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1.	 Introduction 

The	goal	of	this	chapter	is	to	explore	the	ways	in	which	syntactic	structure	guide	and,	

sometimes,	 confound	 language	 comprehension.	We	will	 ask	 how	 language	 users	 encode	

and	 navigate	 the	 abstract	 compositional	 structures	 that	 intervene	 between	 sound	 and	

meaning;	 and	 we	 will	 do	 so	 by	 focusing	 on	 the	 mnemonic	 properties	 and	 processes	 of	

syntactic	structure.	In	other	words,	how	does	the	language	user	know	where	they	are	in	an	

expression,	where	they’re	going,	and	where	they’ve	been?	To	investigate	these	properties,	

evidence	and	case	studies	will	be	brought	to	bear	from	the	areas	of	verbatim	memory	and	

short-term	forgetting	in	dependency	formation.	The	latter	area	corresponds	to	the	‘forward’	

and	 ‘reverse’	 of	 the	 title	 and	 encompasses	 the	 formation	 of	 both	 local	 and	 non-local	

dependencies.	 The	 first,	 however,	 is	 a	 bit	 of	 an	 unconventional	 focus,	 and	 a	 topic	 often	

confined	 to	 research	 in	 applied	 linguistics;	 but,	 as	 I’ll	 try	 to	 argue,	 it	 provides	 an	

underappreciated,	 if	 nuanced,	 source	 of	 evidence	 for	 the	 existence	 of	 durably-encoded,	

partial	syntactic	descriptions. 

 

Contemporary	 theories	 of	 grammar	 share	 a	 commitment	 to	 richly	 structured	 mental	

representations	as	necessary	components	of	mature	linguistic	competence	(Bresnan,	2001;	

Chomsky,	 1981,	 1995;	 Pollard	 &	 Sag,	 1994,	 Steedman,	 2000).	 They	 may	 differ	 in	 the	

particulars	--	number	and	kinds	of	representation	--	but	they	all	posit	abstract	categories	

that	 can	 be	 combined	 in	 regular	 ways	 to	 form	 ordered,	 compositional	 objects.	 Many	

important	 generalizations	 about	 grammatical	 dependencies	 rely	 upon	 of	 hierarchies	 of	

dominance	 and	 command,	 whether	 they	 be	 stated	 over	 phrase	 structures,	 grammatical	

functions,	 thematic	 roles,	 or	 related	 such	 scales.	 The	 explanatory	 benefit	 of	 abstraction	
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over	 structured	 representations	 comes	 with	 computational	 challenges,	 however.	 The	

richness	 of	 the	 structure	 and	 its	 reliance	 on	 ordering	 relations	 present	 interesting	

constraints	 to	 the	 language	 processor.	 On	 the	 timescale	 of	 comprehension	 (tens	 and	

hundreds	 of	 milliseconds	 to	 seconds)	 the	 comprehender	 must	 apply	 knowledge	 about	

grammatical	 categories	 and	 relations	 to	 recognize	 and	understand	actual	 expressions.	At	

the	sentence	level,	pairings	of	words	to	structure	must	be	recognized	and	encoded	as	part	

of	 the	 current,	 novel	 utterance.	 Because	 natural	 language	 expressions	 can	 be	 of	

considerable	 complexity	 and	 temporal	 extent,	 these	 novel	 structures	 must	 be	 encoded	

semi-durably	so	that	they	are	accessible	to	later	operations.	 

	

Consider	the	example	in	(1):	 

(1)	 (a)	The	bank	account	from	which	the	investor	transferred	*(the	funds)	(*from)... 

(b)	The	bank	account	from	which	the	investor	asked	that	the	teller	transfer		 

*(the	funds)	(*from)	…	 

…	was	overdrawn. 

To	successfully	understand	(1)(a)	or	(b),	both	of	which	contain	a	movement	dependency,	it	

is	necessary	that	the	comprehender	coordinate	information	presented	by	the	verb,	like	its	

subcategorization	frames	or	thematic	roles,	with	the	information	present	in	the	relativized	

argument,	namely,	that	it	was	pied-piped	with	its	containing	PP,	and	that	the	head	of	the	PP	

is	 ‘from’	 (and	 not	 ‘to’	 or	 ‘for’).	 (1)(b),	 an	 example	 of	 the	 unboundedness	 property	 of	

movement	 dependencies,	 suggests	 that	 the	 comprehender	 must	 be	 able	 to	 coordinate	

information	 that	 spans	more	 than	 one	 clause.	 Although	 syntactically	 local	 dependencies	
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may	not	span	as	many	syntactic	domains	as	non-local	dependencies,	some	can	nonetheless	

can	be	as	indefinitely	extended	in	time	as	non-local	dependencies.	Consider	(2): 

(2)	 (a)	The	bank	account	was/*were	seized	by	the	SEC. 

