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Lexical acquisition as foraging in a semantic space 

Assessing the distribution of jumps between acquired words 

Discussion 

We	are	 gaining	 increasing	 insight	 on	 first	 language	 lexical	 acquisi3on.	 Concreteness	 of	
the	words,	phono-symbolism,	parental	 input,	child	age,	previous	vocabulary	and	verbal	
IQ	 all	 seem	 to	play	 a	 role	 (e.g.	 Beckage	et	 al	 2015;	Nadig	&	Bang	2016;	 Fusaroli	 et	 al.	
under	review).	However,	the	data	employed	for	this	pursuit	has	been	sparse	and	largely	
relying	 on	 parents’	 intui3ons	 (e.g.	 CDI	 inventories).	 The	 exact	 3me	 and	 sequence	 of	
acquisi3on	of	any	single	word	 is	not	available.	Consequently	we	have	not	been	able	to	
assess	crucial	issues	such	as:	
	
	
	
	
	
	
	
	

To	assess	the	trade	off	between	explora3on	and	exploita3on	we	analysed	the	
length	 distribu3ons	 of	 of	 seman3c	 jumps	 between	 successively	 acquired	
words.	 We	 compara3vely	 assessed	 the	 fit	 of	 exponen3al,	 log-normal	 and	
power	law	distribu3ons	(Clauset	et	al	2007).	To	beWer	understand	the	actual	
temporal	 sequence	 of	 these	 jumps,	 we	 employed	 detrended	 fluctua3on	
analysis	(DFA,	Kantelhardt	et	al	2001).	DFA	quan3fies	the	correla3on	between	
variability	at	different	3me-scales.	
	
Lexical	acquisi3on	is	best	described	as	a	process	of	foraging	in	a	very	sparse	
environment	 (low	exploita3on,	but	 s3ll	 significantly	more	 than	 in	 randomly	
shuffled	sequences	of	the	same	words):	
	

To	characterize	 the	clustering	of	 jumps	 (that	 is,	 the	amount	of	exploita3on)	
we	assessed	how	predic3ve	one	jump	is	of	the	next	(mutual	informa3on)	and	
whether	 there	are	 repeated	 regulari3es	 in	 the	 jump	sequences	 (Recurrence	
Quan3fica3on	Analysis,	Marwan	et	al	2007).	
	
Words	are	acquired	 in	small	 seman5cally	close	clusters	of	an	average	of	3	
successive	words,	with	maximum	clusters	of	5:	
	
	
	
	
	
	
	
	
	

	
The	 effects	 remain	 when	 controlling	 temporal	 distance	 between	 word	
acquisi3on.	
	

The	Speechome	project	is	an	unprecedented	corpus	consis3ng	of	virtually	all	the	linguis3c	input	and	produc3on	of	1	child	from	0	to	3	years	
of	age	(Roy	et	al	2015).	We	define	each	word	in	terms	of:	i)	exact	3me	of	first	produc3on,	and	ii)	seman3c	features	(calculated	using	Latent	
Dirichlet	Alloca3on	on	the	parental	input).	This	gives	us	the	exact	sequence	of	lexical	acquisi5on	and	a	mul5-dimension	seman5c	space	in	
which	to	assess	its	proper5es	and	path-dependence.		
	

How	does	the	acquisi3on	of	a	new	word	affect	the	acquisi3on	of	successive	ones?		
	
•  Do	we	observe	a	high	exploita3on	strategy,	that	is,	words	are	acquired	in	clusters,	

with	the	acquisi3on	of	one	leads	to	the	acquisi3on	of	similar	ones?	

•  Do	we	observe	a	high	explora3on	strategy,	that	 is,	word	acquisi3on	spaces	wide,	
with	 the	 acquisi3on	 of	 a	 word	 being	 only	 followed	 by	 the	 acquisi3on	 of	 very	
dissimilar	ones?	

