significantly	more	likeable	and	socially	closer	
after	 the	 teleportation	 experience.	 This	 embodiment	 experience	 and	 social	 acceptability	 increase	 was	
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largely	 independent	 of	 the	 robot’s	 humanoid	 vs.	 cartoon-like	 appearance.	 These	 findings	 reveal	 that	
embodiment	into	robots	that	do	not	share	any	clear	human	resemblance	is	possible,	and	also	pave	a	new	
way	to	make	our	future	robotic	helpers	socially	acceptable.	
	
	
	
SS4.ATE.4	Body-illusions	in	humans	and	robots:	computational	models	for	body	perception	
	
Pablo	Lanillos	
Technische	Universität	München	
	
Body-illusions	 are	 a	 window	 to	 understand	 how	 we	 perceive	 our	 bodily	 self.	 Despite	 of	 the	 effort	 to	
understand	 the	 mechanisms	 behind	 body	 on-line	 adaptation	 and	 multisensory	 integration,	 just	 a	 few	
computational	models	 have	 been	 able	 to	 explain	 some	 of	 the	 effects.	 I	 will	 present	 body	 inference	 by	
means	of	prediction	error	minimization	as	the	mechanism	responsible	of	the	perceptual	changes	when	we	
are	 subjected	 to	 sensory	 conflicts.	 Using	 the	 rubber-hand	 illusion	 experiment,	 I	 will	 analyse	 predictive	
coding	 and	 Bayesian	 causal	 inference	 approaches	 to	 model	 proprioceptive	 and	 visual	 drift,	 and	 their	
implications	 for	 unconscious	 active	 body	 estimation.	 To	 validate	 these	 models	 we	 used	 multisensory	
humanoid	 robots,	 allowing	 us	 to	 replicate	 the	 first	 artificial	 rubber	 hand	 illusion,	 and	 illustrating	 how	
robots	can	be	used	to	test	theoretical	models.	Finally,	I	will	describe,	under	SELFCEPTION	project,	how	the	
proposed	model	lays	the	foundation	of	the	sensorimotor	self-computational	model.	
	
	
	
SS4.ATE.5	The	synthetic	psychology	of	the	self	
	
Tony	J.	Prescott	
The	University	of	Sheffield	and	Sheffield	Robotics	
	
Synthetic	psychology	describes	 the	approach	of	 “understanding	 through	building”	applied	 to	 the	human	
condition.	 In	 this	 talk	 I	 will	 consider	 the	 specific	 challenge	 of	 synthesizing	 a	 robot	 “sense	 of	 self”.	 The	
starting	hypothesis	 is	 that	 the	human	self	 is	brought	 into	being	by	 the	activity	of	a	 set	of	 transient	 self-
processes	instantiated	by	the	brain	and	body.	I	propose	that	we	can	synthesize	a	robot	self	by	developing	
equivalent	sub-systems	within	an	integrated	biomimetic	cognitive	architecture	for	a	humanoid	robot.	The	
talk	 will	 describe	 efforts	 to	 create	 a	 sense	 of	 self	 for	 the	 iCub	 humanoid	 robot	 that	 has	 ecological,	
temporally-extended,	interpersonal	and	narrative	components	set	within	a	multi-layered	model	of	mind.	
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SS4.StT	

Current	Topics	in	Music	Cognition:	Perceiving	Time	and	Structure	
	

Saint	Tropez	Room	
	
	

Chairs:	
	

Tudor	Popescu	
Medical	University	of	Vienna,	Austria	

Jonna	Vuoskoski	
University	of	Oslo,	Norway	

	
	
	

The	human	mind	has	a	remarkable	propensity	for	finding	structure	and	grouping	rules	in	the	environment.	
In	 recent	 years,	 advances	 have	 been	 made	 in	 understanding	 the	 crucial	 role	 of	 predictive	 (top-down)	
processes.	Due	to	its	highly	organised	nature,	music	provides	an	ideal	setting	for	studying	such	processes	
as	they	unfold.	Rhythm	is	a	fundamental	structuring	mechanism	for	music,	and	its	syntax	at	different	time	
scales	 (e.g.	 note-	 or	 phrase-level)	 lends	 itself	 to	 hierarchical	modelling.	 This	 symposium	brings	 together	
contributions	 –	 spanning	 behavioural,	 neuroimaging	 and	 computational	 approaches	 –	 that	 aim	 to	
understand	 how	 various	 structuring	 and	 organising	mechanisms	 operate	 in	music	 perception,	 how	 top-
down	models	 are	 acquired,	 and	 whether	 such	 processes	 can	 be	 generalised	 to	 other	 domains	 such	 as	
language	and	motor	synchronisation.	Music	cognition	has	been	steadily	growing	in	terms	of	publications,	
endowments	 and	 public	 attention.	We	 thus	 expect	 this	 symposium	 to	 generate	 a	 good	 attendance	 and	
lively	discussions.		
	
	
	
	
	
Speakers:	
	
Michelle	Phillips	
Tudor	Popescu	
Martin	Rohrmeier	
Jonna	Vuoskoski	
Sonja	Kotz	
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SS4.StT.1	New	models	of	psychological	time	are	needed	to	account	for	structural	coherency	of	
events	

	
Michelle	Phillips	
Royal	Northern	College	of	Music,	UK	
	
Music,	 which	 usually	 consists	 of	 highly	 organised	 and	 structurally	 coherent	 information,	 offers	 an	
opportunity	 to	 study	 the	 effect	 of	 the	 structure	 of	 events	 on	 perception	 of	 time	 elapsed.	 Prospective	
models	 of	 psychological	 time	 prioritise	 processes	 of	 attention	 (e.g.	 the	 attentional	 gate	 model),	 whilst	
retrospective	 theories	 focus	primarily	on	memory	 (e.g.	 the	contextual	change	model).	However,	none	of	
the	existing	 frameworks	adequately	take	account	of	 the	structure	of	events	contained	 in	the	duration	 in	
question.	This	paper	will	 outline	a	 series	of	 studies	which	examine	 the	effect	of	 structural	 coherence	of	
events	in	music	and	speech	on	perception	of	elapsed	duration.	Whilst	also	taking	account	of	factors	known	
to	 effect	 experience	 of	 duration	 during	 music	 listening	 -	 sense	 of	 enjoyment,	 familiarity,	 closure,	 and	
individual	differences	-	these	experiments	suggest	a	need	for	models	of	psychological	time	to	account	for	
the	structure	of	the	events	themselves.	
	
	
SS4.StT.2	Perceiving	boundaries:	an	Indian	music	segmentation	study	
	
Tudor	Popescu	
Medical	University	of	Vienna,	Austria	
	
The	degree	to	which	unfamiliar	music	appears	to	“make	sense”	to	listeners	indicates	listeners	are	able	to	
perceive	 inherent	 structural	 features	 of	 music,	 at	 least	 implicitly.	 One	 aspect	 to	 which	 they	 may	 be	
sensitive	 is	 segmentation,	 and	 a	 number	 of	 studies	 suggest	 listeners	 rely	 on	 surface	 features,	 such	 as	
durational	separation,	as	markers	of	segment	boundaries.	Only	 few	segmentation	studies	exist	based	on	
non-Western	music,	 but	 these	 indicate	 that	Western	 listeners,	 both	musicians	 and	 non-musicians,	 have	
some	 awareness	 of	 segment	 boundaries	 in	 unfamiliar	 Middle	 Eastern	 music,	 although	 less	 than	
enculturated	musicians.	Here	we	asked	Western	subjects	to	indicate	phrase	boundaries	while	listening	to	
Indian	music	of	 two	different	 rāga	grammars.	Results	 suggest	 significant	 convergence	between	subjects’	
perceptions	and	expert	segmentation;	and	significant	recognition	of	a	grouping	hierarchy.	We	will	discuss	
how	 far	 subjects	 may	 be	 aware	 of	 deep	 structural	 features,	 and	 how	 far	 performers	 articulate	 deep	
structure	through	surface	cues.		
	
	
	
SS4.StT.3	Exploring	musical	syntax:	bridging	theory	and	experimental	approaches	
	
Martin	Rohrmeier	
Ecole	Polytechnique	Federale	de	Lausanne	(EPFL),	Switzerland	
	
In	this	contribution,	a	novel	theory	of	musical	rhythm	will	be	presented.	While	related	components	such	as	
metrical	 structure	 and	 grouping	 have	 been	 formally	 modelled	 in	 previous	 work,	 most	 prominently	 by	
Lerdahl	&	 Jackendoff	 (1983)	and	 London	 (2012),	 the	 structure	of	 rhythm	and	 its	modelling	has	 received	
comparably	 little	 attention.	 In	 this	 proposal,	musical	 rhythm	 is	modelled	 by	 a	 formal,	 generative	model	
that	operates	on	temporal	segments	and	events,	and	employs	syntactic	primitives	such	as	temporal	split,	



Symposia:	Session	4.	Saturday	28th	10:00-11:40	 ESCoP	2019	Symposium	abstracts	
_______________________________________________________________________________________________ 	

	

	 97 

shift,	event	preparation	and	hiding.	Through	the	recursive	application	of	such	principles,	such	a	model	can	
capture	relations	of	rhythmic	intentionality,	the	deep	structure	behind	phenomena	like	syncopations	and	
groove,	 as	well	 as	model	 the	 interfaces	 to	metrical	 and	 grouping/phrase	 structure.	 The	 resulting	model	
lends	itself	to	computational	implementation	and	exploration,	and	also	casts	predictions	for	psychological	
investigations.	
	
	
	
SS4.StT.4	Parallels	between	the	cognition	of	rhythm	in	sports	and	music	
	
Jonna	Vuoskoski	
University	of	Oslo,	Norway	
	
Although	 rhythm	 is	 often	 discussed	 in	 purely	 auditory	 terms,	 mounting	 evidence	 from	 the	 fields	 of	
cognitive	 psychology	 and	 neuroscience	 suggests	 that	 rhythm	 is	 fundamentally	 a	 domain-general	
phenomenon	 grounded	 in	 motor	 action.	 By	 drawing	 parallels	 between	 music	 and	 rowing	 –	 a	 sport	
characterized	 by	 repetitive	 rhythmic	 patterns	 and	 synchronized	 joint	 action	 –	 I	 illustrate	 how	 biological	
motion	 principles	 underlie	 the	 parameters	 of	 rhythm	 in	 both	 disciplines,	 and	 how	 interpersonal	
synchronization	relies	on	shared	timing	models,	multisensory	cues,	and	predictive	processes.	Furthermore,	
I	will	demonstrate	how	conceptual	and	theoretical	tools	developed	in	the	context	of	musical	rhythm	–	such	
as	 non-	 isochronous	 meter	 (i.e.,	 a	 cyclic	 pattern	 of	 beats	 with	 unequal	 durations)	 –	 can	 contribute	 to	
conceptualizing	and	understanding	rhythm	cognition	in	the	context	of	rowing	as	well.	Finally,	I	will	discuss	
how	 accurate	 sensorimotor	 synchronization	 can	 facilitate	 experiences	 of	 ‘flow’	 in	 both	 disciplines	 –	
especially	in	the	face	of	increasing	rhythmic	complexity.	
	
	
	
SS4.StT.5	Brain	dynamics	of	rhythm	and	speech	perception	
	
Sonja	Kotz	
University	of	Maastricht,	Netherlands	
	
The	influence	of	time	and	rhythm	in	music	is	clearly	recognized	but	is	less	clear	in	speech	processing	(see	
Kotz	 &	 Schwartze,	 2010).	 This	 is	 surprising	 as	 time	 and	 rhythm	 (i)	 play	 a	 significant	 role	 in	 speech	 and	
language	 learning,	 (ii)	 can	compensate	developmental	and	acquired	 speech	and	 language	disorders,	and	
(iii)	further	our	understanding	of	subcortical	contributions	to	linguistic	and	non-linguistic	functions.	More	
specifically,	recent	neuroimaging	and	clinical	evidence	confirmed	the	engagement	of	motor	control	areas	
(cerebellum,	 basal	 ganglia,	 supplementary	motor	 area)	 in	 cross-domain	 rhythm	perception	 (Chen	 et	 al.,	
2008;	 Grahn	 et	 al.,	 2007;	 Geiser	 et	 al.,	 2009;	 Kotz	 et	 al.,	 2009;	 Kotz	 &	 Schwartze,	 2011).	 I	 will	 present	
evidence	 on	 the	 role	 of	 timing	 and	 rhythm	 in	 speech	 and	 music	 and	 discuss	 results	 within	 a	 cortico-
subcortical	framework	of	cross-domain	rhythm	perception.	
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SS4.TAR	
Don’t	Forget	to	Take	Your	Medication	when	Cooking	Dinner:	How	Are	Working	

Memory	and	Prospective	Memory	Related?	
	

Tarraco	Room	
	
	

Chairs:	
	

Alexandra	Hering	
Evie	Vergauwe	

University	of	Geneva,	Switzerland	
	
	
	

Imagine	that	you	have	to	remember	a	phone	number	 for	a	 few	seconds.	Now	 imagine	that	you	need	to	
remember	 to	 post	 a	 letter	 after	 work.	 Both	 situations	 require	 that	 some	 information	 is	 maintained	 in	
memory	 for	 some	 time.	 Despite	 the	 similarity	 of	 the	 two	 situations,	 the	 cognitive	 ability	 in	 the	 first	
situation	 is	 often	 referred	 to	 as	 working	 memory	 (i.e.,	 our	 ability	 to	 remember	 information	 over	 brief	
periods	of	time),	whereas	the	cognitive	ability	 in	the	second	situation	 is	often	referred	to	as	prospective	
memory	 (i.e.,	our	ability	 to	 remember	 to	carry	out	 future	 intentions).	Working	memory	and	prospective	
memory	have	been	 intensely	 studied,	but	without	much	 cross-talk	between	 these	 subfields	of	 cognitive	
psychology.	Here,	we	propose	to	bridge	this	gap	by	giving	an	overview	of	recent	studies	that	are	concerned	
with	 the	 interplay	 of	 working	 memory	 and	 prospective	 memory,	 including	 both	 working	 memory	 and	
prospective	memory	researchers.	
	
	
	
	
	
	
	
Speakers:	
	
Alexandra	Hering	
Nathan	Rose	
Jan	Rummel	
YuHo	Vanessa	Wong	
Christian	Olivers	
Discussant:	Matthias	Kliegel		
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SS4.TAR.1	Do	prospective	memory	and	working	memory	share	the	same	attentional	resources?	
	