							 (b)	The	bank	account	[in	the	overseas	tax	haven]	was/*were	seized	by	the	SEC. 

							 (c)	The	bank	account	[that	was	opened	by	the	canny	investors	in	the	overseas	 

tax	haven	]	was/*were	seized	by	the	SEC.	

	 (d)	The	bank	account,	after	many	delays	in	the	courts,	was/*were	seized	by	the	SEC. 

Here	 establishing	 the	 agreement	 relation	 between	 the	 subject	 verb	 can	 be	 linearly	

interrupted	 by	 post-modification	 by	 PPs	 (2b),	 relative	 clauses	 of	 varying	 lengths	 and	

complexity	(2c),	and	pre-verbal	adjuncts	(2d). 

	

In	 the	 1960s	 and	 1970s	 there	 emerged	 a	 basic	 consensus	 that	 gross	 properties	 of	 the	

constituent	structure	assigned	to	an	expression	by	the	grammar	were	reflected	in	various	

perceptual	 and	mnemonic	measures	 (Fodor,	Bever	&	Garrett,	1974;	Levelt,	1974).	Today	

the	 majority	 of	 the	 studies	 supporting	 this	 conclusion	 would	 be	 dubbed	 ‘off-line’:	 for	

example,	asking	experimental	participants	to	recall	the	location	of	noise	burst	in	a	recorded	

stimulus	(Bever,	Lackner,	&	Kirk,	1969);	or,	to	assign	pairs	of	words	scores	based	on	how	

related	 they	 were	 felt	 to	 be	 (Levelt,	 1974).	 They	 are	 informative,	 however,	 about	 what	

might	 be	 called	 the	 ‘steady-state’	 encoding:	 the	 representation	 that	 persists	 once	 major	

comprehension	 processes	 have	 concluded	 at	 the	 sentence	 level.	 As	 experimental	

techniques	matured,	it	became	possible	to	use	measures	and	designs	that	could	probe	on-

going	 processing	 on	 the	 time-scale	 of	 single	 words,	 morphemes	 and	 syllables	 -	 these	

include	 various	 reading	 and	 listening	 techniques,	 eye-tracking,	 electro-	 or	
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magnetoencephalography,	and	hemodynamic	brain	imaging.	It	has	become	possible	to	ask	

not	just	which	grammatical	distinctions	are	reflected	in	the	steady-state	encoding,	but	also	

whether	the	rapidly	changing	cognitive	descriptions	 in	media	res	are	themselves	syntactic	

descriptions	 that	 accurately	 reflect	 the	 operations	 or	 constraints	 of	 the	 grammar.	 In	 the	

past	20	years,	using	the	finer	measures	and	examining	a	broader	collection	of	relationships,	

the	 facts	 of	 the	 matter	 are,	 perhaps	 unsurprisingly,	 mixed.	 Some	 kinds	 of	 real-time	

comprehension	processes	are	tightly	regulated	by	the	grammar	and	never	show	evidence	

that	anything	but	a	grammatical	analysis	is	entertained.	Some	processes,	however,	seem	to	

entertain	analyses	of	the	expression	which	the	grammar	cannot	generate	or	must	exclude.	

We’ll	 take	 up	 explanations	 for	 grammatical	 fidelity,	 on	 the	 one	 hand,	 and	 grammatical	

fallibility,	on	the	other,	in	Section	3. 

