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Google	Scholar71Gentner	D.	(doi:10.3758/s13428-012-0242-9)	Crossref,	PubMed,	ISI,	Google	Scholar33Kousta	S-T,	Vigliocco	G,	Vinson	DP,	Andrews	M,	Del	Campo	E.	Distribution	of	modality-specific	perceptual	strength	ratings	for	emotion	concepts	and	for	matched	control	concepts	of	equivalent	abstractness	and	valence.	2014Creating	a
communication	system	from	scratch:	gesture	beats	vocalization	hands	down.	Although	babies	and	young	children	are	able	to	track	what	others	have	seen	[14],	and	to	some	extent	what	agents	are	likely	to	do	on	the	basis	of	what	they	have	seen	(but	without	being	able	to	track	object	identity:	[15]),	it	is	not	until	about	4	years	of	age	that	children	give
accurate	answers	to	questions	about	how	people	will	behave	in	false	belief	situations	[16].	223–259.	(doi:10.1006/tpbi.1998.1388)	Crossref,	PubMed,	ISI,	Google	Scholar34Tajfel	H,	Wilkes	AL.	[34]	concluded	that	many	signs	for	abstract	concepts	were	based	on	underlying	metaphors,	in	keeping	with	Conceptual	Metaphor	Theory.	Quad.	Dev.	There	are
around	a	dozen	smell	terms	in	Jahai:	they	are	monolexemic,	stative	verbs;	they	do	not	refer	to	a	specific	or	restricted	class	of	objects;	they	are	also	psychologically	salient,	appearing	in	everyday	conversation	and	child	speech	[16,20].	2014Language	is	handy	but	is	it	embodied?Neuropsychologia	55,	57–70.	Percentage	abstract	refers	to	the	percentage
of	gestures	generated	on	abstract	trials	that	belonged	to	each	gesture	category.	While	I	do	not	have	the	space	to	fully	address	this	concern,	some	remarks	seem	warranted.	1971Determinants	of	success	in	matching	word	pairs	in	tests	of	phonetic	symbolism.	Google	Scholar4Leibniz	GW.	Based	on	our	data,	however,	we	cannot	determine	whether
perceptually-based	information	was	essential	to	semantic	processing	in	this	task	[54]	or,	rather,	a	by-product	of	symbolic	representations	[55].	Cognition	106,	665–681.	36,	1051–1077.	For	these,	the	semantic	explanation	may	embed	bodily	actions.	(eds	Taatgen	N,	van	Rijn	H),	pp.	Let	us	illustrate:	if	we	were	to	provide	two	photos	of	skin	samples,	one
being	of	a	light	shade	and	the	other	dark	and	then	ask	which	one	was	a	female	sample	and	which	one	was	a	male	sample,	then	most	people	are	likely	to	associate	the	paler	one	with	a	woman's	skin	and	the	darker	one	with	a	male's.	1975The	meaning	of	meaning.	Perceptual	strength	in	the	dominant	modality	is	an	important	predictor	of	how	easily
words	are	recognized	across	the	abstract–concrete	spectrum	[22,23,25],	better	than	concreteness	or	imageability	ratings	[21].	Q.	81–96.	(doi:10.1016/j.tics.2013.06.004)	Crossref,	PubMed,	ISI,	Google	Scholar53Pulvermüller	F.	Consider	again	co-occurrence	relations	between	stimuli	and	self-relevance.	Process.	In	the	rhythmic	condition,	the	robot's
neural	network	converged	into	counting	the	gestures	rather	than	the	objects,	as	the	counting	performance	was	indistinguishable	with,	and	without,	the	visual	information	for	this	type	of	gestures.Such	a	pioneering	model	of	the	learning	of	abstract	numerical	concepts	in	robots	by	exploiting	the	role	of	a	pointing	gesture	has	been	more	recently
complemented	by	a	study	on	finger	counting,	another	key	embodiment	strategy	extensively	used	by	children	to	learn	to	count.	Accounting	for	abstract	knowledge	has	posed	a	challenge	for	both	approaches,	and	we	argue	that	the	problem	of	abstract	knowledge	is	even	more	acute	than	is	often	acknowledged	by	proponents	of	either	view.	Google
Scholar27Topolinski	S,	Strack	F.	Still,	Hume	claims	that	‘our	idea	…	of	the	necessity	and	causality	arises	entirely	from	the	uniformity,	observable	in	nature;	where	similar	objects	are	constantly	conjoined	together,	and	the	mind	is	determined	by	custom	to	infer	the	one	from	the	appearance	of	the	other.	B	358,	517–528.	The	whole	session	took
approximately	1	h	to	run	per	person.After	testing,	recordings	were	imported	into	ELAN	[32].	(doi:10.1146/annurev.psych.59.103006.093639)	Crossref,	PubMed,	ISI,	Google	Scholar10Fischer	MH,	Zwaan	RA.	As	a	result,	concepts	become	integrated	into	large	conceptual	patterns—situated	conceptualizations—that	support	the	processing	of	familiar
situations.Clearly,	major	differences	between	different	kinds	of	concepts	still	remain	within	this	framework.	Iconic	gestures	referenced	word	meaning	more	directly;	for	instance,	when	communicating	beverage,	participants	often	depicted	the	actions	of	holding	a	container	and	drinking	from	it.	In	an	event-related	potential	(ERP)	study	[124],
participants	made	upward	or	downward	movements	with	marbles	as	they	read	words	that	had	literal	(ascend	and	descend)	or	metaphorical	(inspire	and	defeat)	vertical	associations.	(doi:10.1080/02643290244000112)	Crossref,	PubMed,	ISI,	Google	Scholar84Barsalou	LW.	23,	235–246.	2014The	WAT	proposal	and	the	role	of	language.	For	instance,	in
Greek	civilization	white	was	associated	with	mother's	milk.	2012The	semantic	richness	of	abstract	concepts.	1990The	symbol	grounding	problem.	(doi:10.1016/j.tics.2015.07.013)	Crossref,	PubMed,	ISI,	Google	Scholar8Lockwood	G,	Dingemanse	M.	The	actions	of	operating	the	light	switch,	kicking	a	ball	and	blowing	a	horn	involve	variable	movements
of	different	body	parts	(finger,	foot,	mouth)	and	their	effects	are	manifest	in	different	sensory	modalities	(visual,	somatosensory,	acoustic).	(doi:10.1111/cogs.12474)	Crossref,	PubMed,	ISI,	Google	Scholar84Berlin	B.	The	results	did	not	differ	if	left-handers	or	the	Arabic	bilingual	were	removed	from	the	dataset.	1967Implicit	learning	of	artificial
grammars.	(doi:10.1037/a0021446)	Crossref,	PubMed,	ISI,	Google	Scholar17Borghi	AM,	Binkofski	F,	Castelfranchi	C,	Cimatti	F,	Scorolli	C,	Tummolini	L.	(doi:10.1515/langcog.2010.004)	Crossref,	PubMed,	Google	Scholar36Dove	G.	Consider	the	concepts	necessary	for	being	a	successful	trial	lawyer.	To	date,	maximum	perceptual	strength	has	been
based	only	on	the	five	traditional	sensory	modalities	(i.e.	hearing,	sight,	touch,	taste	and	smell),	without	incorporating	interoception.	(doi:10.1016/S0010-0277(02)00127-0)	Crossref,	PubMed,	ISI,	Google	Scholar13Cooper	JM	(ed.).	As	a	situational	memory	becomes	active,	it	in	turn	becomes	implemented	as	a	simulation	in	the	BASPA	architecture,
perhaps	being	superimposed	on	the	current	situation.As	just	described,	BASPA	produces	a	collective	conceptualization	of	the	elements	present	either	in	the	current	situation	or	in	the	simulation	of	a	non-present	situation.	(doi:10.1016/j.actpsy.2009.02.002)	Crossref,	PubMed,	ISI,	Google	Scholar86Glenberg	AM,	Robertson	DA.
(doi:10.3389/fpsyg.2013.00058)	Crossref,	PubMed,	ISI,	Google	Scholar72Yee	E,	Thompson-Schill	SL.	Whether	words	are	represented	amodally	or	in	a	sensorimotor	format,	they	are	simply	symbols	to	which	meanings	can	attach.	The	average	duration	of	the	drawing	task	was	328.7	s	in	the	standard	condition	and	322.8	s	in	the	mirror	condition.
Incidental	consequences	or	accidental	co-occurrence	of	a	percept	would,	therefore,	be	ineffective;	only	the	typical	consequences	of	the	action,	the	action	goals,	come	into	play	and	are	permanently	stored	by	the	emerging	circuit.	As	predicted,	male	names	in	black	were	classified	significantly	faster	(M	=	524	ms,	s.e.	=	22	ms)	than	male	names	in	white
(M	=	532	ms,	s.e.	=	22	ms),	t35	=	2.53,	p	=	0.016,	dz	=	0.42.	2016Organizing	conceptual	knowledge	in	humans	with	a	gridlike	code.	(doi:10.1016/j.cognition.2013.11.004)	Crossref,	PubMed,	ISI,	Google	Scholar17de	Valk	JM,	Wnuk	E,	Huisman	JLA,	Majid	A.	2010Neural	representation	of	abstract	and	concrete	concepts:	a	meta-analysis	of	imaging
studies.	Google	Scholar2Lakoff	G,	Johnson	M.	(doi:10.1016/j.cognition.2009.09.002)	Crossref,	PubMed,	ISI,	Google	Scholar43Borghi	AM,	Cimatti	F.	(doi:10.1016/j.cognition.2009.09.002)	Crossref,	PubMed,	ISI,	Google	Scholar13Searle	JR.	XXVII	Ann.	Psycholing.	37,	1356–1367.	Soc.,	Chicago,	IL,	August	5–7	August	2004(eds	K	Forbus,	D	Gentner,	T
Regier),	pp.	If	a	relevant	situation	is	not	present,	only	implicit	representations	of	these	relations	become	active	not	bound	to	(associated	with)	active	situational	elements.	2004Demystifying	social	cognition:	a	Hebbian	perspective.	2010Categorization	in	3-	and	4-month-old	infants:	an	advantage	of	words	over	tones.	As	is	the	case	for	other	abstract
terms,	the	instances	to	which	the	word	‘cause'	applies—what	it	is	usually	used	to	speak	about—show	a	pattern	of	family	resemblance	(see	earlier	discussion	above	and	figure	2).	If	so,	then	the	abstract-SC	concept	develops	a	concrete	dimension.The	context	availability	hypothesis	first	proposes	that	context	is	important	for	processing	both	concrete-LIT
and	abstract-LIT	concepts	[42,46].	66,	516–553.	Would	they	nevertheless	have	the	concept?	(doi:10.3389/fpsyt.2016.00121)	Crossref,	PubMed,	ISI,	Google	Scholar11Wiens	S.	12	(eds	Sperber	D,	Premack	D,	Premack	AJ),	pp.	Neither	embodied	nor	amodal	theories	of	semantic	knowledge	provide	satisfactory	answers	to	the	first	question.	London,	UK:
Routledge.	Customer.	3,	317–333.	Moreover,	the	current	findings	extend	the	generality	of	the	proposed	interface	between	the	brightness	dimension	and	gender	by	using	a	projective	paradigm,	namely	the	disambiguation	bias	task	(Experiment	2)	revealing	that	seeing	merely	a	blob	that	is	white	or	black	is	sufficient	to	activate	a	specific	inference:
white	is	female	and	black	male!A	possible	speculation	that	one	can	advance	suggests	that	the	sexual	dimorphism	of	skin	colour	has	become	part	of	an	implicitly	acquired	and	used	feature	that	marks	males	and	females.	Zenodo.	Without	interoceptive	strength,	many	of	these	interoceptively	dominant	concepts	would	have	been	regarded	as	perceptually
weak	(i.e.	when	only	the	five	traditional	perceptual	modalities	were	being	considered).	The	fact	that	anger	and	fear	are	attached	to	different	words	is	not	a	distinctive	characteristic	on	which	reference	to	different	emotions	can	be	founded.	AoA,	age	of	acquisition;	ABS,	abstractness;	EMONEG/EMON,	negative	emotion;	EMOPOS/EMOP,	positive
emotion;	SOCIAL/SOC,	social	valence;	META/MET,	metacognition;	HEAR/HEA,	hearing;	EMO,	emotional	valence;	CNR,	concreteness;	INT,	interoception;	SIGHT,	vision;	IMG,	imageability;	BOI,	body–object	interaction;	SIG,	sight;	TOU,	touch;	TAS,	taste;	OLF,	olfaction.	32,	591–605.	Jahai	speakers	use	overwhelmingly	abstract	odour	terms	and	take
around	2	s	to	name	odours;	Dutch	participants	use	predominantly	concrete	descriptors	and	take	around	13	s	to	name	odours.Download	figureOpen	in	new	tabDownload	PowerPointIn	contrast,	Dutch	participants	produced	707	distinct	responses,	and	more	diverse	strategies.	Cognition	130,	309–314.	The	most	concrete	adjectives	such	as	wooden	(4.61)
and	bald	(4.69)	are	dwarfed	in	number	by	much	more	abstract	adjectives,	such	as	pleasant	(1.55),	normal	(1.40)	and	irrelevant	(1.50).As	a	further	demonstration	of	just	how	much	of	English	is	abstract,	suppose	we	select	a	random	noun,	verb	or	adjective	weighed	by	its	frequency.2	Using	the	SUBTLEX	movie	subtitle	corpus,	a	widely	used	corpus	in
psycholinguistic	research	[31],	we	discover	that	we	have	a	59%	chance	of	selecting	a	word	that	is	above	the	median	level	of	abstractness	(M	=	2.15).	Coding	categories	were	adapted	from	Cartmill	et	al.	Participants	were	told	that	they	were	going	to	see	first	a	speechless	comic,	then	carry	out	an	ostensibly	unrelated	filler	task	consisting	in	making	a
number	of	drawings,	and	then	they	would	answer	three	comprehension	questions	about	the	comic.	One	possibility	is	that	the	brain's	association	areas	support	this	function,	with	different	association	areas	coding	different	types	of	co-occurrence	relations	[47–49].	(doi:10.1016/j.actpsy.2014.02.009)	Crossref,	PubMed,	ISI,	Google	Scholar74Taikh	A,
Hargreaves	IS,	Yap	M,	Pexman	PM.	PLoS	ONE	10,	e0116494.	This	suggests	that	the	same	factors	might	support	the	learning	of	new	words	in	young	children	and	children	with	DLD.A	number	of	theoretical	accounts	assume	that	embodied	information	contributes	to	the	semantic	representation	of	words.	Crucially,	definitions	of	abstract	words	were
rated	as	more	accurate	than	definitions	of	concrete	words,	for	both	DLD	and	TDage	children	(figure	3a).	80,	1–28.	Google	Scholar51Clark	A,	Chalmers	D.	2010Bootstrapping	the	mind:	analogical	processes	and	symbol	systems.	(doi:10.3758/s13428-013-0403-5)	Crossref,	PubMed,	ISI,	Google	Scholar30Bozeat	S,	Lambon-Ralph	MA,	Patterson	K,	Garrard
P,	Hodges	JR.	(doi:10.1037/0278-7393.16.1.42)	Crossref,	ISI,	Google	Scholar51Ross	BH,	Perkins	SJ,	Tenpenny	PL.	(doi:10.1037/0278-7393.9.1.82)	Crossref,	ISI,	Google	Scholar40Balota	DAet	al.2007The	English	lexicon	project.	D.M.S.	analysed	and	interpreted	the	data	and	contributed	to	drafting	and	revising	the	article.	Am.	203,	88–96.	Am.	Stat.
Google	Scholar9Duñabeitia	JA,	Avilés	A,	Afonso	O,	Scheepers	C,	Carreiras	M.	36,	1047–1056.	Abstractness	is	commonly	defined	in	opposition	to	concreteness.	32,	165–173.	Google	Scholar5Landy	D,	Allen	C,	Zednik	C.	On	one	end	are	approaches	that	emphasize	the	role	of	sensory,	motor	and	affective	experiences.	Moreover,	the	integrated	model
allows	abstract	concepts	to	be	grounded	indirectly	through	links	with	concrete	concepts.	Under	the	theory,	these	biases	can	generalize	to	models	later	created	for	other	tasks,	including	number	and	time	tasks.	2001The	adaptive	advantage	of	symbolic	theft	over	sensorimotor	toil:	grounding	language	in	perceptual	categories.	He	could	even	tell	you
explicitly	the	lexical	category	of	these	words	(e.g.	noun,	verb).	Second,	both	situational	knowledge	and	linguistic	relations	are	not	represented	in	the	model.	In.	Google	Scholar9Fodor	JA.	In	that	respect	the	LASS	theory	differs	from	the	proposal	by	Andrews	et	al.	1999Words	in	the	brain's	language.	2015Situated	conceptualization	and	semantic
processing:	effects	of	emotional	experience	and	context	availability	in	semantic	categorization	and	naming	tasks.	Basic	Appl.	Google	Scholar41Cuccio	V,	Caruana	F.	2012Metacognition	and	mindreading:	one	or	two	functions?	This	perspective	tries	to	unify	a	broad	range	of	cases	of	causation	and	superficially-similar	relationships,	some	of	which,
however,	differ	fundamentally	from	each	other	for	example	true	causal	effects	as	determined	by	physical	laws	and	the	(non-causal)	interplay	between	human	actions	guided	by	intentions,	assumptions	and	social	norms	[33].	New	York,	NY:	Philosophical	Library.	Google	Scholar74Jakobson	R.	Neurons	in	multimodal	convergence	zones	are	also	activated
as	a	consequence	of	causal-action	processing	(yellow	neural	elements).	For	example,	according	to	the	Context	Availability	Theory	[6],	the	different	processing	involved	for	concrete	and	abstract	concepts	is	due	to	the	fact	that	concrete	words	have	stronger	semantic	relations	with	a	reduced	number	of	contexts,	while	abstract	words	have	weak	relations
with	a	larger	number	of	contexts.	Google	Scholar76de	Saussure	F.	23,	1224–1232.	4,	178–186.	16,	351–367.	41,	855–884.	72,	655–684.	2017Language	reflects	‘core’	cognition:	a	new	theory	about	the	origin	of	cross-linguistic	regularities.	17,	757–765.	(doi:10.1016/j.bandl.2010.09.003)	Crossref,	PubMed,	ISI,	Google	Scholar39Lupyan	G,	Swingley	D.
Language	had	a	significant	effect	on	agreement	calculated	over	first	responses	χ2(1)	=	122,	p	<	0.0001,	and	when	taking	all	responses	into	consideration	χ2(1)	=	131,	p	<	0.0001.	2016Sound-symbolism	boosts	novel	word	learning.	2001Synaesthesia—a	window	into	perception,	thought	and	language.	Error	bars	indicate	standard	deviations.Download
figureOpen	in	new	tabDownload	PowerPointDLDversusTDvoc.	All	Dutch	participants	were	educated	to	at	least	high	school	level;	10	participants	also	had	university-level	education.	Furthermore,	the	brain	areas	that	become	active	for	abstract-LIT	concepts	change	dramatically	when	processed	deeply	in	relevant	contexts	[41].	We	then	tested	whether
the	main	effects	were	significant	by	removing	them	from	the	model,	one	by	one.	Rather	than	focusing	exclusively	on	the	contribution	of	sensory	and	motor	areas,	my	approach	focuses	also	on	the	context-sensitivity	assumed	by	many	embodied	accounts	of	concepts	[71,72].	In	this	experiment	and	in	Experiment	2,	we	did	not	test	for	the	moderating	role
of	participants'	gender	because	both	samples	were	extremely	unbalanced	in	terms	of	gender,	with	many	more	females	than	males.	2007Effect	of	congenital	blindness	on	the	semantic	representation	of	some	everyday	concepts.	The	converse	occurred	in	Hebrew	books	(see	also	[11,42]).	Consider	the	subset	of	abstract-SC	concepts	that	develop	to
integrate	situational	elements.	Top.	Together	these	elements	provide	a	compelling	case	for	thinking	that	language	augments	and	extends	the	cognitive	reach	of	the	embodied	mind.The	idea	that	our	concepts	are	fundamentally	embodied	has	gained	a	great	deal	of	currency	in	the	psychological	and	brain	sciences.	1987The	body	in	the	mind:	the	bodily
basis	of	meaning,	imagination,	and	reason.	2010How	words	capture	visual	experience:	the	perspective	from	cognitive	neuroscience.	(doi:10.1075/hcp.18.21ric)	Google	Scholar36Rosenthal	R.	2009The	color	of	sin:	white	and	black	are	perceptual	symbols	of	moral	purity	and	pollution.	As	things	stand,	though,	there	is	insufficient	reason	to	think	that
abstract	concepts	rely	exclusively	on	affective	and	motor	activations.	2003Abstraction	in	perceptual	symbol	systems.	The	sensory-motor	experiences	associated	with	an	abstract	concept	such	as	truth	are	likely	much	more	diverse	than	those	for	a	concrete	concept	such	as	bike,	and	may	thus	be	unlikely	to	represent	an	abstract	concept	in	a	consistent
way.	We	also	made	a	simultaneous	effort	to	match	on	valence	but	ratings	were	available	for	only	240	emotion	concepts	[35],	for	which	we	selected	a	non-emotion	concept	with	a	similar	valence	rating	to	act	as	a	matched	control	(e.g.	emotion	concept	angst	matched	with	non-emotion	control	trickery).	(doi:10.1016/j.cognition.2007.03.004)	Crossref,
PubMed,	ISI,	Google	Scholar24Meier	BP,	Hauser	DJ,	Robinson	MD,	Friesen	CK,	Schjeldahl	K.	(doi:10.1016/j.bandl.2005.08.001)	Crossref,	PubMed,	ISI,	Google	Scholar124Bardolph	M,	Coulson	S.	They	argued,	further,	that	metaphors	could	not	explain	all	abstract	signs;	some	signs	conveyed	meaning	through	situations	or	emotion,	consistent	with	a
more	multidimensional	view	of	abstract	concepts.To	test	these	predictions	about	grounding	of	abstract	meaning,	we	devised	a	novel	task	in	which	we	could	observe	what	participants	communicate	with	their	words	and	their	gestures	when	asked	to	explicitly	convey	the	meanings	of	abstract	and	concrete	words	to	a	partner.	2016The	impact	of
nonverbal	ability	on	prevalence	and	clinical	presentation	of	language	disorder:	evidence	from	a	population	study.	The	claim	that	exposure	to	language	is	needed	to	learn	word	meanings	is	hardly	surprising.	(doi:10.1037/a0021446)	Crossref,	PubMed,	ISI,	Google	Scholar12Vigliocco	G,	Kousta	S-T,	Della	Rosa	PA,	Vinson	DP,	Tettamanti	M,	Devlin	JT,
Cappa	SF.	73,	92–119.	2017The	Calgary	Semantic	Decision	Project:	concrete/abstract	decision	data	for	10,000	English	words.	Even	if	we	add	in	arousal	(although	that	was	not	found	to	produce	significant	differences	in	neural	activation	by	Vigliocco	et	al.	Some	still	doubt	that	there	is	anything	to	be	explained	here	(e.g.	[4,5]);	therefore,	this
introduction	is	given.However,	in	many	cases,	help	in	grounding	symbols	is	easy	to	provide.	This	is	then	sampled	from,1	and	the	resulting	sample	can	be	used	to	establish	the	95%	credible	intervals:	the	range	of	values	with	a	95%	probability	of	containing	the	true	value	of	a	given	parameter.	(doi:10.1080/13554790600598832)	Crossref,	PubMed,
ISI,	Google	Scholar29Duñabeitia	JA,	Avilés	A,	Afonso	O,	Scheepers	C,	Carreiras	M.	Chicago,	IL:	University	of	Chicago	Press.	Two	main	grounding	mechanisms	can	be	used:	(i)	‘direct	grounding’,	where	the	robot	learns	the	names	of	objects	it	is	perceiving,	or	words	for	actions	it	is	performing	or	observing	[15,16];	and	(ii)	‘grounding	transfer’	where
new	words	are	acquired	via	word	combinations	and	without	direct	sensorimotor	experience	of	their	referents	[17].	As	we	have	seen,	though,	there	has	been	some	recent	movement	towards	adopting	the	second	option.What	I	propose	is	that	language	is	a	disruptive	technology	that	transforms	the	embodied	mind.	Participants	were	thanked	and
debriefed	after	the	experiment	was	over.The	experiment	consisted	of	three	blocks,	each	composed	of	48	trials	(24	names	×	2	colours).	(doi:10.1177/0956797610378307)	Crossref,	PubMed,	ISI,	Google	Scholar63Downing-Doucet	F,	Guérard	K.	For	example,	I	may	be	quite	unable	to	distinguish	elms	from	beeches	when	out	for	a	walk	in	the	woods.
(doi:10.1016/j.cortex.2010.11.002)	Crossref,	PubMed,	ISI,	Google	Scholar64Gallese	V,	Lakoff	G.	85,	1821–1826.	This	idea	is	intended	to	fit	with,	and	build	upon,	earlier	proposals.	This	is	consistent	with	the	idea	that	mental	model	construction	in	working	memory	is	a	potential	underlying	mechanism	of	the	effect	of	analogous	experiences	on	early
spatial	biases	in	number	and	time	tasks	in	pre-literate	children	[41].	This	process	is	based	on	a	metacognitive	assessment:	we	reflect	on	our	own	concepts,	realizing	that	to	fully	capture	their	meaning	we	need	the	contribution	of	others.	The	dominant	contentful	response	was	to	refer	to	a	concrete	source	(e.g.	bloemen	‘flowers’;	ammoniak	‘ammonia’,
mest	‘manure’,	etc.);	this	category	consisted	of	557	different	tokens	and	64.7%	of	all	responses.	2003Language	in	mind:	advances	in	the	study	of	language	and	thought,	pp.	A	supporter	of	embodied	cognition	thus	faces	a	choice:	either	maintain	that	the	language	system	is	completely	separate	from	our	conceptual	system	or	provide	some	explanation	of
how	the	two	are	integrated.	Similarly,	with	the	Words	as	Social	Tools	proposal,	Borghi	&	Binkofski	[27]	argued	that	grounding	through	sensorimotor	systems	is	important	for	all	concepts,	and	that	both	linguistic	(auditory	processing,	language	production,	etc.)	and	social	areas	are	emphasized	to	represent	the	meanings	of	abstract	words.	The	network
was	able	to	learn	non-arbitrary	form–meaning	mappings	more	easily	than	arbitrary	form–meaning	mappings,	but	for	large	vocabulary	sizes,	arbitrariness	became	beneficial.	2015Naming	a	Lego	world.	However,	given	that	a	good	range	of	abstract	meanings	can	be	explained	by	a	neurobiologically	founded	grounding	model,	and	given	that	even	highly
abstract	symbols,	such	as	‘cause',	whose	meanings	seem	far	removed	from	experience,	receive	a	plausible	explanation	from	feature-based	grounding	mechanisms,	there	seems	to	be	good	reason	to	consider	grounding—both	direct	and	indirect—as	an	important	step	towards	abstract	concept	formation.This	article	has	no	additional	data.I	declare	I	have
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Berlin,	on	7	September	2017.	Using	the	lme4	package	[38,39],	linear	mixed-effects	models	were	fitted	to	the	log-transformed	data	(which	were	otherwise	skewed).	2013R:	a	language	and	environment	for	statistical	computing.	Salt	Lake	City,	UT:	A	Human	Face.	2016Correspondence	analysis	in	practice.	During	the	basic	grounding,	the	robot	learns	to
ground	a	set	of	action	primitives	(e.g.	‘push’,	‘pull’,	‘grasp’);	whereas,	during	the	grounding	transfer	linguistic	descriptions	consisting	of	a	sequence	of	words	(e.g.	‘receive	is	push,	grasp	and	pull’	provided	in	the	form	a	simplified	linguist	token)	guide	the	hierarchical	organization	of	the	basic	concepts	directly	grounded	in	sensorimotor	experience	(e.g.