Alexandra	Hering,	Naomi	Langerock,	&	Evie	Vergauwe	
University	of	Geneva	
	
The	aim	of	the	present	study	was	to	investigate	if	and	how	prospective	memory	(PM)	and	working	memory	
(WM)	share	attentional	resources.	Participants	worked	on	a	complex	span	task,	in	which	they	memorized	
locations	while	deciding	if	a	line	fits	between	two	squares.	Hundred-seven	younger	adults	were	assigned	to	
three	groups:	 (1)	performing	only	 the	complex	span	 task,	 (2)	performing	 the	 task	with	an	additional	PM	
task	 to	maintain	 and	 (3)	 performing	 the	 complex	 span	 task	 with	 an	 online	 instruction	 for	 the	 PM	 task	
without	 maintaining	 it.	 The	 results	 revealed	 that	 the	 two	 groups	 with	 the	 PM	 task	 (load	 or	 online)	
performed	worse	compared	to	a	baseline,	whereas	the	control	group	did	not	differ.	The	two	groups	with	
PM	instruction	did	not	differ	in	their	performance,	indicating	that	the	maintaining	of	a	PM	instruction	did	
not	affect	WM.	However,	the	execution	of	an	additional	PM	task	reduced	WM	resources.		
	
	
	
SS4.TAR.2	The	association	between	age	and	individual	differences	in	prospective	memory	and	
working	memory	depends	on	task	context:	Evidence	from	performance	in	real	and	virtual	
environments	
	
Nathan	Rose	
University	of	Notre	Dame	
	
A	correlation	between	age	and	 individual	differences	 in	prospective	memory	 (PM)	and	working	memory	
(WM)	is	intuitive,	but	the	strength	of	this	association	is	quite	variable	across	the	literature.	In	this	talk,	I’ll	
review	 the	 roles	 of	 several	 moderating	 factors	 of	 the	 association,	 including	 cue-type,	 task-	 regularity,	
measurement	 reliability,	 and	 task-context,	 which	 reveals	 a	 pattern	 of	 age	 differences	 in	 PM	 across	
laboratory	and	naturalistic	settings	that	has	been	called	“paradoxical”.	Recent	research	using	parallel	task	
designs	across	task-	contexts	and	immersive	virtual	reality	technology	points	to	factors	that	modulate	the	
extent	to	which	maintenance	and	monitoring	processes	are	required	for	successful	PM	performance	as	the	
underlying	source	of	associations	with	age	and	individual	differences	in	WM.	The	overall	pattern	previously	
deemed	 paradoxical	 can	 be	 interpreted	 according	 to	 principles	 of	 neurocognitive	 development	 and	 the	
dynamic	multiprocess	model	of	PM.		
	
	
	

SS4.TAR.3	PM-related	attentional	decoupling	can	tax	working	memory	but	can	be	beneficial	for	
prospective	memory	
	
Jan	Rummel	
University	of	Heidelberg	
	
A	core	assumption	of	some	working-memory	(WM)	theories	is	that	the	amount	of	information	that	people	
are	able	to	simultaneously	maintain	in	their	focus	of	attention	is	limited	(e.g.,	Cowan,	1988).	This	WM	limit	
seems	 also	 relevant	 for	 prospective	memory	 (PM)	 because	 to	 not	 forget	 a	 pending	 PM	 task	 it	 is	 often	
crucial	to	devote	some	attention	to	it.	PM-related	attentional	decoupling,	however,	often	comes	at	a	cost	
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to	currently	ongoing	 tasks	and	 thus	 should	be	kept	 to	a	minimum	necessary	 for	PM	to	 succeed.	Results	
from	three	experiments	will	be	provided	showing	that	(1)	PM-related	attentional	decoupling	is	beneficial	
for	 PM,	 (2)	 PM-related	 attentional	 decoupling	 is	 more	 efficient	 when	 being	 adjusted	 to	 PM-relevant	
contexts,	and	(3)	that	people	with	better	executive	control	abilities	better	adjust	their	PM-thoughts.	These	
findings	 imply	 that	 WM	 and	 PM	 rely	 on	 similar	 processes	 but	 that	 their	 interrelations	 may	 be	 more	
complex	than	hitherto	assumed.		
	
	
	
SS4.TAR.4	Effects	of	acute	stress	on	prospective	memory	as	a	function	of	working	memory	load	
and	stress	appraisal	
	
YuHo	Vanessa	Wong	&	Katharina	Schnitzspahn	
University	of	Aberdeen	
	
Stress	 is	 ubiquitous	 in	 everyday	 life	 and	 impairs	 prefrontal	 cortex	 activities.	 Surprisingly,	 prior	 studies	
found	no	 stress	effects	on	prospective	memory	which	 relies	on	prefrontal	 activities.	After	 reviewing	 the	
literature	on	stress	effects	on	working	memory	and	the	biopsychosocial	model	of	challenge	and	threat,	we	
suggest	that	the	absent	stress	effects	could	be	explained	by	the	use	of	simple	prospective	memory	tasks	
with	 low	working	memory	 requirements	and	 the	 individual	appraisal	differences	of	 the	 stress	 induction.	
The	present	study	randomly	assigned	138	young	adults	to	one	of	three	conditions:	a	challenge	or	a	threat	
condition	 via	 manipulation	 of	 a	 psychosocial	 stressor	 and	 a	 control	 condition.	 Subsequently,	 they	
completed	 a	 demanding	 prospective	 memory	 task	 with	 varying	 working	 memory	 load	 (low	 vs	 high).	
Preliminary	 results	 indicated	 a	 successful	 stress	 induction	 and	 that	 high	working	memory	 load	 impaired	
prospective	memory	as	expected.	Effects	of	stress	on	prospective	memory	will	be	discussed.		
	
	
	
SS4.TAR.5	Prospective	working	memory	
	
Christian	Olivers	
Vrije	Universiteit	Amsterdam	
	
Recent	years	have	seen	an	accumulation	of	evidence	for	different	states	of	representation	within	working	
memory,	 depending	on	whether	 a	 representation	 serves	 current	or	prospective	behavioural	 goals.	 I	will	
review	 studies	 from	 our	 lab	 in	 which	 we	 induced	 such	 state	 changes	 through	 cueing	 or	 through	 task	
structure,	 and	 show	 how	 the	 different	memories	 can	 be	 dissociated	with	 neurophysiological	measures,	
including	 ERPs,	 time	 frequency	 measures,	 and	 multivariate	 pattern	 decoding.	 Moreover,	 I	 will	 provide	
evidence	 that	 prospective	 memories	 stored	 in	 long-term	memory	 can	 be	 better	 shielded	 from	 current	
tasks	 than	 prospective	memories	 stored	 in	working	memory,	 suggesting	 that	 plans	 for	 the	 long	 run	 are	
stored	differently	from	plans	for	the	short	run.	
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SS4.BAR	

Experimental	Approaches	to	Reading	Acquisition	
	

Barcelona	Room	
	
	

Chairs:	
	

Sarolta	Bakos	
Xenia	Schmalz	

University	Hospital	Munich,	Germany	
	
	
	

The	aim	of	this	symposium	is	to	examine	which	factors	contribute	to	reading	acquisition.	One	approach	to	
answer	this	question	is	to	model	reading	acquisition	with	an	artificial	learning	paradigm	(talk	1).	Statistical	
mechanisms	 of	 visual	 word	 and	 artificial	 lexicon	 learning	 (talk	 2),	 and	 the	 statistical	 knowledge	 about	
orthographic	regularities	might	also	play	a	role	(talk	3).	Furthermore,	to	better	understand	cognitive	and	
neurophysiological	factors	contributing	to	reading,	the	symposium	evaluates	an	early	risk-identification	in	
first	grade	via	reading	speed	and	traces	the	development	of	reading,	spelling	and	related	cognitive	factors	
until	 fourth	 grade	 (talk	 4)	 and	 examines	 orthographic	 processes	 during	 reading	 and	 spelling	 in	 an	
electroencephalogram	 study	 (talk	 5).	 The	 talks	 converge	 in	 describing	 experimental	 and	 observational	
studies	aiming	to	understand	the	cognitive	processes	that	are	necessary	for	reading	acquisition.	
	
	
	
	
	
	
Speakers:	
	
Xenia	Schmalz	
Davide	Crepaldi		
Kemény	Ferenc	
Susanne	Volkmer	
Sarolta	Bakos	
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SS4.BAR.1	Item-	and	participant-level	factors	affecting	Artificial	Orthography	Learning	

	
Xenia	Schmalz,	Gerd	Schulte-Körne,	&	Kristina	Moll		
University	Hospital	Munich,	Germany		
	
We	 aimed	 to	 test	 whether	 Artificial	 Orthography	 Learning	 (AOL)	 is	 a	 viable	 experimental	 paradigm	 to	
model	reading	acquisition	in	children.	First,	to	measure	participant-level	differences,	learning	performance	
should	 capture	 a	 stable	 participant	 characteristic:	when	 the	 same	 participants	 learn	 two	 orthographies,	
their	performance	should	correlate.	Second,	if	AOL	mimics	the	process	of	reading	acquisition,	we	expect	a	
correlation	 between	 learning	 performance	 and	 reading	 ability.	 Third,	 performance	 should	 not	 merely	
reflect	the	ability	to	memorise	arbitrary	symbol-sound	associations,	resulting	in	weak	correlations	between	
performance	on	the	AOL	and	Paired	Associate	Learning	(PAL)	tasks.	We	tested	70	adult	participants	on	two	
AOL	 tasks,	 reading	ability,	and	a	PAL	 task.	We	 found	high	correlations	between	 learning	of	 the	 two	AOL	
tasks,	 suggesting	 that	 performance	 captures	 a	 stable	 individual	 characteristic.	 Correlations	with	 reading	
ability	 and	PAL	were	 low,	 suggesting	 that	AOL	 is	dissociable	 from	 reading	ability	 and	 from	 the	ability	 to	
memorise	arbitrary	symbol-	sound	associations.	
	
	
	
SS4.BAR.2	The	Statistical	Mechanics	of	Lexical	Learning	and	Visual	Word	Identification	
	
Davide	Crepaldi		
International	School	for	Advanced	Studies	(SISSA),	Trieste	
	
Humans	 are	 incredibly	 efficient	 readers	 despite	 having	 no	 biological	 endowment	 for	 visual	 word	
processing.	I	will	contend	that	this	depends	on	our	ability	to	track	regularities	in	the	co-	occurrence	of	word	
parts,	such	as	letters	and	morphemes.	This	would	allow	us	to	form	a	“lexical	theory”—how	words	look	like	
and	 carry	 meaning	 in	 a	 given	 language—rather	 than	 a	 collection	 of	 individual	 word	 memories.	 I	 will	
substantiate	this	claim	with	evidence	from	a	set	of	artificial	 lexicon	experiments,	where	we	explored	the	
statistical	 mechanisms	 that	 might	 support	 visual	 word	 identification	 and	 learning.	 In	 particular,	 we	
investigated:	(i)	the	role	of	letter	transitional	probability;	(ii)	lexical	diversity	(type/token	ratio);	(iii)	position	
coding;	and	(iv)	the	strength	of	the	statistical	evidence	that	is	necessary	to	promote	effective	learning.	
	
	
	

SS4.BAR.3	Predicting	the	next	letter	–	does	general	orthographic	knowledge	contribute	to	reading?	
	
Kemény	Ferenc	
University	of	Graz,	Graz,	Austria	
	
Reading	 is	 a	 rich	 source	 of	 statistical	 information:	 there	 are	more	 and	 less	 frequent	 letter	 clusters.	 The	
current	 research	aims	 to	 identifying	whether	and	how	adults	 and	 children	 identify	 and	utilize	predictive	
information	 during	 reading.	 The	 current	 study	 used	 direct	 and	 indirect	 assessments	 of	 general	
orthographic	 knowledge	with	adults	 and	 children	 (aged	7-9).	 In	 a	direct	 assessment,	participants	had	 to	
directly	compare	bigrams	by	frequency.	In	an	indirect	test,	participants	were	exposed	to	bigrams,	and	had	
to	 press	 a	 response	 key	 if	 the	 bigram	 contained	 a	 predefined	 letter.	 Both	 direct	 and	 indirect	 tests	
demonstrated	knowledge	of	orthographic	regularities:	indicated	by	a	preference	to	choose	high	frequency	
clusters	in	the	direct	test	and	by	shorter	RTs	for	target	letters	in	high	frequency	clusters	during	the	indirect	
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test.	Measures,	 however,	 do	 not	 explain	 variance	 in	 reading	 skills.	 Thus,	we	demonstrate	 knowledge	of	
sublexical	regularities,	but	their	contribution	to	reading	is	not	clear.	
	
	
	
SS4.BAR.4	Identification	of	at-risk	readers	in	first	grade:	A	three-year	longitudinal	study	
	
Susanne	Volkmer,	Gerd	Schulte-Körne,	&	Katharina	Galuschka	
University	Hospital	Munich,	Germany	
	
Early	 identification	of	 reading	difficulties	 is	 crucial	 to	enable	effective	early	 intervention.	The	aim	of	 the	
present	longitudinal	study	was	to	test	whether	school-based	risk	identification	of	reading	disorder	(RD)	is	
already	possible	 in	 first	grade.	We	screened	reading	speed	of	234	children	at	midterm	of	 first	grade	and	
classified	those	below	the	30th	percentile	as	at	risk	of	RD.	Follow-up-testings	were	conducted	at	the	end	of	
first	 grade,	 in	 second	 and	 in	 fourth	 grade.	 In	 addition	 to	 reading	 ability,	 spelling,	 morphological	 and	
phonological	awareness	were	screened.	The	results	show	that	the	short	risk	screening	at	midterm	of	first	
grade	was	 reliable.	 It	did	not	only	predict	RD	but	also	 spelling	disorder	 in	 second	and	 fourth	grade.	The	
identified	 at-risk	 children	 also	 performed	 poorer	 in	 morphological	 and	 phonological	 awareness	 in	 the	
follow-	up-testings.	The	study	is	an	important	step	towards	class-wide	risk	identification,	which	is	essential	
for	a	possible	prevention	of	RD.	
	