Foraging	is	an	increasingly	popular	model	for	cogni3ve	processes	(Hill	et	al	2015;	Murdoch	
et	al	2015).	Just	like	animals	foraging	for	food,	territory	and	mates,	cogni3ve	processes	can	
be	modeled	 in	 terms	of	exploita3on	and	explora3on	 trade-offs:	 the	 tendency	 to	 s3ck	 to	
known	places	and	that	to	roam	wild	in	the	hope	of	finding	something	beWer.	The	op3mal	
trade-off	 depends	 off	 course	 on	 the	 nature	 of	 the	 environment	 (sparse	 vs.	 rich	 in	
resources),	of	the	resources	sought	for	(e.g.	renewable	or	not)	and	of	the	searching	agent	
(memory	 size,	 roaming	 costs,	 etc.).	 Trade-offs	 can	 be	 described	 in	 terms	 of	 movement	
distribu3ons:	 a	Gaussian	distribu3on	would	 correspond	 to	 very	 similar	 random	 jumps	 (a	
Brownian	mo3on),	 a	 power-law	 distribu3on	 to	 clusters	 of	 small	 jumps	 followed	 by	 one	
long	jump	(Levy	flights	being	a	specific	case	of	this,	an	inverse	square	distribu3on).	
	
We	model	lexical	acquisi3on	in	the	Speechome	corpus	as	a	process	of	foraging:	a	sequence	
of	 jumps	 in	 a	mul3-dimensional	 seman3c	 space.	 Distance	 between	 successively	 learned	
words	is	measured	as	cosine	distance	between	their	topic	distribu3on.		
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By	modeling	lexical	acquisi3on	as	foraging	we	can	
	
•  Assess	 the	 trade-off	 between	 explora3on	 and	 exploita3on	 (distribu3onal	 and	

power	law	analysis,	AlstoW	et	al	2014;	Clauset	et	al	2007;	Kantelhardt	et	al	2001)	

•  Characterize	 the	 clusters	 of	 jumps	 (mutual	 informa3on	 and	 recurrence	
quan3fica3on	analysis,	Marwan	et	al	2007)	

•  Build	 hypotheses	 on	 the	 linguis3c	 environment	 and	 cogni3ve	 strategies	 in	 first	
language	lexical	acquisi3on.	

•  The	 jumps	 follow	 a	 power-law	 distribu3on,	 with	 very	 local	 path	
dependence:	alpha=3.9±0.2.	

•  The	 jumps	 temporal	 sequence	 displays	 a	 DFA	 index	 of	 0.6,	 which	
implies	 short	 term,	 persistent	 correla3ons,	 such	 as	 a	 long	 interval	 is	
most	likely	followed	by	a	long	interval,	and	vice	versa	
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•  On	average	knowing	one	jump	allows	to	significantly	predict	the	length	
of	the	next:	we	find	sta3s3cally	significant	mutual	informa3on	between	
one	jump	and	the	next.	

		
•  We	observe	recurring	sequences,	corresponding	to	seman3c	clusters:	

•  Average	recurrent	sequence	(L):	2	jumps;	
•  Maximum	recurrent	sequence	(LMAX):	4	jumps	
•  Embedding	dimensions:	2,	delay:	1,	fixed	RR:	0.05	

Example	of	successively	acquired	words	(day	
555):	
•  Cream		
•  Tiger		
•  KiWy		
•  Tail	
•  Ear		

Assessing semantic clustering between successive words 

Sparse	foraging	might	imply	
•  Sparse	 environment:	 as	 the	 child	 is	 moved	 from	 ac3vity	 to	 ac3vity	

(from	 ea3ng	 in	 the	 kitchen	 to	 being	 washed	 in	 the	 bathroom	 to	
changing	clothes	in	the	bedroom),	seman3c	coherence	is	only	possible	
in	small	clusters.	

•  Limited	 cogni3ve	 buffer:	 maintaining	 discursive	 coherence	 for	 long	
stretches	 and/or	 acquiring	 more	 than	 two	 related	 words	 might	 be	
challenging	for	the	child’s	capacity	

Fig.	1	Image	from	the	Speechome	collec3on	