‘push’,	‘pull’,	‘grasp’)	in	order	to	learn	novel	concepts	(e.g.	‘receive’).	2001‘I	know	what	you	are	doing’:	a	neurophysiological	study.	Google	Scholar35Searle	JR.	2014Bodily	selves	in	relation:	embodied	simulation	as	second-person	perspective	on	intersubjectivity.	Finally,	in	Study	3,	we	showed	that	interoception	improved	the	ability	of	maximum
perceptual	strength	(i.e.	strength	in	the	dominant	perceptual	modality)	to	predict	concreteness	effects	in	word	recognition,	a	task	where	access	to	conceptual	content	is	automatic	and	implicit,	which	indicates	that	interoception	forms	part	of	the	perceptual	information	that	comprises	the	referent	concept.	Google	Scholar7Fodor	JA.	Quantitative	data
were	analysed	using	mixed-effects	models	running	in	R	v.	Laboratório	de	Psicologia	9,	67–93.	(a)	Analyses	of	words	from	Brysbaert	et	al.	As	predicted	by	the	Coherent	Working	Models	account	[13,49],	we	hereby	report	similar	directional	influences	in	an	adult	analogue	of	Göbel	et	al.'s	[41]	materials	(understanding	a	speechless	visual	narrative)	in	a
task	which	directly	assessed	the	processes	of	mental	model	construction	in	working	memory.	Of	our	original	32	229	concepts,	19	041	had	available	data	in	Elexicon,	split	almost	evenly	between	abstract	(N	=	9518)	and	concrete	(N	=	9523)	concepts,	and	with	a	similar	proportion	of	interoceptively	dominant	concepts	to	the	full	dataset	(9.0%).	How
does	one	probe	the	concept	denoted	by	the	words	freedom	or	democracy	without	the	use	of	language?	2003Avaliação	da	familiaridade	e	valência	de	palavras	concretas	e	abstractas	em	língua	portuguesa.	The	original	question	of	whether	language	is	predominantly	arbitrary	or	predominantly	iconic	is	now	increasingly	viewed	as	a	false	dichotomy,	with
researchers	recognizing	multiple	interacting	forms	of	iconicity	that	are	interwoven	with	arbitrariness	between	two	communicative	design	principles	that	are	mutually	compatible	[8].The	renaissance	of	research	on	iconicity	has	clarified	some	previously	reported	associations	between	sounds	and	meanings,	for	example	the	tendency	for	many	languages
to	use	the	high-front	vowel	/i/	in	words	for	objects	and	animals	of	small	physical	size	[5,6,84–86],	and	the	tendency	for	languages	to	disproportionately	use	the	nasal	sounds	/m/	and	/n/	in	words	for	‘nose’	[79,87,88].	(doi:10.1080/01621459.1995.10476572)	Crossref,	ISI,	Google	Scholar41Greenacre	MJ,	Blasius	J.	According	to	the	same	analysis,
however,	definitions	of	abstract	and	concrete	words	in	DLD	children	are	less	clearly	distinct,	and	it	seems	less	clear	whether	children	with	DLD	make	use	of	embodied	emotional	and	situational	features	when	defining	abstract	concepts.	Need	for	Cognition	measures	‘the	tendency	for	an	individual	to	engage	in	and	enjoy	thinking’	[36,	p.
(doi:10.3389/fnhum.2013.00186)	Crossref,	PubMed,	ISI,	Google	Scholar2Dreyer	FR,	Frey	D,	Arana	S,	von	Saldern	S,	Picht	T,	Vajkoczy	P,	Pulvermüller	F.	The	average	duration	of	the	drawing	task	was	327.4	s	in	the	standard	condition	and	337.7	s	in	the	mirror	condition.	In	Joint	IEEE	Int.	Google	Scholar20Metusalem	R,	Kutas	M,	Urbach	TP,	Hare	M,
McRae	K,	Elman	JL.	The	hidden	units	had	a	topographical	bias	that	was	implemented	as	more	effective	learning	for	short	connections	than	for	long	connections.	1989The	brain	binds	entities	and	events	by	multiregional	activation	from	convergence	zones.	This	argument	is	supported	by	computational	simulations	by	Gasser	[115]	who	presented
vocabularies	of	different	sizes	to	a	simple	connectionist	network.	Finally,	the	obvious	difference	was	in	the	cultural	background	of	the	participants.In	this	and	the	following	experiments,	we	report	partial	eta-squares	as	effect	sizes	for	omnibus	ANOVA	tests	and	Cohen's	dz	(t/√N;	[36])	for	planned	t-test	comparisons	on	within	variables.	It	is	a	matter	of
reflecting	on	or	self-ascribing	that	mental	state	or	experience.	To	the	extent	that	perceivers	can	integrate	the	perceived	external	and	internal	elements	of	a	situation	into	a	meaningful	pattern,	they	can	comprehend	it.	Here	too	the	structure	of	sentences	can	act	as	a	leg-up	to	getting	the	right	structure	between	concepts.	Applying	the	same	analysis	to
sensory	experience	ratings	revealed	a	73%	chance	of	randomly	picking	an	adjective,	noun	or	verb	with	a	less-than-median	level	of	sensory	experience.We	can	demonstrate	the	ubiquity	of	abstract	words	further	by	extending	this	approach	to	multiple	words.	Less	than	1%	of	all	concepts	from	both	groups	were	dominated	by	gustatory,	haptic	or	olfactory
information.	2011Grounding	emotion	in	situated	conceptualization.	137,	151–171.	Because	many	elements	of	situational	experiences	have	sensory-motor	features,	this	account	could	provide	grounding	for	abstract	concepts.Wiemer-Hastings	&	Xu	[39]	noted,	however,	that	the	properties	that	participants	named	for	abstract	concepts	were	themselves
also	abstract.	In	press.Five	mechanisms	of	sound	symbolic	association.	Deference	is	a	psychological	attitude,	carried	by	some	concepts	and	not	others.Sometimes	deference	will	be	explicit.	The	participants	were	also	informed	that	when	they	chose	an	object	for	Selin,	they	must	take	into	account	that	the	other	object	was	bought	by	Oktay,	and	vice
versa.The	participants’	task	was	manipulated	between-participants:	20	participants	reported	the	objects	bought	by	the	female	character;	the	remaining	20	participants	reported	the	objects	bought	by	the	male	character.	This	semantic	arbitrariness	may	help	them	anchor	embodied	and	grounded	knowledge.	2005Embodied	simulation:	from	neurons	to
phenomenal	experience.	Just	within	common	nouns,	which	are	the	most	concrete	of	all	lexical	classes	(M	=	3.53),	the	words	fun	(1.97),	idea	(1.61),	chance	(1.64)	and	trouble	(2.25)	are	all	judged	as	more	abstract	than	freedom	and	are	all	much	more	frequent.	Obviously,	this	difference	is	noted	across	cultures	in	the	different	ways	in	which	it	has	been
represented	across	different	communities	in	the	world.One	might	well	ask	how	this	differential	processing	is	likely	to	come	about.	Senses	Soc.	(doi:10.1016/j.biopsycho.2017.09.015)	Crossref,	PubMed,	ISI,	Google	Scholar73Woodward	J.	Crossref,	Google	Scholar25Dove	G.	The	point	here	is	simply	that	the	situations	constituting	daily	life	are	likely	to
contain	elements	along	these	lines.4	From	the	perspective	of	Perceptual	Symbol	Systems,	perceptual	states	(and	simulations)	are	processed	within	the	same	networks	as	conceptualizations.	(doi:10.3389/fpsyg.2012.00385)	Crossref,	PubMed,	ISI,	Google	Scholar67Louwerse	MM,	Jeuniaux	P.	4,	731–739.	(doi:10.1037/0022-3514.42.1.116)	Crossref,
ISI,	Google	Scholar37Marschark	M,	Paivio	A.	(doi:10.1037/0022-3514.93.5.699)	Crossref,	PubMed,	ISI,	Google	Scholar25Lebois	LAM,	Wilson-Mendenhall	CD,	Barsalou	LW.	During	the	practice	trials,	participants	received	feedback	only	when	they	were	slow	(too	slow).The	main	part	of	the	experiment	started	after	the	practice	set	and	consisted	of	a
total	of	576	trials	presented	in	three	blocks	of	192.	Cortex	27,	294–309.	B	369,	20130177.	18,	1007–1013.	These	variables	included:	the	age	of	acquisition	(AoA;	[25]),	concreteness	[26],	valence	[27]	and	log-frequency	[28].	55,	77–93.	In	this	model,	a	perceptual	representation	(e.g.	birds	migrating)	links	up	with	a	second	one	(leaves	falling),	which	the
former	predicts.	Google	Scholar31Di	Nuovo	AD,	De	La	Cruz	VM,	Cangelosi	A.	Google	Scholar13Pecher	D,	Zeelenberg	R,	Barsalou	L.	(doi:10.1109/TAMD.2010.2053034)	Crossref,	Google	Scholar16Roy	D.	Concrete	concepts	like	cat	and	round	are	plausibly	grounded	in	sensory	experiences	like	the	sight,	sound	and	feel	of	cats,	and	probably	also	in
motor	experiences	like	the	motor	preparation	for	stroking	a	cat	or	grasping	a	round	object.	But	that	is	partly	because	how	people	dress	and	behave	is	influenced	by	their	having	been	classified	under	the	concept,	i.e.	as	a	result	of	being	ordained.	In	the	specific	case	of	the	abstract	word	experiments,	the	implementation	of	the	grounding	transfer	via
recurrent	networks	has	been	interpreted	as	an	operationalization	of	Barsalou's	[8]	mental	simulation	and	conceptual	combination	mechanisms	[17].	78,	275–311.	(doi:10.3389/fpsyg.2015.01246)	PubMed,	ISI,	Google	Scholar9Perniss	P,	Thompson	RL,	Vigliocco	G.	22,	2864–2885.	(doi:10.1080/17470210701625550)	Crossref,	Google	Scholar12Louwerse
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9329–9335.	As	we	show	in	the	present	paper,	the	importance	of	interoception	in	particular	must	not	be	ignored	any	longer,	given	its	greater	contribution	to	abstract	concepts	than	to	concrete	and	its	role	as	the	most	important	perceptual	modality	in	emotion	concepts.	For	the	latter	analysis,	we	categorized	emotion	concepts	into	subgroups	of	seven
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resemblance	may	be	easy	to	detect,	as	in	onomatopoetic	words	such	as	tweet,	chirp,	click	and	bang,	or	more	subtle,	as	in	a	word	like	teeny,	which	is	iconic	because	people	have	a	robust	association	between	smallness	and	the	sound	/i/	[5,6].	2011Manipulating	objects	and	telling	words:	a	study	on	concrete	and	abstract	words	acquisition.	When	I	hear
from	a	colleague	that	Tasmanian	devils	have	an	infectious	form	of	cancer,	I	may	encode	that	information	just	because	it	seems	more	probable	than	not.	(doi:10.1037/h0061361)	Crossref,	PubMed,	Google	Scholar17Pollatsek	A,	Bolozky	S,	Well	AD,	Rayner	K.	23–35.	I	have	a	small	white	fuzzy	dog;	everybody	calls	him	a	‘she’	even	though	he	rather
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that	the	alignment	effect	disappeared	in	a	go/no-go	task	in	which	participants	made	a	response	with	only	one	hand,	eliminating	the	need	to	select	among	response	alternatives.	The	prior	frames	of	a	strip	remained	on	view	until	the	whole	strip	was	presented.	Broadly	speaking,	embodied	approaches	can	be	divided	into	one	of	two	major	categories:
those	that	emphasize	the	influence	of	the	body	on	the	mind	and	those	that	emphasize	the	importance	of	body–world	couplings.	Google	Scholar22Gentner	D.	6,	222–254.	Across	the	three	mechanisms,	phonological	and	semantic	information	are	strictly	interwoven.	2010An	initial	evaluation	of	the	functions	of	human	olfaction.	Awful	awful	awful	customer
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emotion	experienced	in	response	to	them.	Google	Scholar7Barsalou	LW.	Exactly	this	mechanism,	realized	primarily	as	fronto-posterior	cortical	connections,	provide	the	basis	of	their	knowledge	of	causality.	22,	69–95.	Ponari	et	al.	39,	2–13.	However,	they	cannot	provide	the	same	level	of	quality	of	definitions.	Different	words	mark	these	differences,
and	enable	users	to	learn	the	differences	and	become	more	proficient.	Crossref,	Google	Scholar6Schwanenflugel	PJ.	(doi:10.1037/h0046820)	Crossref,	Google	Scholar81Klank	LJ,	Huang	Y-H,	Johnson	RC.	16,	15–18.	(doi:10.3758/s13428-012-0314-x)	Crossref,	PubMed,	ISI,	Google	Scholar28Balota	DAet	al.2007The	English	lexicon	project.
(doi:10.1037/0033-295X.112.1.193)	Crossref,	PubMed,	ISI,	Google	Scholar127Desai	R,	Conant	L,	Binder	J,	Park	H,	Seidenberg	M.	The	billiard	ball	hitting	another	one,	which	then	moves	in	a	predictable	direction,	is	a	straightforward	example	[36].	(doi:10.3389/fpsyg.2016.00977)	Crossref,	PubMed,	ISI,	Google	Scholar48Torralbo	A,	Santiago	J,
Lupiáñez	J.	(doi:10.1007/BF02143175)	Crossref,	ISI,	Google	Scholar54Glenberg	AM.	(doi:10.3389/fpsyg.2014.00275)	Crossref,	PubMed,	ISI,	Google	Scholar6Landy	D,	Goldstone	RL.	(doi:10.3389/fpsyg.2010.00242)	Crossref,	PubMed,	ISI,	Google	Scholar24Thill	S,	Twomey	KE.	Definition	accuracy	(raw	total	score)	is	illustrated	in	figure	2b.	A	concept	is
the	weighted	summary	of	the	activated	traces,	which	forms	a	computed,	temporary	representation	based	on	situated	experiences	[40,42,55].	Eur.	Also,	Christian	priests	and	performers	of	classical	music	are	all	adorned	with	black	attire	representing	a	sombre,	serious	and	authoritative	stance.	(doi:10.3389/fpsyg.2012.00054)	PubMed,	ISI,	Google
Scholar58Wauters	L,	Tellings	A,	Van	Bon	W,	Van	Haaften	A.	These	mixed	results	suggest	that	the	role	of	motor	actions	may	not	have	been	at	the	level	of	the	motor	system	itself,	which	explains	the	absence	of	motor	interference	effect,	but	at	some	other,	more	abstract	level	such	as	the	modality-specific	organization	in	Plaut's	hidden	units.Plaut's	[83]
model	was	intended	to	explain	aphasia.	2005Evaluation	of	criteria	for	classical	dissociations	in	single-case	studies	by	Monte	Carlo	simulation.	Interestingly,	abstractness	was	positively	correlated	with	modality	of	acquisition	(MoA)	and	metacognition,	and	negatively	correlated	with	imageability,	BOI,	concreteness,	touch	and	sight	(figure	2a).	It	is	worth
noting	here	that	TDvoc	children	were	matched	to	our	DLD	children	on	receptive	vocabulary	scores,	but	the	definitions	task	requires	expressive	language	skills,	which	are	impaired	in	children	with	DLD	(as	also	supported	by	the	fact	that	their	definitions	were	shorter	than	those	of	TD	children).Taken	together,	our	lexical	decision	results	as	well	as	the
results	from	analysis	of	definition	accuracy,	definition	quality	ratings	and	the	comparisons	of	individual	DLD	children	with	the	TD	groups,	do	not	provide	clear	support	for	linguistic	primacy	in	the	learning	of	abstract	words	and	concepts.	The	results	suggest	that	passive	perceptual	processing	of	sequences	of	perceptions	links	together	the	correlated
perceptual	representations.	Cortex	19,	2767–2796.	Language	66,	764–805.	The	576	trials	resulted	from	the	sets	of	12	males	and	12	females	and	12	nouns	(as	dummy	items).	A	possible	reason	is	that	the	information	tracked	by	proprioception	and	interoception	could	also	be	partly	picked	up	by	exteroception.	15,	1593–1623.	The	counterbalancing	of	the
response	keys	did	not	moderate	any	of	the	results	presented	above	(see	endnote	1).The	results	of	the	critical	condition	revealed	the	predicted	disambiguation	bias:	when	participants	were	presented	with	black	and	white	blobs	they	were	more	likely	to	classify	the	black	blobs	as	male	names	and	the	white	blobs	as	female	names.	This	does	not	guarantee
that	they	are	grounded	in	sensory-motor	simulations,	however,	because	several	studies	indicate	that	concrete	concepts	may	not	always	be	grounded	in	sensory-motor	simulations	either.	298–317.	The	robot	experiments	were	modelled	on	Alibali	&	DiRusso's	[24]	study	of	the	role	of	counting	gestures	in	children,	in	particular	the	condition	when	the
child	sees	a	puppet	pointing	at	the	objects	being	counted	aloud.	2013Efficient	estimation	of	word	representations	in	vector	space.	We	predict	that	the	more	concepts	are	abstract	and	complex,	the	more	social-metacognition	weighs,	and	the	more	the	mouth	is	activated,	either	to	re-explain	to	ourselves	conceptual	meaning	or	to	prepare	ourselves	to
ask/negotiate	it	to/with	others.The	WAT	view	proposes	that	ACs	activate	linguistic	and	social	experience.	(doi:10.3758/BF03200738)	Crossref,	PubMed,	Google	Scholar4Barsalou	LW.	Instead,	concepts	for	situational	integration	may	only	become	fully	engaged	when	at	least	some	elements	of	a	relevant	situation	are	present,	such	that	something	exists
to	integrate.	If	this	explanation	is	correct,	then	concepts	like	love	(indeed,	emotion	concepts	in	general),	thought	and	fashionable	would	not	be	abstract	because	they	are	strongly	perceptual.	We	examine	the	interoceptive	nature	of	emotions	in	more	depth	in	the	next	study.A	growing	body	of	evidence	(e.g.	[9,11,14])	points	to	a	relationship	between
emotional	and	interoceptive	experience,	which	suggests	that	interoception	may	be	particularly	important	in	the	grounding	of	emotion	concepts.	The	main	effect	of	concreteness	was	marginally	significant	(LR	for	the	model	including	the	main	effect	of	concreteness	=	−810.4;	LR	for	the	model	not	including	it	=	−812.9;	,	p	=	0.051),	with	definitions	of
abstract	words	rated	as	more	accurate	than	definitions	of	concrete	words	(figure	3b).This	study	aimed	to	assess	whether	linguistic	development	has	a	greater	role—a	primacy—in	the	learning	of	abstract	compared	with	concrete	concepts	as	predicted	by	theories	such	as	dual	coding	[3]	and	context	availability	[4].	2014Odors	are	expressible	in
language,	as	long	as	you	speak	the	right	language.	Annu.	If	this	is	so,	the	perceptual	and	action-related	features	shared	by	different	instances	of	causation	may	become	key	to	conceptual	binding.The	brisk	hand	movement	towards	the	mobile,	the	hitting	of	a	small	object	and	the	throwing	away	of	such	an	object	represent	quite	different	basic	actions,
but	ones	that	share	motor	features,	for	example	the	contraction	of	the	triceps	brachii	muscle	and	the	sudden	application	of	strong	force	for	a	short	period	of	time.	(doi:10.1016/j.cognition.2008.11.016)	Crossref,	PubMed,	ISI,	Google	Scholar15Andrews	M,	Vigliocco	G,	Vinson	D.	28,	409–413.	It	is	noteworthy	that,	in	the	present	experiments,	the	mirror
comic	succeeded	to	change	spatial	biases	only	in	the	less	ecological	situation:	when	frame-to-frame	scanning	was	constrained	to	the	lateral	axis.	It	comprised	36	double-sided	pages	and	373	frames.	At	least	some	of	this	difference	emerges	from	the	fact	that	emotion	concepts,	which	are	overwhelmingly	abstract	both	in	participant	judgements	and
theoretical	assumptions	(e.g.	[3,28,31–33]),	tend	to	be	strongly	reliant	on	interoception.	(doi:10.1016/j.cognition.2004.07.004)	Crossref,	PubMed,	ISI,	Google	Scholar46Libertus	K,	Needham	A.	We	have	already	discussed	this	idea	in	the	context	of	iconicity	resticting	semantic	extensions	in	metaphorical	contexts	(see	above,	[119]).