	
	
SS4.BAR.5	Neurophysiological	underpinnings	of	orthographic	processing	depth:	A	comparison	
between	word	recognition	and	written	word	production	
	
Sarolta	Bakos,	Gerd	Schulte-Körne,	&	Kristina	Moll	
University	Hospital	Munich,	Germany	
	
There	is	still	an	ongoing	debate	whether	orthographic	processes	are	shared	between	reading	and	spelling.	
To	answer	this	question,	we	will	compare	the	electrophysiology	of	auditory	word	processing	 in	different	
task	settings	in	an	EEG	experiment.	After	listening	to	a	word	stimulus,	participating	9-10-year-old	children	
(N~=40)	will	be	asked	to	either	spell	 the	heard	word	 (word	production/spelling	 task),	 to	compare	 it	 to	a	
visually	 presented	 word	 (word	 recognition/passive	 reading	 task),	 or	 to	 make	 judgement	 whether	 the	
visually	presented	word	 is	spelled	correctly	 (lexical	decision	task).	Data	are	currently	being	collected	and	
analysed.	Based	on	previous	 results	 in	adult	participants,	we	expect	higher	N1	and	P2	amplitudes	 in	 the	
spelling	 than	 in	 the	 reading	 tasks,	 reflecting	 attentional	 processes.	 Furthermore,	we	 expect	 distinctively	
more	negative	N400	and	more	positive	LPC	(late	positive	complex)	in	the	lexical	decision	and	spelling	tasks	
compared	to	the	passive	reading	task,	reflecting	deeper	orthographic	processing.	
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SS4.PAL	

The	Origins	and	Consequences	of	Monitoring	Processes	in	Human	Action	
Control	

	
Palma	de	Mallorca	Room	

	
	

Chair:	
	

Christina	Pfeuffer	
University	of	Freiburg,	Freiburg,	Germany	

	
	
	

Various	 monitoring	 processes	 are	 assumed	 in	 different	 areas	 of	 Psychology.	 Often,	 these	 monitoring	
processes	fill	explanatory	gaps	and	their	nature	is	cause	for	ongoing	debates.	In	this	symposium,	we	aim	to	
explore	the	origins	of	monitoring	processes	occurring	in	human	goal-directed	action	control	and	we	discuss	
the	consequences	they	have.	Frist,	we	examine	monitoring	processes	that	occur	while	we	anticipate	the	
predictable	 consequences	 of	 our	 actions.	 Then,	we	 turn	 to	monitoring	 processes	 that	 occur	when	 such	
action	 consequences	 indicate	 errors	 and	 suggest	 a	 need	 for	 behavioral	 adaptations.	 Subsequently,	 we	
address	the	sense	of	agency	as	a	potential	consequence	of	such	monitoring	processes.	Finally,	we	discuss	
metacontrol	 states	 as	 a	 case	 of	 higher	 order	 monitoring	 processes	 in	 human	 action	 control.	 Thus,	 we	
portray	monitoring	from	monitoring	during	initial	action	planning	to	action	evaluation	as	well	as,	on	a	more	
global	level,	across	various	actions.		
	
	
	
	
	
	
Speakers:	
	
Christina	Pfeuffer		
Stefanie	Ochsenkühn		
Hannah	Dames		
Mark	Schram	Christensen		
Bernhard	Hommel		
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SS4.PAL.1	On	the	proactive	monitoring	of	future	action	consequences	and	its	coupling	with	effect-	
generating	actions	
	
Christina	Pfeuffer	&	Andrea	Kiesel	
University	of	Freiburg,	Freiburg,	Germany	
	
Our	eyes	often	saccade	towards	locations	we	expect	the	consequences	of	our	actions	to	appear	at.	Such	
spontaneous	anticipatory	saccades	are	guided	by	bi-directional	associations	between	action	and	effect	and	
presumably	reflect	a	proactive	monitoring	process	that	prepares	a	later	comparison	of	expected	and	actual	
effect.	Here,	participants	 ́	manual	left/right	keypresses	predicted	the	location	and	timing	of	visual	effects.	
The	latency	of	anticipatory	saccades	was	shorter	for	short	rather	than	long	action-effect	delays,	indicating	
that	 not	 only	 the	 location	 of	 the	 effects,	 but	 also	 their	 temporal	 delay	was	 anticipated	 and	 proactively	
monitored.	 Furthermore,	 anticipatory	 saccades	 occurred	 later	 when	 manual	 actions	 were	 delayed,	
suggesting	 that	 manual	 action	 preparation	 had	 to	 be	 largely	 completed	 for	 anticipatory	 saccades	 to	
emerge.	Thus,	interactions	of	action	selection	and	proactive	effect	monitoring	make	human	action	control	
highly	effective	by	allowing	 for	adaptations	 in	proactive	monitoring	until	 the	manual	action	and	 thus	 its	
effects	are	imminent.		
	
	
	
SS4.PAL.2	Neural	evidence	for	hierarchical	error	monitoring	in	dual-tasking	
	
Stefanie	Ochsenkühn,	Robert	Steinhauser,	&	Marco	Steinhauser		
Catholic	University	of	Eichstätt-Ingolstadt,	Eichstätt,	Germany	
	
Recent	studies	indicate	that	when	two	distinct	tasks	are	processed	concurrently,	they	are	represented	in	a	
hierarchical	structure.	This	structure	encompasses	distinct	subtask	sets	as	well	as	a	superordinate	dual-task	
set,	which	contains,	amongst	others,	information	about	the	task	order.	Our	goal	is	to	investigate	whether	
error	monitoring	mirrors	this	hierarchical	task-set	structure.	In	a	first	study	we	examined	whether	the	error	
monitoring	system	elicits	independent	error	signals	when	errors	occur	in	two	subtask	sets	simultaneously.	
In	a	second	study,	we	took	advantage	of	the	fact	that	dual-tasking	situations	allow	for	a	type	of	error	that	
solely	affects	the	superordinate	dual-task	set	and	cannot	occur	 in	single-task	paradigms.	To	this	end,	we	
measured	correlates	of	error	monitoring	in	order	reversals,	in	which	the	individual	subtasks	are	executed	
correctly	but	in	the	wrong	order.	Our	results	point	towards	a	hierarchical	structure	of	error	monitoring	in	
dual-tasking.		
	
	
	
SS4.PAL.3	Anticipatory	saccades	reveal	increased	proactive	monitoring	in	post-error	trials	
	
Hannah	Dames	&	Christina	Pfeuffer		
University	of	Freiburg,	Freiburg,	Germany	
	
When	the	consequences	of	our	actions	are	predictable,	we	often	look	towards	the	 location	at	which	our	
actions	́	effects	will	appear.	Here,	we	examined	how	this	proactive	monitoring	process	is	affected	by	errors.	
We	conducted	an	eye	tracking	experiment	in	which	participants	́	manual	forced-choice	responses	triggered	
visual	 effects.	 The	 location	of	 these	effects	predictably	depended	upon	 the	 current	 spatial	 compatibility	
between	 participants	 ́	 actions	 and	 their	 effects	 (horizontal	 dimension)	 and	 on	 response	 correctness	
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(vertical	 dimension).	 Participants	 showed	 typical	 post-error	 adaptations	 in	manual	 responses,	 that	 is,	 a	
distinct	 post-error	 slowing	 (PES)	 and	 increased-accuracy	 (PIA)	 effect.	 Interestingly,	 we	 also	 found	 post-
error	 adaptations	 in	participants	 	́ anticipatory	 saccades.	Our	 generalized	 linear	mixed	model	 indicated	a	
greater	likelihood	of	saccades	towards	the	future	location	of	the	effect	rather	than	away	from	it	following	
errors.	 Importantly,	 this	 enhanced	 effect	 monitoring	 post-error	 occurred	 mostly	 for	 the	 vertical	 effect	
dimension	reflecting	participants	́	expectations	regarding	their	responses	́	correctness.		
	
	
	
SS4.PAL.4	Sense	of	agency	for	movements	
	
Mark	Schram	Christensen	&	Thor	Grünbaum	
University	of	Copenhagen,	Copenhagen,	Denmark	
	
Sense	of	agency	has	been	suggested	to	play	an	important	role	in	motor	control	and	motor	cognition.	We	
will	present	three	arguments	concerning	sense	of	agency.	First,	we	present	an	operational	model	of	agency	
classifying	agency	along	 two	dimensions:	Agency	can	be	seen	as	an	ability	or	a	phenomenal	experience.	
Agency	can	concern	actual	body	movements	(narrow	agency)	or	incorporate	external	consequences	in	the	
world	(broad	agency).	Most	studies	are	performed	on	broad	sense	of	agency.	Secondly,	we	present	data,	
which	suggests	that	narrow	agency	cannot	adequately	be	explained	by	the	 influential	comparator	model	
but	may	 rather	 be	 explained	 by	 a	motor	 signal	model.	 Finally,	 we	 provide	 an	 analysis	 of	 the	 construct	
validity	of	sense	of	agency	and	provide	suggestions	on	how	to	improve	construct	validity	of	agency	studies	
in	the	future	with	a	focus	on	alignment	between	choice	of	experimental	procedures	and	phenomenon	to	
explain.		
	
	
	
SS4.PAL.5	The	Yin	and	Yang	of	cognitive	control	
	
Bernhard	Hommel	
University	of	Leiden,	Leiden,	Netherlands	
	
Traditional	approaches	to	action	control	assume	the	existence	of	a	more	or	less	unitary	control	system	that	
struggles	 with,	 and	 serves	 to	 overcome	 action	 tendencies	 induced	 by	 automatic	 processes,	 but	 these	
approaches	 fail	 to	 capture	 the	 complexity	 and	 dynamics	 of	 cognitive	 control.	 I	 describe	 an	 alternative	
approach	that	assumes	that	control	emerges	from	the	interaction	of	at	least	two	counteracting	forces:	one	
system	promoting	 persistence	 and	 the	maintenance	 of	 action	 goals	 and	 another	 promoting	mental	 and	
behavioral	flexibility.	I	describe	how	this	interaction	might	be	shaped	by	various	factors,	including	genetic	
predisposition,	 learning,	 personal	 experience,	 and	 the	 cultural	 context,	 and	 suggest	 a	 simple	 functional	
model	(the	Metacontrol	State	Model,	MSM)	that	explains	how	this	shaping	process	works.	Then	I	provide	
an	 overview	 of	 studies	 from	 various	 fields	 (including	 perception,	 attention,	 performance	 monitoring,	
conflict	 resolution,	creativity,	meditation,	 religion,	and	social	cognition/behavior)	 that	successfully	 tested	
predictions	from	the	MSM.	
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SS5.AUD	
Theories	and	Models	of	Human	Intelligence:	Recent	Developments	

Psychonomic	Society	Collaborative	Symposium	
	

Auditorio	
	
	

Chair: 
 

Andrew	Conway 
Claremont	Graduate	University	

 
	
	

For	 almost	 a	 century,	 the	 field	 of	 human	 intelligence	 has	 developed	 independently	 of	 mainstream	
experimental/cognitive	psychology,	resulting	in	what	Cronbach	famously	identified	as	a	separation	of	the	
two	disciplines	of	scientific	psychology:	correlational	and	experimental.	Relatedly,	research	on	intelligence	
had	been	dominated	by	taxonomies	rather	than	cognitive	models.	The	beginning	of	the	21st	century	has	
seen	a	drastic	change;	the	field	of	intelligence	suddenly	proliferated	in	theories	and	models	that	integrate	
results	from	the	study	of	the	cognition	and	the	neural	bases	of	cognitive	processes	in	order	to	explain	core	
phenomena	 in	 the	 individual	 differences	 literature.	 Such	 recent	 advances	 include	 the	mutualism	model	
(van	der	Maas	et	al.,	2006),	process	overlap	theory	(Kovacs	&	Conway,	2016),	the	watershed	model	(Kievit	
et	 al.,	 2016),	 and	 network	 neuroscience	 theory	 (Barbey,	 2017).	 According	 to	 these	models,	 the	 general	
factor	 of	 intelligence	 is	 not	 a	 psychological	 attribute;	 instead,	 it	 is	 an	 emergent	 property	 of	 dynamic	
cognitive	 and	 neural	 networks.	 At	 the	 same	 time,	 research	 on	 one	 of	 the	 oldest	 topics	 in	 intelligence,	
mental	 speed,	 has	 gained	 momentum	 from	methodological	 improvements	 (Schubert	 et	 al.,	 2015).	 The	
proposed	symposium	will	bring	together	an	international	group	of	researchers	who	are	all	actively	working	
on	 theories	 and	 models	 of	 human	 intelligence.	 These	 models	 integrate	 findings	 from	 psychometrics,	
neuroscience,	 and	 cognitive	 psychology.	 The	 speakers	 will	 present	 models	 and	 theories	 they	 have	
developed	as	well	as	the	state	of	the	art	of	research	motivated	by	these	models	and	theories.		
	
	
	
	
Speakers:	
	
Han	L.	J.	van	der	Maas 
Kristof	Kovacs	 
Anna-Lena	Schubert	 
Rogier	A.	Kievit 
Aaron	K.	Barbey 
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SS5.AUD.1	The	network	approach	to	general	intelligence	
	
Han	L.	J.	van	der	Maas,	&	Kees-Jan	Kan	
University	of	Amsterdam,	The	Netherlands	
	
The	 study	 of	 individual	 differences	 in	 cognitive	 performance	 or	 'intelligence'	 is	 a	 multidisciplinary	
endeavor,	integrating	results	from	both	psychometric	and	non-psychometric	research,	including	genetics,	
neuroscience,	and	education.	Intelligence	remains	a	puzzling	concept,	however.	After	more	than	a	century	
of	 research,	 there	 is	 still	 no	 consensus	 on	 the	definition	of	 intelligence,	 for	 example,	 and	 there	 are	 still	
major	disputes	over	whether	intelligence	is	one	thing	(a	general	ability)	or	multiple	things.	In	our	view,	it	is	
important	to	arrive	at	a	clear	conception	of	what	intelligence	is.	In	this	presentation	we	adhere	to	such	a	
conception	 and	 present	 a	 formal	 model	 of	 psychometric	 intelligence.	 This	 model	 is	 admittedly	 overly	
simplistic,	yet	illuminates	mechanisms	that	can	explain	some	important,	and	well	replicated	phenomena	in	
the	study	of	intelligence.	The	model	firstly	acknowledges	that	the	brain	is	a	complex	system,	i.e.,	an	open	
system	 consisting	 of	 many	 elements	 that	 interact	 non-linearly.	 Secondly,	 intelligence	 is	 regarded	 as	 an	
emergent	phenomenon	of	that	system,	a	phenomenon	that	results	from	intricate	local	interactions	among	
those	 elements.	 In	 short,	 the	 model	 provides	 an	 alternative	 explanation	 of	 the	 positive	 correlations	
between	cognitive	tests,	based	on	the	idea	of	networks:	a	key	modeling	framework	within	complex	system	
research.	In	this	presentation,	we	will	a)	explain	the	origin	and	setup	of	this	so-	called	mutualism	model,	b)	
discuss	 criticisms	 that	have	been	 raised	 in	 response	 to	 the	model,	 c)	 extend	 the	model,	 d)	present	new	
statistical	techniques	for	this	model,	and	e)	discuss	new	developments	in	the	network	modeling	of	general	
intelligence.	 
	
