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Variability	and	Strength	in	Gradient	Phonotac9c	Generaliza9on	
Thomas	Denby	and	Ma?	Goldrick	

BACKGROUND	
Gradient	phonotac.cs	

Gradient	phonotac9cs	are	gradient	restric9ons	over	
sequences	and	posi9ons	of	speech	sounds	
•  Segment	sequences	can	appear	in	more	contexts	(unique	

words/syllables)	and	more	frequently	(more	instances)	

syllable-final	[s]	>	[z]	
	

	

What	factors	play	a	role	in	the	acquisi.on	
of	gradient	phonotac.cs?	

	
Contextual	Variability	

•  Variability	of	contexts	surrounding	a	pa?ern	
•  High	contextual	variability	draws	learner’s	a?en9on	to	

invariant	aspects	of	the	input	
•  Measured	by	#	of	unique	lexical/syllabic	contexts	in	which	

phonotac9c	constraint	appears	
	

Exemplar	Strength	
•  Strength/ac9va9on	of	individual	items	making	up	pa?ern	

affects	strength	of	pa?ern	as	a	whole	
Ø  Frequency	effects	ubiquitous	in	language	

processing	
•  Measured	by	#	of	instances	in	which	phonotac9c	

constraint	appears	

How	does	this	further	our	understanding	of	
phonotac.c	learning?	

•  Contextual	variability	and	exemplar	strength	are	highly	
correlated	in	natural	language	phonotac9cs1	

Ø  Most	models	of	phonotac9c	learning	do	not	
differen9ate	between	the	two2,3	

•  By	using	ar9ficial	language	experiments,	we	can	
decorrelate	and	deconfound	the	influence	of	these	factors	
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EXPERIMENT	DETAILS	
	

•  32	par9cipants/experiment	
•  All	par9cipants	recruited	through	Amazon	Mechanical	

Turk	
•  Significance	measured	using	logis9c	mixed-effects	

regression	models	and		χ2	model	comparisons	
•  All	error	bars	are	95%	bootstrapped	CIs		
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•  Par9cipants	generalize	pa?ern	that	
appears	in	more	contexts,	instances	to	
novel	items	(simulates	phonotac9c	
constraints	in	natural	language)	

•  β	=	1.07,	s.e.	β	=	0.19,	χ2(1)	=	23.8,									
p	<	.05	

noo[s] 
sa[s] 

crea[s] 

bu[s] 

ma[s] 
ki[s] fi[z] bree[z] 

tea[z] 

	

Experiment	 #	of	Unique	Syllables	 #	of	Instances	
	 Pattern	

A	
Pattern	
B	

Ratio	 Pattern	
A	

Pattern	
B	

Ratio	

Experiment	1		
Correlated	

16	 4	 4:1	 64	 16	 4:1	
Experiment	2A	
Variability	

16	 4	 4:1	 40	 40	 1:1	

Experiment	2B	
Strength	

16	 16	 1:1	 64	 16	 4:1	

Experiment	3	
Anti-correlated	

16	 4	 4:1	 16	 64	 1:4	

Experiment	1	
Par.cipants	generalize	paPern	with	high	

variability	and	high	strength	

Experiment	2A	
Par.cipants	generalize	paPern	with	high	

contextual	variability	alone	

•  Par9cipants	generalize	pa?ern	that	
appears	in	more	contexts,	but	same	#	
of	instances	

•  β	=	0.75,	s.e.	β	=	0.15,	χ2(1)	=	21.9,									
p	<	.05	

Experiment	2B	
Par.cipants	do	not	generalize	paPern	with	

high	exemplar	strength	alone	

•  Par9cipants	do	not	generalize	pa?ern	
that	appears	in	more	instances,	but	
same	#	of	contexts	more	than	
disadvantaged	pa?ern	

•  β	=	0.09,	s.e.	β	=	0.17,	χ2(1)	=	0.3,	p	>	.05	

Input	sta(s(cs	per	block	

Experiment	3	
Par.cipants	generalize	paPern	with	high	
variability	over	paPern	with	high	strength	

•  Par9cipants	generalize	pa?ern	that	
appears	in	more	contexts/fewer	
instances	than	the	pa?ern	that	appears	
in	few	contexts/many	instances		

•  β	=	0.65,	s.e.	β	=	0.18,	χ2(1)	=	11.6,									
p	<	.05	

Measure	
•  How	owen	par9cipants	incorrectly	respond	yes	on	

novel	generaliza.on	syllables	
Ø  Measures	pa?ern	generaliza9on	

	
By	manipula(ng	the	variability	and	strength	of	each	
paTern,	we	can	compare	their	effects	on	learning	

Con;nuous	recogni;on	memory	task4	
•  S9muli	presented	auditorily,	one	at	a	

9me	
•  Prompt	awer	each	s9mulus:	“Have	you	

heard	this	syllable	before?”	
•  Par9cipants	respond	YES	or	NO		

Is	the	effect	of	contextual	variability	
modulated	by	exemplar	strength?	

	
•  No	significant	difference	whether	

variability	is	correlated,	isolated,	an9-
correlated	with	strength	

•  Pa?ern	robust	to	manipula9ons	of	
acous9c	variability	and	rela9ve	input	
sta9s9cs	in	separate	experiments	(not	
shown)	

		

*	 *	 *	

Why	does	variability	enhance	
generaliza.on?	

•  Variability	in	the	context	surrounding	the	pa?ern	
allows	learners	to	home	in	on	invariant	features	
of	the	input	

•  Consistent	with	evidence	from	visual	pa?ern	
learning	for	adults5	and	toddlers6,	acquisi9on	of	
non-na9ve	phonemes7,	words	for	infants8,	stress	
pa?erns9,	morphemes10,	and	syntac9c	
dependencies11	

	

Why	doesn’t	strength	modulate	
generaliza.on?	

	
•  High	strength	items	may	become	excep9onal	

Ø  Learners	a?ribute	features	as	idiosyncra9c	
to	par9cular	item,	not	generalizable	to	
novel	items	

Ø  e.g.	high	token	frequency	morphemes	
owen	excep9onal12	(e.g.	go/went)	

	

Contextual	variability	enhances	
generaliza;on	

	
Exemplar	strength	does	not	modulate	

generaliza;on	

(Advantaged	%Yes)	–	(Disadvantaged	%Yes)	

Experiment	Comparison	

n.s.	

Materials	
•  64	total	CVC	nonsense	syllables	
•  Syllables	divided	into	two	pa?erns	

based	on	arbitrary	phonotac9c	
constraint	

Ø  Coda	paPern:	/n,f/	vs.	/s,b/	

Design	
•  Familiariza9on	phase	

Ø  2	repe99ons	of	set	of	familiariza(on	syllables	
•  Generaliza9on	phase	

Ø  4	addi9onal	repe99ons	of	familiariza(on	set	
Ø  Intermixed	with	novel	generaliza(on	syllables	

(½	follow	each	coda	pa?ern)	