(doi:10.1214/ss/1177011136)	Crossref,	Google	Scholar52Lucero	C,	Zaharchuk	H,	Casasanto	D.	1998Theory	of	probability.	Table	2.Verbal	utterance	categories	and	frequencies,	for	20	original	and	7	collapsed	categories.All	values	were	≤1.01,	indicating	that	the	analysis	had	reached	convergence	[51]	(i.e.	additional	sampling	would	not	lead	to	different
results).	Google	Scholar132Flumini	A,	Santiago	J.	Lond.	The	second	part	of	my	strategy	involves	developing	a	theoretical	account	of	the	way	in	which	our	experience	with	language	augments	our	concepts.	Words	do	not	magically	carry	meanings	with	them.	2014Mapping	the	brain's	metaphor	circuitry:	metaphorical	thought	in	everyday	reason.	Its
basic	assumptions	are	as	follows:	first,	the	primary	function	of	the	conceptual	system	is	to	support	situated	action.	2013Norms	of	valence,	arousal,	and	dominance	for	13	915	English	lemmas.	The	negative	emotion	categories	most	dominated	by	interoception	were	fear	(86.0%,	N	=	49)	and	sadness	(85.5%,	N	=	53),	followed	by	a	majority	of	concepts	in
disgust	(54.5%,	N	=	18)	and	lastly	anger	(40.0%,	N	=	14).	(doi:10.1098/rstb.2003.1315)	Link,	ISI,	Google	Scholar32Lakoff	G,	Johnson	M.	ISI,	Google	Scholar10Cangelosi	A,	Harnad	S.	B	358,	1177–1187.	1,	219–222.	The	main	effect	of	concreteness	was	also	significant	(LR	for	the	model	including	the	main	effect	of	concreteness	=	−1003.1;	LR	for	the
model	not	including	it	=	−1001.1;	,	p	=	0.047).	In	Methods	in	cognitive	linguistics	(eds	Gonzalez-Marquez	M,	Mittelberg	I,	Coulson	S,	Spivey	MJ),	pp.	Given	a	base	vocabulary	of	semantically	grounded	symbols	is	available,	other	similar	items	can	be	learned	verbally,	so	that	graphs	and	vectors	indicating	degrees	of	semantic	similarity	become	useful
[3,10].	Vertical	generalization	linking	categories	together	creates	conceptual	hierarchies	(e.g.	pugs	are	a	type	of	dog	and	dogs	are	a	type	of	animal).	In	particular,	the	negative	definition	of	abstract	concepts	only	describes	what	they	are	not—it	says	nothing	about	what	they	are.	245–301.	Onset	and	offset	of	transcriptions	were	time-aligned	with
speech.	2016The	centrality	of	language	in	human	cognition.	Remnant].	2009Unintended	embodiment	of	concepts	into	percepts:	sensory	activation	boosts	attention	for	same-modality	concepts	in	the	attentional	blink	paradigm.	We	hypothesize	that	general	metacognition	involves	the	majority	of	ACs,	but	especially	mental	state	ones.There	is	another
dimension	to	metacognition	that	we	propose	to	be	crucial	for	grounding	of	ACs.	This	dimension	is	inspired	by	the	distinction	introduced	by	Shea	[14]	between	implicit	deference—the	disposition	to	rely	on	others	while	using	a	concept—and	explicit	deference—a	judgment	on	our	own	mental	states,	for	example	leading	us	to	decide	that	our	concept	is
not	adequate.	Cognit.	(doi:10.1037/cep0000060)	Crossref,	PubMed,	ISI,	Google	Scholar59Mahon	BZ,	Caramazza	A.	Google	Scholar90Vygotsky	L.	However,	if	abstract	words	appear	in	more	variable	non-linguistic	contexts,	it	seems	plausible	that	their	linguistic	placement	in	text	contexts	is	also	more	variable,	a	hypothesis	in	part	supported	by	studies
assessing	the	variability	of	the	first	semantically	related	words	that	come	to	mind	when	encountering	concrete	and	abstract	items	[25,26].	Indeed,	neuroimaging	and	lesion	studies	have	shown	that	the	dorsal	posterior	insula	is	active	in	pain,	temperature,	itch,	dynamic	or	painful	muscle	sensation,	sensual	touch,	hunger,	thirst,	gustation,
cardiorespiratory	activity	and	air	hunger	(see	[7]	for	a	review),	these	sensations	all	falling	within	the	broad	definition	of	interoception.	(doi:10.1002/lnc3.361)	Crossref,	Google	Scholar91Sidhu	DM,	Pexman	PM.	2013Norms	of	valence,	arousal,	and	dominance	for	13,915	English	lemmas.	Finally,	this	approach	also	holds	that	the	degree	and	form	of
embodiment	is	likely	to	change	over	the	course	of	development	[82,83].There	will	be	some	that	argue	that	these	features	have	been	part	of	their	conception	of	embodiment	all	along.	1997The	symbolic	species:	the	co-evolution	of	language	and	the	human	brain.	In	the	standard	condition,	each	trial	began	with	a	frame	being	presented	on	the	far	left
position	of	the	screen,	followed	by	another	on	the	near	left,	then	near	right	and	then	far-right	positions.	Chicago,	IL:	Chicago	University	Press.	Congruency	effects	were	found	with	both	types	of	words	when	the	associations	matched	the	direction	of	the	movements,	but	their	time	signatures	were	different:	the	effects	emerged	at	200–300	ms	after	word
onset	with	the	literal	movement	words	but	after	500	ms	with	the	metaphoric	movement	words.	Google	Scholar36Crutch	SJ,	Warrington	EK.	Google	Scholar89Pylyshyn	ZW.	Adv.	If	semantic	knowledge	does	not	come	from	direct	experience	with	the	world,	where	does	it	come	from?	Crossref,	Google	Scholar94Lupyan	G,	Clark	A.	Sins	of	commission	are
often	associated	with	fuller	accounts	of	the	language	system,	because	they	tend	to	involve,	either	explicitly	or	implicitly,	amodal	representations	that	capture	these	all	important	structural	properties.	[28]	have	proposed	a	developmental	robotics	model	of	the	contribution	of	counting	gestures	to	learning	to	count.	For	instance,	participants	often	offered
vague	verbal	utterances,	such	as	‘say	something	is	similar	to	something’,	made	more	concrete	by	the	accompanying	gesture:	hands	enclose	space	and	move	to	enclose	space	in	a	second	location	(i.e.	side	by	side	existence	or	similarity);	or	‘something	will	occur’	palms	face	each	other	(i.e.	something)	and	move	away	to	the	right	of	body	and	resting
there	(some	entity	existing	in	the	future).	It	has	been	suggested	that	the	learning	problem	can	be	circumvented	by	indirect	grounding—through	association	of	abstract	words	with	concrete	words,	which	have	previously	been	grounded	directly.	We	propose	that	concepts	for	situational	elements	constitute	the	conceptual	output	of	these	networks.	Much
of	the	impetus	for	pluralistic	embodied	approaches	that	incorporate	the	language	system	is	the	idea	that	language	itself	can	be	a	rich	source	of	information	about	our	physical	and	social	environment.	(doi:10.1152/jn.1981.46.2.369)	Crossref,	PubMed,	ISI,	Google	Scholar65Glenberg	AM,	Sato	M,	Cattaneo	L,	Riggio	L,	Palumbo	D,	Buccino	G.	Barsalou
and	Wiemer-Hastings	hypothesized	that	there	were	both	similarities	and	differences	in	the	representation	of	abstract	and	concrete	words.	1988Similarity,	frequency,	and	category	representations.	(doi:10.1111/j.0963-7214.2004.01502002.x)	Crossref,	PubMed,	ISI,	Google	Scholar13Alter	AL,	Stern	C,	Granot	Y,	Balcetis	E.	(doi:10.1111/cogs.12332)
Crossref,	PubMed,	ISI,	Google	Scholar40Vallortigara	G.	In	practice,	functions	describing	the	prior	and	the	likelihood	are	combined	to	create	a	posterior	density	function.	This	facilitation	was	more	pronounced	when	the	word	meaning	had	been	explained	to	the	participants.	Google	Scholar103Lakoff	G,	Johnson	M.	To	the	extent	that	this	account	has
any	merit,	considerable	work	remains	to	establish	situational	elements	at	both	the	cognitive	and	neural	levels,	and	to	understand	the	association	areas	that	integrate	them.This	article	has	no	additional	data.We	declare	we	have	no	competing	interests.We	received	no	funding	for	this	study.Footnotes1	Although	we	use	the	construct	of	abstract	concepts
in	early	sections	of	this	article	to	make	contact	with	current	literature	(and	also	the	construct	of	concrete	concepts),	we	drop	the	abstract-concrete	distinction	in	§3d,	arguing	that	it	is	no	longer	useful	and	should	be	replaced	with	more	specific	distinctions.2	We	have	previously	referred	to	situational	elements	as	‘local	concepts’,	and	to	situational
integrations	as	‘global	concepts’	[18].	The	dashed	line	marks	the	absence	of	bias.	Activation	of	the	representation	of	the	motor	act	leads	to	the	pre-activation	of	the	perceptual	goal	schema,	which	provides	a	mechanism	for	forward	prediction	of	action-related	perceptions	(cf.	2008Processing	abstract	language	modulates	motor	system	activity.	PLoS
ONE	8,	e60971.	11].	(doi:10.3389/fpsyg.2013.00838)	Crossref,	PubMed,	ISI,	Google	Scholar62Santos	A,	Chaigneau	SE,	Simmons	WK,	Barsalou	LW.	vol.	23,	45–66.	These	data	suggest	that	interoception	is	the	most	important	perceptual	modality	in	the	experience	of	emotion	concepts,	and	that	emotions	appear	to	rely	on	interoceptive	information
moreso	than	other,	non-emotion	abstract	concepts.	2011A	sharp	image	or	a	sharp	knife:	norms	for	the	modality-exclusivity	of	774	concept-property	items.	These	are	two	ways	that	metacognition	is	important	for	solving	the	distinctive	grounding	characteristics	problem	for	abstract	concepts.	(doi:10.1080/02699939208411068)	Crossref,	ISI,	Google
Scholar37Ehlers	A,	Breuer	P.	Although	participants	were	matched	as	closely	as	possible,	there	were	nevertheless	substantial	differences	between	the	groups,	including	in	schooling	and	multilingualism.	Given	that	the	effect	was	specific	for	ACs	and	did	not	involve	emotional	ones,	the	result	is	consistent	with	the	view	that	pacifier	overuse	interferes
with	processing	of	ACs	and	influences	their	representation.The	interference	effect	elicited	by	active	engagement	of	the	mouth	during	AC	processing	is	also	revealed	by	another	recent	study	[35]	in	which	adult	participants	rated	complexity	and	pleasantness	of	abstract	and	concrete	concepts.	For	example,	Reilly	et	al.	1971Imagery	and	verbal
processes.	2011Sustained	attention	in	children	with	primary	language	impairment:	a	meta-analysis.	Children	are	introduced	to	counting	earlier	than	to	reading.	For	example,	in	the	language	Jahai—spoken	by	a	hunter-gatherer	community	in	the	rainforest	of	the	Malay	Peninsula—the	term	cŋɛs	is	used	to	refer	to	stinging	sorts	of	smells	associated	with
petrol,	smoke,	and	various	insects	and	plants,	while	pl?ʔeʕŋ	refers	to	bloody,	fishy,	meaty	sorts	of	smells.	I	stand	to	be	corrected.	2007Mind	and	its	evolution:	a	dual	coding	theoretical	approach.	Each	response	was	followed	by	a	grey	screen	for	500	ms.The	dependent	variable	was	the	number	of	male	and	female	name	classifications	in	the	case	of	the
blobs	(presentation	condition	4)	and	reaction	times	in	the	case	of	the	remaining	presentation	conditions.Participants	were	thanked	and	debriefed	after	the	experiment	was	over.Since	male	and	female	responses	are	mutually	dependent,	we	calculated	the	average	proportion	of	times	that	each	blob	was	judged	to	be	a	male	name,	with	50%	indicating	an
equal	number	of	male	and	female	responses,	100%	indicating	only	male	responses	and	0%	indicating	no	male	responses	(i.e.	100%	of	female	responses;	see	[40]	and	[41]	for	similar	statistical	analysis).	The	additional	analyses	reported	in	the	electronic	supplementary	material,	which	contrast	the	difference	in	performance	between	abstract	and
concrete	words	for	each	individual	DLD	child	against	the	average	difference	shown	by	TDage	and	TDvoc	children,	confirm	that	any	difference	in	definition	scores	for	abstract	and	concrete	words	is	equivalent	to	that	exhibited	by	the	TD	groups.When	we	look	at	the	quality	ratings	that	adults	provided	of	how	accurate	each	definition	is	in	defining	the
concept,	we	find	again	strong	support	for	a	difference	between	the	quality	of	definitions	provided	by	TD	children	(both	TDage	and	TDvoc)	and	children	with	DLD,	but	the	lack	of	an	interaction	between	group	and	concreteness	suggests	that	the	difference,	if	any,	between	DLD	children's	definitions	of	abstract	and	concrete	concepts	is	not	significantly
larger	than	the	difference,	if	any,	exhibited	by	TD	children.	This	new	research	shows	iconicity	to	be	more	than	a	linguistic	quirk	limited	to	onomatopoeic	words	like	buzz.	The	standard	group	differed	significantly	from	the	canonical	values	in	all	four	directions	(down:	t19	=	−3.9,	p	=	0.001;	left:	t19	=	3.32,	p	=	0.004;	right:	t19	=	−15.5,	p	<	0.001;	up:
t19	=	12.3,	p	<	0.001).	2017Pacifier	use	and	conceptual	relations	of	abstract	and	emotional	concepts.	1092–1097.	To	understand	how	the	thinker	came	to	have	that	inferential	disposition	developmentally,	according	to	Carey	we	need	to	look	at	the	role	of	language.	2017Language	for	action:	motor	resonance	during	the	processing	of	human	and	robotic
voices.	(doi:10.2307/412894)	Crossref,	ISI,	Google	Scholar112Garrod	S,	Fay	N,	Lee	J,	Oberlander	J,	MacLeod	T.	42,	682–695.	In	these	studies,	participants	perform	better	when	structurally	similar	problems	are	also	superficially	similar	than	when	they	are	superficially	dissimilar.	Recognizing	the	richness	of	linguistic	input	also	helps	to	solve	the
otherwise	puzzling	observation	that	the	language	of	blind	people	is	quite	normal.	(doi:10.1080/02643294.2012.654772)	Crossref,	PubMed,	ISI,	Google	Scholar41Borghi	AM,	Binkofski	F,	Castelfranchi	C,	Cimatti	F,	Scorolli	C,	Tummolini	L.	Google	Scholar42Kass	RE,	Raftery	AE.	2005Embodied	sentence	comprehension.	2008Embodied	language:	a
review	of	the	motor	system	in	language	comprehension.	Cognition	110,	284–292.	In	Proceedings	of	the	5th	International	Conference	on	Language	Resources	and	Evaluation(LREC	2006),	Genoa,	Italy,	pp.	On	seeing	pizza	at	a	party,	for	example,	perceivers	can	predict	how	it	is	likely	to	taste,	and	how	enjoyable	eating	it	would	be.	In	The	Oxford
handbook	of	social	cognition	(ed.	In	Gesture	and	sign	language	in	human–computer	interaction	(eds	Wachsmuth	I,	Fröhlich	M),	pp.	(doi:10.1080/17470210903134351)	Crossref,	Google	Scholar115Casasanto	D.	18,	219–227.	(doi:10.1162/jocn_a_00361)	Crossref,	PubMed,	ISI,	Google	Scholar63Constantinescu	AO,	O'Reilly	JX,	Behrens	TEJ.
(doi:10.3389/fnhum.2014.00932)	Crossref,	PubMed,	ISI,	Google	Scholar45van	Dijck	J-P,	Fias	W.	There	are	intuitive	differences	between	concrete	and	abstract	words:	our	understanding	of	truck	unfolds	against	the	physical	reality	in	which	we	operate.	(doi:10.1016/j.cortex.2017.10.021)	Crossref,	PubMed,	ISI,	Google	Scholar22Barsalou	LW,	Wiemer-
Hastings	K.	This	problem	arises	because	a	system	containing	only	abstract	symbols	and	their	interrelations	struggles	to	explain	how	individual	representations	come	to	be	associated	with	objects	and	events	in	the	world.	Importantly,	while	these	measures	correlate	to	some	extent,	they	are	not	equivalent	[23].	B,	estimated	regression	coefficient,	based
on	the	mean	of	the	posterior	distribution.percentageabstractpercentageconcreteBs.e.Exp(B)95%	CItaxonomic25.19%26.15%object/entity8.85%32.99% intercept−1.530.240.22[−2.01,	−1.04]a word	type1.340.423.82[0.49,	2.15]a accuracy0.370.171.45[0.03,	0.70]aperson/participant6.64%1.71% intercept−1.930.450.15[−2.82,	−1.07]a word
type−2.000.890.14[−3.88,	−0.36]a accuracy−0.360.280.70[−0.94,	0.17]event16.78%13.08% intercept−0.560.190.57[−0.93,	−0.19]a word	type−0.340.360.71[−1.06,	0.33] accuracy0.060.161.06[−0.26,	0.37]introspection14.03%1.45% intercept−0.890.280.41[−1.47,	−0.34]a word	type−2.440.590.09[−3.68,	−1.35]a 
accuracy−0.070.160.93[−0.39,	0.24]complex	relation10.94%7.61% intercept−0.720.180.49[−1.06,	−0.39]a word	type−0.380.220.68[−0.82,	0.05] accuracy−0.310.170.73[−0.64,	0.01]association17.58%17.01% intercept−0.720.150.49[−1.00,	−0.43]a word	type−0.100.240.90[−0.57,	0.35] accuracy0.570.141.77[0.29,	0.84]aFrequency	data	for
the	gesture	categories	are	presented	in	table	4.	234–251.	Cambridge,	MA:	The	MIT	Press.	Eight	pairs	included	an	object	in	black	and	the	same	object	in	white,	whereas	the	remaining	eight	pairs	included	an	object	with	a	dark	colour	and	the	same	object	with	a	light	colour.	(doi:10.3389/fpsyg.2015.00215)	Crossref,	PubMed,	ISI,	Google	Scholar26Shaki
S,	Fischer	MH,	Göbel	SM.	93,	699–710.	Further,	Barsalou	and	Wiemer-Hastings	proposed	that	simulation	processes	could	be	important	even	for	abstract	meaning;	for	instance,	introspective	content	(drive	states,	mental	states,	emotion	states,	see	also	[16])	could	be	simulated	in	the	brain's	modality-specific	systems.	The	presence	of	meaningful
gestures	when	communicating	the	meanings	of	abstract	words	provides	a	novel	insight	into	the	representation	of	abstract	meaning.	However,	following	the	interactionist	mirror-Piaget	model,	the	human	action,	which	is	the	typical	antecedent	of	the	balls	rolling,	would	come	into	play	by	way	of	a	‘mirror'	mechanism,	thus	activating	an	antecedent
action	representation	even	in	the	absence	of	a	real	(human,	living)	actor.Interestingly,	the	model	and	related	interventionist	accounts	make	one	very	clear	prediction,	which	sets	them	apart	from	perceptual	accounts:	Causal	learning	should	be	more	efficient	when	human	actions	and	their	consequences	are	observed	compared	with	correlated	changes
in	perceived	not-action-related	movements.	1690/1979An	essay	concerning	human	understanding	(ed.	2012Integrating	words	that	refer	to	typical	sequences	of	events.	Advert.	2018Abstract	semantics	in	the	motor	system?—An	event-related	fMRI	study	on	passive	reading	of	semantic	word	categories	carrying	abstract	emotional	and	mental	meaning.
1964Philosophy	of	language.	Med.	11–37.	76,	30–77.	Hillsdale,	NJ:	Lawrence	Erlbaum	Associates	Google	Scholar48Evans	JL,	Saffran	JR,	Robe-Torres	K.	Thomas	Kuhn	described	periods	of	scientific	revolution	where	an	accumulation	of	problems	and	anomalies	leads	to	one	conceptual	scheme	being	overthrown	and	replaced	by	a	new	set	of	concepts
[32].	2016Division	of	labor	in	vocabulary	structure:	insights	from	corpus	analyses.	(doi:10.1111/j.1467-9280.1992.tb00006.x)	Crossref,	ISI,	Google	Scholar27Barsalou	LW,	Wiemer-Hastings	K.	For	example,	one	influential	view	[7,8]	describes	interoception	as	following	an	ascending	pathway,	starting	at	the	receptor	site,	from	where	information	is
relayed	via	spinal	or	cranial	nerves	to	the	brainstem,	sub-cortical	structures	(e.g.	thalamic	nuclei,	hypothalamus,	amygdala)	and	ultimately	to	the	cortex,	in	particular	the	insula	and	cingulate	cortex	(ACC),	but	also	the	inferior	and	medial	frontal	cortex,	somatosensory	and	somatomotor	cortex	(see	also	[13]).	I	will	call	this	the	problem	of	the
metaphysics	of	reference:	what	makes	it	the	case	that	a	mental	state	or	process	refers	to	the	object	or	property	in	the	world	that	it	does,	in	fact,	refer	to?The	problem	of	the	metaphysics	of	reference	is	a	perfectly	general	problem.	To	avoid	explicit	activation	of	the	metaphorically	related	concrete	concept,	experiments	have	been	set	up	such	that	no
linguistic	references	are	made	to	the	metaphor	[18,21–24].	78,	50–58.	Hence,	for	each	object	a	4	×	4	binary	matrix	that	represent	the	extracted	features	is	created.	2017Context	as	an	organizing	principle	of	the	lexicon.	2014I	see/hear	what	you	mean:	semantic	activation	in	visual	word	recognition	depends	on	perceptual	attention.	25,	1256–1261.
(doi:10.3758/BF03209988)	Crossref,	Google	Scholar25Marmor	GS.	Results	(table	3)	showed	that	the	odds	of	producing	a	person/participant	utterance	were	7.39	times	higher,	and	the	odds	of	producing	an	introspection	utterance	were	11.47	higher,	for	abstract	compared	to	concrete	words;	conversely,	the	odds	of	producing	an	object/entity	utterance
were	3.82	times	higher	for	concrete	compared	to	abstract	words.	Linguist.	On	this	conception,	language	leverages	our	intersubjective	experience	to	expand	our	cognitive	horizons.	Language	affects	low-level	visual	perception.	While	I	disagree	with	this	assessment,	not	much	hangs	on	this.	2012Advances	in	the	cross-linguistic	study	of	ideophones.	42,
566–578.	2007Mechanisms	of	scent-tracking	in	humans.	Children	with	DLD	have	reduced	vocabulary	and	deficits	in	syntactic	competence,	and	it	has	been	shown	that	they	are	not	as	attuned	as	TD	peers	to	statistical	co-occurrences	in	language	input	[48].	(doi:10.1177/0956797616662271)	Crossref,	PubMed,	ISI,	Google	ScholarPage	11What	is	the	role
of	the	language	system	in	embodied	cognition?	(doi:10.1037/a0016261)	Crossref,	PubMed,	ISI,	Google	Scholar8Simmons	WK,	Hamann	SB,	Harenski	CL,	Hu	XP,	Barsalou	LW.	One	of	the	key	forms	of	sharing	between	agents,	which	makes	two	heads	better	than	one	for	performing	some	tasks,	is	metacognitive:	communication	about	one's	own
confidence	or	reliability	[30].	2010A	functional	role	for	motor	simulation	in	identifying	tools.	Namely,	female	participants	looked	longer	at	the	white	(M	=	1117	ms,	s.e.	=	94	ms)	than	at	the	black	objects	(M	=	1012	ms,	s.e.	=	92	ms),	t36	=	2.17,	p	=	0.036,	dz	=	0.48.	(doi:10.1111/mila.12057)	Crossref,	ISI,	Google	Scholar13Olofsson	JK,	Gottfried	JA.
USA	105,	2209–2213.	The	study	was	presented	as	an	investigation	on	the	understanding	of	speechless	comics.	B	358,	1231–1240.	50,	388.	2016Putting	concepts	into	context.	(doi:10.1111/1467-9280.14421)	Crossref,	PubMed,	ISI,	Google	Scholar12Maass	A,	Suitner	C,	Nadhmi	F.	7,	457–472.	PubMed,	ISI,	Google	Scholar70Carlson	TA,	Simmons	RA,
Kriegeskorte	N,	Slevc	LR.	Participants	were	presented	with	short	computer	games	in	which	they	were	asked	to	help	a	cartoon	alien	learn	English.	31,	489–509.	Differently	from	Paivio,	we	do	not	equate	imageability	with	concreteness,	because	the	two	dimensions	have	proven	to	be	correlated	but	not	equivalent	[16].	33,	585–623.	Results	(table	5)
showed	that	the	odds	of	producing	a	metaphorical	gesture	were	1.57	times	higher,	and	the	odds	of	producing	a	beat	gesture	were	2.01	times	higher,	for	abstract	compared	to	concrete	words;	conversely,	the	odds	of	producing	an	iconic	gesture	were	2.61	times	higher	for	concrete	compared	to	abstract	words.	For	analysis	of	the	gesture	data,	we	used
communicative	gestures	as	the	reference	category	because	it	was	the	most	common	gesture	type	after	metaphorical	gesture	(which	was	not	chosen	as	a	reference	category	due	to	its	theoretical	importance),	and	because	proportions	of	communicative	gestures	did	not	vary	by	word	type	(19.30%	of	gestures	on	abstract	word	trials	were	communicative;
22.55%	of	gestures	on	concrete	word	trials	were	communicative).3	In	addition,	we	did	not	have	any	a	priori	hypothesis	of	a	relationship	between	word	type	and	production	of	communicative	gestures.	Consistent	with	this	proposal,	visual	areas	can	become	more	active	for	abstract-LIT	concepts	than	for	concrete-LIT	concepts,	when	both	kinds	of
concepts	are	embedded	in	situations	[41].	We	found	that	language	had	a	significant	effect	on	the	length	of	responses	(measured	in	characters)	χ2(1)	=	3660,	p	<	0.0001.Not	only	were	the	Jahai	more	succinct	in	naming	odours,	they	were	quicker	too:	on	average	Jahai	participants	took	around	2	s	to	give	a	verbal	response,	whereas	Dutch	participants
took	more	than	13	s	(figure	1).	This	distinction	is	at	the	basis	of	the	notion	of	social	metacognition	we	propose.	Child	Devel.	Arguably	a	strictly	phonemic	representation	of	Dutch	responses,	comparable	to	the	Jahai	orthography	[37],	would	result	in	somewhat	shorter	estimates	than	those	measured	here,	but	the	differences	between	languages	were
nevertheless	substantial:	Jahai	responses	were	on	average	five	characters	long,	whereas	Dutch	responses	were	85	characters.	We	make	the	case	that	by	considering	them	together,	we	can	better	understand	the	origins	of	abstract	knowledge	and	the	design	principles	of	language.We	begin	by	briefly	reviewing	two	major	approaches	to	understanding
semantic	knowledge—embodied	cognition,	which	emphasizes	the	importance	of	perceptual,	motor	and	emotional	experiences	in	our	conceptual	structure	and	word	meanings	(e.g.	[1,2]),	and	what	we	gloss	as	amodal	cognition	(e.g.	[3,4]),	which	emphasizes	the	role	of	symbolic	and	non-perceptual	representations.	We	are	able	to	represent	these
extracted	regularities	by	transducing	them	into	patterns	of	neural	activity	and	associated	action	tendencies.	Such	an	explanation	will	likely	involve	unique	features	for	each	abstract	concept	and	the	question	is	whether	these	features	also	need	to	be	grounded	in	sensory-motor	processing.A	related	proposal	is	that	abstract	concepts	are	grounded	by
situating	them	in	concrete	events	[35–37].	(doi:10.1037/bul0000089)	Crossref,	PubMed,	ISI,	Google	Scholar18Wilson	NL,	Gibbs	RW.	Similarly,	the	seriousness	and	authority	associated	with	black	are	also	symbolized	in	black	tuxedos	that	are	often	worn	on	formal	occasions	such	as	black	tie	functions.	Additionally,	results	suggested	that	our	effect
unfolds	in	a	somewhat	asymmetrical	way.	(doi:10.1111/1467-9280.00326)	Crossref,	PubMed,	ISI,	Google	Scholar15Winter	B,	Bergen	B.	20,	6–10.	They	showed	that	semantic	representations	are	richer	when	the	two	types	of	data	are	integrated	in	a	model	than	when	they	are	used	independently.	This	norming	method	had	previously	been	used	to
establish	modality-specific	experiential	strength	in	the	traditional	five	modalities	(i.e.	excluding	interoception)	for	comparatively	modest	samples	of	several	hundred	words	[5,24,27],	where	the	resulting	norms	successfully	predicted	a	range	of	findings	in	word	recognition	[21–23,25]	and	conceptual	processing	[5,17].	33,	245–266.	26,	4917–4921.
2004The	mirror-neuron	system.	Joint	Conf.,	San	Jose,	CA,	pp.	1970Perceptual	exploration	in	Israeli	children.	We	asked	8-year-olds	with	a	different	history	of	pacifier	use	to	perform	a	semantic	categorization	task:	they	had	to	press	a	different	key	on	the	keyboard	if	the	word	displayed	on	the	screen	referred	to	an	animal	or	to	something	else.	Nidditch
PH),	pp.	(doi:10.1111/j.1467-7687.2009.00934.x)	Crossref,	PubMed,	ISI,	Google	Scholar28Opfer	JE,	Furlong	EE.	Indeed,	sexual	dimorphism	of	skin	colour,	namely	that	females	have	a	lighter	skin	colour	than	males,	is	well	established	in	research	outside	of	the	psychological	literature	(e.g.	[5–8]).	We	thus	used	the	adult	equivalent	to	a	children's	picture
book:	a	speechless	comic	book.	Majid	&	Burenhult	[16]	gave	10	male	Jahai	participants	and	10	age-	and	gender-matched	English	participants	common	odours	(familiar	to	Westerners,	e.g.	chocolate,	petrol)	and	asked	speakers	to	name	them.	Concepts	judged	as	useful	can	also	be	negatively	valenced:	discrimination,	inequality,	climate	change.