	
	
SS5.AUD.2	Process	overlap	theory:	A	cognitive	explanation	of	the	structure	of	human	mental	
abilities	
	
Kristof	Kovacs1	&	Andrew	R.	A.	Conway2	
1.	ELTE	Eotvos	Lorand	University,	Budapest,	Hungary	
2.	Claremont	Graduate	University,	Claremont,	CA,	USA	
	
People	who	perform	better	on	one	kind	of	mental	test	tend	to	perform	better	on	other	tests	as	well.	This	
result	is	called	the	positive	manifold	and	is	described	with	a	general	factor,	'g'.	g,	in	turn,	is	often	identified	
with	a	domain-	general,	within-individual	cognitive	mechanism.	This	 interpretation	does	not	sit	well	with	
findings	 from	 cognitive	 psychology	 and	 neuroscience	 that	 point	 to	 the	 domain-specific	 fractionation	 of	
cognition.	We	recently	proposed	an	alternative	explanation,	process	overlap	theory,	a	cognitive	theory	of	
overlapping	 item	 response	 processes.	 The	 theory	 assumes	 that	 any	 item	 requires	 a	 number	 of	 domain-
specific	 as	 well	 as	 domain-general	 cognitive	 processes	 and	 their	 corresponding	 neural	 mechanisms.	
Domain-general	processes	involved	in	executive	attention	are	central	to	test	performance.	That	is,	they	are	
activated	 by	 a	 large	 number	 of	 test	 items,	 alongside	with	 domain-specific	 processes	 tapped	 by	 specific	
types	of	 tests	only.	Such	an	overlap	of	executive	processes	explains	 the	positive	manifold	as	well	as	 the	
hierarchical	 structure	 of	 cognitive	 abilities.	 The	 theory	 also	 accounts	 for	 a	 number	 of	 other,	 previously	
unexplained	phenomena	in	differential	psychology,	such	as	the	central	role	of	fluid	inductive	reasoning	in	
cognitive	 abilities	 or	 the	 higher	 across-domain	 variance	 in	 low	 ability	 groups	 (differentiation).	 Besides	
presenting	the	theory	and	the	corresponding	multidimensional	item	response	model,	recent	and	ongoing	
studies	 testing	 predictions	 of	 the	 theory	 will	 be	 discussed:	 1)	 an	 analysis	 of	 differentiation	 in	 working	
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memory	capacity,	2)	a	simulation	study	of	test	performance	based	on	the	model,	3)	a	network	analysis	of	
the	Wechsler	scales.	
	
	
	
SS5.AUD.3	A	Process-based	account	of	the	relationship	between	mental	speed	and	mental	abilities	
	
Anna-Lena	Schubert1,	D.	Hagemann1,	&	G.	T.	Frischkorn1,2	
1.	Heidelberg	University,	Heidelberg,	Germany	
2.	University	of	Zurich,	Zurich,	Switzerland	
	
Individual	differences	in	the	speed	of	information	processing	have	been	shown	to	be	consistently	related	
to	 individual	 differences	 in	 general	 intelligence.	 It	 is	 an	open	debate	whether	 these	 associations	 can	be	
explained	 in	 terms	 of	 individual	 differences	 in	 some	 brain-wide	 property	 affecting	 a	 large	 number	 of	
cognitive	 processes,	 or	 whether	 these	 advantages	 in	 processing	 speed	 reflect	 advantages	 in	 specific	
cognitive	 processes	 such	 as	 executive	 functions	 or	 evidence	 accumulation.	 We	 will	 demonstrate	 how	
mathematical	 models	 and	 psychophysiological	 approaches	 can	 be	 used	 to	 shed	 some	 light	 onto	 these	
questions	by	decomposing	the	time-course	of	 information	processing	and	relating	process	parameters	to	
cognitive	abilities.	 In	particular,	we	will	present	recent	research	showing	that	more	intelligent	 individuals	
show	 specific	 advantages	 in	 the	 speed	of	 higher-order	 cognitive	 processes	 such	 as	 decision	making	 and	
memory	 updating.	 Moreover,	 we	 will	 present	 results	 from	 two	 studies	 suggesting	 that	 the	 association	
between	processing	speed	and	general	 intelligence	may	be	driven	by	a	confounding	variable	and	discuss	
whether	structural	or	 functional	brain	network	connectivity	may	be	a	candidate	confound	explaining	the	
association	 between	mental	 speed	 and	mental	 abilities.	 Finally,	 we	will	 outline	 a	 research	 agenda	 that	
combines	 mathematical	 modeling	 and	 psychophysiological	 approaches	 to	 identify	 the	 neuro-cognitive	
processes	giving	rise	to	individual	differences	in	general	intelligence.	
	
	
	
SS5.AUD.4	A	watershed	model	of	fluid	intelligence:	Evidence	from	3	lifespan	cohorts	
	
Rogier	A.	Kievit	
University	of	Cambridge,	Cambridge,	UK	
	
Fluid	 intelligence	 is	 a	 crucial	 cognitive	 ability	 that	 predicts	 key	 life	 outcomes	 across	 the	 lifespan.	 Strong	
empirical	 links	exist	between	fluid	 intelligence	and	processing	speed	on	the	one	hand,	and	white	matter	
integrity	 and	 processing	 speed	 on	 the	 other.	 We	 propose	 a	 watershed	 model	 that	 integrates	 three	
explanatory	levels	in	a	principled	manner	in	a	single	statistical	model,	with	processing	speed	and	working	
memory	 figuring	 as	 intermediate	 phenotypes	 between	 white	 matter	 microstructure	 and	 fluid	 abilities.	
Using	a	hierarchical	structural	equation	model	we	fit	 this	model	 in	a	 large	(N=555)	adult	 lifespan	(18-88)	
cohort	 from	 the	 Cambridge	 Centre	 for	 Ageing	 and	Neuroscience	 (Cam-CAN)	 using	multiple	measures	 of	
processing	 speed,	 white	 matter	 health	 and	 fluid	 intelligence.	 We	 then	 replicated	 and	 expanded	 the	
watershed	model	in	two	developmental	two	cohorts:	CALM	(N	=	551,	aged	5	-	17	years)	and	NKI-RS	(N	=	
335,	 aged	 6	 -	 17	 years).	 In	 all	 three	 samples,	 the	 watershed	 model	 fit	 the	 data	 well,	 outperforming	
competing	accounts	and	providing	evidence	for	a	many-to-one	mapping	between	white	matter	 integrity,	
processing	 speed,	working	memory	and	 fluid	 intelligence.	Moreover,	using	exploratory	 SEM	 trees	 in	 the	
developmental	 cohorts,	we	observed	 that	 the	 relationship	between	 cognitive	 abilities	 and	white	matter	
differed	 with	 age,	 showing	 a	 dip	 in	 strength	 around	 ages	 7	 -	 12	 years.	 This	 age-effect	 may	 reflect	 a	
reorganization	of	the	neurocognitive	architecture	around	pre-	and	early	puberty.	
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SS5.AUD.5	Network	neuroscience	theory	of	human	intelligence	
	
Aaron	K.	Barbey	
University	of	Illinois,	Urbana-Champaign,	IL,	USA	
	
An	 enduring	 aim	 of	 research	 in	 the	 psychological	 and	 brain	 sciences	 is	 to	 understand	 the	 nature	 of	
individual	differences	 in	human	 intelligence,	examining	the	stunning	breadth	and	diversity	of	 intellectual	
abilities	 and	 the	 remarkable	 neurobiological	 mechanisms	 from	 which	 they	 arise.	 In	 this	 presentation,	 I	
survey	 recent	 neuroscience	 evidence	 to	 elucidate	 how	 general	 intelligence	 (g)	 emerges	 from	 individual	
differences	in	the	network	architecture	of	the	human	brain.	The	reviewed	findings	motivate	new	insights	
about	 how	 network	 topology	 and	 dynamics	 account	 for	 individual	 differences	 in	 g,	 represented	 by	 the	
Network	Neuroscience	Theory.	According	to	this	framework,	g	emerges	from	the	small-world	topology	of	
brain	networks	and	the	dynamic	reorganization	of	 its	community	structure	 in	the	service	of	system-wide	
flexibility	 and	 adaptation.	 Rather	 than	 attribute	 individual	 differences	 in	 general	 intelligence	 to	 a	 single	
brain	region,	network,	or	the	overlap	among	specific	networks,	the	proposed	theory	instead	suggests	that	
general	 intelligence	depends	on	the	dynamic	reorganization	of	brain	networks	-	modifying	their	topology	
and	community	structure	in	the	service	of	system-wide	flexibility	and	adaptation.	This	framework	sets	the	
stage	 for	 new	approaches	 to	understanding	 individual	 differences	 in	 general	 intelligence,	 examining	 the	
global	network	topology	and	dynamics	of	the	human	brain	-	from	the	level	of	molecules	and	synapses	to	
neural	 circuits,	 networks,	 and	 systems.	By	 investigating	 the	 foundations	of	 general	 intelligence	 in	 global	
network	 dynamics,	 the	 burgeoning	 field	 of	 network	 neuroscience	 will	 continue	 to	 advance	 our	
understanding	 of	 the	 cognitive	 and	 neural	 architecture	 from	 which	 the	 remarkable	 constellation	 of	
individual	differences	in	human	intelligence	emerge.	
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SS5.CIB	

Probing	the	Mind	with	Magic	
	

Cibeles	Room	
	
	

Chairs:	
	

Susana	Martínez-Conde	
Stephen	L.	Macknik	

State	University	of	New	York,	Downstate	Medical	Center	
	
	
	

Magic	is	one	of	the	oldest	art	forms,	and	magicians	have	manipulated	audiences'	perceptual	and	cognitive	
processes	 for	 much	 longer	 than	 scientists	 have.	 Thus,	 magic	 illusions	 provide	 scientists	 with	
methodological	 refinements	 and	 testable	 hypotheses	 about	 the	 building	 blocks	 of	 perception	 and	
cognition.	 Indeed,	 the	 last	 decade	 of	 research	 in	 cognitive	 psychology	 has	 seen	 a	 rapidly	 growing	
consensus	 concerning	 the	value	of	magic	performances	as	 a	 rich	and	 largely	untapped	 source	of	 insight	
into	human	cognitive	mechanisms.	Here	we	will	present	the	most	recent	approaches	to	the	study	of	magic	
from	a	cognitive	 science	perspective.	 Lectures	will	provide	a	wide	overview	of	how	magic	performances	
can	be	harnessed	to	study	sudden	insights	in	problem	solving,	the	importance	of	emotional	engagement	in	
magic	 misdirection,	 the	 impact	 of	 narrative	 on	 the	 magic	 experience,	 the	 use	 of	 mentalism	 magic	 in	
introspection	and	agency	research,	and	the	ecological	validity	of	magic	in	social	contexts.	
	
	
	
	
	
Speakers:	
	
Luis	Martínez	
Stephen	Macknik	
Susana	Martínez-Conde	
Petter	Johansson	
Amory	Danek	
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SS5.CIB.1	Magic	in	a	jar?	
	
Luis	M.	Martínez,	David	Sánchez-Bestué,	&	Jordi	Camí	
Spanish	National	Research	Council	(CSIC);	Universidad	Miguel	Hernández,	Spain	
	
Magic	 is	 probably	 the	 art	 that	 takes	 most	 advantage	 of	 social	 context.	 Can	 the	 results	 of	 a	 magic	
experiment,	as	studied	in	the	laboratory,	be	extrapolated	to	more	ecological	conditions,	such	as	magic	on	
the	street	or	onstage?	We	will	discuss	the	results	of	two	different	experiments	based	on	(1)	classical	and	
psychological	forcing,	and	(2)	change	and	inattentional	blindness	in	the	Princess	Card	Trick	showing	that,	in	
fact,	the	magic	 in	the	laboratory	behaves	in	a	similar	way	to	other	classic	cognitive	experiments	and	in	a	
very	different	way	to	how	it	is	perceived	live	and	direct.	It	is	necessary,	then,	to	demonstrate	that	the	same	
phenomena	 that	 we	 observe	 in	 the	 laboratory	 happen	 equally	 in	 situations	 typical	 of	 daily	 life.	 Magic	
appeals	 to	us	 as	 the	 ideal	 complement	 to	neuroscience	 and	 sociology	 to	 advance	our	 knowledge	 about	
how	we	think,	make	decisions	and	act	in	ecologically	relevant	situations.	
	
	
	
SS5.CIB.2	Impact	of	positive	and	negative	emotion	on	the	detection	of	continuity	errors	
	
Stephen	L.	Macknik,	Francisco	Costela,	Leandro	Di	Stasi,	Pamela	Osborn,	Carolyn	Posey,	Jorge	Otero-Millan,	
Hector	Rieiro,	&	Susana	Martínez-Conde	
State	University	of	New	York,	USA	
	
Magicians	 use	 emotions,	 particularly	 mirth,	 as	 a	 powerful	 way	 to	 manipulate	 attention	 during	
performances.	 Here	 we	 built	 a	 database	 of	 135	 edited	 video	 clips,	 extracted	 from	 horror	 and	 comedy	
Hollywood	movies,	and	edited	each	clip	will	to	contain	an	average	of	12	continuity	errors	distributed	across	
the	total	duration	of	the	clip.	Three	types	of	photorealistic	continuity	errors	were	introduced,	consisting	of	
appearance/disappearance,	 color,	 and	 enlargement/shrinking.	 Subjects	 were	 tasked	 with	 finding	 the	
continuity	errors	while	engaging	with	the	content	of	each	clip.	Our	results	 illustrate	how	positive	(mirth)	
and	 negative	 (fear)	 emotions	 affect	 detection	 of,	 and	 attention	 to,	 continuity	 errors	 as	 a	 function	 of	
emotional	 intensity,	 valence,	 and	 timing.	 These	 findings	 have	 implications	 for	 the	 mechanisms	 of	
attentional	misdirection	during	magic	performances,	and	 for	 the	 interaction	of	emotion	and	attention	 in	
everyday	life.	
	
	
	
SS5.CIB.3	Narrative	and	the	perception	of	magic	tricks	
	
Susana	 Martínez-Conde,	 Robert	 G.	 Alexander,	 Arthur	 Nguyen,	 Seung	 Baang,	 Jordi	 Chanovas,	 Ashwin	
Venkatakrishnan,	Sofya	Gindina,	Adriana	Nozima,	Benjamin	Altschuler,	&	Stephen	L.	Macknik		
State	University	of	New	York,	USA	
	
Magic	performances	offer	exciting	scenarios	with	which	researchers	can	probe	the	effects	of	narrative	on	
perception	 and	 cognition.	 Magicians	 use	 “patter”	 to	 manipulate	 and	 misdirect	 an	 audience’s	 attention	
during	performances,	and	even	affect	the	future	recall	of	spectators.	Here,	we	will	present	recent	research	
in	 which	 we	 have	 combined	 different	 narratives	 with	 videotaped	 as	 well	 as	 live	 magic	 performances.	
Performances	were	presented	in	a	laboratory	setting	and	carefully	controlled	so	as	to	maintain	sleight-of-
hand	techniques	constant	while	providing	varying	narratives.	This	setup	allowed	us	to	explore	the	magic	
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performance	equivalents	to	‘choice	blindness’	(i.e.	with	the	magician	“forcing”	apparently	free	decisions	on	
a	spectator)	and	‘change	blindness’	(i.e.	with	the	magician	displaying	visible	stimuli	that	went	unnoticed	by	
observers).	
	