	

We	must	 first	 ask,	what	 is	memory	 for	 linguistic	 structure	 like	 such	 that	 it	 supports	 the	

formation	 of	 the	 local	 and	 non-local	 dependencies	 which	 are	 subject	 to	 particular	

grammatical	constraints?	Of	course,	language	users	are	not	perfect	-	and	both	dependency	

types	 exhibited	 in	 (1)	 and	 (2)	 are	 ones	 that	 lead	 to	 errors	 in	 both	 comprehension	 and	

production,	like	agreement	attraction	in	subject-verb	agreement	(Bock	&	Miller,	1991),	or	

blindness	 to	 subcategorization	 restrictions	 in	 pied-piping	 (Wagers,	 2008).	 From	 these	

errors,	we	can	hope	to	learn	what	stresses	the	real-time	system	and	whether	such	stresses	

are	 related	 to	 memory	 mechanisms.	 First,	 however,	 I	 want	 to	 consider	 a	 more	 direct	

method	of	probing	memory	for	syntactic	structure:	performance	in	recall	and	recognition.	 
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As	a	point	of	departure,	let	us	consider	a	classic	finding	from	the	literature	on	memory	for	

lists:	namely,	that	a	string	of	words	is	more	memorable	if	those	words	form	a	sentence,	a	

fact	dubbed	the	‘sentence	superiority’	effect.	Miller	&	Isard	(1964),	among	others,	provided	

a	dramatic	demonstration	of	this	fact	in	their	study	on	center	self-embedding.	They	taught	

participants	 very	 long	 sentences	 --	 22	 words	 in	 length	 --	 containing	 a	 series	 of	 relative	

clauses.	Either	the	relative	clauses	were	completely	right-embedded,	or	between	one	and	

four	 of	 them	 were	 center	 self-embedded.	 Participants	 heard	 five	 repetitions	 of	 a	 test	

sentence	and,	following	each	repetition,	tried	to	recall	the	sentence	verbatim.	In	each	item	

set,	 there	 was	 one	 condition	 in	 which	 the	 order	 of	 words	 was	 scrambled	 to	 create	 an	

ungrammatical	 ‘word	 salad’	 list.	 Following	 sentences	 with	 zero	 or	 one	 self-embedded	

relatives,	participants	could	recall	around	80%	of	the	words	correctly	on	the	first	trial;	and	

by	 5	 repetitions,	 nearly	 100%	 of	 the	 words	 could	 be	 recalled	 correctly.	 Unsurprisingly,	

sentences	with	center	self-embeddings	were	much	harder	to	recall	at	any	given	repetition:	

after	the	first	trial,	the	percentage	of	correctly	recalled	words	was	only	60%;	and	after	five	

repetitions,	 it	 remained	 between	 80-90%.	 By	 comparison,	 however,	 the	 word	 salad	

condition	 only	 ever	 achieved	 50%	 correct	 recall	 and	 only	 after	 five	 repetitions.	 In	 other	

words,	 even	 quadruple	 center	 self-embeddings	 –	 which	 are	 pathologically	 difficult	 to	

understand	 –	 are	 more	 memorable	 than	 a	 list	 containing	 the	 same	 words	 in	 a	 non-

syntactically	legal	order.	Despite	the	vintage	of	this	finding	(its	50th	birthday	approaches),	

the	 sentence	 superiority	 effect	 is	 something	 that	 theorists	 of	 human	 memory	 have	

continued	to	investigate	(Baddeley,	Hitch	&	Allen,	2009).	
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For	Miller	&	Isard	(1964),	the	reason	that	linguistic	structure	should	unburden	memory	is	

that	 it	 allows	 the	 perceiver	 to	 recode	 a	 stimulus	 from	 a	 level	 of	 analysis	 at	 which	 its	

constituent	elements	are	numerous	--	like	a	set	of	lexemes	--	to	one	at	which	its	constituent	

elements	are	fewer	--	like	a	set	of	clauses	or	other	syntactic	categories.	This	recoding,	now	

ubiquitously	 referred	 to	 as	 ‘chunking’	 in	 cognitive	 psychology	 (Miller,	 1956),	 is	 an	

appealing	 explanation	 for	 the	 sentence	 superiority	 effect	 because	 it	 directly	 relates	

memorability	to	the	available	compositional	descriptions.	The	sentence	superiority	effect	is	

thus	 thought	 to	 obtain	 because	 a	 syntactic	 level	 of	 description	 allows	 for	 10-20	 labeled	

tokens	 (in	 the	 case	 of	Miller	 &	 Isard,	 1964)	 to	 be	 replaced	 by	maybe	 4	 or	 5.	 Chunking,	

thought	 of	 in	 these	 terms,	 has	 often	 been	 linked	 to	 the	 notion	 of	 short-term	 memory	

capacity	(for	a	review,	see	Cowan,	2001).	The	term	‘capacity’	might	suggest	to	us	something	

like	a	claim	about	the	amount	of	information	that	can	be	maintained	or	stored	in	memory.	