Research	indicates	that	speakers	of	Spanish	tend	to	conceptualize	time	from	left	to	right	[110,132].	Google	Scholar37Baldwin	D,	Andersson	A,	Saffran	J,	Meyer	M.	London,	UK:	Oxford	University	Press.	Although	participants	were	not	explicitly	instructed	to	gesture,	all	did	so	to	some	degree	and	so	we	coded	the	clue-giver's	verbal	utterances	and	also
their	gestures	during	communication	of	abstract	and	concrete	word	meanings.	(doi:10.1207/s15427633scc0504_2)	Crossref,	Google	Scholar31Hostetter	AB,	Alibali	MW.	(doi:10.1016/B978-008044612-7/50085-8)	Crossref,	Google	Scholar77Aristotle.	Google	Scholar8Frege.	145,	33–43.	The	distinction	between	emotional	and	concrete	words	was	less
marked	for	children	who	used	a	pacifier	for	more	than	3	years,	and	the	distinction	between	concrete	and	abstract	words	became	progressively	less	marked	for	children	who	used	it	until	3	years	and	beyond.	Bayes	factors	are	reported	in	table	3.	(doi:10.1016/0749-596X(92)90013-N)	Crossref,	ISI,	Google	Scholar39Paivio	A,	Walsh	M,	Bons	T.	For
external	situational	elements,	concepts	for	settings,	objects,	agents,	physical	actions	and	physical	outcomes	differ	widely,	as	do	emotions,	motivations,	mentalizing	and	self-relevance	for	internal	situational	elements.	(doi:10.3758/s13423-015-0864-x)	Crossref,	PubMed,	ISI,	Google	Scholar38Barsalou	LW,	Wiemer	Hastings	K.	Therefore,	they	cannot	be
directly	linked	to	sensorimotor	experience	through	a	one-to-one	mapping	with	their	physical	referents	in	the	world.	(doi:10.3109/17549507.2013.783113)	Crossref,	PubMed,	ISI,	Google	Scholar18McGregor	KK,	Oleson	J,	Bahnsen	A,	Duff	D.	Abstract	concepts	integrate	situations	in	ways	that	are	essential	for	comprehending	what	is	happening	in	a
situation,	making	accurate	predictions	about	what	is	likely	to	occur,	and	selecting	actions	that	yield	desirable	outcomes.1The	situated	conceptualization	framework	offers	one	possible	account	of	conceptual	processing	during	situated	action	[13–17].	Meir	[119]	discusses	evidence	from	Israeli	Sign	Language	(ISL)	and	American	Sign	Language	which
suggests	that	certain	metaphoric	extensions,	which	are	associated	with	abstract	words	in	English	and	Hebrew,	are	not	possible	in	those	languages	because	the	corresponding	signs	are	iconic.	Moreover,	the	internal	space	is	subjected	to	a	pressure	for	coherence	[49].	We	cannot	just	help	ourselves	to	the	aboutness	of	perceptual	experiences.A	theory	of
reference	takes	some	characteristics	of	a	concept	as	input	and	delivers	a	referent	as	output.	215–271.	While	the	original	study	was	run	with	Dutch	participants,	the	current	study	was	run	with	Portuguese	participants.	The	word	associated	with	my	beech	concept	allows	me	to	enrich	my	own	conception	with	information	garnered	from	others.	In
addition,	the	odds	of	producing	an	object/entity	utterance	were	1.45	times	higher,	and	the	odds	of	producing	an	association	utterance	were	1.77	times	higher,	on	accurate	compared	to	inaccurate	trials.	On	the	one	hand,	they	often	seem	relatively	abstract,	referring	to	internal	mental	states,	such	as	love	or	fear.	[13]	find	a	modality-switching	cost
associated	with	a	property	verification	task.	2013Interfacing	body,	mind,	the	physical,	and	social	world:	socially	situated	cognition.	2012Robotic	model	of	the	contribution	of	gesture	to	learning	to	count.	Although	researchers	have	found	some	surprising	evidence	that	embodied	and	grounded	representations	are	activated	with	abstract	concepts	during
certain	tasks,	this	does	not	demonstrate	that	linguistic	representations	are	uninvolved.	2006Embodiment	and	cognitive	science.	(doi:10.1037/cep0000060)	Crossref,	PubMed,	ISI,	Google	ScholarPage	14Learning	the	meaning	of	words	is	one	of	the	most	complex	and	remarkable	of	human	achievements.	2003Directional	bias	in	the	mental	representation
of	spatial	events:	nature	or	culture?Psychol.	58(Suppl.	(doi:10.1371/journal.pone.0187196)	Crossref,	PubMed,	ISI,	Google	Scholar134Maglio	SJ,	Rabaglia	CD,	Feder	MA,	Krehm	M,	Trope	Y.	A	word	for	a	concept	is	presented	(or	sometimes	a	pictured	instance),	and	the	information	that	becomes	active	is	assessed	with	behavioural	and/or	neural
measures.	The	characteristics	of	a	concept	that	a	theory	of	the	metaphysics	reference	takes	as	input	can	be	thought	of	as	grounding	the	concept.	325–346.	(doi:10.1037/a0033297)	Crossref,	PubMed,	ISI,	Google	Scholar22Román	A,	Flumini	A,	Lizano	P,	Escobar	M,	Santiago	J.	(doi:10.1371/journal.pone.0001049)	Crossref,	PubMed,	ISI,	Google
Scholar69van	den	Heuvel	MP,	Sporns	O.	2011Abstract	concepts:	sensory	motor	grounding,	metaphors,	and	beyond.	77,	453–486.	122,	371–396.	Neuron	30,	319–333.	This	is	supported	by	a	recent	experiment:	after	introducing	a	novel	metaphor	connecting	time	and	weight	(the	past	is	heavy	and	the	present	is	light),	congruency	effects	were	found	in
the	weight	judgements	of	books	that	appeared	new	or	old	[133].	1947The	experimental	study	of	imagery:	II.	They	were	tested	in	Air	Banun,	Hulu	Perak	district,	Peninsular	Malaysia.	That	is,	language	may	be	as	arbitrary	as	it	is	because	arbitrary	words	promote	abstraction.For	centuries,	iconicity	in	language	was	viewed	as	natural	[73–75].	In	contrast,
differences	in	the	language-	and	culture-specific	social	environment	and	their	impact	on	concepts	are	taken	into	account	explicitly	in	the	grounding	perspective.By	showing	for	one	highly	abstract	key	term	that	its	meaning	can	be	learned	and	derived	from	experience,	this	article	does	in	no	way	rule	out	the	possibility	of	a	largely	genetically
preprogrammed	basis	for	other	concepts.	Teach.	Language	was	treated	as	a	fixed	effect,	with	participants	and	items	as	random	effects;	p-values	were	obtained	by	likelihood	ratio	tests	of	the	model	with	and	without	language	as	a	factor.	Outlier	removal	was	done	in	two	steps.	From	this	perspective,	we	will	illustrate	how	viewing	the	brain	as	a	situation
processing	architecture	(BASPA)	offers	a	different	perspective	on	the	concrete–abstract	distinction.	2007How	abstract	is	symbolic	thought?J.	(doi:10.1037/rev0000026)	Crossref,	PubMed,	ISI,	Google	Scholar121Clark	HH,	Gerrig	RJ.	(doi:10.1098/rstb.2008.0319)	Link,	ISI,	Google	Scholar15Barsalou	LW.	Children	in	the	control	groups	were	selected
from	a	pool	of	73	TD	children	who	completed	both	tasks:	18	children	(14	males;	mean	age	=	10.34,	s.d.	=	1.44)	were	matched	to	the	DLD	children	on	gender	and	age	(TDage),	and	18	(14	males;	mean	age	=	8.16,	s.d.	=	2.12)	were	matched	to	the	DLD	children	on	gender	and	raw	scores	on	the	British	Picture	Vocabulary	Scale	(BPVS,	[22];	TDvoc).
(doi:10.1016/j.jphysparis.2008.03.004)	Crossref,	PubMed,	Google	Scholar60Matheson	HE,	White	N,	McMullen	P.	1996On	metaphoric	representation.	(The	latter	process	is	especially	complex,	and	it	is	hard	to	know	in	many	cases	what	makes	us	home	in	on	a	particular	usage.)	Examples	include	citizenship,	emancipation	and	accountability.	Language
augments	our	cognitive	abilities,	computational	resources,	and	problem-solving	capacities	[24–26];	this	extension	might	be	pivotal	to	use	of	concepts	that	are	increasingly	abstract.When	we	are	exposed	to	words,	their	sub-vocal	pronunciation	is	activated	[27].	3,	273–302.	The	greater	ease	of	linguistic	expression	demonstrated	by	the	Jahai	is	not
unique,	however.	2007Real	and	imagined	body	movement	primes	metaphor	comprehension.	Ethics	116,	525–551.	For	every	network	in	BASPA	that	processes	a	kind	of	situational	element,	concepts	develop	within	the	network	to	categorize	instances	of	the	element.Conversely,	concepts	for	situational	integrations	develop	to	inter-relate	situational
elements	relevant	to	comprehending	situations,	predicting	likely	events,	and	acting	effectively	to	produce	desired	outcomes.	For	example,	the	logical	particles	AND,	OR	and	NOT	have	an	obvious	analogue	in	neurons	or	neuron	populations	with	high	or	low	activation	threshold	and	in	inhibitory	connections	[30,76],	thus	being	rooted	in	neurophysiology.
It	is	indeed	impossible	that	it	can	be	any	body:	It	is	a	sensation;	and	a	sensation	can	only	be	in	a	sentient	thing.’	[6].Olfactory	notions,	indeed,	seem	difficult	to	conjure	at	will.	In	press.	2014Concreteness	ratings	for	40	thousand	generally	known	English	word	lemmas.	So	that	it	appears	to	be	a	simple	and	original	affection	or	feeling	of	the	mind,
altogether	inexplicable	and	unaccountable.	Second,	this	interplay	often	depends	on	mechanisms	associated	with	the	ongoing	evaluation	of	incoming	sensory	input	relative	to	the	predictions	generated	by	the	motor	system	[80].	(doi:10.3758/BRM.42.4.1042)	Crossref,	PubMed,	ISI,	Google	Scholar25Altarriba	J,	Bauer	LM,	Benvenuto	C.	See	(cited	15
September	2017).	(doi:10.1007/BF00230027)	Crossref,	PubMed,	ISI,	Google	Scholar23Gallese	V,	Fadiga	L,	Fogassi	L,	Rizzolatti	G.	2013How	to	bootstrap	a	human	communication	system.	We	set	the	significance	criterion	at	p	<	0.050.Reaction	times	to	the	names	were	analyzed	after	removing	errors	(4%)	and	outliers.	23,	1096–1108.	33,	19–32.	D
Nonlinear	Phenomena	42,	335–346.	These	neurons	would	thus	respond	similarly	to	a	selection	of	causal	events,	so	that	they	become	causal	key	neurons—not	due	to	correlated	neural	activity,	but	because	of	the	partly	genetically	pre-preprogrammed	and	partly	random	neuroanatomical	connectivity	structure	between	areas.	Controlling	for
concreteness	and	part-of-speech,	more	iconic	words	occurred	in	fewer	contexts,	b	=	−0.16,	95%	CI	=	[−0.19,	−0.14],	t	=	−10.87,	p	<	0.00005.	Each	of	these	modality-specific	units	was	connected	to	a	central	set	of	hidden	units.	Finally,	the	assumption	that	abstract-LIT	concepts	are	not	bound	to	perceptible	entities	is	generally	misleading,	given	that
referents	in	the	Visual	World	Paradigm	can	become	more	accessible	when	cued	by	abstract-LIT	than	by	concrete-LIT	words	[9].	39,	964–973.	(doi:10.1006/jmla.2000.2714)	Crossref,	ISI,	Google	Scholar33Prinz	JJ.	Thus,	although	these	models	do	not	focus	on	sensory-motor	grounding,	they	show	the	importance	of	contextual	features	and	thereby
support	the	notion	that	concepts	are	represented	by	situations.	2013The	co-evolution	of	knowledge	and	event	memory.	17,	683–696.	Not	only	has	this	mixture	of	abstract	and	concrete	content	been	demonstrated	frequently	in	specific	experiments	[18,37],	it	is	also	commonly	documented	in	meta-analyses	of	neural	activity	during	emotion	[38–40].As	all
these	examples	illustrate,	close	examination	of	just	about	any	situational	integration	reveals	both	concrete	and	abstract	content.	Operationally,	concrete	concepts	are	usually	defined	as	being	above	some	threshold	on	a	self-report	scale	of	‘concreteness’,	as	just	defined	theoretically	(e.g.	the	MRC	psycholinguistic	database;	[44,45],	but	see	[43]).
(doi:10.1016/j.cognition.2016.05.012)	Crossref,	PubMed,	ISI,	Google	Scholar19Boroditsky	L,	Ramscar	M.	The	authors	concluded	that	the	meanings	of	abstract	words	‘are	anchored	in	situations	and	regularly	involve	subjective	experiences,	such	as	cognitive	processes	and	emotion.’	(p.	We	do	not	support,	however,	a	special	role	for	linguistic
information	in	the	learning	of	abstract	concepts.	Other	concepts	have	concrete	meanings	but	are	abstractions	to	some	degree	because	they	generalize	across	specific	exemplars.	The	location	of	the	objects	in	the	pictures	was	counterbalanced.	(doi:10.3758/BF03209391)	Crossref,	PubMed,	ISI,	Google	Scholar58Mahon	BZ.	In	Neural	Networks	(IJCNN),
2011	Int.	Metaphor	is	important	for	the	purposes	of	this	essay	not	only	because	it	may	play	a	role	in	the	acquisition	of	some	abstract	concepts,	but	also	because	it	serves	as	a	useful	test	case	for	the	disruptive	technology	approach.Metaphor	has	traditionally	been	seen	as	both	a	source	of	evidence	for	embodiment	and	a	potential	means	of	solving	the
problem	abstract	concepts.	(doi:10.1044/1092-4388(2009/07-0189))	Crossref,	PubMed,	ISI,	Google	ScholarPage	15Odours	give	rise	to	primary	sensory	experiences.	2014Wechsler	intelligence	scale	for	children,	5th	edn.	The	concept	user	will	say	or	think,	‘I	don't	know	the	difference	between	elms	and	beeches,	I'd	better	ask	someone’.	Crossref,	Google
Scholar8Barsalou	LW.	New	York,	NY:	The	Guilford	Press.	No	feedback	was	provided	for	the	remaining	96	trials	(24	abstract	and	24	concrete	words,	plus	48	non-words),	which	were	presented	in	a	randomized	order.	129].While	challenging,	it	is	important	that	we	investigate	representation	and	processing	of	abstract	words	in	order	that	we	understand
this	essential	characteristic	of	human	cognition.	An	important	claim	is	that	the	metaphorical	relation	is	conceptual	rather	than	linguistic,	and	thus	does	not	depend	on	metaphorical	language.	Conscious.	Planned	comparisons	showed	that,	as	predicted,	when	instructed	to	choose	for	the	male	character	participants	looked	longer	at	the	black	objects	(M
=	1286	ms,	s.e.	=	92	ms)	than	at	the	white	objects	(M	=	1093	ms,	s.e.	=	94	ms),	t36	=	3.98,	p	<	0.001,	dz	=	0.89.	731).	1988Force	dynamics	in	language	and	cognition.	(doi:10.1177/0022022111406254)	Crossref,	ISI,	Google	Scholar41Göbel	SM,	McCrink	K,	Fischer	MH,	Shaki	S.	2012Effects	of	emotional	and	sensorimotor	knowledge	in	semantic
processing	of	concrete	and	abstract	nouns.	2009The	Cambridge	handbook	of	situated	cognition.	Chicago,	IL:	University	of	Chicago.	(doi:10.3758/s13428-016-0720-6)	Crossref,	PubMed,	ISI,	Google	Scholar136Jaeger	TF.	Thus,	the	dependent	variable	in	this	experiment	was	the	mean	reaction	time	required	to	classify	the	name	on	the	monitor	as	male	or
female.The	differences	between	this	study	and	original	one	(Exp.	Important	clues	for	the	relevance	of	motor	mechanisms	for	emotion	semantics	come	from	autistic	persons	with	motor	dysfunction	and	deficits	in	expressing	their	emotions.	(doi:10.1016/S0885-2014(99)80017-3)	Crossref,	ISI,	Google	Scholar25Moeller	K,	Martignon	L,	Wessolowski	S,
Engel	J,	Nuerk	H.C.	2011Effects	of	finger	counting	on	numerical	development—the	opposing	views	of	neurocognition	and	mathematics	education.	In	the	case	of	males,	it	is	argued	that	darker	pigmentation	has	been	the	object	of	natural	selection	because	it	enables	the	maintenance	of	levels	of	folate	that	are	required	to	protect	sperm	production.
Consider	the	sense	of	truth	associated	with	producing	accurate	statements	about	the	world	[26].	This	negative	association	remained	highly	significant	when	further	controlling	for	SUBTLEX	word-frequency,	b	=	−0.01,	95%	CI	=	[−0.02,	−0.002],	t	=	−2.63,	p	=	0.009.	Cambridge,	MA:	Cambridge	University	Press.	(b,d,f)	When	it	comes	to	learning
(grounding)	the	word	‘cause'	in	the	context	of	different	causal	actions,	these	shared	neural	elements	(now	highlighted	in	magenta/purple)	show	the	highest	correlation	with	the	word	form	circuit	activation	and	thus	become	key	to	the	formation	of	the	conceptual	circuit.Download	figureOpen	in	new	tabDownload	PowerPointIndependent	from	the
cortical	localization	of	the	mechanisms	of	abstraction,	the	conceptual	binding	question	still	needs	an	answer.	How	many	words	before	encountering	a	word	at	least	as	abstract	as	words	like	freedom,	idea	and	fun?	39,	1987–1995.	2013Network	hubs	in	the	human	brain.	2013The	philosophy	of	metacognition:	mental	agency	and	self-awareness.
(doi:10.1017/S0140525X10000853)	Crossref,	PubMed,	ISI,	Google	Scholar52Gallese	V,	Cuccio	V.	Mahwah	63,	250–266.	(doi:10.1177/0956797611422074)	Crossref,	PubMed,	ISI,	Google	Scholar39Stahl	AE,	Romberg	AR,	Roseberry	S,	Golinkoff	RM,	Hirsh-Pasek	K.	When	compared	with	younger	TDvoc	children,	children	with	DLD	are	worse	at	defining
all	words,	not	only	abstract	words.	Thus,	summary	representations	need	not	be	stored	in	memory	directly	but	emerge	from	the	activation	of	several	traces	during	retrieval.	(doi:10.1017/S0142716403000201)	Crossref,	ISI,	Google	Scholar52Dreyer	FR,	Pulvermüller	F.	In	Göbel	et	al.	Leave-one-out	information	criterion	=	12919.75,	s.e.	=	83.21.	Finally,
because	ACs	are	heterogeneous	and	complex,	language	can	help	us	process	them.	1979Individualism	and	the	mental.	Similarly,	association	areas	in	the	supramarginal	gyrus	of	the	parietal	lobe	could	link	objects	with	the	actions	used	to	manipulate	them	along	particular	spatial	trajectories.	2004A	comparative	study	of	figurative	language	in	children
with	autistic	spectrum	disorders.	None	knew	any	language	with	different	RWD.The	only	difference	with	Experiment	2	was	that	the	frames	were	presented	one	by	one	at	the	centre	of	the	screen	for	2	s,	thereby	eliminating	the	possibility	of	scanning	through	them.	(doi:10.1111/desc.12549)	Crossref,	ISI,	Google	Scholar20Dove	G.	20,	1019–1025.	Neural
Comput.	Biological	influences,	for	example,	could	naturally	draw	attention	to	certain	kinds	of	temporal	co-occurrences	that	have	been	evolutionarily	significant.	4,	145–166.	1996From	‘thought	and	language’	to	‘thinking	for	speaking’.	28,	1439–1452.	6,	1246.	For	example,	the	word	‘unicorn’	can	be	learned	without	ever	seeing	such	an	imaginary
animal,	but	through	the	definition	‘unicorn	is	horse	with	horn’,	where	the	grounded	meanings	of	‘horse’	and	‘horn’,	previously	learned	via	direct	grounding,	can	be	transferred	to	the	new	word.	Production	of	meaningful	gestures	for	abstract	words	could	provide	novel	insight	into	the	representation	of	abstract	concepts.	Most	striking,	perhaps,	is	the
finding	that	people	rarely	report	olfactory	imagery	from	their	spontaneous	conscious	experiences:	when	participants	are	asked	to	report	imagery	they	experience	on	the	hour,	every	hour,	visual	images	abound,	occurring	around	60%	of	the	time;	but	olfactory	imagery	appears	as	little	as	1%	of	the	time	[10].	The	main	effect	of	group	was	significant	(LR
for	model	including	the	main	effect	=	−1065.5;	LR	for	model	not	including	it	=	−1068.9;	LRtest	=	6705,	p	=	0.010).	Between	these	two	extremes	it	is	possible	to	consider	different	levels	of	abstractness.	1,	123–132.	2016In	defense	of	abstract	conceptual	representations.	In	terms	of	relative	importance,	interoception	dominated	more	concepts	than
taste,	smell	and	touch	combined,	but	fewer	than	hearing	or	vision	(table	1);	the	pattern	of	dominance	across	the	five	traditional	modalities	was	consistent	with	previous	findings	[5,15].	Evidence	of	other	embodied	metaphors—such	as	understanding	morality	in	terms	of	cleanliness	[111],	power	in	terms	of	verticality	[112,113]	and	similarity	in	terms	of
closeness	[114,115]—has	also	been	found.Viewing	language	as	a	neuroenhancement	predicts	that	the	cognitive	scaffolding	due	to	conceptual	metaphor	will	be	somewhat	circumscribed,	because	it	treats	metaphor	as	just	one	of	the	ways	in	which	language	can	augment	cognition.	Boca	Raton,	FL:	CRC	Press.	2007Assessing	understanding	and	appraisal
during	emotional	experience.	1994Making	it	explicit:	reasoning,	representing,	and	discursive	commitment.	(doi:10.1016/S0022-5371(67)80149-X)	Crossref,	Google	Scholar43Reber	AS.	The	first	part	involves	outlining	an	expanded	notion	of	embodiment	that	emphasizes	the	flexible	character	of	the	distributed	representations	employed	in	conceptual
tasks.	How	do	we	ever	get	from	core	knowledge,	such	as	knowledge	of	animacy	and	basic	event	structure,	to	the	categories	‘picked	out’	by	the	thousands	of	abstract	words	we	use	every	day?One	solution	to	the	problem	of	abstract	meanings	is	to	turn	to	language	[28,41–45].	(doi:10.17605/OSF.IO/F83AU)	Google	Scholar123Thompson	RL,	Vinson	DP,
Vigliocco	G.	Glasgow,	UK:	Jackson,	Son	&	Co.	Google	Scholar127Williams	JM.	(doi:10.1098/rstb.2003.1319)	Link,	ISI,	Google	Scholar8Connell	L,	Lynott	D.	(doi:10.1016/j.cortex.2017.10.021)	Crossref,	PubMed,	ISI,	Google	Scholar53Sloman	SA,	Rabb	N.	7,	402.	(doi:10.1016/j.actpsy.2015.02.009)	Crossref,	PubMed,	ISI,	Google	Scholar65Matheson	HE,
White	N,	McMullen	PA.	Additional	embodied	strategies,	such	as	gestures	and	finger	use,	can	be	exploited	to	acquire	abstract	numerical	concepts.Abstract	words	are	used	in	daily	conversations	among	people	to	communicate	and	describe	events	and	situations	that	occur	in	their	social	and	physical	environment.	Gentner	[70–72]	argued	that	abstraction
requires	the	use	of	analogy	and	that	analogy	at	a	structural	level	is	promoted	by	using	language.	The	same	children	participated	in	both	tasks.	Furthermore,	the	negative	definition	of	abstract-LIT	concepts	as	not	being	bounded	physical	entities	perceptible	in	the	external	world	is	again	not	as	informative	as	a	positive	definition	would	be.	In	Symbols,
embodiment,	and	meaning	(eds	De	Vega	M,	Glenberg	AM,	Graesser	AC),	pp.	2,	328.	Google	Scholar78Dove	G.	(doi:10.1111/tops.12102)	Crossref,	PubMed,	ISI,	Google	Scholar38Borghi	AM,	Binkofski	F.	2013The	role	of	affordances	for	working	memory	for	objects.	In	India,	white	symbolizes	purity,	divinity,	detachment	and	serenity.	2016Making	sense
of	words:	a	robotic	model	for	language	abstraction.	61,	905–919.	The	non-animal	words	were	our	critical	items:	abstract,	concrete	and	emotional	words.	The	first	is	that	resemblance	between	words	and	meanings	is	only	possible	for	a	very	small	range	of	meanings,	e.g.	imitations	of	sounds	in	speech	and	imitations	of	shapes	in	gesture	[113].	For
example,	for	numerical	concepts	the	capacity	for	tracking	analogue	magnitudes	[5],	shared	with	non-human	animals,	is	important.	118,	53–71.	As	a	consequence,	past	situational	experiences	play	significant	roles	in	situated	action,	especially	in	familiar	situations.	(doi:10.1016/j.concog.2010.09.020)	Crossref,	PubMed,	ISI,	Google	Scholar42Reber	AS.
Google	Scholar100Putnam	H.	2014Prelinguistic	infants	are	sensitive	to	space-pitch	associations	found	across	cultures.	Ocean.	(doi:10.1080/01690960344000026)	Crossref,	Google	Scholar14Barsalou	LW.	2013Evidence	for	automatic	accessing	of	constructional	meaning:	Jabberwocky	sentences	prime	associated	verbs.	The	lexical	decision	does	not
require	language	production	although	it	provides	a	more	indirect	window	into	children's	knowledge	of	the	word.Eighteen	children	with	DLD	(14	males;	mean	age	=	10.03,	s.d.	=	1.76)	were	recruited	from	schools	in	southeast	England.	2003The	transfer	of	abstract	principles	governing	complex	adaptive	systems.	Indeed,	while	concrete	words	refer	to
material	and	tangible	entities	that	can	be	perceived	through	senses,	abstract	concepts	have	weaker	perceptual	constraints	with	sensorimotor	experience	and	physical	referents.	As	Gentner	[70–72]	has	argued,	language	may	be	critical	for	comparison,	especially	when	situations	do	not	share	many	superficial	features.	1999Perceptual	symbol	systems.