	
	
SS5.CIB.4	Exploring	the	mind	through	mentalism		
	
Thomas	Strandberg,	Jay	Olson,	Lars	Hall,	&	Petter	Johansson	
Lund	University,	Sweden	
	
In	this	presentation	we	will	discuss	the	use	of	mentalism	magic	to	explore	the	nature	of	introspection	and	
agency.	 What	 would	 happen	 to	 human	 interactions	 if	 brain	 scanning	 became	 sufficiently	 advanced	 to	
accurately	read	the	minds	of	people?	How	would	we	feel	and	behave	if	our	minds	were	fully	transparent	to	
others?	We	have	simulated	this	highly	interesting	scenario	by	the	use	of	mentalism,	providing	participants	
in	 (mock)	 brain	 scanners	 detailed	 (fake)	 predictions	 about	 their	 thoughts,	 beliefs	 and	 attitudes,	 and	
explored	how	this	influences	their	future	behavior.	
	
	
	
SS5.CIB.5	Magic	as	a	task	domain	for	insight	problem	solving	
	
Amory	H.	Danek	
Heidelberg	University,	Germany	
	
Sometimes,	creative,	new	solutions	to	difficult	problems	simply	pop	into	mind.	The	question	of	how	such	
sudden	 insights	 occur	 has	 puzzled	 researchers	 for	 nearly	 one	 century,	 but	 still	 remains	 unsolved.	
Broadening	the	traditional	approach	to	insight	research,	we	propose	to	exploit	the	potential	of	a	new	task	
domain:	Magic	tricks.	We	developed	a	set	of	35	video	stimuli	with	short	visual	magic	effects	performed	by	
a	 professional	 magician.	 Participants’	 task	 is	 to	 find	 a	 plausible	 solution	 how	 the	 magic	 effect	 can	 be	
achieved,	 i.e.	 to	discover	 the	magician’s	 secret	method.	We	argue	 that	magic	 tricks	are	 ideally	 suited	 to	
investigate	 the	 conceptual	 change	 underlying	 sudden	 insights	 and	 present	 some	 examples	 for	 their	
successful	use	in	different	experimental	paradigms	related	to	problem	solving.	
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SS5.EST	

Communication	Systems	Across	Species:	How	Research	on	Animals	Inspires	
Research	on	Humans	

	
Estambul	Room	

	
 

Chairs:	
 

Clara	D.	Martin	
BCBL,	San	Sebastian,	Spain 

Constance	Scharff	
Freie	Universität	Berlin,	Germany	

	
	
 

The	aim	of	 this	 symposium	 is	 to	highlight	how	research	on	human	cognition	can	benefit	 from	research	on	animal	
cognition.	For	years,	researchers	have	looked	at	what	animals	can	(or	cannot)	do	that	humans	are	good	at.	Here,	we	
propose	the	opposite,	to	look	more	at	what	animals	do	that	has	not	been	explored	yet	in	humans.	For	this	aim,	we	
will	 focus	on	a	major	cognitive	function	shared	by	animals	and	humans	which	 is	oral	and	gestural	communication.	
After	a	general	introduction	highlighting	the	promising	impact	of	opening	the	field	to	such	parallels	between	animal	
and	human	communication,	we	will	present	a	series	of	recent	experiments	built	on	this	parallel.	We	will	hear	about	
auditory	 feedback	processing	 and	 socially-mediated	production	 in	 birds	 and	humans,	 and	 about	 shared	principles	
between	apes	and	humans	regarding	vocal	and	gestural	communication.	 
	
	
	
	
	
Speakers:	
	
Constance	Scharff 
Anja	T.	Zai	
Clara	D.	Martin	
Yasemin	B.	Gultekin	
Adrien	Meguerditchian	
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SS5.EST.1	Let’s	hear	it	from	the	animals	
	

Constance	Scharff	

Freie	Universität	Berlin,	Germany	
	

Comparative	research	on	the	similarities	and	differences	between	human	and	non-human	(‘animal’)	vocal	
communication	has	flourished	during	the	past	15	years.	Research	on	animals	has	also	provided	important	
insights	 into	 the	 potential	 evolutionary	 roots	 of	 some	 of	 the	 traits	 underlying	 human	 language.	 For	
instance,	a	fertile	line	of	investigation	addresses	which	of	Hockett’s	design	features	are	present	in	animal	
communication.	 In	 addition,	 unexpected	 parallels	 exist	 at	 the	 level	 of	 neural	 circuits	 and	 molecular	
networks	 relevant	 both	 for	 human	 language	 and	 learned	 animal	 vocalizations.	 In	 contrast,	 there	 is	 a	
scarcity	of	approaches	that	asks	which	aspects	of	vocal	communication	commonly	found	in	animals	might	
provide	insights	into	human	language.	I	will	summarize	some	of	the	behavioral,	neural	and	genetic	findings	
about	animal	vocal	communication,	particular	 in	songbirds,	which	can	inform	language	research.	Looking	
at	 language	 from	 an	 animal’s	 point	 of	 view	might	 provide	 a	 new	 perspective	 and	 provide	 impulses	 for	
experiments.	
	
	
	

SS5.EST.2	The	role	of	auditory	feedback	in	vocal	learning	in	songbirds	
	

Anja	T.	Zai1,	Sophie	Cavé-Lopez1,	Nicolas	Giret2,	&	Richard	H.R.	Hahnloser1		
1.	University	of	Zurich	and	ETH	Zurich,	Germany	
2.	Paris-Saclay,	CNRS,	France		
	

Auditory	 feedback	 is	 crucial	 for	 vocal	 learning	and	maintenance	of	 already	 learned	vocalizations	 in	both	
songbirds	and	humans.	We	apply	an	alter-modal	approach	in	songbirds	to	test	whether	auditory	feedback	
is	 also	 necessary	 for	 trial-and-error	 processes	 of	 vocal	 learning.	 For	 this,	 we	 modified	 a	 widely	 used	
reinforcement	learning	paradigm	using	visual	instead	of	auditory	reinforcement	and	show	that	deaf	birds	
successfully	adapt	their	pitch	in	a	targeted	direction	in	response	to	the	visual	reinforcement.	Furthermore,	
we	show	that	hearing	birds	are	also	able	to	learn	from	visual	reinforcement	and	that	the	basal	ganglia	 is	
necessary	for	visual	reinforcement	learning	of	pitch.	Our	work	demonstrates	that	trial-and-error	learning	in	
the	 basal	 ganglia	 requires	 no	 information	 about	 vocal	 performance.	 Thus,	 auditory	 feedback	 can	 be	
replaced	to	some	extent	by	another	sensory	modality	and	successful	speech	rehabilitation	strategies	could	
arise	from	correlations	between	exploratory	motor	signals	and	alter-modal	feedback.		
	
	
	
SS5.EST.3	Humans	speak	as	birds	sing:	Socially-mediated	brain	activity	in	language	production	
	

Clara	D.	Martin1,2,	Ileana	Quinones1,	&	Manuel	Carreiras1,2	

1.	Basque	Center	on	Cognition,	Brain	and	Language,	San	Sebastian,	Spain	
2.	Ikerbasque,	Basque	foundation	for	Science,	Bilbao,	Spain	
	
Brain	activity	during	singing	in	zebra	finches	differs	depending	on	the	social	context:	The	activation	of	the	
anterior	pathway	varies	depending	on	whether	the	male	zebra	finch	sings	facing	a	female	(directed	song)	
or	not	(undirected	song;	for	learning	and	rehearsal).	Given	the	similarity	of	the	anterior	pathway	(i.e.,	the	
“cortical	–	striatal	–	thalamocortical”	loop)	in	birds	and	primates,	we	explored	whether	brain	activity	along	
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this	pathway	is	socially-mediated	in	humans	producing	language	as	it	is	the	case	in	birds	producing	songs.	
Participants	recited	a	poem	in	the	MRI	scanner	while	watching	pictures	of	their	partner,	unknown	persons	
and	houses.	We	observed	differential	activation	in	a	cortico-subcortical	(basal	ganglia	–	temporal	gyrus	–	
angular	gyrus)	bilaterally	distributed	network.	This	study	reveals	that,	as	it	is	the	case	in	birds,	brain	activity	
during	language	production	varies	depending	on	the	social	context	(i.e.,	who	the	speaker	is	facing	during	
poem	recitation).	
	
	
	
SS5.EST.4	Dynamics	of	vocal	development	in	marmoset	monkeys		
	

Yasemin	B.	Gultekin1,	David	Hildebrand2,	&	Steffen	R.	Hage1	
1.	University	of	Tübingen,	Germany	
2.	Rockefeller	University,	New	York,	USA		
	
Vocalizations	of	human	infants	change	dramatically	across	the	first	postnatal	year	by	becoming	increasingly	mature.	
Human	vocal	development	 is	driven	by	 learning	from	caretakers.	 In	contrast,	vocalizations	of	non-human	primates	
are	 largely	 innate,	 and	 changes	 in	 the	 acoustic	 call	 structure	 during	 development	 have	 been	 purely	 devoted	 to	
maturation.	 However,	 recent	 studies	 revealed	 that	 vocal	 developmental	 processes	 in	 marmoset	 monkeys	 are	
influenced	by	parental	feedback.	Marmosets	exhibit	infant-specific	vocal	behaviour	including	distinct	infant	call	types	
that	 becomes	 increasingly	 mature	 during	 the	 first	 postnatal	 months	 until	 the	 adult	 vocal	 behaviour	 is	 fully	
maintained.	In	my	talk,	I	will	give	insights	into	recent	studies	and	our	new	results	on	the	dynamics	of	marmoset	vocal	
development	 emphasizing	 the	 significant	 role	 of	 social	 feedback	 on	 primate	 vocal	 development,	 which	 can	 be	
affected	by	postnatal	experience.	These	 findings	suggest	 the	marmoset	monkey	as	a	compelling	model	system	for	
human	vocal	development.		
	
	
	
SS5.EST.5	The	gestural	origins	of	brain	specialization	for	language:	How	studies	in	baboons	inspired	
research	on	epileptic	patient	
	

Adrien	Meguerditchian1,2	&	Agnès	Trébuchon1,3,4	
1.	Université	Aix-Marseille/CNRS,	Marseille,	France	
2.	Station	de	Primatologie,	UPS846,	CNRS,	Rousset,	France	
3.	Hôpital	de	la	Timone,	CHU	de	Marseille,	France	
4.	Université	Aix-Marseille/INSERM,	France		
	
For	evaluating	the	possibility	of	brain	surgery	for	treating	patients	suffering	from	epilepsy,	there	is	a	need	
for	 neurologist	 to	 preliminary	 investigate	 where	 most	 language	 functions	 are	 located	 in	 the	 brain	 and	
which	 hemisphere	 is	 dominant.	 Handedness	 has	 been	 historically	 considered	 as	 a	 behavioral	marker	 of	
such	language	lateralization,	but	 it	turned	out	to	be	rather	a	poor	marker.	Whether	a	reliable	behavioral	
asymmetrical	 manifestation	 of	 hemispheric	 specialization	 for	 language	 -	 which	 could	 be	 used	 by	
neurologist	-	exists	remains	unclear.	Surprisingly	it	is	the	research	on	manual	lateralization	in	baboons	and	
other	 primates	 which	 led	 us	 to	 suggest	 that	 gestural	 communication’s	 asymmetry	 might	 be	 a	 better	
behavioral	landmark	than	handedness.	Indeed,	before	testing	such	a	hypothesis	in	epileptic	patients	at	the	
Timone	Hospital	 in	Marseille,	 hand	 preferences	 for	 gestures	 have	 shown	 a	 significant	 increase	 of	 right-
hand	bias	and	contralateral	neuroanatomical	correlate	within	language	areas’	homologs	according	to	MRI	
studies.	
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SS5.ATE	
Where	Next?	The	Future	of	Embodiment	Research	

	
Atenas	Room	

	
	

Chairs:	
	

Falk	Huettig	
Markus	Ostarek	

Max	Planck	Institute	for	Psycholinguistics,	Nijmegen	
	
	
	

The	approach	to	studying	the	mind,	typically	referred	to	as	embodiment,	which	ascribes	a	central	role	to	
the	modal	systems	in	high-level	cognitive	functions,	has	been	successful	in	accounting	for	a	large	number	
of	mental	phenomena	(e.g.	our	understanding	of	concrete	words,	the	flexibility	of	conceptual	processing,	
etc.).	 Progress	 in	 our	 understanding	 of	 some	 core	 topics	 important	 for	 an	 all-encompassing	 account	 of	
embodied	cognition	(e.g.,	abstract	processing,	the	extent	to	which	modality-specific	processes	contribute	
functionally	 to	 cognition,	 the	 mechanisms	 of	 context-sensitive	 retrieval	 and	 processing	 of	 modal	
information)	however	has	been	painstakingly	slow.	The	aim	of	 the	present	symposium	is	 to	advance	the	
development	of	such	explanatory	concepts.	The	talks	in	this	symposium	will	showcase	current	state-of-the-
art	approaches	to	embodied	cognition	that	attempt	to	provide	some	answers	to	these	crucial	issues.	
	
	
	
	
Speakers:	
	
Anna	M.	Borghi	
Rolf	Zwaan	
Pia	Knoeferle	
Gabriela	Vigliocco	
Markus	Ostarek	
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SS5.ATE.1	Embodied	cognition	and	abstract	concepts	
	
Anna	M.	Borghi	
Sapienza	University	of	Rome	and	ISTC	CNR,	Rome	
	
During	the	presentation	I	will	address	one	of	the	most	important	challenges	that	embodied	and	grounded	
theories	need	to	face,	i.e.	the	challenge	to	explain	how	abstract	concepts	are	acquired	and	represented.	I	
will	 present	 evidence	 favoring	 the	 view	 according	 to	which	 abstract	 concepts	 are	 grounded	 not	 only	 in	
sensorimotor	experience,	like	concrete	ones,	but	also	and	to	a	greater	extent	in	linguistic,	social	and	inner	
experience	 (interoception,	metacognition).	 I	will	also	present	evidence	showing	 that	 the	weight	of	 these	
different	 experiences	 (linguistic,	 social,	 inner)	 vary	 depending	 on	 the	 considered	 sub-kind	 of	 abstract	
concepts	(e.g.	mental	states	and	spiritual	concepts,	numbers,	emotions,	social	concepts).	I	will	argue	that	
the	 challenge	 to	 explain	 abstract	 concepts	 representation	 should	 be	 addressed	 with	 an	 integrated	
approach.	Such	an	approach	should	bridge	developmental	and	neuroscientific	studies	and	should	extend	
embodied	 and	 grounded	 views	 incorporating	 insights	 from	 pragmatics	 and	 from	 distributional	 statistics	
views	of	meaning.	
	
	
	
SS5.ATE.2	From	Vague	Amalgamations	to	Specific	Questions	
	
Rolf	Zwaan	
Erasmus	University,	Rotterdam	
	
Overlooking	the	history	of	the	notion	“embodied	cognition”	in	the	domain	of	language	processing,	one	can	
identify	three	strands.	The	first	strand	is	the	Conceptual	Metaphor	strand,	inspired	by	the	work	of	Lakoff	
and	Johnson.	The	second	strand	 is	 the	“motor	processing”	strand	 inspired	by	Rizzolatti’s	work	on	mirror	
neurons	 The	 third	 strand	 is	 the	 line	 of	work	 inspired	 by	 Barsalou’s	 perceptual	 symbol	 theory.	 But	 how	
compatible	are	these	strands	really?	And	how	relevant	are	they	to	theories	of	language	processing?	I	will	
argue	that	the	best	way	forward	is	not	to	search	for	evidence	for	or	against	some	vague	amalgamation	of	
these	strands	of	embodiment	theory	but	rather	to	systematically,	in	large-scale	projects,	address	a	series	
of	more	specific	questions,	for	example	about	whether	visual	representations	come	online	during	(1)	word,	
(2)	 sentence,	 and	 (3)	discourse	processing.	 Such	projects	 should	 involve	preregistration,	 replication,	 and	
open	materials,	code,	and	data.	
	