(doi:10.3758/s13421-012-0285-2)	Crossref,	PubMed,	ISI,	Google	Scholar14Page	AG,	McManus	C,	González	CP,	Chahboun	S.	(doi:10.1146/annurev-neuro-071013-013950)	Crossref,	PubMed,	ISI,	Google	Scholar29Borghi	AM,	Binkofski	F,	Castelfranchi	C,	Cimatti	F,	Scorolli	C,	Tummolini	L.	2000Metaphoric	structuring:	understanding	time	through
spatial	metaphors.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointThis	study	suggests	that	perceived	differences	in	concept	kinds	depend	not	only	on	content	but	also	on	mechanisms,	such	as	interoception	and	language	activation.	This	suggests	that	sensorimotor	simulations	are	not	essential	for	the	semantic
processing	of	these	idioms	and	fits	with	the	notion	that	they	are	‘frozen’	metaphors	whose	content	is	stored	by	means	of	linguistic	associations.One	potential	objection	to	the	disruptive	technology	view	is	that	it	seems	to	require	a	commitment	to	linguistic	relativism	(the	idea	that	the	natural	language	one	possesses	influences	the	thoughts	one	is	likely
to	have).	Inst.	Being	linked	to	different	analogue	magnitudes	will	help	to	distinguish	one	number	concept	from	another,	but	is	unlikely	to	be	enough	on	its	own,	because	the	analogue	magnitude	system	tracks	numerosity	only	approximately.Susan	Carey's	account	of	the	acquisition	of	natural	number	concepts	relies	on	another	non-conceptual	system,
the	object	file	system	for	tracking	small	numbers	of	objects	[7].	A	common	way	to	distinguish	between	concrete	and	abstract	concepts	is	to	refer	to	their	concreteness.	1975Thought	and	talk.	34,	752–775.	1990Movement-related	neuronal	activity	selectively	coding	either	direction	or	muscle	pattern	in	three	motor	areas	of	the	monkey.	This	suggests
that	odour	representations	are	fragile.Similarly,	odours	appear	difficult	to	verbalize	[5,11–16].	Thus,	the	patterns	that	are	extracted	can	be	rather	simple	(frequency	count),	or	more	complex	(conditional	probabilities).	74).	(doi:10.1016/j.neuroimage.2011.11.011)	Crossref,	PubMed,	ISI,	Google	Scholar121Desai	RH,	Binder	JR,	Conant	LL,	Mano	QR,
Seidenberg	MS.	A	paradigm	example	is	the	replacement	of	Newtonian	physics	with	relativity	and	quantum	mechanics.	Indeed,	language	acquisition	literature	shows	how	infants	display	remarkable	pattern-learning	qualities	[44,46].Such	extracted	regularities	serve	as	anticipatory	competencies	and	have	important	adaptive	functions	in	that	they
prepare	us	to	meaningfully	relate	and	act	upon	the	ever-changing	dynamic	features	of	our	world	to	the	extent	that	we	can	make	them	predictable	(regulatory	anticipation).	Cognition	106,	1382–1407.	39,	1764–1801.	In	deeper	tasks,	sensory-motor	simulations	become	more	important.	Google	Scholar22Tikhanoff	V,	Cangelosi	A,	Fitzpatrick	P,	Metta	G,
Natale	L,	Nori	F.	M	=	32	years.	1997British	picture	vocabulary	scale,	2nd	edn.	677–692.	2011A	working	memory	account	for	spatial-numerical	associations.	The	acquisition	of	a	natural	language	not	only	expands	our	access	to	information	about	the	world,	but	also	serves	a	neuroenhancement	by	providing	a	new	medium	of	embodied	thought.This
article	has	no	additional	data.I	declare	I	have	no	competing	interests.I	received	no	funding	for	this	study.FootnotesOne	contribution	of	23	to	a	theme	issue	‘Varieties	of	abstract	concepts:	development,	use	and	representation	in	the	brain’.References1Clark	A.	Our	ability	to	detect	odours	is	so	keen	that	the	odorant	ethyl	mercaptan	(which	gives	gas	its
distinctive	smell)	can	be	detected	at	concentrations	equivalent	to	three	drops	diluted	in	an	Olympic-size	swimming	pool	[5].Despite	evidence	of	humans	having	such	keen	noses,	it	has	been	claimed	that	like	other	abstract	domains—such	as	time	or	emotion—odours	are	difficult	to	conceptualize.	Similarly,	the	object	network	produces	conceptualizations
of	objects,	such	as	sofa,	computer	and	car;	the	action	network	produces	conceptualizations	of	actions,	such	as	sit,	search	and	drive.	Leipzig,	Germany:	JA	Barth.	Children	may	observe	this	pattern	repeatedly	and	draw	conclusions	on	causality.	This	metacognitive	belief	about	the	word	will	also	serve	to	make	the	associated	concept	work	deferentially.
The	inclusion	of	both	age-	and	vocabulary-matched	control	groups	allows	us	to	assess	both	quantitative	and	qualitative	differences	in	knowledge	of	words:	the	comparison	with	age-matched	TD	children	can	tell	us	whether	DLD	children	show	any	quantitative	difference	from	their	peers.	For	example,	in	Carey's	account	of	natural	number	concepts
discussed	above	[7],	part	of	what	grounds	the	concept	six	is	that,	if	you	add	one	object	to	a	collection	of	six	objects,	you	get	a	collection	that	falls	under	the	concept	seven.	129–163.	The	main	effect	of	group	was	significant	(LR	for	the	model	including	the	main	effect	of	group	=	−1003.1;	LR	for	the	model	not	including	it	=	−1006.8;	,	p	=	0.007),	with
definitions	from	TDage	children	rated	as	more	accurate	overall	than	those	provided	by	their	DLD	peers.	Guttenplan	S),	pp.	Neural	areas	for	emotion	processing	that	track	these	valence	differences	[10]	mark	a	distinction	between	abstract	concepts.	2010Body-specific	representation	of	action	words:	neural	evidence	from	right-	and	left-handers.
Completely	disembodied	theories,	on	the	other	hand,	locate	concepts	in	amodal	systems	and	view	sensorimotor	activations	as	epiphenomenal	consequences	of	conceptual	processing	[37,66].	We	hypothesize	that	this	form	of	metacognition	increases	with	the	increase	of	the	abstractness	level,	and	that	it	might	explain	the	activation	of	the	mouth	motor
representation.	These	verbal	utterance	results	are	similar	to	those	reported	by	Barsalou	&	Wiemer-Hastings	[9],	despite	the	fact	that	the	two	studies	involved	different	items,	different	numbers	of	items	and	different	task	demands.	2011Metaphors	we	think	with:	the	role	of	metaphor	in	reasoning.	Crossref,	PubMed,	ISI,	Google	Scholar47Rakison	DH,
Krogh	L.	New	York,	NY:	Holt	Reinhart	&	Winston.	22,	253–336.	RG11715C7F1549F7,	Sapienza	University	of	Rome,	2017.We	would	like	to	thank	Cristiano	Castelfranchi,	Felice	Cimatti,	Elena	Daprati,	Marco	Tullio	Liuzza,	Luisa	Lugli,	Claudia	Mazzuca,	Daniele	Nico,	Domenico	Parisi,	Giovanni	Pezzulo,	Claudia	Scorolli,	Caterina	Villani	and	Giandaniele
Zannino	for	their	collaboration	and	continual	discussions	on	this	topic.FootnotesOne	contribution	of	23	to	a	theme	issue	‘Varieties	of	abstract	concepts:	development,	use	and	representation	in	the	brain’.References1Crutch	SJ,	Troche	J,	Reilly	J,	Ridgway	GR.	1989Time-locked	multiregional	retroactivation:	a	systems-level	proposal	for	the	neural
substrates	of	recall	and	recognition.	2002North	American	adult	reading	test:	age	norms,	reliability,	and	validity.	2006Lexical	concepts,	cognitive	models	and	meaning	construction.	Why?There	are	two	common	arguments	for	why	language	is	not	more	iconic	than	it	is.	138–164.	2014Mirror	reading	can	reverse	the	flow	of	time.	(doi:10.1037/0022-
3514.93.5.699)	Crossref,	PubMed,	ISI,	Google	Scholar15Sherman	GD,	Clore	GL.	140,	14.	5,	18248.	1983Differential	context	effects	in	the	comprehension	of	abstract	and	concrete	verbal	materials.	2011The	cultural	number	line:	a	review	of	cultural	and	linguistic	influences	on	the	development	of	number	processing.	This	section	has	argued	that
deference	is	not	simply	deference	to	experts,	but	can	be	deference	to	a	wider	social	process	in	which	no	individual	is	an	expert;	and	also	that	other	forms	of	metacognition	about	concepts	are	involved	in	this	process.	(doi:10.3758/BF03196313)	Crossref,	PubMed,	ISI,	Google	Scholar11Glenberg	AM,	Sato	M,	Cattaneo	L,	Riggio	L,	Palumbo	D,	Buccino	G.
162,	401–419.	Conversely,	when	people	generate	features	of	abstract-LIT	concepts,	they	typically	generate	external	elements	of	the	situations	to	which	they	apply.The	situated	conceptualization	framework	naturally	explains	these	two	findings.	(Transl.	Thus,	the	image	schema	might	be	a	multimodal	or	supramodal	representation	of	space	and	it	must
be	devoid	of	specific	sensory-motor	experiences	in	order	to	map	it	onto	an	abstract	concept	such	as	power	[34].Finally,	the	idea	that	image	schemas	are	central	to	abstract	concepts	presents	some	logical	problems.	18,	442–447.	They	accomplish	this	by	accounting	for	subject	and	item	level	variation	in	the	tendency	to	make	utterances	and	gestures	of
each	type,	and	in	the	effects	of	word	type	and	trial	accuracy.	2011How	numbers	bias	preschoolers'	spatial	search.	1999Sexual	selection	by	male	choice	in	monogamous	and	polygynous	human	populations.	2017Working	memory	and	developmental	language	impairments.	The	prediction	was	that	participants	would	choose	the	light	or	white	objects	for
female	target	persons	and	vice	versa	for	male	target	persons.	2007Identification	and	classification	of	hubs	in	brain	networks.	(doi:10.1098/rstb.2017.0137)	Link,	ISI,	Google	Scholar2Borghi	AM,	Binkofski	F,	Castelfranchi	C,	Cimatti	F,	Scorolli	C,	Tummolini	L.	1986Thought	and	language.	In	contrast	to	concrete	concepts,	abstract	concepts	are	usually
defined	negatively	as	not	being	bounded	physical	entities	perceptible	in	the	external	world,	and	respectively,	as	being	below	some	scale-threshold	for	concreteness.	They	became	progressively	more	scrambled	from	B	to	C,	all	the	way	down	to	the	version	that	was	entirely	ambiguous.	(doi:10.1037/0278-7393.20.5.1196)	Crossref,	ISI,	Google
Scholar40Schwanenflugel	PJ,	Shoben	EJ.	(doi:10.1111/j.1467-9655.2006.00271.x)	Crossref,	Google	Scholar85Diffloth	G.	1929Roman	Jakobson--selected	writings	I:	phonological	studies.	2012The	source	and	magnitude	of	sound-symbolic	biases	in	processing	artificial	word	material	and	their	implications	for	language	learning	and	transmission.	Some
available	neural	evidence	supports	this	prediction.	100,	150–162.	(doi:10.1016/j.jcps.2013.09.003)	Crossref,	ISI,	Google	Scholar2van	den	Berghe	PL,	Frost	P.	That	is,	data	from	gestural	behaviour	in	the	present	study	are	consistent	with	the	notion	that	underlying	spatial	image	schemas	were	activated	along	with,	or	as	part	of,	the	linguistic	system.The
fact	that	rates	of	metaphoric	gesture	were	higher	for	abstract	than	for	concrete	words	is	consistent	with	the	predictions	we	derived	from	Conceptual	Metaphor	Theory.	A	follow-up	study	finds	that	prelinguistic	infants	are	sensitive	to	both	the	pitch–height	and	the	pitch–thickness	mappings	[137].Metaphor	is	often	taken	as	just	another	data	point	in	the
larger	case	for	embodied	cognition.	18(Strüngmann	Forum	Reports)	(ed.	(doi:10.1080/0301446021000019144)	Crossref,	PubMed,	ISI,	Google	Scholar33Ihara	Y,	Aoki	K.	(doi:10.1037/a0021446)	Crossref,	PubMed,	ISI,	Google	Scholar30Vigliocco	G,	Kousta	S-T,	Della	Rosa	PA,	Vinson	DP,	Tettamanti	M,	Devlin	JT,	Cappa	SF.	2003Natural-born	cyborgs.
Interoceptive	strength	was	highest	for	fear,	followed	by	sadness,	happiness,	love,	anger,	disgust	and	surprise.	It	was	often	the	concrete	words	that	had	particularly	low	numbers	of	observations	in	certain	categories.	Many	interoceptively	dominant	concepts	related	to	the	domains	of	sensation	that	are	typically	associated	with	interoception	in	the
perceptual	and	neuroimaging	literature,	including	cardiovascular	(e.g.	heart,	heartbeat,	bloodstream),	pulmonary	(e.g.	breathing,	asphyxiation,	inhale),	gastrointestinal	(e.g.	hunger,	thirst,	nausea),	thermoregulatory	(e.g.	cool	down,	warmness,	heatwave),	genitourinary	(e.g.	orgasm,	urination,	ejaculate)	and	pain	(e.g.	painful,	agony,	bellyache)
systems.	(doi:10.1093/cercor/bht025)	Crossref,	PubMed,	ISI,	Google	Scholar13Ponari	M,	Norbury	C,	Vigliocco	G.	A	hope	is	something	you	want	to	happen.	21,	1215–1219.	2000Semantic	representation	and	ease	of	predication.	Results	showed	that	attempts	to	convey	the	meanings	of	abstract	words	involved	more	metaphorical	and	beat	gestures,
whereas	communication	about	concrete	word	meanings	involved	more	iconic	gestures.	And	so,	although	it	is	certainly	possible	that	conceptual	representations	of	such	abstract	meanings	are	entirely	independent	of	language,	it	should	give	us	pause	that	probing	people's	knowledge	about	these	concepts	seems	to	require	language.According	to	the
Brysbaert	et	al.'s	[29]	concreteness	norms,	the	concreteness	values	of	freedom,	democracy	and	justice	(1	=	most	abstract;	5	=	most	concrete)	are,	respectively,	2.34,	1.78	and	1.45.	of	letters)6.33(1.32)6.22(1.09)0.1940.848 valenceb4.90(1.47)5.08(1.42)0.2720.789 age	of	acquisitionc10.71(0.78)10.74(0.47)0.0790.938 CBBC
frequencyd3.26(0.74)3.05(0.52)0.6800.506 familiaritya430.56(60.0)448.38(56.19)0.6300.538Among	these	72	words,	24	(12	abstract	and	12	concrete)	were	shared	between	the	two	tasks;	24	(12	abstract	and	12	concrete)	were	used	for	the	definitions	task	only,	and	the	remaining	24	were	used	for	the	auditory	lexical	decision	task	only.	Evol.
(doi:10.1016/j.jphysparis.2008.03.004)	Google	Scholar28Caramazza	A,	Anzellotti	S,	Strnad	L,	Lingnau	A.	Furthermore,	there	are	also	groups	of	people,	such	as	high	functioning	individuals	with	an	autism	spectrum	disorder,	that	acquire	abstract	concepts	despite	experiencing	pronounced	difficulties	with	metaphors	[119].According	to	the	proposal
under	consideration,	our	use	of	metaphoric	simulations	should	be	context-sensitive	and	task-specific.	Words	as	unmotivated	cues.	20,	307–311.	8,	408–424.	Neurophysiol.	Crossref,	Google	Scholar73Eco	U.	The	set	had	a	randomized	combination	of	two	male	names,	two	female	names	and	four	nouns.	However,	an	extension	is	necessary	to	account	for
causal	learning	by	action	observation	(see,	for	example,	[51]).	(doi:10.1017/S0140525X00005756)	Crossref,	ISI,	Google	Scholar14Harnad	S.	2008Segmenting	dynamic	human	action	via	statistical	structure.	1992Understanding	motor	events:	a	neurophysiological	study.	While	these	results	are	all	correlational,	a	growing	number	of	studies	show	that
perceptual,	motor	and	affective	systems	are	causally	involved	in	language	understanding.	898–903.	The	experimental	stimuli	consisted	of	a	set	of	24	names,	half	of	which	were	typical	Portuguese	male	names	and	the	other	half	female	names.The	participants	took	part	in	a	computer-administered	task,	where	they	were	instructed	to	classify,	as	fast	and
as	accurately	as	possible,	whether	the	name	they	saw	on	the	monitor	was	a	male	or	a	female	name.	681422).I	thank	James	Hampton,	Jake	Quilty-Dunn,	Joulia	Smortchkova,	Sapphira	Thorne,	and	two	reviewers	for	helpful	comments	on	the	paper.Footnotes1	I	use	small	capitals	when	naming	concepts,	and	sometimes	italics	to	emphasize	when	I	am
talking	about	a	property;	here	the	property	an	action,	event	or	relation	has	when	it	is	fair.2	People	seem	to	assume	that	they	have	direct	access	to	distinctive	characteristics	for	which	they	in	fact	need	to	draw	on	an	expert	[23],	but	that	illusion	is	not	required	for	the	characteristic	encoded	by	the	expert	to	play	the	role	of	a	distinctive	grounding
characteristic.One	contribution	of	23	to	a	theme	issue	‘Varieties	of	abstract	concepts:	development,	use	and	representation	in	the	brain’.©	2018	The	Authors.Published	by	the	Royal	Society	under	the	terms	of	the	Creative	Commons	Attribution	License	which	permits	unrestricted	use,	provided	the	original	author	and	source	are
credited.References1Lupyan	G,	Winter	B.	In	each	case,	an	associative	relation	develops	between	a	stimulus	and	a	sense	of	self-relevance	that	later	causes	perception	of	the	stimulus	to	activate	self-relevance	as	a	pattern	completion	inference.A	wide	variety	of	other	important	integrative	relations	in	situations	could	emerge	similarly.	Planned
comparisons	showed	that,	for	female	names,	participants	were	more	accurate	when	these	where	presented	in	white	(M	=	0.86,	s.e.	=	0.05)	than	in	black	(M	=	0.83,	s.e.	=	0.06),	t35	=	3.30,	p	=	0.003,	dz	=	0.55.	Amsterdam,	the	Netherlands:	John	Benjamins	Publishing	Company.	Example	words	in	this	part	of	the	concrete/abstract	distribution	are
extrovert,	uncomfortable,	innovating,	immodest	and	flamboyant.Even	more	striking	results	are	obtained	if	we	run	the	same	analysis	on	a	dataset	in	which	abstractness	and	concreteness	are	operationalized	in	terms	of	sensory	experience.	Abstract	words	with	iconicity	values	below	the	25th	percentile	were	classified	as	‘abstract’	with	86%	accuracy.
The	grounding	of	abstract	action	words	is	achieved	through	the	integration	of	the	linguistic,	perceptual	and	motor	input	modalities,	recorded	from	the	iCub	sensors,	in	a	three-layer	RNN	model.	2016The	emergence	of	reasoning	by	the	disjunctive	syllogism	in	early	childhood.	Novel	lexical	terms	can	be	continually	acquired	throughout	the	course	of	the
robot's	development	through	new	sensorimotor	interactions	with	the	environment	to	which	correspond	new	linguistic	descriptions.At	the	end	of	the	training,	the	robot	is	able	to	perform	the	behaviour	triggered	by	the	linguistic	description	and	the	perceived	object.Number	cognition,	such	as	the	understanding	and	use	of	number	words	(e.g.	one,	two,
twenty)	and	of	fuzzy	quantifiers	(few,	some,	many),	and	the	manipulations	of	these	numbers	(from	addition	and	multiplication	to	complex	calculus)	are	another	key	example	of	abstract	concepts	and	how	embodiment	strategies	are	used	in	the	early	developmental	stages.	The	prediction	was:	if	gender	is	marked	by	the	brightness	dimension,	then	in	the
case	of	the	‘blob’	condition	participants	would	more	frequently	interpret	and	classify	the	black	blob	as	a	male	name	and	the	white	blob	as	a	female	name.	Further	development	of	the	Piaget	model	incorporates	perception	mechanisms	of	the	motor	act	itself,	thus	interlinking	it	with	the	motor	act	representation	(mirror-Piaget	model).	In	a	similar
manner,	simulations	of	non-present	situations	are	re-enacted	within	the	same	situation	processing	architecture.4Finally,	we	assume	that	BASPA	feeds	are	processed	in	two	manners	[15,16].	In	Language	acquisition	and	conceptual	development	(eds	Bowerman	M,	Levinson	SC),	pp.	Finger	counting	provides	a	key	grounding	for	number	learning	[37],



and	children	start	to	count	on	their	fingers	earlier	than	they	start	reading	[38].	Psychiatry	7,	121.	(doi:10.1016/j.jecp.2013.07.013)	Crossref,	PubMed,	ISI,	Google	Scholar34Koerber	S,	Sodian	B.	As	Borghi	et	al.	2011Tasting	shapes	and	words.	I	revise	my	conception	when	faced	with	someone	who	knows	better.	The	participants’	task	was	to	classify,	as
fast	and	as	accurately	as	possible,	whether	the	name	they	saw	on	the	monitor	was	a	male	or	a	female	name	by	pressing	one	of	two	keys	on	a	button-box	(counterbalanced).	Google	Scholar45Dummett	M.	Thus,	current	neural	models	for	interoception	suggest	that	the	insula	is	the	critical	cortical	region	for	the	formation	of	an	integrated	interoceptive
representation.	All	Jahai	still	pursue	traditional	foraging,	although	they	reside	in	a	resettlement	village	much	of	the	time,	and	so	are	exposed	to	modernity.	Moreover,	this	distinctive	interoceptive	information	offers	a	potential	means	of	grounding	a	wide	variety	of	concept	types	that	would	otherwise	have	been	misinterpreted	as	lacking	perceptual
information.Across	a	number	of	related	measures,	interoception	was	more	strongly	associated	with	abstract	concepts	than	concrete	concepts.	25,	833–852.	Zalta	EN),	Retrieved	from	.	Table	3.Log	Bayes	factors	(BF)	for	regression	model	comparisons	of	each	maximum	perceptual	strength	predictor	against	the	null	(lexical)	model,	and	for	the	inclusion
of	interoception	against	its	exclusion,	for	standardized	RT	and	accuracy	in	lexical	decision	and	word	naming	tasks.lexical	decisionword	namingmaximum	perceptual	strengthmodel	comparisonRTaccuracyRTaccuracyfive	traditional	modalitiesBF10100.97836.83443.33548.978six	modalities	including
interoceptionBF20137.94958.10158.19463.984benefit	of	interoceptionBF21	36.79121.26714.85915.006In	a	series	of	exploratory	analyses	on	a	megastudy	dataset,	we	examined	the	role	of	interoception	in	the	perceptual	grounding	of	concepts.	A	person	never	exposed	to	the	various	ways	that	English	speakers	use	this	word	would	certainly	lack	the
relevant	wordmeaning.	Indeed,	there	is	mounting	evidence	for	the	involvement	of	sensorimotor	systems	in	the	processing	of	concrete	words	(e.g.	[5,6]),	and	many	theories	of	conceptual	representation	assume	a	tight	coupling	between	sensorimotor	and	conceptual	systems	(e.g.	[7];	for	a	review	see	[8]).	One	participant	failed	to	follow	the	instructions
and	was	replaced	(mean	age	20.2	years;	7	males;	3	left-handed	in	the	final	sample).	8,	396–403.	Google	Scholar29De	La	Cruz	V,	Di	Nuovo	A,	Di	Nuovo	S,	Cangelosi	A.	In	general,	however,	people	find	it	easier	to	notice	similarities	between	two	situations	at	superficial	levels,	such	as	objects	they	have	in	common,	than	at	structural	levels,	such	as
relations	between	entities	[70,74].	2014Evidence	for	frames	from	human	language.	85–116.	Throughout	the	session,	an	overhead	camera	recorded	a	bird's-eye	view	of	the	participant's	hands.	Percept.	2007Causal	learning:	psychology,	philosophy,	and	computation.	Such	motor	strategies	allow	the	learning	agent	to	map	abstract	concepts	as	ordered
numbers	into	embodied	concepts	as	finger	sequences.At	the	two	extremes	of	the	concrete/abstract	continuum	view	of	concepts,	there	are	strongly	concrete	and	perceivable	words,	such	as	‘pencil’	and	‘push’,	and	very	abstracts	ones	such	as	‘democracy’	and	‘freedom’.	The	first	points	to	apparent	‘perceptual	simulations'	that	appear	to	be	formed	in	the
course	of	processing	language.	2016Three	symbol	ungrounding	problems:	abstract	concepts	and	the	future	of	embodied	cognition.	This	distinctive	grounding	characteristics	problem	will	be	my	focus	here.	Prefer.	Words	act	initially	as	distinctive	characteristics	based	on	deference	to	information	in	the	linguistic	community.	Comput.	1997Thematic
roles	as	verb-specific	concepts.	The	standard	group	in	Experiment	2	produced	more	L–R	models	than	the	standard	group	in	Experiment	1	(M	=	74.9%,	s.d.	=	35.3;	Wald	χ2	=	25.6,	p	<	0.001,	odds	ratio	=	2.9,	95%	CI	=	[1.92,	4.4]).	A	particularly	clear	definition	of	concreteness	comes	from	Brysbaert	et	al.	This	suggests	abstract	odour	vocabulary	is
less	grounded	in	multi-modal	sensory	experience.	(Top	panel)	Types	of	strategies	used	to	describe	odours	by	Jahai	and	Dutch	participants,	and	(bottom	panel)	time	taken	to	name	odours	by	language	and	participant.	The	same	option	is	not	readily	available	for	assessing	the	knowledge	of	abstract	words.	682848)	to	L.C.We	thank	Marc	Brysbaert	for
contributions	to	the	planning	and	methods	of	data	collection,	James	Carney	for	data	collection	and	compilation	and	David	Balota	for	permission	to	include	data	from	the	English	Lexicon	Project	in	the	dataset	we	deposited	for	Study	3.FootnotesOne	contribution	of	23	to	a	theme	issue	‘Varieties	of	abstract	concepts:	development,	use	and	representation
in	the	brain’.References1Barsalou	LW.	For	example,	mental	state	concepts	probably	draw	on	the	mentalizing	system,	just	as	numerical	concepts	draw	on	the	analogue	magnitude	system	[20].The	picture	I	have	presented	so	far	expands	well	beyond	the	sensorimotor,	grounding	abstract	concepts	in	other	domain-specific	systems	like	those	dealing	with
numerosity,	affect	and	mental	states,	all	potentially	structured	by	connections	given	to	us	in	language.	In	Proceedings	of	the	31st	annual	conference	of	the	cognitive	science	society	(eds	Taatgen	N,	van	Rijn	H),	pp.	Within	the	situated	conceptualization	framework,	pattern	completion	inferences	underlie	these	predictions.	23,	461–485.	Relatedly,
Wiemer-Hastings	&	Xu	[9]	found,	in	a	property	generation	task,	that	abstract	concepts	were	associated	with	more	introspective	and	situational	features	than	concrete	concepts.How	does	the	affective	processing	involved	in	using	an	abstract	concept	help	ground	the	concept?	The	interval	between	frames	lasted	2	s.	26,	429–433.