	
	

SS5.ATE.3	Situated	and	embodied	language	processing:	predicting	(variability	in)	context	effects	
	
Pia	Knoeferle	
Humboldt	University,	Berlin	
	
Much	research	has	assessed	how	 language	processing	depends	on	 the	perceived	context,	 the	body,	and	
long-term	 linguistic	 knowledge	 of	 the	 language	 user.	 But	 some	 context	 effects	 have	 proven	 difficult	 to	
replicate	 (e.g.,	 action-sentence	 compatibility	 effect;	 how	 language	 related	 to	 old	 /	 young	 age	 primes	
people	to	exit	the	lab	more	slowly	/	rapidly	respectively).	These	replication	failures	have	led	to	a	replication	
crisis	 in	psychology.	 I	propose	that	failures	to	replicate	can	be	viewed	as	an	opportunity	for	constraining	
theory-	 based	 hypotheses.	 If	 all	 context	 effects	 were	 robust,	 deriving	 systematic	 predictions	 regarding	
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comprehension	 would	 be	 virtually	 impossible.	 The	 current	 crisis,	 however,	 suggests	 that	 some	 context	
effects	 may	 be	 subtler	 than	 others.	 I	 argue	 for	 constrained	 contextual	 flexibility.	 Variability	 in	 context	
effects	is	predicted	by	characteristics	of	the	language	user.	But	extant	findings	also	suggest	generalizability	
beyond	individual	flexibility,	thus	imposing	constraint	on	theory-driven	expectations	via	the	systematicity	
of	processing	preferences.	
	
	
	
SS5.ATE.4	Iconicity	as	a	window	into	embodiment	
	
Gabriela	Vigliocco1	&	Pamela	Perniss2	
1.	University	College	London	
2.	University	of	Brighton	
	
In	 recent	 years	 a	 number	 of	 studies	 have	 shown	 that	 iconicity	 (i.e.,	 the	 use	 of	 linguistic	 form	 that	
imagistically	evoke	aspects	of	real	word	referents)	in	both	spoken	and	signed	languages	impacts	language	
development	 and	 language	 processing.	 Following	 Perniss	 &	 Vigliocco	 (2014)	 here	 we	 argue	 that	
investigating	 iconicity	 in	multimodal	communication	 (beyond	 iconicity	 in	 the	phonology	of	a	 language	to	
include	 gestures,	 other	 vocalizations	 and	 prosody)	 may	 provide	 critical	 insight	 into	 central	 issues	 in	
embodiment	 research.	We	will	 explore	 two	cases:	 (i)	 Iconic	 forms	 can	vary	 greatly	with	 respect	 to	 their	
degree	 of	 abstractness	 and	 thus	 can	 provide	 some	 insight	 into	 the	 nature	 of	 the	 simulations	 used	 by	
speakers.	(ii)	iconicity	can	be	more	or	less	present	in	communication	depending,	for	example,	whether	the	
topic	of	conversation	concerns	something	present	or	absent	from	the	physical	environment	and	thus	can	
clarify	conditions	when	mental	simulations	need	(or	not)	to	be	run.	
	
	
	
SS5.ATE.5	Towards	a	unified	theory	of	semantic	cognition	
	
Markus	Ostarek	&	Falk	Huettig	
Max	Planck	Institute	for	Psycholinguistics,	Nijmegen	
	
The	idea	that	semantic	processing	involves	simulations	of	sensory	states	has	become	a	generally	accepted	
position	in	large	portions	of	the	field.	However,	the	debate	about	the	nature	of	the	processes	involved	in	
language	comprehension	is	far	from	settled.	The	following	issues	are	crucial	going	forward:	1)	The	need	for	
decisive	 paradigms:	Many	 paradigms	 succumb	 to	 the	 consistency	 fallacy	 by	 virtue	 of	 not	 being	 able	 to	
arbitrate	between	rival	theories.	2)	The	need	for	tests	of	causality.	3)	The	task	dependency	of	conceptual	
processing.	4)	The	need	for	theoretical	specificity	regarding	the	direction	and	timing	of	effects.	5)	The	need	
for	a	theory	that	accounts	for	human	abstraction	capacities	whilst	taking	the	grounding	problem	seriously.	
We	 will	 discuss	 how	 innovative	 behavioral	 and	 neuroimaging	 methods	 (including	 pattern	 analysis	 and	
laminar	fMRI)	can	help	pave	the	way	towards	a	unified	theory	of	semantic	cognition.	
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SS5.StT	
Public	Acceptance	and	Rejection	of	Science	in	a	‘Post-Truth’	World	

	
Saint	Tropez	Room	

	
	

Chair:	
	

Stephan	Lewandowsky	
University	of	Bristol	

	
	
	

Imagine	a	future	world	that	considers	knowledge	to	be	“elitist.”	Imagine	a	world	in	which	it	is	not	medical	
knowledge	but	a	free-for-all	opinion	market	on	Twitter	that	determines	whether	a	newly	emergent	strain	
of	 avian	 flu	 really	 is	 contagious	 to	 humans.	 This	 dystopian	 future	 is	 still	 just	 that—a	 possible	 future.	
However,	there	are	signs	that	public	discourse	is	evolving	in	this	direction:	terms	such	as	“post-truth”	and	
“fake	news,”	largely	unknown	until	2016,	have	exploded	into	media	and	public	discourse	and	there	is	much	
concern	about	a	presumed	deterioration	of	the	integrity	of	public	discourse.	This	symposium	examines	the	
role	of	 science	 in	an	emerging	“post-truth”	world	and	provides	a	number	of	perspectives	on	 the	 factors	
that	determine	the	acceptance	and	rejection	of	scientific	 findings,	and	how	science	denial	might	be	best	
confronted.	
	
	
	
	
	
	
Speakers:	
	
Philipp	Schmid	
Kirsti	M.	Jylhä	
Asheley	R.	Landrum	
Sander	van	der	Linden	
Stephan	Lewandowsky	
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SS5.TAR.1	Advocating	for	science:	How	to	rebut	science	denialism	in	public	discussions	
	
Philipp	Schmid	&	Cornelia	Betsch	
University	of	Erfurt,	Germany	
	
Science	 deniers	 have	 infiltrated	 the	 media	 landscape,	 questioning	 milestones	 of	 science	 and	 spreading	
misinformation	 that	 contradicts	 decades	 of	 scientific	 endeavour.	 Advocates	 for	 science	 have	 few	
evidence-based	 strategies	 available	 to	 effectively	 rebut	 science	 denialism	 in	 public	 debates.	 Five	
experiments	 assess	 how	 to	 mitigate	 a	 denier’s	 influence	 on	 the	 audience.	 Four	 experiments	 are	
preregistered	 conceptual	 replications	 of	 the	 initial	 experiment.	 An	 internal	meta-	 analysis	 across	 all	 five	
experiments	 reveals	 that	 not	 responding	 to	 science	 deniers	 has	 a	 negative	 effect	 on	 attitudes	 towards	
behaviours	 favoured	 by	 science	 (e.g.,	 vaccination)	 and	 the	 intentions	 to	 perform	 these	 behaviours.	
Providing	 the	 facts	 regarding	 the	 topic	or	uncovering	 the	 rhetorical	 techniques	 typical	 for	denialism	had	
positive	effects.	The	most	effective	strategy	was	a	combination	of	both,	formulating	the	Response	By	Using	
Technique	and	Topic	Against	Lies	(ReBUTTAL).	Training	advocates	to	apply	ReBUTTAL	can	support	the	fight	
against	misinformation	and	strengthen	the	evidence-based	voice	for	science.	
	
	
	
SS5.TAR.2	Populist	right-wing	attitudes	and	climate	change	denial:	The	roles	of	anti-egalitarianism,	
conservative	ideology,	and	anti-establishment	attitudes	
	
Kirsti	M.	Jylhä1	&	Kahl	Hellmer2	
1.	Institute	for	Futures	Studies,	Stockholm,	Sweden	
2.	Uppsala	University,	Uppsala,	Sweden	
	
Populist	right-wing	parties	and	their	voters	tend	to	be	inclined	to	dismiss	climate	change.	We	investigated	
correlations	between	populist	right-wing	attitudes	and	climate	change	denial	in	two	studies	(1:	N=1587;	2:	
N=895).	Anti-egalitarianism	(an	index	of	xenophobia	and	negative	views	on	feminism,	same-sex	marriage,	
and	society’s	attention	on	minorities)	was	found	to	be	the	strongest	predictor	of	climate	change	denial	in	
both	studies.	Anti-establishment	attitudes	predicted	climate	change	denial	only	through	anti-egalitarianism	
(Study	1&2)	and	–	to	lesser	degree	–	science		
skepticism	(Study	1).	Conservative	values	had	a	direct	(Study	1),	and	authoritarian	attitudes	had	an	indirect	
(Study	2),	effect	on	climate	change	denial.	Personality	 trait	Openness	 (but	not	Agreeableness)	predicted	
climate	 change	 denial	 through	 anti-egalitarianism	 and	 conservatism/	 authoritarianism.	 In	 sum,	 climate	
change	denial	has	linkages	with	critical	views	on	(liberal	parts	of)	the	establishment.	However,	rather	than	
reflecting	 anti-establishment	 views	 per	 se,	 climate	 change	 denial	 seems	 to	 reflect	 endorsement	 of	 the	
existing	social	power	relations.	
	
	
	
SS5.TAR.3	‘It’s	not	a	planet,	it’s	a	plane’:	Exploring	Flat	Earth	Ideology	
	
Asheley	R.	Landrum	&	Alex	Olshansky	
Texas	Tech	University	
	
Flat	Earth	ideology	is	the	epitome	of	science	denial.	Despite	irrefutable	evidence	that	the	Earth	is	not	flat,	
an	increasing	number	of	people	are	converting	to	hold	this	view—much	to	the	chagrin	of	academics	and	
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the	popular	press.	To	better	understand	this	phenomenon,	we	 interviewed	28	of	 the	approximately	500	
attendees	of	the	first	annual	Flat	Earth	Conference	in	Raleigh,	North	Carolina,	USA,	in	November,	2017.	In	
addition	 to	 capturing	 participants’	 mental	 models	 of	 the	 Earth,	 we	 asked	 when	 they	 first	 started	 to	
question	the	spherical	Earth.	We	also	asked	about	participants’	impressions	of	the	evidence	for	and	against	
the	flat	earth	model	and	about	some	of	their	other	views,	values,	and	beliefs.	Drawing	on	concepts	from	
motivated	cognition,	we	argue	 that	our	data	 show	 that	 conspiracy	mentality	 conditional	on	 religiosity	 is	
key	in	predicting	susceptibility	to	flat	earth	ideology.	Moreover,	exposure	to	such	beliefs	primarily	occurs	
on	YouTube.	Importantly,	so-	called	Flat	Earthers	attempt	to	use	science-based	arguments	to	support	their	
worldview.	 All	 in	 all,	 Flat	 Earthers	 do	 not	 see	 themselves	 as	 rejecting	 science,	 but	 rejecting	 corrupt	
scientific	authorities.	
	
	
	
SS5.TAR.4	Inoculating	against	scientific	misinformation:	On	the	motivated	cognition	of	facts	and	
expertise	in	a	post-truth	society	
	
Sander	van	der	Linden	
University	of	Cambridge,	UK	
	
In	this	talk,	I	will	discuss	recent	psychological	theorizing	around	attitude	polarization,	motivated	cognition,	
and	science	denial.	 I’ll	 start	by	presenting	a	series	of	nationally	representative	experimental	studies	 (N	=	
6,301)	 examining	 the	 crucial	 role	 of	 expert	 consensus	 in	 how	 people	 form	 judgments	 about	 contested	
scientific	issues	(e.g.	global	warming,	vaccines)	across	the	ideological	spectrum.	Past	research	has	relied	on	
two	 important	 findings;	 a)	 public	 acceptance	 of	 science	 is	 known	 to	 correlate	 strongly	 with	 political	
ideology,	and	b)	the	greatest	degree	of	polarization	seems	to	occur	among	the	most	educated	partisans.	
Because	 most	 of	 the	 evidence	 in	 this	 domain	 emerges	 indirectly	 through	 correlational	 surveys,	 the	
connection	between	A	and	B	is	not	causal,	so	I	refer	to	this	specific	strain	of	motivated	science	denial	as	
the	 “correlation-causation”	 fallacy.	 In	 contrast,	 experimental	 studies	 presented	 in	 this	 talk	 reveal	 that	
although	 such	 correlations	 are	 replicable,	 experimentally	manipulated	 cues	 about	 expert	 consensus	 can	
neutralize	motivated	numeracy	effects	about	attitude	dissonant	 science.	 Specifically,	 the	Gateway	Belief	
Model	 (GBM)	 account	 suggests	 that	 highlighting	 second-order	 normative	 cognitions	 (such	 as	 expert	
consensus)	 can	bridge	 the	 ideological	 divide.	 Importantly,	 I	will	 also	 show	 that	 perceptual	 judgments	 of	
expert	 consensus	 are	 not	 formed	 in	 a	 vacuum	 and	 are	 highly	 susceptible	 to	misinformation,	which	 can	
spread	much	like	a	viral	contagion.	By	combining	data	from	the	lab	and	the	field,	I’ll	end	by	demonstrating	
that	it	is	possible	to	cognitively	inoculate	(“vaccinate”)	public	attitudes	against	a	growing	climate	of	science	
denial.	
	