(doi:10.1126/science.aaf0941)	Crossref,	PubMed,	ISI,	Google	Scholar64Harnad	S.	(doi:10.1007/BF02478259)	Crossref,	Google	Scholar31Gopnik	A,	Glymour	C,	Sobel	DM,	Schulz	LE,	Kushnir	T,	Danks	D.	We	cannot	simply	show	people	a	picture	of	these	entities,	precisely	because	they	have	no	immediately	perceptible	physical	manifestation.	Children
were	divided	in	groups	depending	on	how	long	they	had	been	using	the	pacifier	(never,	until	age	2,	until	age	3,	beyond	3	years).	In	a	scenario	in	which	a	person	is	interacting	with	a	set	of	tools,	the	meaning	of	‘use’	is	specified	by	the	particular	tool	employed	during	the	interaction	(e.g.	‘use	a	knife’,	‘use	a	brush’),	while	the	meaning	of	‘make’	depends
on	the	outcome	of	interactions	(e.g.	‘make	a	slice’,	‘make	a	hole’).Different	views	have	been	proposed	on	the	representation	of	abstract	concepts	and	words.	Further	investigation	is	necessary	to	determine	if	the	iconicity	effect	we	observed	here	is,	in	fact,	limited	to	abstract	words.	Just	postulating	different	amodal	symbols	for	fear	and	anger	does	not
yet	answer	the	question	of	what	is	distinctive	of	one	vis-à-vis	the	other	so	as	to	be	the	basis	of	reference	determination.	31,	125–146.	7,	23–40.	(doi:10.1017/S0140525X15001247)	Crossref,	PubMed,	ISI,	Google	Scholar15Lakoff	G,	Johnson	M.	1969The	psychology	of	the	child.	Trends	Cogn.	2010Neural	representation	of	abstract	and	concrete	concepts:
a	meta-analysis	of	neuroimaging	studies.	91,	176–180.	Table	1	shows	the	data	pattern.	Methods	41,	977–990.	Finally,	when	people	imagine	situations	that	aren't	present—recollecting	the	past,	assessing	counterfactuals	to	the	present,	projecting	themselves	into	the	future—they	simulate	these	events	as	situated	conceptualizations,	again	drawing	on
memories	of	past	situational	experiences.Most	basically,	we	define	a	situation	as	a	setting	where	agents	encounter	other	agents,	objects	and	events,	which	activate	goals,	affect	and	bodily	states,	leading	to	actions	and	outcomes.	(doi:10.1111/tops.12102)	Crossref,	PubMed,	ISI,	Google	Scholar3Dove	G.	2015How	space-number	associations	may	be
created	in	preliterate	children:	six	distinct	mechanisms.	That	is,	while	situations	are	important	to	both	concrete	and	abstract	meanings,	the	nature	of	the	situations	differs.	(doi:10.1016/j.jphysparis.2008.03.014)	Crossref,	PubMed,	Google	Scholar9Boroditsky	L,	Ramscar	M.	In	order	to	quantify	the	distinctness	of	interoceptive	information,	we	ran
principal	components	analysis	across	all	six	modalities	and	examined	how	the	extracted	components	incorporated	each	original	variable.	(doi:10.1016/j.cogpsych.2014.10.001)	Crossref,	PubMed,	ISI,	Google	Scholar41Saffran	JR,	Aslin	RN,	Newport	EL.	Google	Scholar31Reese	E,	Haden	CA,	Baker-Ward	L,	Bauer	P,	Fivush	R,	Ornstein	PA.	Second,	once
a	situated	conceptualization	is	constructed	to	support	situated	action,	it	is	superimposed	on	long-term	memory,	making	it	available	for	use	in	future	situations.	3,	303–345.	But,	what	is	the	experiential	origin	of	these	mental	lines?	To	the	extent	that	these	latter	elements	participate	in	further	relations	mediated	by	other	association	areas,	they	in	turn
activate	additional	situational	elements.	Inter-rater	agreement	was	excellent	for	each	modality	(Cronbach's	αs	greater	than	0.9).	For	instance,	the	word	likelihood	is	one	that	Hostetter	and	Alibali	would	have	suggested	is	probably	not	understood	via	image	schema	or	action	simulation	since	the	word	has	‘…no	clear	relation	to	the	metaphor	of	physical
forces…’	(p.	Andrews	et	al.	(doi:10.1016/S0065-2601(04)36002-8)	Crossref,	ISI,	Google	Scholar24Semin	GR,	Smith	ER.	For	instance,	the	five	most	concrete	interoceptively	dominant	concepts	were	valium,	poop,	pancreas,	windpipe	and	intestines,	all	of	which	had	moderate	interoceptive	strength	ratings.	Over	time,	each	of	these	systems	provides	a
continuous	informational	‘feed’—both	perceptual	and	conceptual—about	its	respective	situational	elements.	Merrill-Palmer	Quart.	1987The	instability	of	graded	structure:	implications	for	the	nature	of	concepts.	2014Infants	segment	continuous	events	using	transitional	probabilities.	(doi:10.1016/j.neunet.2012.02.012)	Crossref,	PubMed,	ISI,	Google
Scholar20Stramandinoli	F,	Marocco	D,	Cangelosi	A.	2001Imagery,	context	availability,	contextual	constraint,	and	abstractness.	The	Scottish	philosopher	Thomas	Reid	claimed:	‘It	is	evidently	ridiculous,	to	ascribe	to	it	[the	smell]1	figure,	colour,	extension,	or	any	other	quality	of	bodies.	As	stated	in	the	Introduction,	the	present	study	is	only	a	first	step
toward	establishing	working	memory	as	the	locus	of	origin	of	early	spatial	biases	in	time	and	number.	We	state	that	the	more	abstract	concepts	are,	(1)	the	more	linguistic	and	social/interactive	input	from	others	is	needed	to	acquire	them;	(2)	the	more	they	are	represented	activating	linguistic	brain	networks,	and	engage	the	mouth	motor	system	and
the	acoustic	system.	The	physical	concept	attach	seems	much	more	secure	than	the	psychological	concept	social	attachment.	The	probabilities	are	derived	from	sampling	from	words	from	the	SUBTLEX	corpus	in	proportion	to	each	word's	frequency.	We	found	a	major	distinction	between	ACs	such	as	‘emotions’	and	‘bodily	states’,	characterized	by
higher	scores	in	interoception	and	BOI,	and	‘institutional’	and	‘knowledge	domains’	(e.g.	philosophy)	concepts,	judged	to	be	linguistically	acquired	(higher	MoA).	PLoS	ONE	2,	e1049.	But	some	forms	of	implicit	deference	can	be	metacognitive.	255–297.	Google	Scholar15Baker	GP,	Hacker	PMS.	In	addition	to	showing	large-scale	and	widespread
exceptions	to	arbitrariness,	this	research	has	also	clarified	the	functions	of	iconicity.One	function	is	greater	sensory	vividness	(for	review,	see	[8,89,90]).	Following	previous	conventions	for	categorizing	concepts	by	perceptual	strength	[5],	we	also	split	by	interoceptive	strength	into	categories	of	weak	(rating	range	0.00–1.49),	moderate	(1.50–3.49)
and	strong	(3.50–5.00)Inter-correlations	of	perceptual	strength	ratings	show	that	interoceptive	experience	was	relatively	distinct	from	other	modalities.	For	instance,	participants	tend	to	list	more	communicative	acts,	social	actions	and	cognitive	states	or	feelings	as	properties	for	abstract	words	than	for	concrete	words	[1].	2005Gesture	in	spatial
cognition:	expressing,	communicating,	and	thinking	about	spatial	information.	However,	a	strong	interaction	between	names	and	colour	was	observed	in	the	third	block,	F1,	35	=	15.54,	p	<	0.001,	,	with	male	names	in	black	being	responded	to	faster	than	male	names	in	white,	t35	=	2.39,	p	=	0.022,	dz	=	0.40,	and	white	female	names	being	responded
to	faster	than	black	female	names,	t35	=	3.42,	p	=	0.002,	dz	=	0.57.	(doi:10.1016/j.tics.2013.09.017)	Crossref,	PubMed,	ISI,	Google	Scholar50Chaumon	M,	Kveraga	K,	Barrett	LF,	Bar	M.	The	name	stimuli	were	displayed	in	four	presentation	conditions	(figure	1),	namely:	(A)	perfectly	visible/readable,	(B)	blurred,	(C)	very	blurred	and	(D)	unreadable
(black	or	white	blob).	Google	Scholar54Glenberg	A,	Gallese	V.	(doi:10.1037/a0020970)	Crossref,	PubMed,	ISI,	Google	Scholar6Casasanto	D.	A	different	view,	however,	is	that	sensory-motor	experiences	shape	conceptual	memory	during	acquisition,	but	that	full	re-enactment	of	such	experiences	is	not	necessary	to	represent	well-learned	concepts.
(doi:10.1016/j.cognition.2008.11.016)	Crossref,	PubMed,	ISI,	Google	Scholar36Barsalou	LW,	Santos	A,	Simmons	KW,	Wilson	CD.	In	Language	in	mind:	advances	in	the	study	of	language	and	thought	(eds	Gentner	D,	Goldin-Meadow	S),	pp.	East	Sussex,	UK:	Psychology	Press.	[11]	suggested	that	while	words	referring	to	concrete	objects	and	actions
would	be	learnt	by	associating	sensory-motor	experience	with	the	word,	abstract	words	would	be	learnt	by	associating	emotional	states	with	the	word.	1991Why	are	abstract	concepts	so	hard	to	understand?	[46]	to	identify	and	segment	3998	separate	gestures.	Using	observational	data,	[103]	showed	that,	controlling	for	numerous	possible	confounds,
iconicity	predicts	age-of-acquisition:	more	iconic	words	are	learned	earlier	by	children.	For	example,	when	Lupyan	&	Winter	[1]	argue	that	abstraction	may	sometimes	be	achieved	by	highlighting	one	dimension	of	a	multifaceted	icon,	that	effectively	assumes	that	the	relevant	dimension	is	already	represented	in	perception.	Concrete	concepts	that
were	dominated	by	interoception	tended	to	focus	on	physiological	entities	or	effectors	that	could	also	be	perceived	outside	the	body,	such	as	fatigue,	pain	and	illness,	gastrointestinal	(mal)function	and	drugs.	[135]	and	analyse	it	using	linear	models,	which	has	been	argued	to	lead	to	anti-conservative	estimates	[136].One	contribution	of	23	to	a	theme
issue	‘Varieties	of	abstract	concepts:	development,	use	and	representation	in	the	brain’.References2Pulvermüller	F.	8,	932.	Background	situations	for	concrete	meanings	tend	to	be	based	around	objects,	while	background	situations	for	abstract	meanings	tend	to	be	based	around	introspections	and	events.	For	the	integrative	concept,	prosecute,	a
collection	of	implicit	relations	in	association	areas	points	to	systems	that	process	relevant	situational	elements	(e.g.	court	room,	lawyer,	defendant,	crime,	evidence,	etc.).	This	model	may	capture	the	entire	developmental	trajectory	in	concept	learning.	A	mirror	version	was	devised	by	mirroring	each	page	and	binding	them	on	the	right	side,	such	that
the	pages	were	turned	from	left	to	right.	When	English	speakers	do	name	odours,	they	typically	refer	to	their	source	(e.g.	smells	like	lemon),	suggesting	that	when	they	are	able	to	identify	an	odour	they	think	of	it	in	concrete	terms	[17].	(doi:10.1111/j.1467-9280.2006.01787.x)	Crossref,	PubMed,	ISI,	Google	Scholar138Hoffman	P,	Ralph	MAL,	Rogers
TT.	24,	613–621.	Perceivers	fail	to	utilize	information	in	facial	movements.	The	panel	shows	the	putative	neural	correlate	of	such	family	resemblance	as	partially	overlapping	neuronal	sets,	where	sensorimotor	semantic	anchor	neurons	are	only	shared	between	subsets	of	exemplar	representations	of	variable	instantiations	of	the	concept.	Participants
provided	substantial	proportions	of	situational	properties	for	concrete,	intermediate	and	abstract	concepts	[38,39].	2,	7.	(doi:10.3758/s13423-013-0570-5)	Crossref,	PubMed,	ISI,	Google	Scholar64Lagacé	S,	Guérard	K.	(doi:10.1111/j.1475-4975.1979.tb00374.x)	Crossref,	Google	Scholar12Prinz	JJ.	1982The	need	for	cognition.
(doi:10.1016/j.cognition.2008.11.012)	Crossref,	PubMed,	ISI,	Google	Scholar10Huettig	F,	Rommers	J,	Meyer	AS.	2010Early	development	of	spatial-numeric	associations:	evidence	from	spatial	and	quantitative	performance	of	preschoolers.	(doi:10.1016/j.copsyc.2016.04.009)	Crossref,	ISI,	Google	Scholar17Barsalou	LW,	Niedenthal	PM,	Barbey	AK,
Ruppert	JA.	1,	1–5.	Google	ScholarPage	5The	robots'	learning	and	understanding	of	abstract	concepts	and	words,	as	well	as	concrete	words	related	to	the	naming	of	objects	and	actions,	can	enable	human	users	to	shape	the	robots'	behaviour	by	using	one	of	the	most	natural	interface	at	their	disposal,	language.	2012The	grounding	of	higher	order
concepts	in	action	and	language:	a	cognitive	robotics	model.	Yet,	white	is	not	a	symbol	for	the	absence	of	authority	and	seriousness.Such	transduced	representations	maintain	an	inherent	duality,	namely,	a	regularity	that	is	inherent	to	the	nature	of	the	environment	that	we	perceive	and	from	which	implicit	knowledge	is	derived.	Neurobiol.	Res.
(doi:10.1016/j.cognition.2012.06.016)	Crossref,	PubMed,	ISI,	Google	Scholar82Landauer	TK,	Dumais	ST.	This	is	the	case,	for	example,	in	using	sequences,	the	combination	of	words	when	defining	a	composite,	abstract	concept,	and	in	the	case	of	counting	behaviour	for	learning	abstract	number	concepts.The	training	of	the	model	is	incremental.	Ann.
Figure	1	shows	the	cumulative	probability	of	selecting	words	of	various	levels	of	abstractness	in	the	SUBTLEX	corpus.	We	compared	models	pairwise	by	computing	the	Bayes	factor	(BF10).	41,	1071–1089.	Lang	A),	pp.	All	dyads	indicated	that	they	had	no	prior	relationship.Participants	completed	three	tasks:	(i)	vocabulary	assessment	(the	North
American	Adult	Reading	Test,	NAART35;	[41]),	(ii)	Need	for	Cognition	scale	[36],	and	(iii)	the	taboo	task.	15,	495–514.	1989Distinguishing	types	of	superficial	similarities:	different	effects	on	the	access	and	use	of	earlier	problems.	Further,	property	generation	was	constrained	by	asking	participants	to	list	either	item	properties,	context	elements
always	occurring	with	the	item,	or	specific	associated	context.	The	first	experiment	used	a	commercial	speechless	comic	and	presented	it	in	either	its	published	form	(L–R)	or	a	mirror-reversed	form	(R–L),	including	a	reversal	in	page	binding.	14,	296–301.	Curr.	Barcelona:	Universitat	Autònoma	de	Barcelona.	Google	Scholar87Blust	RA.	2015Few
believe	the	world	is	flat:	how	embodiment	is	changing	the	scientific	understanding	of	cognition.	The	sentences	described	a	between	relation	among	three	different	shapes:	‘the	square	is	between	the	cross	and	the	circle’.	1989Human	skin	color:	the	sexual	differentiation	of	its	social	perception.	Food	Qual.	If	such	non-overlapping	distinctness	is
realistic,	general	knowledge	about	causation	can	be	represented	by	a	mechanism	that	computes	an	EITHER–OR	function	across	all,	or	at	least	several,	previously	encountered	and	stored	instances	of	causation.	Explicit	metacognitive	deference	seems	to	fall	within	this	definition,	but	implicit	metacognitive	deference	need	not.	While	there	are	many
possible	explanations	for	this	pattern,	one	possibility	is	that	words	for	sounds,	which	are	among	the	most	iconic	words	in	English	[128]	and	in	other	languages	[90],	may	be	too	iconic	to	allow	for	easy	abstraction.	Because	of	their	distal	connection	to	experience,	abstract	concepts	represent	a	particular	challenge	for	this	approach	[11].	Ideally	exact
sniff	measurements	would	have	been	taken	but	this	was	not	practical	in	the	field,	and	more	critically	would	have	disrupted	facial	expression	coding.	Furthermore,	even	if	they	are	grounded	in	sensorial	modalities,	they	activate	less	the	five	senses	than	concrete	concepts	[8]	and	their	content	is	more	variable	both	within	and	across	participants,	as
testified	for	example	by	the	feature	variability	in	property	generation	tasks	[9].In	the	first	part	of	the	paper	we	will	discuss	and	substantiate	with	evidence	two	claims	derived	from	the	words	as	social	tools	(WAT)	proposal	on	ACs	[9,10].	By	activating	these	co-occurrence	relations	as	a	situation	is	processed,	agents	perceive	relations	between	situational
elements	that	originate	in	top–down	knowledge,	rather	than	in	the	bottom–up	signal.In	this	section,	we	illustrate	how	the	situated	conceptualization	framework	described	so	far	explains	a	variety	of	findings	in	the	literature	on	concrete-LIT	versus	abstract-LIT	concepts.	2004The	evolution	of	human	skin	and	skin	color.	(a)	Re-analysis	of	data	reported
by	Pexman	et	al.	(doi:10.1017/S0140525X99532147)	Crossref,	ISI,	Google	Scholar46Barsalou	LW,	Wiemer-Hastings	K.	Notice	that	all	mechanisms	help	grounding,	because	they	assist	us	in	tracking	conceptual	referents.These	three	mechanisms	might	be	implemented	through	inner	articulation	of	the	label	and	inner	speech,	viewed	as	a	more	complex
and	possibly	discourse-like	internal	articulation	of	the	word	sound.While	silently	reading	words,	we	covertly	articulate	their	sound,	producing	a	mouth	movement	[27,37]	or	activating	the	speech-motor	cortex	[38].	Because	chairs	are	typically	associated	with	goals	(resting),	motivation	(fatigue),	emotion	(comfort)	and	mentalizing	(mind	wandering),
they	clearly	have	‘abstract’	elements.	Relevant	features	may	not	apply	to	all	cases	to	which	the	term	is	normally	applied,	but	only	to	some	of	them.	anger	is	linked	to	a	different	word	from	fear.	Significantly	different	activity	patterns	for	abstract	and	concrete	word	subtypes	were	elicited	in	sensorimotor	areas	in	the	fronto-central	cortex	(regions	of
interest	(ROIs)	indicated	in	cyan	and	magenta),	but	not	in	the	perisylvian	language	cortex	(indicated	in	grey	and	brown).	101–140.	(doi:10.1037/bul0000089)	Crossref,	PubMed,	ISI,	Google	Scholar42Landauer	TK.	Note.	143,	473–479.	This	information	can	be	conveyed	either	by	others	(e.g.	parents,	experts)	or	by	written	sources	(e.g.	books,	Internet),
depending	on	expertise	and	age.	The	hidden	units	represented	semantic	information	that	combined	information	from	all	input/output	units.	2016How	language	programs	the	mind.	(doi:10.1016/j.cortex.2010.11.002)	Crossref,	PubMed,	ISI,	Google	Scholar18Edmiston	P,	Lupyan	G.	22,	637–660.	This	does	not	imply	they	think	the	category	is	ill-defined.
Physica	D	42,	335–346.	132,	173–189.	If	I	am	using	the	concept	in	social	contexts,	then	I	do	not	need	to	internalize	all	the	information	shared	by	others.	In	particular,	it	predicts	that	metaphor	should	emerge	gradually	in	development;	be	circumscribed	in	scope,	context-sensitive	and	task-specific;	and	involve	both	sensorimotor	simulations	of	bodily
experience	and	linguistic	associations.Abstract	concepts	represent	a	significant	challenge	for	embodied	cognition.	(doi:10.1016/0010-0277(89)90005-X)	Crossref,	PubMed,	ISI,	Google	Scholar53Paivio	A.	Cambridge,	UK:	Cambridge	University	Press.	2013Navigating	comics:	an	empirical	and	theoretical	approach	to	strategies	of	reading	comic	page
layouts.	The	neurologically	realized	language	system	amounts	to	a	distributed	action/perception	control	system	that	likely	relies	on	hierarchically	organized	network	hubs.	Examples	include	embodied	conceptual	combination	theory	(ECCo)	[40],	language	and	situated	simulation	theory	(LASS)	[41],	symbol	interdependency	theory	[42]	and	word	as
social	tool	theory	(WAT)	[43].	In	The	psychology	of	word	meaning	(ed.	(doi:10.1111/j.1933-1592.2009.00245.x)	Crossref,	ISI,	Google	Scholar96Weiskopf	D.	Working	from	observations	concerning	language	use,	cognitive	linguists	have	shown	that	a	great	deal	of	our	discourse	is	organized	around	experiential	metaphors	[101,102].
(doi:10.1016/j.jml.2016.07.002)	Crossref,	ISI,	Google	Scholar19Bedny	M,	Caramazza	A,	Grossman	E,	Pascual-Leone	A,	Saxe	R.	How	is	this	relevant	to	the	distinctive	grounding	characteristics	problem?	Google	Scholar7Paivio	A.	Evidence	suggests	that	they	may	be	processed	in	a	different	manner	from	other	concepts.	2012Socially	situated	cognition:
recasting	social	cognition	as	an	emergent	phenomenon.	2011Representation	of	categories:	metaphorical	use	of	the	container	schema.	(doi:10.1111/1460-6984.12008)	Crossref,	PubMed,	ISI,	Google	Scholar19Henry	LA,	Botting	N.	These	patterns	further	suggest	that,	not	only	should	we	study	concepts	embedded	in	relevant	situations,	we	also	need	to
theoretically	explain	the	broad	situational	information	that	typically	becomes	active	for	all	concepts	when	processed	deeply.Finally,	we	propose	that	developing	a	new	set	of	distinctions	between	concepts—based	on	situated	action—may	offer	useful	insights	and	constraints	in	understanding	concepts	as	a	whole.	Cortex	100,	149–190.	Consistent	with
this,	the	laughter	was	often	accompanied	by	direct	eye-gaze	with	the	experimenter.	Because	the	conceptual	states	are	posited	to	be	amodal,	so	are	word	meanings.There	are	several	strands	of	evidence	for	the	embodied	view.	Such	statistics	scale	in	surprising	ways.	(doi:10.1016/j.cognition.2008.11.016)	Crossref,	PubMed,	ISI,	Google	Scholar21Dove
G.	One	up	us	we.	15,	512–519.	(	Google	Scholar62Lupyan	G,	Lewis	M.	23,	1028–1034.	(doi:10.1080/17470218.2011.605150)	Crossref,	Google	Scholar6Siakaluk	PD,	Pexman	PM,	Aguilera	L,	Owen	WJ,	Sears	CR.	(doi:10.1075/fol.22.1.04str)	Crossref,	ISI,	Google	Scholar126Ullmann	S.	(doi:10.3758/s13428-012-0278-x)	Crossref,	PubMed,	ISI,	Google
ScholarPage	13Abstract	words	allow	us	to	convey	important	human	ideas	like	scientific	(e.g.	theory,	calculus)	and	social	(e.g.	justice)	concepts,	and	extend	our	capacity	to	convey	ideas	beyond	the	physical	reality	of	the	here	and	now.	Although	the	first	of	these	seems	contrary	to	the	interactive	spirit	of	embodied	cognition,	it	has	been	the	standard
approach—words,	phrases	and	sentences	have	been	treated	as	mere	elicitors	of	simulations.	2011Olfactory	and	gustatory	sensitivity	in	adults	with	attention-deficit/hyperactivity	disorder.	See	.	1983Mental	models.	Brain	Lang.	Indeed,	tests	like	this	are	commonly	as	a	way	of	assessing	semantic	knowledge	without	the	use	of	language,	(e.g.	[30]).	If	an
emotion	concept	is	linked	to	the	types	of	action	the	agent	will	typically	prepare	when	experiencing	that	emotion	[13],	or	indeed	to	the	types	of	action	expected	in	others,	then	that	will	help	to	differentiate	between	emotion	concepts.These	resources	are	doubtless	important,	but	many	doubt	whether	they	can	capture	all	the	differences	between	our
concepts.	Neuroimage	83,	862–869.	When	language	development	is	impaired,	as	is	the	case	for	DLD	children,	knowledge	of	both	abstract	and	concrete	words	is	impaired.	2015Does	your	body	count?	All	participants	correctly	answered	the	three	comprehension	questions.	35,	763–778.	(doi:10.1080/17470218.2013.850521)	Crossref,	Google
Scholar31Audacity	Team	X.	If	no	situational	elements	are	present	to	integrate,	it's	not	clear	what	would	become	active	for	these	concepts	and	how	they	would	be	processed.	(doi:10.1038/nrn2555)	Crossref,	PubMed,	ISI,	Google	Scholar9Critchley	HD,	Harrison	NA.	Google	Scholar91Alderson-Day	B,	Fernyhough	C.	Table	2.Lexical	and	sublexical
characteristics	of	the	words	used,	means	(s.d.).concreteness	categoryvariableabstractconcretet-testp-valueAoA	band	1 concretenessa337.22(45.7)576.44(35.8)12.338	0.244),	which	suggests	that	this	pattern	is	the	same	for	male	and	female	participants.A	2	(task:	choose	for	female	versus	choose	for	male)	×	2	(participants'	gender:	male	versus	female)
×	2	(object	colour:	black	versus	white)	mixed-model	ANOVA	revealed	a	strong	interaction	between	task	and	object	colour,	F1,36	=	39.69,	p	<	0.001,	.	It	would	need	to	be	shown	how	the	brain-immanent	neurocognitive	circuits	mechanistically	organizing	the	concept	might	link	up	with	real-life	examples	(for	related	suggestions,	see	[21,35]).
Laboratório	de	Psicologia	44,	21–44.	Oxford,	UK:	Blackwell	Publishers.	2007Foundations	of	representation:	where	might	graphical	symbol	systems	come	from?Cogn.	People	also	have	a	knack	for	creating	iconic	gestures	[104,105]	and	vocalizations	[106,107],	and	for	understanding	gestures	and	vocalizations	created	by	others	to	express	a	wide	range
of	meanings.	HG-2	adds	a	further	hierarchical	combination	of	words	from	both	concrete	concepts	(BG)	and	first	level	of	abstraction	words	(HG-1).	To	predict	what	will	happen,	a	lawyer	must	also	know	how	various	concepts	are	related,	such	as	that	the	evidence	determines	the	verdict,	and	in	turn,	the	verdict	predicts	the	sentence.	Thus,	sensory-motor
features	from	previous	experiences	contribute	to	the	summary	representation.	But	the	social	processes	of	science	explain	how	it	is	that	we	now	have	the	concepts	space–time	and	molecular	gene.For	the	social	concepts	human	rights	and	democracy,	for	example,	social	concept	construction	goes	hand-in-hand	with	social	construction	of	the	category.	All
participants	provided	written	informed	consent	prior	to	participation	and	were	free	to	stop	at	any	point	in	time	during	the	experiment.This	study	was	a	slightly	modified	experiment	of	that	reported	by	[1],	Exp.	(doi:10.1146/annurev.psych.59.103006.093639)	Crossref,	PubMed,	ISI,	Google	Scholar67Deacon	TW.	20,	451–486.	Definitions	were	scored
according	to	the	Wechsler	Intelligence	Scale	for	Children	vocabulary	subtest	scoring	criteria	[33].	79,	78–94.	The	experimenter	was	also	seated	in	the	room,	to	the	side	and	in	range	to	hand	cards	to	the	clue-giver.	In	line	with	this	idea,	Winter	[130]	showed	that	adjectives	rated	high	on	iconicity	are	less	likely	to	modify	nouns	associated	with	other
sensory	domains.	That	is,	emotion	concepts	such	as	grieving,	terror	and	bliss,	which	are	usually	categorised	as	abstract,	are	largely	experienced—and	potentially	grounded—through	sensations	inside	the	body.	(doi:10.1080/02643290442000310)	Crossref,	PubMed,	ISI,	Google	Scholar21Prinz	J.	Amodal	approaches,	however,	downplay	the	importance
of	such	experiences	in	forming	the	content	of	representations	that	are	accessed	by	words.	The	plotted	accuracy	measure	partials	out	reaction	times,	word-frequency	and	part-of-speech.	In	contrast,	the	meanings	of	concrete	words	were	communicated	by	referencing	more	objects	and	entities.	Figure	2.	[12]	showed	that	negative	words	were	evaluated
faster	and	more	accurately	when	presented	in	a	black	font	rather	than	a	white	font,	and	positive	words	were	evaluated	faster	and	more	accurately	when	presented	in	a	white	rather	than	a	black	font.	We	address	each	role	of	situational	integration	in	turn.First	consider	the	comprehension	of	situations.	1980A	circumplex	model	of	affect.	A	defining
feature	of	the	category	may	simply	be	there	for	the	cognitive	‘grabbing’.	Cognition	130,	266–270.	(doi:10.1111/desc.12572)	Crossref,	PubMed,	ISI,	Google	Scholar11Schmidtke	D,	Conrad	M,	Jacobs	AM.	St.	Louis,	MO:	Elsevier	Ltd.	Note	that	beat	gestures	were	also	more	likely	when	participants	communicated	the	meanings	of	abstract	words.
1991Role	of	specific	similarity	in	a	medical	diagnostic	task.	However,	there	is	another	major	modality	of	perceptual	information	that	is	distinct	from	these	traditional	five	senses;	that	is,	interoception,	or	sensations	within	the	body.Interoception	is	a	broad	term	that	refers	to	perception	internal	to	the	body's	surface,	and	incorporates	sensations	from
the	visceral	organs	(e.g.	heart,	lungs,	stomach)	along	with	autonomic,	hormonal	and	even	immunological	signals	[7–10].	1,	130–136.	2010Similarity	is	closeness:	metaphorical	mapping	in	a	conceptual	task.	Under	experimental	conditions,	Jahai	speakers	depart	from	English	speakers	in	how	they	encode	odours	too.	(doi:10.1177/0956797611430691)
Crossref,	PubMed,	ISI,	Google	Scholar80Pickering	MJ,	Andy	C.	(doi:10.1111/tops.12155)	Crossref,	PubMed,	ISI,	Google	Scholar46Gibbs	RW.	We	are	seeking	characteristics	that	are	distinctive	from	the	point	of	view	of	the	theorist	of	reference.	Likewise,	neural	activity	indexing	semantic	similarity	between	words	and	concepts	has	been	reported	in	both
modality-general	and	modality-preferential	sensorimotor	systems	[69–72].	2004Neural	correlates	of	metaphor	processing.	Introspection	is	something	more	than	being	in	a	mental	state	or	having	a	subjective	experience.	[29],	who	asked	participants	to	place	40	000	English	words	on	a	concreteness/abstractness	scale.	Cognitive	Science	Society,
Edinburgh,	UK,	1–4	August	(eds	Moore	JD,	Stenning	K),	pp.	In	Foundations	of	embodied	cognition.	The	lexical	decision	task,	however,	only	gives	us	an	indication	of	how	many	words	children	could	recognize,	and	it	cannot	tell	us	anything	about	children's	appreciation	of	word	meaning.In	the	definition	task,	when	looking	at	definition	accuracy,	we	do
find	a	significant	interaction	between	concreteness	and	group.	So	why	aren't	they?	Within	a	particular	culture,	it	might	even	allow	you	to	guess	something	about	age,	accent	and	dress	(consider	monks	in	Tibet).	Accuracy	for	concrete	words	(i.e.	words	for	which	the	correct	answer	was	‘concrete’)	was	unaffected	by	iconicity,	b	=	−0.46,	95%	CI	=
[−1.42,	0.51],	t	=	−0.93,	p	=	0.35.	(doi:10.1207/s15516709cog0000_65)	Crossref,	PubMed,	ISI,	Google	Scholar12Tanenhaus	MK,	Spivey-Knowlton	MJ,	Eberhard	KM,	Sedivy	JC.	(doi:10.2307/1127339)	Crossref,	PubMed,	ISI,	Google	Scholar20Spalek	TM,	Hammad	S.	2003A	neuroscientific	grasp	of	concepts:	from	control	to	representation.	The	same
objects	were	in	either	black	or	white	or	alternatively	dark-	or	light-colours.	4,	1–12.	Amsterdam,	The	Netherlands:	Elsevier.	71–89.	Results	indicated	that	the	abstract	concept	(e.g.	valence)	directed	attention	towards	vertical	locations	that	were	consistent	with	the	image	schema.In	these	studies	the	image	schema	was	not	task-relevant,	suggesting	that
the	image	schema	was	activated	automatically,	consistent	with	the	view	that	the	image	schema	is	an	essential	part	of	the	concept.	2017lmerTest	package:	tests	in	linear	mixed	effects	models.	If	month	is	very	concrete	because	of	its	objective	existence	(arguably,	a	complete	lunar	cycle),	then	why	is	year	(a	complete	solar	cycle)	very	abstract?	The
advantage	of	hand	over	mouth	responses	disappeared	with	abstract	words,	confirming	that	AC	processing	activates	the	mouth	motor	system	(figure	1b).	We	presented	the	abstract	words	first	since	these	were	of	primary	interest	and	we	did	not	want	participants'	strategies	for	communicating	concrete	words	to	influence	their	approach	to	the	abstract
words	(see	related	discussion	of	carry-over	effects	in	[9]).The	taboo	task	was	videotaped	with	two	cameras	so	that	gestures	of	both	members	of	each	dyad	were	clearly	visible	for	coding.	2015Il	corpo	come	icona.	Another	kind	of	explicit	deference	concerns	the	word:	‘I	don't	know	exactly	what	the	word	‘marginalize’	means,	so	I'll	defer’.
Crossref,	Google	Scholar23Stramandinoli	F,	Marocco	D,	Cangelosi	A.	Google	Scholar133Slepian	ML,	Ambady	N.	The	unit	of	analysis	for	the	gesture	data	was	the	movement	unit	[46]:	hand	movement	that	began	when	the	hand	departed	from	its	resting	position	and	ended	when	the	hand	returned	to	its	resting	position.	This	effectively	limited	the
scanning	pattern	to	either	L–R	or	R–L	order.Forty	native	Spanish	speakers	were	sampled	from	the	same	population.	Methods	45,	516–526.	Indeed,	action	primitives	(e.g.	‘cut’,	‘paint’)	are	built	by	combining	low	level	motor	primitives	together.	It	is	normal	because	blind	people	are	exposed	to	approximately	the	same	linguistic	inputs	as	sighted
people.In	the	next	section,	we	turn	to	the	second	question	motivating	this	work:	Why	isn't	language	more	iconic?	2016Depicting	as	a	method	of	communication.	To	do	so,	it	constructs	a	situated	conceptualization	to	categorize	and	explain	the	current	situation,	to	predict	likely	events	in	it,	and	to	produce	actions	that	yield	desirable	outcomes.
1980Minds,	brains,	and	programs.	To	date,	such	research	has	typically	restricted	consideration	to	the	perceptual	modalities	of	vision,	touch,	hearing,	and,	to	a	lesser	extent,	taste	and	smell	(e.g.	[4–6]).	(doi:10.1038/s41598-018-20961-6)	Crossref,	PubMed,	ISI,	Google	Scholar108Imai	M,	Kita	S.	Note,	however,	that	the	groups	could	have	diverged	later
in	their	facial	expressions	when	they	had	fully	lexicalized	their	conceptual	content.	(doi:10.1111/j.1467-7687.2008.00683.x)	Crossref,	PubMed,	ISI,	Google	Scholar35Rossmanith	N,	Costall	A,	Reichelt	AF,	López	B,	Reddy	V.	This	link	between	embodiment	and	early	number	learning	has	been	exploited	to	teach	robots	numerical	words	and	concepts,	for
two	specific	examples	of	pointing	gesture	while	counting	and	on	finger	counting.The	role	of	pointing	and	touching	gestures	in	the	acquisition	of	counting	skills	is	a	prototypical	developmental	phenomenon	from	the	point	of	view	of	the	embodiment	of	linguistic	and	symbolic	knowledge.	Spat.	Similarly,	on	seeing	someone	standing	next	to	a	sink	by	a
stack	of	dirty	dishes	with	the	water	running,	perceivers	can	comprehend	the	situation	if	they	integrate	its	elements	using	integrative	concepts	for	washing,	cleaning	up,	etc.	The	answer,	we	argue,	is	that	iconic	words	are	too	linked	to	specific	referents	and	contexts,	and	so	are	less	well	suited	for	expressing	abstractions.	However,	the	pattern	of
conceptual	relations	elicited	by	the	three	kinds	of	words	clearly	differed	depending	on	pacifier	use.	They	seem	to	call	for	distinctive	grounding	characteristics	beyond	the	sensorimotor.The	grounding	problem	for	abstract	concepts	is	sometimes	considered	especially	troublesome	for	embodied	accounts	of	concepts	[2,3].	As	Experiment	1	shows,
participants	are	faster	in	classifying	female	names	in	white	as	female	names	than	when	in	black.	(doi:10.1073/pnas.0707835105)	Crossref,	ISI,	Google	Scholar111Frishberg	N.	(doi:10.1027/1618-3169/a000036)	Crossref,	PubMed,	ISI,	Google	Scholar10Göbel	SM,	Shaki	S,	Fischer	MH.	It	also	gives	me	new	ways	of	using	the	concept	without	enriching
my	own	conception,	as	when	I	rely	on	a	friend	to	identify	beeches.	(doi:10.3758/s13423-015-0825-4)	Crossref,	PubMed,	ISI,	Google	Scholar6Reilly	J,	Peelle	JE,	Garcia	A,	Crutch	SJ.	The	recordings	were	used	to	analyse	both	the	scanning	pattern	of	the	comic	as	well	as	the	drawing	task.There	were	two	experimental	groups	of	20	participants:	standard
(L–R)	and	mirror	(R–L).	Thus,	white	is	the	colour	most	commonly	associated	with	innocence	and	the	virgin	is	the	epitome	of	purity,	grace	and	chastity.	Not	only	do	these	models	yield	similar	vectors	for	words	with	similar	meanings,	but	the	vectors	end	up	representing	more	abstract	relationships	such	as	temporal	relationships	between	events	(see	[62]
for	discussion).	(doi:10.1080/23273798.2014.987791)	Crossref,	PubMed,	ISI,	Google	Scholar6Wittgenstein	L.	Extending	the	investigation	to	other	classes	of	abstract	words,	including	verbs	and	adjectives,	is	an	important	next	step.	The	main	difference	was	the	cultural	background	of	the	participants.	Mahwah,	NJ:	Erlbaum.	As	previously	reported	[26],
English	and	Arabic	children	showed	pre-established	directional	counting	preferences	consistent	with	the	writing	system	in	use	in	their	culture.	After	each	response,	there	was	a	grey	screen	for	500	ms.	40,	e46.	2013Spatial	biases	in	understanding	descriptions	of	static	scenes:	the	role	of	reading	and	writing	direction.	Gender	is	one	such	category.
Google	Scholar39Garcia-Marques	T.	The	model	consisted	of	four	different	sensory-motor	units:	vision	and	touch	input	units,	and	phonological	and	action	input/output	units.	(doi:10.3389/fnhum.2012.00315)	Crossref,	PubMed,	ISI,	Google	Scholar2Amsel	BD.	(doi:10.1353/lan.2010.0044)	Crossref,	ISI,	Google	Scholar120Clark	HH.	64,	2392–2404.	125,
452–465.	How	about	expressing	a	preference	for	centimetres	over	inches?			68,	1502–1518.	(doi:10.1016/j.cogbrainres.2004.10.020)	Crossref,	PubMed,	Google	Scholar7Craig	AD.	19,	314–321.	In	this	situation,	its	elements	include	an	object,	an	agent,	a	goal,	a	motivation,	an	action	and	an	outcome,	all	categorized	by	the	respective	distributed	networks
for	processing	situational	elements.	In	general,	consumption	situations	of	all	sorts	can	be	viewed	as	organizing	relevant	situational	elements	around	basic	relations	associated	with	goal-directed	action,	as	can	many	kinds	of	situations	associated	with	other	kinds	of	situated	action.Causal	chains	offer	another	basic	kind	of	relational	structure	in
situations.	For	example,	Kousta	et	al.	For	example,	in	the	finger	counting	experiments	the	robot's	reliance	on	the	constraints	of	the	hand	structure	and	finger	counting	sequence	to	develop	representation	of	number	words	consistent	with	number	cardinality,	can	provide	an	operational	implementation	of	the	mechanisms	of	metaphors	between
body/space	maps	and	numbers	[9].A	further	common	feature	of	the	models	and	experiments	reviewed	above	is	the	use	of	a	developmental	robotics	approach	[23].	According	to	traditional	views	(e.g.	[5])	both	concrete	and	abstract	concepts	are	represented	as	abstract	and	a-modal	symbols	that	are	unrelated	to	the	perceptual	states	and	actions	that
produce	them.	2005Brain	mechanisms	linking	language	and	action.	7,	167–193.	(doi:10.1371/journal.pone.0016782)	Crossref,	PubMed,	ISI,	Google	Scholar18Lee	SWS,	Schwarz	N.	In	ISL,	this	is	not	possible	because	the	sign	for	‘eat’	is	executed	at	the	mouth,	an	iconic	depiction	of	a	human	eating	event.	Several	psychology	and	neuroscience	studies
with	children	and	adults	show	that	finger	counting	strategies	and	finger-based	representations	play	an	important	role	in	the	development	of	numerical	and	arithmetical	skills	and	in	the	learning	of	number	words.	New	York,	NY:	Basic	Books.	The	difference	between	the	valence	differentiation	and	gender	differentiation	on	the	light–dark	dimension	is
that	the	former	is	a	metaphorical	differentiation,	whereas	the	latter	is	probably	derived	from	the	universal	dimorphism	in	skin	colour	between	males	and	females	[5–7].	7,	189–195.	9,	558–565.	Researchers	often	demarcate	abstract	concepts	by	one	of	several	measures,	including	body–object	interaction	[20],	concreteness	[21],	context-availability	[22],
emotional	valence	[23],	imageability	[24],	semantic	richness	[25]	and	strength	of	perceptual	experience	[26].	6,	825–850.	USA	105,	13	269–13	273.	It	applies	with	equal	force	to	perceptual	states.	22,	460–492.	2015Iconicity	in	the	lab:	a	review	of	behavioral,	developmental,	and	neuroimaging	research	into	sound-symbolism.	(doi:10.1111/tops.12097)
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ISI,	Google	Scholar83Pexman	PM.	2016Situation	models,	mental	simulations,	and	abstract	concepts	in	discourse	comprehension.	Cottingham].	Crossref,	Google	Scholar32Lakoff	G,	Johnson	M.	1),	63–79.	That	is,	concepts	such	as	fear	or	noisy	are	grounded	in	the	perceptual	modalities	through	which	they	are	experienced,	and	the	extent	of	experience
in	a	particular	modality	can	be	used	to	successfully	predict	conceptual	processing	in	a	range	of	cognitive	tasks.	Crossref,	PubMed,	ISI,	Google	Scholar71Evans	V.	(b)	Definition–word	matching	task	(from	Borghi	&	Zarcone	[29]).	(doi:10.3389/fpsyg.2014.00360)	Crossref,	PubMed,	ISI,	Google	Scholar27Borghi	AM,	Binkofski	F.
(doi:10.1126/science.1107621)	Crossref,	PubMed,	ISI,	Google	Scholar15Low	J,	Watts	J.	In	The	power	of	metaphor:	examining	its	influence	on	social	life	(eds	Landau	MJ,	Robinson	MD,	Meier	BP),	pp.	A.M.	conducted	analyses	and	drafted	the	article.	2002Foundations	of	language:	brain,	meaning,	grammar,	evolution.	We	will	propose	a	link	between
activation	of	the	mouth	motor	representation	and	metacognitive	feeling	that	we	need	others'	competence	to	enrich	our	concepts	[11–14].The	view	that	language	is	important	for	AC	representation	is	not	new.	(doi:10.1080/17470210903134351)	Crossref,	Google	Scholar22Boot	I,	Pecher	D.	Once	segmented,	the	gesture	data	were	assigned	to	one	of
seven	categories	(electronic	supplementary	material).	2017Types	of	abduction	in	tool	behaviour.	8,	2014.	Planned	comparisons	showed	that,	indeed,	male	names	in	black	were	classified	significantly	faster	(M	=	497	ms,	s.e.	=	35	ms)	than	male	names	in	white	(M	=	508	ms,	s.e.	=	35	ms),	t35	=	2.77,	p	=	0.009,	dz	=	0.46,	but	that	the	difference
between	white	female	names	(M	=	497	ms,	s.e.	=	33	ms)	and	black	female	names	(M	=	495	ms,	s.e.	=	33	ms)	did	not	reach	statistical	significance	(t	<	1).	The	third	focuses	on	the	social	dimension	of	language	acquisition.	Because	many	co-occurrences	exist	between	pairs	of	situational	elements,	various	factors	may	contribute	to	making	certain
important	co-occurrences	salient	[47].	Crossref,	Google	Scholar24Alibali	MW,	DiRusso	AA.	1980Metaphors	we	live	by.	We	may	be	able	to	detect	whether	an	odour	is	present	or	not,	or	follow	it	to	its	source	using	intensity	gradients,	but	many	doubt	we	can	think	olfactorily.	The	robot	was	trained	and	tested	in	several	experimental	conditions,	varying
the	availability	of	the	sensory	signals	(vision	and	gestures)	to	the	robot,	and	the	type	of	the	counting	gestures.	Google	Scholar33Wechsler	D.	140,	14–34.	Crossref,	Google	Scholar2Wiemer-Hastings	K,	Krug	J,	Xu	X.	Once	one	part	of	a	pattern	becomes	active,	it	quickly	activates	other	parts	via	pattern	completion	inference,	thereby	activating	an	external
situation.	Owing	to	the	heterogeneity	of	their	members,	we	contend	that	in	order	to	acquire	ACs	the	scaffolding	of	the	physical	environment	has	to	be	complemented	by	linguistic	information,	for	example,	labels	and	explanations.	But	what	we	are	claiming	is	that	when	it	comes	to	many	(perhaps	most)	everyday	meanings	conveyed	by	abstract	words,
the	specific	category	denoted	by	the	meaning	does	not	exist	apart	from	language.As	an	example	consider	the	word	fun.	By	this	view,	metaphorical	gestures	might	not	be	more	frequent	for	abstract	than	for	concrete	words.By	examining	the	gestures	produced	when	communicating	abstract	concepts,	the	present	study	will	build	on	the	findings	of
previous	research	that	has	examined	how	abstract	concepts	are	conveyed	in	sign	languages	(e.g.	[34,35]).	R	package	version	2018.4-19.	(doi:10.1093/chemse/bjp083)	Crossref,	PubMed,	ISI,	Google	Scholar2Keller	A.	In	addition	to	verbal	behaviour,	we	examined	gesture	behaviour	as	an	additional	window	on	word	meaning.When	communicating	about
the	meanings	of	abstract	words,	participants'	utterances	referenced	more	people	and	introspections.	(doi:10.1162/jocn_a_00361)	Crossref,	PubMed,	ISI,	Google	Scholar45Barsalou	LW.	As	such,	we	chose	some	abstract	words	that	had	more	valenced	meanings	and	others	that	had	more	neutral	meanings.	18,	R290–R291.	Cognition	86,	25–55.	1997A
solution	to	Plato's	problem:	the	latent	semantic	analysis	theory	of	acquisition,	induction,	and	representation	of	knowledge.	Indeed,	the	grounding	transfer	mechanism	is	used	for	the	learning	of	words	with	more	general,	abstract	meanings,	such	as	‘use’	and	‘make’,	referred	to	as	abstract	action	words.	Oxford,	UK:	Wiley-Blackwell.	In	Creative	thought:
an	investigation	of	conceptual	structures	and	processes	(eds	Ward	TB,	Smith	SM,	Vaid	J),	pp.	2015All	concepts	are	ad	hoc	concepts.	(doi:10.1371/journal.pone.0075183)	Crossref,	PubMed,	ISI,	Google	Scholar56Boulenger	V,	Shtyrov	Y,	Pulvermüller	F.	(doi:10.1371/journal.pone.0114615)	Crossref,	PubMed,	ISI,	Google	Scholar32Fischer	MH,	Brugger
P.	41,	1125–1131.	15,	456–468.	(doi:10.1098/rstb.2017.0143)	Link,	ISI,	Google	Scholar50Tillotson	SM,	Siakaluk	PD,	Pexman	PM.	Google	Scholar3Altarriba	J,	Bauer	LM,	Benvenuto	C.	2013The	thickness	of	musical	pitch:	psychophysical	evidence	for	linguistic	relativity.	We	reasoned	that	this	might	be	due	to	the	frequent	changes	in	directionality	that
were	allowed	by	the	unconstrained	exploration	of	the	comic.	In	order	to	obtain	the	transfer	of	grounding	from	basic	actions	to	higher-order	words,	the	network	calculates	separately	the	output	corresponding	to	the	words	contained	in	the	description	(‘push’,	‘grasp’,	‘pull’)	and	stores	it.	1,	906–914.	One	possible	avenue	is	via	the	critical	adaptive
mechanism	that	humans	have,	namely	their	ability	to	extract	regularities	from	their	complex	and	noisy	physical	and	social	environments.	(doi:10.1016/j.cognition.2007.03.004)	Crossref,	PubMed,	ISI,	Google	Scholar109Ouellet	M,	Santiago	J,	Israeli	Z,	Gabay	S.	The	comic	told	the	story	of	a	fox	to	save	her	calf	from	a	volcanic	eruption	on	an	island
populated	only	by	animals.	They	were	tested	in	Nijmegen,	The	Netherlands.	Their	grappling	to	identify	concrete	sources	was	in	sharp	contrast	to	the	fluent	abstract	Jahai	responses.	(doi:10.1007/s12402-010-0052-9)	Crossref,	PubMed,	Google	Scholar35Rozin	P,	Lowery	L,	Ebert	R.	Commun.	The	nouns	were	selected	from	Prada	&	Santos	[38]	and
Garcia-Marques	[39],	and	matched	the	names	in	terms	of	valence,	first	letter,	gender	and	number	of	letters.All	sets	were	presented	in	black	and	white	and	in	the	four	presentation	conditions	(from	A	to	D)	presented	in	a	random	order	varying	across	participants	against	a	grey	background.	1975A	spreading	activation	theory	of	semantic	processing.