	
	
SS5.TAR.5	Rejection	of	scientific	findings:	Worldview,	ideology,	and	the	norms	of	science	
	
Stephan	Lewandowsky1	&	Klaus	Oberauer2	
1.	University	of	Bristol	
2.	University	of	Zurich	
	
Scientifically	well-established	propositions,	 such	 as	 the	 fact	 that	 greenhouse	 gas	 emissions	 are	 affecting	
the	 Earth’s	 climate,	 are	 sometimes	 rejected	 by	 segments	 of	 the	 public.	 Public-opinion	 surveys	 have	
repeatedly	shown	that	the	rejection	of	scientific	evidence	across	a	broad	range	of	domains	 is	associated	
with	 right-wing	or	 libertarian	political	 views.	 To	date	 there	 is	 little	 evidence	of	 any	association	between	
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left-wing	political	views	and	rejection	of	scientific	evidence.	What	might	explain	this	apparent	asymmetry?	
What	might	 explain	 the	 fact	 that	 science	 denial	 is	 seemingly	 focused	 on	 the	 political	 right?	 I	 focus	 on	
Merton’s	(1942)	analysis	of	the	norms	of	science,	such	as	communism	and	universalism,	which	continue	to	
be	internalized	by	the	scientific	community	but	which	are	not	readily	reconciled	with	conservative	values.	
We	 report	 a	 large-scale	 study	 that	 shows	 that	 people’s	 political	 and	 cultural	worldviews	 are	 associated	
with	 their	 attitudes	 towards	 those	 scientific	 norms,	 and	 that	 those	 attitudes	 in	 turn	 predict	 people’s	
acceptance	of	vaccinations	and	climate	science.	The	norms	of	science	may	thus	be	in	latent	conflict	with	a	
substantial	 segment	 of	 the	 public.	 We	 additionally	 show	 that	 other	 forms	 of	 information	 that	 do	 not	
pertain	to	scientific	issues,	such	as	false	statements	by	Donald	Trump	or	Bernie	Sanders	on	the	campaign	
trail,	 are	 processed	 in	 a	 roughly	 symmetrical	 fashion	 by	 people	 on	 the	 political	 right	 or	 left,	 providing	
further	 support	 for	 the	 notion	 that	 scientific	 findings	 have	 a	 special	 status	 in	 politically-motivated	
information	processing.	
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SS5.TAR	
Spatial	Learning	and	Navigation	

from	the	Individual	Differences	Perspective	
	

Tarraco	Room	
	
	

Chair:	
	

Chiara	Meneghetti	
University	of	Padova	(Italy)	

	
	
	

Our	ability	to	learn	an	environment	and	navigate	it	efficiently	is	influenced	by	numerous	factors,	including	
environmental	features,	but	also	individual	characteristics.	Concerning	the	latter,	a	set	of	spatial	abilities,	
self-reported	 preferences	 and	 strategies,	 and	 aspects	 of	 personality	 can	 influence	 our	 environment	
learning	 and	 navigation	 performance.	 The	 role	 of	 gender,	 age	 and	 familiarity	 with	 an	 environment	 are	
relevant	individual	aspects	too.	The	issue	of	the	multi-faceted	individual	differences	in	spatial	learning	and	
navigation	is	complex,	and	deserves	to	be	further	examined.	The	present	symposium	aims	to	explore	how	
individual	 spatial	 abilities	 (as	 mental	 rotation),	 self-reported	 preferences	 and	 strategies	 (as	 perceived	
navigating	skills),	personality	traits,	 familiarity	with	a	place,	gender	and	age	relate	to	the	construction	of	
accurate	 spatial	 mental	 representations	 of	 an	 environment.	 Five	 researchers	 will	 present	 studies	
conducted	using	different	methods	to	offer	new	insight	on	the	role	of	individual	differences	in	the	spatial	
learning	and	navigation	domain.		
	
	
	
	
	
	
	
Speakers:	
	
Francesca	Pazzaglia		
Martina	Rahe		
Michiel	H.G.	Claessen	
Marios	Avraamides		
Valerie	Gyselinck		
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SS5.TAR.1	Emotional,	motivational	and	personality	factors	in	wayfinding	behavior	
	
Francesca	Pazzaglia	&	Chiara	Meneghetti	
University	of	Padova	
	
Wayfinding	 (WF)	 is	 the	 ability	 to	move	 around	 efficiently.	 It	 is	 a	multifaceted	 skill,	 susceptible	 to	 wide	
individual	 differences,	 and	 requires	 a	 broad	 range	 of	 cognitive	 functions.	 So	 far,	 research	 on	 WF	 has	
devoted	 little	 attention	 to	 the	 role	 of	 emotion,	 motivation,	 and	 personality	 factors,	 although	 these	
variables	 have	 proved	 important	 in	 the	 performance	 of	 other	 spatial	 tasks.	 The	 current	 set	 of	 studies	
explored	whether	non-cognitive	factors,	such	as	spatial	self-efficacy	and	anxiety,	pleasure	in	exploring,	and	
personality	 are	 in	 relation	 with	 WF.	 Participants	 completed	 questionnaires	 designed	 to	 test	 emotion,	
motivation	 and	personality.	 Afterwards,	 they	memorized	 paths	 through	urban	 virtual	 environments	 and	
performed	 WF	 tasks.	 The	 results	 showed	 that	 the	 considered	 individual	 variables	 were	 related	 with	
wayfinding	performance.	The	relationship	was	stronger	with	demanding	than	easier	WF	tasks.		
	
	
	
SS5.TAR.2	Are	men’s	and	women’s	navigation	skills	related	to	their	performance	in	a	mental-
rotation	test?	
	
Martina	Rahe	&	Claudia	Quaiser-Pohl	
University	of	Koblenz-Landau	
	
The	 study	examined	 the	 influence	of	navigation	 skills	on	adults’	mental-rotation	performance	as	well	 as	
gender	 differences	 and	 participants’	 self-evaluation	 of	 these	 abilities.	 39	 women	 and	 51	 men	
undergraduates	 solved	 a	 pointing	 task,	 either	 the	 Male-objects-MRT	 or	 Female-objects-MRT,	 and	
evaluated	 their	 task	 performance.	 Positive	 correlations	 between	 mental-rotation	 performance	 and	
pointing	 towards	 a	 landmark	 appeared	 only	 for	 males.	 Negative	 correlations	 between	 mental-rotation	
performance	 and	 the	 usage	 of	 orientation	 tools	 like	 compass	 or	maps	 appeared	 for	 females.	Only	men	
evaluated	their	MRT	performance	adequately	and	reported	higher	abilities	of	mental-rotation	and	spatial	
orientation	than	women.	For	the	MRT,	a	significant	interaction	of	gender	and	stimulus	material	appeared.	
Women	who	perform	poorly	in	mental-rotation	tests	might	use	maps	more	often,	because	they	need	to.	
Males	 seem	 to	 have	 better	 abilities	 to	 self-evaluate	 their	 spatial	 skills.	 The	 role	 of	 mental	 rotation	 in	
relation	to	navigation	abilities	in	males	and	females	will	be	discussed.	
	
	
	
SS5.TAR.3	Objective	and	subjective	navigation	ability	across	the	lifespan	
	
Ineke	J.M.	van	der	Ham,	Michiel	H.G.	Claessen,	&	Milan	N.A.	van	der	Kuil	
Leiden	University,	the	Netherlands	
	
Navigation	ability	shows	substantial	variation	within	healthy	population,	yet	 the	causes	 for	 this	variation	
remain	 unclear.	 In	 a	 large-scale	 online	 navigation	 experiment,	 we	 have	 assessed	 navigation	 ability	 in	
11.887	individuals	(age	range	8-100).	After	viewing	a	video	of	a	route	through	an	environment,	landmark,	
location	and	path	knowledge	were	assessed	with	5	tasks:	landmark	recognition,	pointing	to	the	endpoint,	
placing	 landmarks	on	a	map,	directional	 information	about	the	route,	and	distance	comparison	between	
landmarks.	Results	 indicate	clearly	differential	aging	patterns	for	each	of	the	five	tasks.	 Impact	of	gender	
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was	limited;	males	outperformed	females	in	placing	landmarks	on	a	map	and	directional	information,	but	
performance	was	equal	for	the	other	tasks.	Subjective	measures	of	perceived	navigation	ability	indicate	a	
substantial	overestimation	with	higher	age	and	 in	males,	and	underestimation	 in	 females.	The	 impact	of	
measures	of	spatial	anxiety,	spatial	experience,	and	living	environment	will	also	be	discussed.	
	
	
	
SS5.TAR.4	Spatial	memory	about	familiar	and	unfamiliar	environments	
	

Marios	Avraamides1,	Adamantini	Hatzipanayioti2,	&	Marianna	Pagkratidou1	
1.	University	of	Cyprus	
2.	Max-Planck-Institute	for	Biological	Cybernetics		
	
Research	 in	 spatial	 cognition	 examining	 how	 unfamiliar	 spatial	 layouts	 are	 represented	 in	memory,	 has	
shown	 that	 people	 create	 orientation-dependent	 representations	 that	 are	 influenced	 by	 both	
environmental	(e.g.,	geometry	of	the	enclosing	space,	the	internal	structure	of	the	layout)	and	contextual	
(e.g.,	the	study	viewpoint,	the	viewpoints	of	conversational	partners,	instructions)	factors.	However,	what	
remains	unclear	 is	whether	these	representations	change	after	repeated	experience	with	the	 layout.	For	
example,	does	an	orientation-dependent	memory	become	orientation-free	after	prolonged	exposure	to	a	
layout	 from	 all	 possible	 viewpoints?	We	 examined	 this	 question	 by	 comparing	 the	 spatial	memories	 of	
participants	about	their	own	rooms	in	the	university	halls	vs.	those	of	other	participants	who	viewed	the	
same	rooms	for	the	first	time	through	Virtual	Reality.	Similarities	and	differences	across	the	two	conditions	
were	found	in	the	pointing	data	from	a	perspective	taking	task.	The	implications	of	the	findings	for	spatial	
memory	are	discussed.	
	
	
	
SS5.TAR.5	Landmarks	and	familiarity	in	large-scale	spatial	representations	
	

Valérie	Gyselinck1,	2,	Vanessa	Ligonnière1,2,	Aurélie	Dommes1,	&	Elise	Grison1,3	
1.	The	French	institute	of	science	and	technology	for	transport,	development	and	networks	(IFSTTAR)	
2.	Parin	Descartes	University	
3.	Société	Nationale	des	Chemins	de	fer	Français	(SNCF)	Innovation	&	Research		
	
As	 shown	 by	 decades	 of	 research,	 human	 navigation	 and	 orientation	 in	 large-scale	 environments	 is	 a	
fundamental	 function	that	exhibits	high	 inter-individual	variability	related	to	cognitive	 factors,	styles	and	
also	 to	 the	 familiarity	 with	 the	 environment.	 Research	 in	 spatial	 cognition	 has	 also	 evidenced	 the	
importance	 of	 landmarks	 to	 construct	 a	 spatial	 representation	 and	 help	 navigation,	 but	 only	 scarce	
attention	was	paid	to	integrate	these	dimensions	into	the	design	of	navigation	aids.	Two	experiments	were	
conducted	to	explore	the	benefit	of	a	landmark-oriented	navigation	aid	compared	to	the	classical	turn-by-	
turn	aid	in	constructing	spatial	representations.	The	familiarity	with	landmarks	was	explored	in	young	and	
older	adults	in	one	experiment.	The	familiarity	with	the	environment	in	young	adults	was	considered	in	the	
second	experiment.	 Individual	differences	 in	spatial	ability	were	also	measured.	The	discussion	will	 focus	
on	the	development	of	the	concept	of	human-like	guidance	in	relation	to	familiarity.	
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SS5.BAR	
Auditory	Comprehension	under	Adverse	Listening	Conditions	

	
Barcelona	Room	

	
	

Chairs:	
	

Sendy	Caffarra	
Sara	Guediche	

BCBL.	Basque	Center	on	Cognition,	Brain	and	Language,	Spain	
	
	
	

Research	 investigating	 behavioral	 and	 neural	 underpinnings	 of	 speech	 comprehension	 under	 different	
listening	 conditions	 is	 growing.	 Applications	 of	 this	 work	 range	 from	 research	 on	 speech	 recognition	
technologies,	 cochlear	 implants,	 and	 hearing	 impairment	 with	 the	 aim	 of	 enhancing	 the	 extraction	 of	
linguistic	 information	 from	 the	 auditory	 signal.	 Our	 goal	 for	 the	workshop	 is	 to	 identify	 behavioral	 and	
neural	markers	that	can	support	the	mapping	of	sound	onto	meaning.	We	turn	to	distinct	lines	of	research	
to	 draw	 cross-disciplinary	 connections	 that	 will	 help	 us	 better	 understand	 potential	 obstacles	 in	 this	
mapping	 and	 its	 potential	 interactions	with	 contextual	 and	 cognitive	 factors.	 The	 talks	will	 address	 this	
topic	 at	 different	 levels	 of	 linguistic	 analysis	 (phonological,	 lexical,	 semantic,	 and	 syntactic)	 and	 from	
distinct	methodological	perspectives	 (behavioral,	 fNIRS,	EEG,	 fMRI).	 Signals	 causing	ambiguity	 (distorted,	
accented,	 noisy)	 in	 the	 sound-to-meaning	 mapping	 will	 be	 considered	 for	 typical	 and	 atypical	 hearing,	
using	different	speech	(words,	sentences)	and	non-speech	(music)	stimuli.	
	
	
	
	
	
	
Speakers:	
	
Sven	Mattys	
Heather	Bortfeld	
Tessa	Bent	
Antje	Strauss	
Robert	Zatorre	
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SS5.BAR.1	Effects	of	cognitive	load	on	speech	processing	
	
Sven	Mattys	
University	of	York	
	
Improving	the	validity	of	speech-recognition	models	requires	an	understanding	of	how	speech	is	processed	
in	 everyday	 life.	 Unlike	 listening	 conditions	 leading	 to	 a	 degradation	 of	 the	 signal	 (e.g.,	 noise),	 adverse	
conditions	that	do	not	alter	the	 integrity	of	the	signal	 (e.g.,	cognitive	 load,	CL)	have	been	under-studied.	
Drawing	upon	behavioral	and	imaging	methods,	our	research	shows	that	CL	reduces	sensitivity	to	phonetic	
detail	and	increases	reliance	on	lexical	knowledge.	Critically,	however,	we	found	that	increased	reliance	on	
lexical	 knowledge	 under	 CL	 is	 a	 cascaded	 effect	 of	 impoverished	 phonetic	 processing,	 not	 a	 direct	
consequence	of	CL.	Findings	of	 increased	pure-tone	auditory	thresholds	under	CL	add	further	support	to	
the	case	for	an	early	locus	of	interference.	The	results	not	only	constrain	our	understating	of	the	functional	
architecture	 of	 speech-recognition	 models,	 they	 also	 invite	 an	 integrated	 analysis	 of	 hearing,	
psycholinguistics,	and	cognition.	
	
	
	
SS5.BAR.2	Assessing	quality	of	speech	perception	in	pediatric	and	adult	cochlear	implantees	using	
functional	near-infrared	spectroscopy	
	
Heather	Bortfeld	
University	of	California,	Merced	
	
Cochlear	implants	establish	a	way	for	profoundly	deaf	individuals	to	understand	speech	by	allowing	sound	
to	be	transmitted	to	the	auditory	system	without	a	working	conduction	system	in	the	 inner	ear.	 Indeed,	
implants	 have	become	a	 standard	 treatment	 for	 deafness,	 despite	wide	 variability	 in	 speech	perception	
outcomes	 in	both	 implanted	children	and	adults.	 To	better	understand	 the	 source	of	 this	 variability,	my	
collaborators	and	I	have	been	using	functional	near-infrared	spectroscopy	(fNIRS)	to	image	activity	within	
regions	of	 the	 auditory	 cortex	post-implantation.	 This	work	has	 established	 fNIRS	 as	 a	 tool	 for	 use	with	
cochlear	implantees	because	it	is	non-invasive,	compatible	with	implanted	devices,	and	not	subject	to	the	
electrical	artifacts	typical	of	other	methods.	In	this	talk,	I	will	present	our	findings	delineating	patterns	of	
cortical	responses	that	reflect	good	speech	perception	abilities	in	postlingually	deafened	adults	and	discuss	
how	we	now	are	extending	this	work	to	prelingually	deafened	children.	
	
	
	
SS5.BAR.3	How	unfamiliar	accents	impact	children's	and	adults'	word	recognition	
	
Tessa	Bent	
Indiana	University	
	
Unfamiliar	 nonnative	 accents	 and	 regional	 dialects	 can	 differ	 from	 a	 listener's	 home	 dialect	 along	 both	
segmental	 (individual	 speech	 sounds)	 and	 suprasegmental	 (e.g.,	 intonation,	 rhythm)	 dimensions.	 These	
acoustic-phonetic	 differences	 can	 result	 in	 word	 recognition	 accuracy	 decrements,	 the	 extent	 to	 which	
depends	on	the	interaction	of	talker,	listener,	and	environmental	factors.	For	example,	adults	can	typically	
understand	 talkers	 with	 unfamiliar	 accents	 in	 quiet	 conditions,	 but	 show	 steep	 declines	 when	 noise	 is	
added.	In	contrast,	children	show	lowered	word	recognition	accuracy	with	unfamiliar	accents	even	in	quiet	
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and	display	particularly	poor	performance	when	noise	is	added.	Further,	word	recognition	with	unfamiliar	
accents	 displays	 a	 protracted	 developmental	 trajectory,	 extending	 into	 adolescence.	 Ongoing	 work	 is	
examining	why	 listeners	 find	specific	 talkers	or	accents	are	more	or	 less	 intelligible	by	quantifying	global	
pronunciation	distances	from	the	ambient	dialect	as	well	as	deviations	from	native	norms	within	different	
levels	of	sound	structure	(e.g.,	segmental	vs.	suprasegmental).	
	
	
	
SS5.BAR.4	The	importance	of	tracking	word	and	sentence	onsets	for	speech	comprehension	in	
noise.	Evidence	from	EEG	
	
Antje	Strauss	
University	of	Konstanz	
	
Recent	neurolinguistic	studies	have	focused	on	neural	entrainment	as	a	key	mechanism	to	achieve	speech	
comprehension,	also	when	speech	is	degraded.	However,	it	is	known	that	auditory	cortex,	in	particular	the	
posterior	 portion	 of	 superior	 temporal	 gyrus,	 is	 especially	 sensitive	 to	 speech	 onsets	 as	 opposed	 to	
sustained	information	processing	in	more	anterior	regions.	Here,	I	would	like	to	argue	that	for	successful	
speech	 comprehension	 in	 noise,	 entrainment	 is	 not	 a	 sufficient	 prerequisite.	 Instead,	 I	 am	 showing	
evidence	 that	 it	 is	 decisive	 to	 find	 onsets	 of	 words	 and	 sentences	 in	 speech	 streams	 in	 order	 to	 elicit	
further	 processing.	 To	 this	 end,	 listeners	 can	 allocate	 attentional	 resources	 as	 indicated	 by	 prestimulus	
alpha	 oscillations.	 Furthermore,	 listeners	 can	make	 use	 of	 the	 overall	 speech	 rhythm	 of	 a	 speaker	 (e.g.	
measured	 by	 neural	 entrainment)	 to	 better	 align	 with	 sentence	 onsets.	 These	 findings	 are	 additionally	
supported	by	causal	evidence	coming	from	transcranial	alternating	current	stimulation	(tDCS).	
	
	
	
SS5.BAR.5	Musicians	at	the	cocktail	party	and	at	the	concert:	neural	mechanisms	for	auditory	
scene	analysis	of	speech	and	music	
	
Robert	Zatorre	&	Emily	Coffey	
McGill	University;	Concordia	University	
	
Listening	under	adverse	conditions	is	typically	measured	with	speech,	but	music	represents	an	opportunity	
to	better	understand	auditory	scene	analysis	(ASA).	Using	fMRI,	EEG	and	MEG	we	have	studied	the	neural	
basis	 for	ASA	enhancement	 related	 to	musical	 training.	We	 find	 that	 the	musician	advantage	 for	 speech	
perception	is	mediated	both	by	stronger	representations	in	subcortical	and	cortical	regions,	as	well	as	by	
recruitment	 of	 top-down	mechanisms	 in	 frontal	 and	motor	 cortices.	Moreover,	 musicians	 demonstrate	
better	 encoding	 of	 both	 attended	 and	 ignored	 speech	 streams	 in	 auditory	 areas.	 Because	 ASA	 in	 real	
environments	is	a	composite	skill	involving	integrated	spatial,	visual	and	predictive	cues,	we	implemented	
behavioural	 and	 fMRI	 tasks	 that	 dissect	 complex	 auditory	 perception	 and	 measure	 musicians’	 specific	
advantages.	 Studying	 the	 neurophysiological	 bases	 of	 experience	 using	 musical	 stimuli	 will	 allow	 us	 to	
pinpoint	 the	 role	 and	potential	 of	 experience	 in	 influencing	how	 information	 is	 extracted	 from	auditory	
signals.	
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SS5.PAL	

Exploring	Decision-Making	through	Computational	Modeling	
	

Palma	de	Mallorca	Room	
	
	

Chairs:	
	

Cristian	Buc	Calderon	
Ghent	University	(Ghent,	Belgium)	

Irene	Cogliati-Dezza	
Université	Libre	de	Bruxelles	

	
	
	
	

Decision-making	processes	subtend	sensorimotor	mappings.	Understanding	their	 temporal	dynamics	and	
how	 they	 interact	 is	 therefore	 crucial	 to	 gain	 insights	 on	 how	 adaptive	 and	 flexible	 behaviors	 develop.	
Unfortunately,	 deriving	 predictions	 about	 decision	 processes	 can	 be	 arduous	 and	 non-intuitive.	 Here	
computational	 models	 can	 provide	 a	 powerful	 tool	 by	 specifying	 the	 underlying	 decision	 computations	
giving	 rise	 to	 behavioral	 outputs,	 and	 thereby	 to	 specific	 empirical	 predictions.	 Notably,	 programming	
packages	now	allow	computational	modeling	 to	be	 in	 the	 realm	of	any	cognitive	psychologist.	Based	on	
different	modeling	 techniques	 (i.e.	 neural	 networks,	 reinforcement	 learning,	 probabilistic	 inference	 and	
hierarchical	drift-diffusion	modeling),	the	talks	in	this	symposium	will	present	exciting	new	developments	
expanding	 our	 understanding	 of	 distinct	 decision-making	 facets:	 How	 humans	 balance	 exploration	 and	
exploitation	(Irene	Cogliati),	how	prospective	goal	representations	affect	decisions	(Giovanni	Pezzulo),	how	
confidence	affects	decisions	(Kobe	Desender),	how	metacognitive	signals	guide	decisions	(Marion	Rouault),	
how	future	outcomes	are	progressively	unraveled	during	decisions	(Cristian	Calderon).	
	
	
	
Speakers:	
	
Irene	Cogliati-Dezza	
Giovanni	Pezzulo	
Kobe	Desender	
Marion	Rouault	
Cristian	Buc	Calderon	
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SS5.PAL.1	The	Exploration-Exploitation	Dilemma	as	a	Tool	for	Studying	Addiction	
	
Irene	Cogliati-Dezza	
Université	Libre	de	Bruxelles,	Brussels,	Belgium	
	
Addiction	 is	a	complex	psychiatry	condition	manifested	as	a	 loss	of	control	over	drug	usage,	or	non-drug	
behavior,	 despite	 harmful	 consequences.	 In	 this	 study,	we	 attempt	 to	 gain	 insight	 into	 this	 disorder	 by	
investigating	the	way	addicted	individuals	negotiate	the	exploration-exploitation	dilemma	in	a	sequential	
decision-making	task,	 in	comparison	to	healthy	controls.	We	focus	on	a	population	of	problem	gamblers,	
who	 are	 addicted	 to	 a	 certain	 type	 of	 harmful	 behavior	 i.e.,	 gambling,	 but	whose	 behavioral	 pathology	
does	 not	 suffer	 from	 the	 confounding	 effects	 of	 consuming	 drugs.	 We	 use	 a	 computational	 model,	
previously	validated	 in	a	healthy	sample,	to	study	the	nature	of	pathology	 in	gamblers.	The	results	show	
that	 problem	 gamblers	 employ	 a	 decision	 policy	 that	 under-explores	 uncertain	 elements	 of	 the	
environment	in	a	specific	manner.	This	study	opens	up	a	new	way	of	investigating	addictive	disorders,	and	
of	interpreting	its	main	symptoms	as	impairments	in	learning	and	decision-making	mechanisms.	
	
	
	
SS5.PAL.2	Prospective	goal	representations	in	decision-making	
	
Giovanni	Pezzulo	
National	Research	Council	of	Italy,	Rome,	Italy	
	
Many	decisions	in	humans	and	other	animals	are	guided	by	internally	defined	goals,	such	as	for	example	
reaching	 a	 specific	 location	 (when	 selecting	 a	 route)	 or	 preparing	 a	 specific	 dinner	 (when	 buying	
ingredients).	 I	 will	 illustrate	 two	 computational	 studies	 that	 aim	 at	 elucidating	 the	 neural	 and	
computational	 mechanisms	 supporting	 such	 goal-directed	 choices.	 The	 first	 study	 will	 introduce	 the	
essential	 computations	 of	 a	 goal-directed	 system;	 i.e.,	 the	 prediction	 of	 future	 outcomes	 and	 their	
evaluation	 in	 relation	 to	 internal	 goals.	 Furthermore,	 it	 will	 show	 that	 a	 neural	 circuit	 formed	 by	 the	
hippocampus,	the	ventral	striatum	and	the	prefrontal	cortex	may	 implement	goal-directed	computations	
during	 spatial	 navigation.	 The	 second	 study	will	 show	 that	 internal	 representations	 of	 prospective	 goals	
(analogous	 to	 "goal	 codes"	 found	 in	monkey	 prefrontal	 cortex)	 emerge	 in	 a	 computational	 architecture	
that	 combines	 principles	 of	 unsupervised	 and	 reward-based	 learning;	 and	 that	 these	 prospective	 goal	
codes	afford	efficient	decision-making.	
	
	
	
SS5.PAL.3	Post-decisional	sense	of	confidence	shapes	speed-accuracy	tradeoff	for	subsequent	
choices	
	
Kobe	Desender	
University	Medical	Center	Hamburg-Eppendorf,	Hamburg,	Germany	
	
In	the	absence	of	external	feedback	about	decision	outcomes,	agents	need	to	adapt	their	decision	policies	
based	on	their	 internal	evaluation	of	their	own	performance	(i.e.,	decision	confidence).	We	hypothesized	
that	 agents	 use	 decision	 confidence	 to	 continuously	 update	 the	 tradeoff	 between	 the	 speed	 and	 the	
accuracy	 of	 their	 decisions	 We	 tested	 this	 prediction	 by	 fitting	 a	 bounded	 accumulation	 model	 to	
behavioral	 data	 from	 three	 different	 perceptual	 tasks,	 which	 entailed	 a	 binary	 choice	 with	 subsequent	
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confidence	rating.	Indeed,	decision	bounds	depended	on	the	reported	confidence	about	the	correctness	of	
the	previous	choice.	Decision	bounds	were	particularly	strongly	increased	after	participants	were	relatively	
certain	 to	 have	made	 an	 error.	 The	 increase	 in	 decision	 bound	was	 predicted	 by	 a	 post-decisional	 EEG	
signal	 sensitive	 to	 confidence	 and	 error	 perception	 (the	 so-called	 error	 positivity)	 peaking	 over	 centro-
parietal	cortex.	We	conclude	post-decisional	confidence	signals	are	used	to	adapt	ongoing	adjustment	of	
decision	policies.	
	
	
	
SS5.PAL.4	Forming	global	estimates	of	self-performance	from	local	confidence	
	
Marion	Rouault	
University	College	London,	London,	UK	
	
Metacognition,	the	ability	to	internally	evaluate	our	own	decisions,	 is	particularly	useful	since	many	real-
life	 decisions	 lack	 immediate	 feedback.	 Most	 previous	 studies	 have	 focused	 on	 the	 construction	 of	
confidence	 at	 the	 level	 of	 single	 decisions,	 but	 little	 is	 known	 about	 the	 formation	 of	 “global”	 self-
performance	 estimates	 (SPEs)	 aggregated	 from	multiple	 decisions.	 Here,	 we	 compare	 the	 formation	 of	
SPEs	 in	 the	 presence	 and	 absence	 of	 feedback,	 testing	 the	 hypothesis	 that	 local	 decision	 confidence	
supports	 the	 formation	 of	 SPEs	 when	 feedback	 is	 unavailable.	 We	 reveal	 that	 humans	 pervasively	
underestimate	their	performance	in	the	absence	of	feedback,	compared	to	a	condition	with	full	feedback,	
despite	objective	performance	being	unaffected.	We	 found	 that	 fluctuations	 in	confidence	contribute	 to	
global	SPEs	over	and	above	objective	accuracy	and	reaction	times.	Our	findings	create	a	bridge	between	
local	confidence	and	global	SPEs,	and	support	a	functional	role	for	confidence	 in	higher-order	behavioral	
control.	
	
	
	
SS5.PAL.5	Additive	evidence	integration	in	multi-step	decision	making	
	
Cristian	Buc	Calderon	
Ghent	University,	Ghent,	Belgium	
	
Multi-step	decision	making	situation	pervades	daily	life,	but	its	underlying	mechanisms	remain	obscure.	In	
this	 talk,	 we	will	 distinguish	 four	 prominent	models	 of	multi-step	 decision	making,	 namely	 serial	 stage,	
hierarchical	evidence	integration	(HEI),	hierarchical	leaky	competing	accumulation	(HLCA),	and	probabilistic	
evidence	integration	(PEI).	We	will	further	discuss	how	we	were	able	to	disentangle	these	models	using	a	
novel	two-step	reward-based	decision	paradigm.	Our	paradigm	allowed	testing	a	unique	prediction	of	the	
HCLA	and	PEI	models.	 Strikingly,	but	as	predicted	by	 these	models,	we	 show	 that	 the	 first-step	decision	
dynamics	 were	 initially	 attracted	 towards	 the	 choice	 representing	 the	 highest	 sum/mean	 before	 being	
redirected	 towards	 the	choice	 representing	 the	maximal	 reward.	Our	 results	demonstrate	 that,	 in	multi-
step	 decisions,	 future	 outcomes	 of	 potential	 actions	 are	 progressively	 unraveled	 during	 the	 decision	
process.	

	