Future	research	should,	however,	put	this	speculation	to	test	and	generalize	our	findings	to	other	reaction	time	tasks.Experiment	3	was	designed	to	examine	how	the	brightness	dimension	shapes	process	features	when	people	choose	between	two	objects	for	either	a	male	target	person	or	a	female	target	person.	41,	588–599.	These	internal	states	are
central	to	situations,	providing	the	personal	meaning	that	makes	them	significant.	2002Language	comprehenders	mentally	represent	the	shapes	of	objects.	If	language	is	to	be	maximally	useful	for	carving	joints	in	nature—establishing	categories	where	none	exists—this	function	may	be	best	filled	by	words	whose	forms	have	no	resemblance	to	their
referents.	Instead	of	associations	between	perceptual	representations	in	the	temporal	cortex,	the	crucial	causal	link	is	organized	as	a	fronto-temporal	connection	between	neuronal	motor	programme	and	predictable	perceptual	representation	(figure	3b).	Such	theories	often	include	activity	in	cross-modal	areas	such	as	convergence	zones	[67]	or
network	hubs	[68,69].	Similarly,	seeing	pizza	and	activating	the	potential	goal	of	eating	it	could	initiate	a	motivational	state	of	desire,	or	perhaps	the	motivational	state	to	restrain	eating	for	the	sake	of	health.In	the	same	manner,	relations	between	motivations	and	actions,	and	between	actions	and	outcomes	could	be	captured	via	temporal	co-
occurrences.	How	does	my	concept	fairness	manage	to	pick	out	and	concern	fairness;1	or	indeed	how	does	my	concept	cat	manage	to	be	about	cats?	Stanford,	CA:	Stanford	University	Press.	1960The	origin	of	speech.	58,	107–131.	149,	32–39.	(doi:10.1037/a0034626)	Crossref,	Google	Scholar76Pexman	PM,	Hargreaves	IS,	Siakaluk	PD,	Bodner	GE,
Pope	J.	2012E-Prime	2.0.	See	.	If	so,	then	one	direction	for	future	research	is	to	begin	establishing	them.Because	concepts	emerge	from	processing	situations,	they	are	best	studied	in	the	context	of	situations.	Examining	the	distribution	of	abstract	words	in	language	makes	it	clear	just	how	ubiquitous	they	are.	27,	169–192.	(doi:10.1111/1468-
0017.00175)	Crossref,	ISI,	Google	Scholar49Lupyan	G.	2315–2320.	For	example,	the	expression	to	be	in	a	low	mood	may	invite	people	to	align	vertical	orientation	and	valence.A	model	of	concepts	that	is	based	on	input	from	modalities	and	from	language	may	be	very	flexible	and	powerful	[84].	Concept	understanding	requires	knowing	in	what	kind	of
situations	the	concept	occurs.	It	does	not	matter	so	much	in	this	context	whether	between-symbol	links	are	set	up	by	verbal	explanation	(in	the	same	language),	by	lines	between	symbols	in	connected	graphs	(as	in	figure	1,	see,	e.g.	[1])	or	by	semantic	vectors	coding	the	co-occurrence	of	symbols	in	large	collections	of	texts	[2].	2012Coming	of	age:	a
review	of	embodiment	and	the	neuroscience	of	semantics.	NHS14-1665:1	(N.B.	and	A.M.).Thanks	to	Rogayah	Razak	for	facilitating	data	collection	with	the	Jahai,	and	to	Dirk	Hage	and	Renske	Schilte	who	helped	collect,	transcribe	and	code	the	Dutch	data,	and	to	Nick	Wood	for	help	with	data	management.	27,	1451–1460.	Recently,	we	have	shown
that	maximum	perceptual	strength	(i.e.	strength	in	the	dominant	modality)	is	the	best	available	predictor	of	concreteness	effects	in	word	recognition,	whereby	strongly	perceptual	words	are	recognized	more	easily	than	weakly	perceptual	words	[21,23].	2007When	‘light’	and	‘dark’	thoughts	become	light	and	dark	responses:	affect	biases	brightness
judgments.	Crossref,	Google	Scholar4Barsalou	LW.	1999Philosophy	in	the	flesh:	the	embodied	mind	and	its	challenge	to	western	thought.	(doi:10.1111/cogs.12174)	Crossref,	PubMed,	ISI,	Google	Scholar6Connell	L,	Lynott	D.	2016Is	more	always	better	for	verbs?	We	argued	that	ACs	are	characterized	by	inner	grounding.	[28]	further	contrasted	such
gestures	with	‘artificial	counting	gestures’.	Clearly,	abstract	cannot	mean	non-perceptual.One	possible	explanation	for	this	conflict	is	that	the	abstract/concrete	distinction	does	depend,	at	least	in	part,	on	how	much	a	concept	is	grounded	in	perceptual	experience,	but	that	people	have	been	hitherto	mistaken	as	to	which	concepts	are	minimally
experienced	via	the	senses.	Neurocase	12,	151–163.	Additionally,	abstract	content	emerges	from	the	relations	that	integrate	situational	elements,	both	external	and	internal.In	the	literature,	a	concept	is	typically	categorized	as	‘concrete’	if	its	referents	are	bounded	physical	entities	perceptible	in	the	external	world,	such	as	dogs,	apples	and	chairs
[42,43].	Because	of	language's	powerful	ability	to	integrate	situational	elements	with	hierarchically-embedded	argument-value	structures,	it	becomes	possible	to	specify	the	integrated	situational	elements	to	which	a	situated	conceptualization	refers.Rather	than	pointing	to	the	referents	of	abstract-SC	concepts	with	their	hands,	people	refer	to	them
with	linguistic	expressions.	In	fact,	to	produce	the	first	contentful	response,	Jahai	speakers	took	M	=	2727	ms,	whereas	Dutch	speakers	took	17	280	ms.Jahai	participants	agreed	more	with	one	another	in	how	to	describe	each	stimulus	than	Dutch	speakers	did.	The	interaction	between	concreteness	and	group	was	not	warranted	(LR	for	interaction
model	=	−330.43;	LR	for	model	not	including	it	=	−330.44;	,	p	=	0.866).	After	each	card	was	presented	to	the	clue-giver	it	was	placed	in	a	small	stand	so	that	they	could	see	it	but	had	both	hands	free	during	the	trial.	A.	In	Study	2,	we	investigated	a	subset	of	over	500	emotion	concepts	and	found	that	interoception	is	the	most	important	perceptual
modality	in	the	experience	of	emotions	(moreso	than	other	concepts	of	similar	abstractness),	particularly	dominating	those	relating	to	fear	and	sadness.	2007Correspondence	analysis	in	R,	with	two-	and	three-dimensional	graphics:	the	ca	package.	Even	with	emotion	concepts,	where	there	are	already	rich	internal	resources	as	we	have	seen,	linguistic
deference	may	be	responsible	for	grounding	some	fine-grained	differences.	Crossref,	PubMed,	ISI,	Google	Scholar69Caruana	F,	Cuccio	V.	IEEE	Trans.	The	label	‘abstract	concepts’	covers	a	large	diversity	of	domains.	2012A	time-based	account	of	the	perception	of	odor	objects	and	valences.	(doi:10.1016/j.neuropsychologia.2011.01.003)	Crossref,
PubMed,	ISI,	Google	Scholar3Pexman	PM,	Hargreaves	IS,	Siakaluk	PD,	Bodner	GE,	Pope	J.	46,	414–466.	They	found	that	higher-level	sensorimotor	regions	associated	with	the	described	actions	showed	increased	activation	with	both	the	action	and	the	non-idiomatic	metaphor	sentences	but	not	with	the	idiomatic	metaphor	or	abstract	sentences.
1995The	looping	effects	of	human	kinds.	We	can	easily	abstract	the	common	shared	colour—i.e.	white—of	jasmine,	lily-of-the-valley,	camphor	and	milk,	but	no	man	can	similarly	abstract	a	common	odour	by	attending	to	what	they	have	in	common	and	setting	aside	their	differences'	[19,	p.	In	this	view,	different	causal	events	partly	share	perceptual,
motor	and	goal-related	features	so	that	their	neurobiological	mechanisms	may	overlap	with	regard	to	part	of	their	underpinning	neuronal	circuits.	[34].	We	estimated	the	valence	of	a	further	234	emotion	concepts	from	their	lemmas	(e.g.	valence	rating	for	anxiously	based	on	that	for	anxious)	and	then	selected	non-emotion	matched	controls	as	above
(e.g.	incoherently).	1,	242.	23,	364–369.	See	.	So	implicit	deference	need	not	be	metacognitive.	4,	103–120.	But	there	is	a	third	possibility.	For	concepts	like	electron	and	fairness,	it	is	much	less	plausible	that	the	sensorimotor	furnishes	grounding	characteristics	that	are	sufficiently	rich	to	be	distinctive.	The	net	effect	is	that,	whenever	people	consider
the	abstract/concrete	distinction	on	the	basis	of	sensory	experience,	they	most	likely	fail	to	consider	all	relevant	sensory	information,	and	so	many	strongly	perceptual	concepts	end	up	erroneously	categorized	as	abstract.	2017The	specificity	of	sound	symbolic	correspondences	in	spoken	language.	A	choice	response-time	study.	Specifically,	we	propose
that	engaging	concepts	for	situational	integration	supports	three	important	functions:	(i)	comprehending	situations,	(ii)	predicting	events,	and	(iii)	performing	appropriate	actions	that	produce	desirable	outcomes.	1953Philosophical	investigations.	The	second	focuses	on	the	way	in	which	linguistic	forms	can	facilitate	and	organize	the	neural
implementation	of	our	concepts.	The	robot's	control	architecture	consists	of	an	Elman	simple	recurrent	neural	network.	In	The	psychology	of	learning	and	motivation,	vol.	(doi:10.1037/0033-295X.93.4.411)	Crossref,	ISI,	Google	Scholar54Nosofsky	RM.	What	does	it	mean	to	say	that	freedom	is	more	abstract	than	ball?	Many	behavioural	studies	also
highlight	the	importance	of	information	from	all	five	basic	modalities	in	predicting	performance	across	a	range	of	conceptual	tasks,	including	modality-switching	cost	paradigms	[5,16],	word	modality	detection/categorisation	[17],	conceptual	combination	[18],	attentional	blink	[19],	recognition	memory	[20]	and	word	recognition	[21–24].
(doi:10.1080/01690960344000026)	Crossref,	Google	Scholar36Wilson-Mendenhall	CD,	Barrett	LF,	Simmons	WK,	Barsalou	LW.	Constructing	the	concepts	that	encode	our	knowledge	is	no	less	a	collective	endeavour.	Windsor,	UK:	NFER-Nelson.	1998Being	there:	putting	brain,	body,	and	world	together	again.	The	results	did	not	differ	if	left-handers	or
the	Arabic	bilingual	participant	were	removed	from	the	dataset.	We	then	compared	by	means	of	one-tailed	t-tests	the	percentage	of	movements	actually	performed	by	the	participants	in	each	direction	with	the	canonical	percentages.	For	these	reasons,	many	have	thought	that	language	must	be	important	for	grounding	abstract	concepts	(see,	for
example,	the	theories	surveyed	in	Borghi	et	al.	(doi:10.1037/a0021446)	Crossref,	PubMed,	ISI,	Google	Scholar9Wiemer-Hastings	K,	Xu	X.	To	minimize	fatigue,	children	were	given	the	choice	to	take	a	break	every	24	trials.	81,	472–479.	Second,	BASPA	feeds	function	as	cues	to	activate	situational	patterns	in	long-term	memory	that	help	process	the
current	situation.	2015Are	automatic	conceptual	cores	the	gold	standard	of	semantic	processing?	It	may	be	that,	in	general,	they	were	less	strict	for	the	abstract	words	as	these	are	typically	considered	to	be	harder	for	children.To	summarize,	DLD	children	show	impaired	performance	at	recognizing	both	abstract	and	concrete	words	compared	with
their	age-matched	peers,	but	they	can	correctly	recognize	an	equivalent	number	of	words	(both	abstract	and	concrete)	compared	with	their	vocabulary-matched	peers	(as	showed	by	the	lexical	decision	task).	11,	390–395.	Before	discussing	these	hybrid	models,	let's	consider	two	of	the	main	other	explanations	of	abstract	concepts,	Conceptual
metaphor	theory	and	Situated	cognition,	and	to	what	extent	they	might	explain	sensory-motor	grounding.Cognitive	linguists	have	proposed	that	linguistic	metaphors	reveal	the	structural	relations	between	concrete	and	abstract	concepts	[9–14].	1989Computation	and	cognition:	toward	a	foundation	for	cognitive	science.	66,	870.	An	additional
cognitive	benefit	may	arise	from	the	fact	that	linguistic	symbols	are	syntactically	re-combinable	in	a	way	that	is	independent	of	the	combinatorial	properties	of	non-linguistic	embodied	and	grounded	cognition.	These	consist	of	the	rhythmic	swings	of	the	virtual	arm	back	and	forth,	in	which	the	gesture	still	corresponds	to	the	recited	number	words	in
the	temporal	domain,	but,	unlike	in	‘natural’	counting	gestures,	it	does	not	correspond	to	the	counted	items	in	the	spatial	domain.The	results	of	the	robot	experiments	consistently	show	that	the	perception	of	the	pointing	gestures	allows	the	robot	to	significantly	improve	the	counting	accuracy,	as	compared	with	the	condition	of	counting	using	only
visual	information.	2011Property	generation	reflects	word	association	and	situated	simulation.	The	Dutch	participants	live	a	typical	urbanized	Western	lifestyle.	Such	hybrid	models	of	concepts	are	attractive	because	they	may	explain	evidence	for	grounded	concepts	but	also	evidence	that	is	problematic	for	the	grounded	view.	2014Supra-personal
cognitive	control	and	metacognition.	Table	3.Results	of	the	multinomial	logistic	regression	predicting	verbal	utterance	type,	using	taxonomic	utterances	as	the	reference	category.	Google	Scholar23Wechsler	D.	One	of	their	groups	carried	out	exactly	the	same	drawing	task	as	it	was	used	here	but	without	any	prior	exposure	to	directional	stimuli.	In
particular,	WAT	theory	predicts	that	abstract	concepts	should	exhibit	a	greater	tendency	to	engage	language	areas	[59,60].	2014Finding	the	answer	in	space:	the	mental	whiteboard	hypothesis	on	serial	order	in	working	memory.	PPM=1997	Pragmatism	as	a	Principle	and	Method	of	Right	Thinking.	All	participants	correctly	answered	the	three
comprehension	questions.Videotaped	finger	pointing	confirmed	that	scanning	mostly	adjusted	to	expectations.	2005Situating	abstract	concepts.	4,	117–142.	On	the	screen,	the	pair	of	pictures	of	the	choice	objects	(e.g.	a	watch,	pair	of	glasses,	iPhone,	iPod,	MacBook,	Nespresso	Machine,	Scooter	and	Bag)	was	presented	to	the	participants,	where	the
objects	were	the	same,	but	the	colours	were	different.	2013Time	(also)	flies	from	left	to	right	if	it	is	needed!	In	Proc.	For	example,	they	are	judging	that	their	individual	means	for	applying	their	elm	concept	are	inadequate	and	that	they	should	depend	on	others.	IEEE	Int.	Extant	accounts,	though,	tend	to	commit	one	of	two	errors:	they	either	treat
language	as	just	another	experiential	source	of	information	or	offer	a	conception	of	the	language	system	that	is	incompatible	with	embodiment	and	grounding.	(doi:10.1080/01973533.2012.712019)	Crossref,	ISI,	Google	Scholar35Borghi	AM,	Lugli	L.In	preparation.	A	few	studies	have	used	feature	listing	or	property	generation	tasks	to	study	abstract
meaning	[1,9,11].	‘Perro'	can	be	explained	by	showing	pictures	of	a	bulldog,	a	German	shepherd	and	a	boxer,	and	‘gato'	by	pointing	to	a	British	shorthair,	a	Maine	coon	and	Siamese	kitten.	(doi:10.1037/0033-295X.82.6.407)	Crossref,	ISI,	Google	Scholar2Landauer	TK,	McNamara	DS,	Dennis	S,	Kintsch	W.	We	computed	the	response	bias	(or	criterion,
c),	by	multiplying	the	sum	of	the	normalized	hit	rate	(correctly	identifying	a	word)	and	the	normalized	false	alarm	rate	(incorrectly	claiming	that	a	non-word	was	a	word)	by	−0.5	[45–47].	(doi:10.3389/fpsyg.2017.02014)	Crossref,	PubMed,	ISI,	Google	Scholar34Niedenthal	PM,	Augustinova	M,	Rychlowska	M,	Droit-Volet	S,	Zinner	L,	Knafo	A,	Brauer	M.
82,	407–428.	This	model	uses	a	combination	of	neural	networks,	with	a	recurrent	intermediate	layer	for	number	words	and	motor	finger	sequences,	to	implement	the	learning	of	associations	between	(motor)	finger	counting,	(visual)	object	counting	and	(auditory)	number	words	and	sequence	learning.	31,	721–731.	Reviews	of	neuroimaging	confirm
this	importance,	showing	that	abstract-LIT	concepts	heavily	use	language	areas	in	the	brain	(when	processed	in	isolation;	[55]).	Seven	Oaks,	CA:	Sage.	38,	33–38.	(doi:10.3389/fnbeh.2014.00013)	Crossref,	PubMed,	ISI,	Google	Scholar30Di	Nuovo	A,	De	La	Cruz	V,	Cangelosi	A.	2012Mighty	metaphors:	behavioral	and	ERP	evidence	that	power	shifts
attention	on	a	vertical	dimension.	2004A	signal	detection	analysis	of	audio/video	redundancy	effects	in	television	news	video.	As	this	information	seems	insufficient	for	understanding,	the	nice	chap	would	give	you	more	detailed	(distributional	semantic)	information	by	saying	that	a	‘gato'	would	occasionally	‘ronronea',	whereas	a	‘perro'	might	possibly
‘tarasca'	the	‘gato'.	[30]).	2016The	paradigmatic	body.	For	example,	despite	being	rated	as	abstract,	fear	is	strongly	visual,	noisy	is	strongly	auditory	and	quality	is	strongly	multimodal	across	all	five	modalities	of	touch,	taste,	smell,	sound	and	vision.	(doi:10.1371/journal.pone.0067090)	Crossref,	ISI,	Google	Scholar4Mellem	MS,	Jasmin	KM,	Peng	C,
Martin	A.	We	classified	the	terms	into	11	categories,	following	the	major	classifications	of	the	literature	(e.g.	emotions,	mental	states,	institutional	concepts).	(doi:10.1111/tops.12102)	Crossref,	PubMed,	ISI,	Google	Scholar79Durda	K,	Buchanan	L,	Caron	R.	Next	each	segment	was	assigned	one	of	20	category	codes	(electronic	supplementary	material)
that	best	captured	the	type	of	property	the	participant	generated	with	each	utterance.	(doi:10.1207/s15327809jls1401_4)	Crossref,	ISI,	Google	Scholar76Gentner	D.	This	would	be	an	extension	of	the	standard	concreteness	effect,	whereby	abstract	words	are	more	difficult	to	remember	and	comprehend	than	are	concrete	words	[37–40].	1986Thought
and	language,	revised	edn.	Reading	odour-related	words	(e.g.	cinnamon,	garlic	and	jasmine)	elicits	increased	activation	in	the	primary	olfactory	cortex	relative	to	neutral	control	words	[16],	and	reading	action	words	(e.g.	lick,	pick	and	kick)	elicits	increased	activation	in	the	cortical	regions	associated	with	performing	the	relevant	movements	[17].
2014Simulating	sensorimotor	metaphors:	novel	metaphors	influence	sensory	judgments.	Because	language	specifies	the	content	and	structure	of	abstract-SC	concepts	(both	elemental	and	integrative),	it	can	be	used	to	define	new	concepts	not	yet	experienced.	I	could	learn,	for	instance,	that	deer	are	to	be	found	in	beech	woods,	and	then	rely	on	an
expert	to	identify	beeches	when	we	are	out	in	the	woods	looking	for	deer.	For	example,	the	ability	of	speakers	of	one	language	to	guess	the	meaning	of	iconic	words	in	other	languages	is	higher	than	one	might	suppose	[80–83].	Note,	however,	that	in	doing	so,	the	word	form	necessarily	resembles	a	particular	type	of	fun	rather	than	a	more	abstract
and	generalizable	idea	of	fun	[119].	(doi:10.1080/15248372.2011.573515)	Crossref,	PubMed,	ISI,	Google	Scholar98Lockwood	G,	Dingemanse	M,	Hagoort	P.	2005Hard	words.	They	must	differ	in	the	characteristics	that	the	theory	of	the	metaphysics	of	reference	takes	as	input.	Crossref,	Google	Scholar11Kousta	S-T,	Vigliocco	G,	Vinson	DP,	Andrews	M,
Del	Campo	E.	On	this	view,	the	knowledge	underlying	abstract	concepts	comes	from	language	itself.4	What	does	it	mean	for	knowledge	to	come	from	language?	Roest	et	al.	(doi:10.3758/s13423-011-0092-y)	Crossref,	PubMed,	ISI,	Google	Scholar5Juhasz	BJ,	Yap	MJ,	Dicke	J,	Taylor	SC,	Gullick	MM.	2012The	evocative	power	of	words:	activation	of
concepts	by	verbal	and	nonverbal	means.	It	is	important	to	note	that	those	sentences	do	not	have	any	agentic	nor	temporal	structure.	(doi:10.1111/j.1551-6709.2012.01240.x)	Crossref,	PubMed,	ISI,	Google	Scholar126Bowdle	BF,	Gentner	D.	Google	ScholarPage	4There	is	mounting	evidence	suggesting	that	some	dimensional	abstract	concepts	such	as
time	and	number,	but	also	emotional	valence	or	social	power,	are	mentally	represented	by	analogical	means:	a	spatial	representation	akin	to	a	mental	line.	(doi:10.1037/a0014504)	Google	Scholar28Borghi	AM,	Flumini	A,	Cimatti	F,	Marocco	D,	Scorolli	C.	For	example,	learning	how	to	perform	long	division	on	paper	requires	a	similar	grounded
manipulation	of,	and	interaction	with,	physical	symbols	[5,6].	1996Statistical	learning	by	8-month-old	infants.	Methods	45,	718–730.	The	reviewed	evidence	suggests	that	this	activation	is	due	to	the	inner	articulation	of	the	label	and/or	to	inner	speech,	contributing	either	to	the	re-enactment	of	the	acquisition	experience,	to	the	re-explanation	to
ourselves	of	the	conceptual	meaning	and/or	to	the	information	request	on	the	conceptual	meaning	to	others.	(doi:10.1111/tops.12102)	Crossref,	PubMed,	ISI,	Google	Scholar26Vygotsky	LS.	The	average	time	of	the	following	drawing	phase	was	293	s	in	the	standard	comic	group	and	310.5	s	in	the	mirror	comic	group.	(doi:10.1523/JNEUROSCI.1158-
07.2007)	Crossref,	ISI,	Google	Scholar25Kermen	Fet	al.2011Molecular	complexity	determines	the	number	of	olfactory	notes	and	the	pleasantness	of	smells.	2,	15.	The	role	of	embodiment	in	conceptual	development.	Although	causal	actions	and	their	effects	are	very	variable,	it	appears	that	at	least	subsets	of	them	share	features,	which	can	be
motivated	neurobiologically.	2014Thinking	in	words:	language	as	an	embodied	medium	of	thought.	We	consider	metacognition	as	another	kind	of	internal	perceptual	process,	tuned	to	track	information	about	cognitive	states	and	brain	processes.We	hypothesize	that	concepts	that	are	grounded	on	metacognitive	processes	are	perceived	as	more
abstract	than	those	grounded	on	interoception	and	proprioception.	(a)	Property	verification	task	(from	Borghi	et	al.	2012Neurological	evidence	linguistic	processes	precede	perceptual	simulation	in	conceptual	processing.	(doi:10.1037/0096-3445.120.3.278)	Crossref,	PubMed,	ISI,	Google	Scholar46Forbus	KD,	Gentner	D,	Law	K.	2014Does	the	concept
of	affordance	add	anything	to	explanations	of	stimulus–response	compatibility	effects?	Indianapolis,	IN:	Hackett.	1997Plato:	complete	works.	Seventeen	Jahai	participants	had	no	schooling,	and	the	rest	had	only	1–6	years	of	primary	school	education	(in	Malay).	New	York,	NY:	Cambridge	University	Press.	14,	69–110.	Most	concepts	were	labelled	with
a	single	word	(N	=	29	887)	but	some	concepts	such	as	heart	attack	were	labelled	with	a	two-word	lexicalized	phrase	(N	=	2342).	776.	An	image	schema	such	as	up–down	may	refer	to	experiences	in	different	modalities	such	as	seeing	the	top	and	bottom	of	a	tree	or	the	feeling	of	reaching	towards	a	high	shelf.	(doi:10.1016/j.tics.2014.01.006)	Crossref,
PubMed,	ISI,	Google	Scholar32Kuhn	TS.	In	Embodied	simulation,	intersubjectivity	and	the	bodily	self	(eds	Metzinger	T,	Windt	J),	pp.	Although	truth	might	seem	relatively	abstract,	it	links	together	many	concrete	aspects	of	the	situation,	including	a	speaker's	utterance	embedded	in	a	social	interaction,	along	with	reference	to	a	perceived	physical
situation	that	matches	the	utterance's	mentally	represented	meaning.Emotion	concepts	similarly	integrate	both	abstract	and	concrete	situational	content.	One	limitation	of	this	approach,	however,	is	that	participants	tend	to	list	fewer	properties	for	abstract	than	for	concrete	concepts	[12].	(doi:10.1037/a0034989)	Crossref,	PubMed,	ISI,	Google
Scholar13Román	A,	El	Fathi	A,	Santiago	J.	2003The	similarity-in-topography	principle:	reconciling	theories	of	conceptual	deficits.	Even	superficial	situational	details	that	may	seem	unrelated	to	the	central	concept	can	be	important.	9,	389–396.	This	simulation	theory	is	implemented	via	the	symbol	grounding	transfer	method	proposed	by	Cangelosi	&
Riga	[17],	which	requires	the	implementation	of	(i)	the	basic	grounding	(BG)	and	(ii)	higher	grounding	transfer	(HG)	mechanisms.	In	addition,	labels	can	help	us	to	select	the	relevant	cues:	while	we	observe	a	scene	with	people	running	in	a	field	we	interpret	it	differently	if	we	hear/pronounce	the	word	‘freedom’	or	the	word	‘grass’.We	propose	that



with	ACs	the	need	to	speak	to	ourselves	or	to	prepare	to	interact	with	others	is	stronger	than	with	concrete	concepts.	Appl.	2011Abstract	concepts:	sensory-motor	grounding,	metaphors,	and	beyond.	The	setting	network,	for	example,	produces	conceptualizations	of	settings,	such	as	home,	office	and	street.	From	Villani	et	al.	(doi:10.1111/1467-
9280.00434)	Crossref,	PubMed,	ISI,	Google	Scholar20Wilson-Mendenhall	CD,	Simmons	WK,	Martin	A,	Barsalou	LW.	As	a	result,	people	are	more	likely	to	compare	situations	that	are	superficially	similar	than	situations	that	are	superficially	dissimilar.

Definition.	Theory	of	mind	is	a	"theory"	because	the	behavior	of	the	other	person,	such	as	their	statements	and	expressions,	is	the	only	thing	being	directly	observed.Their	mind	and	its	contents	cannot	be	observed	directly,	so	the	existence	and	nature	of	the	mind	must	be	inferred.	The	presumption	that	others	have	a	mind	is	termed	a	theory	of	mind
because	each	human	can	only	…
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