But	it	is	important	to	recall	that	participants	ultimately	do	recall	an	ordered	list	of	words	in	

these	experiments	-	not	a	list	of	syntactic	labels.	As	Fodor,	Bever	&	Garrett	(1974)	observed,	

imposing	 a	 syntactic	 description	 on	 a	 sequence	 of	 words	 also	 adds	 considerable	

information:	 syntactic	 category	 labels,	 dominance	 relations,	 agreement	 features,	 etc.	 etc.	

However,	 any	 apparent	 tension	 between	 storage	 capacity	 and	 the	 richness	 of	 syntactic	

representation	 can	 be	 dissolved	 if	 we	 abandon	 the	 idea	 that	 capacity	 is	 a	 claim	 about	

“amount	 of	 stuff	 that	 can	 be	 stored”	 (or	 the	 number	 of	 chunks	 that	 can	 happily	 inhabit	

short-term	memory).	And	this	indeed	was	exactly	the	point	of	Miller	(1956),	who	observed	

that	 descriptions	 from	 a	wide	 range	 of	 domains	 (letters,	 digits,	words)	 run	 up	 against	 a	

relatively	 constant	 recoding	 limit,	despite	 the	varying	amount	of	 information	 required	 to	

represent	a	numeral	versus	a	word	versus	a	phrase.	 
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What	can	we	then	say	about	the	sentence	superiority	effect?	A	first	attempt:	the	sentence	

superiority	effect,	as	an	instance	of	chunking,	reflects	an	efficiency	in	memory	management	

that	the	linguistic	description	affords.	The	problem	with	recalling	22	words	in	order,	when	

those	words	do	not	form	a	sentence,	is	that	the	only	solution	to	the	problem	is	to	remember	

each	 of	 the	 22	 words	 individually	 and	 to	 remember	 which	 word	 precedes	 the	 next.	 By	

adding	 information	 like	 constituency	 or	 case	 or	 agreement,	 syntactic	 representations	

provide	many	more	paths	to	recall	individual	nodes;	the	more	routes	to	recalling	an	item,	

the	more	 robust	 that	 item	will	 be	 to	 forgetting	 (Anderson	&	Neely,	 1996).	Words	are	no	

longer	 uniquely	 identified	 by	 their	 relative	 position	 in	 a	 chain,	 but	 rather	 they	 can	 be	

identified	 as	 the	 label	 of	 this	 complement	 or	 of	 that	 specifier,	 or	 the	 recipient	 of	 this	

thematic	 role	 or	 that	 grammatical	 function.	 By	 forcing	 representation	 at	 a	 complex	 but	

systematic	 level,	 the	 comprehender	 can	 take	 advantage	 of	 the	 regularity	 of	 syntactic	

structure	to	generate	a	set	of	cues	rich	enough	and	robust	enough	to	reconstruct	the	string.	

A	related	possibility	is	that	we	routinely	store	whole	or	partial	linguistic	representations	in	

a	state	that	has	virtually	no	capacity	limitations,	namely,	in	long-term	memory.	This	claim	

may	seem	counterintuitive	to	some,	but	it	is	in	fact	a	claim	that	many	recent	contemporary	

memory	 models	 force	 us	 into	 making	 -	 for	 example,	 Ericsson	 &	 Kintsch’s	 long-term	

working	memory	model	 (1995)	or	content-addressable	architectures	with	a	commitment	

to	 stringent	 limitations	on	 short-term	memory	 (e.g.,	McElree,	1998,	McElree	et	 al.	2003).	

We	take	up	this	possibility	in	greater	depth	in	Section	3.	The	sentence	superiority	effect,	in	

this	 case,	 would	 reflect	 a	 state	 of	 affairs	 in	 which	 short-term	 memory	 can	 contain	

sufficiently	comprehensive	cues	or	indexes	to	what	has	been	stored	in	long-term	memory.	
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A	simple	view,	but	one	compatible	with	a	wide	range	of	evidence,	is	that	these	indexes	refer	

to	 large	clause-like	domains1	(Glanzer,	Dorfman	&	Kaplan,	1981,	Roberts	&	Gibson,	2002,	

Gilchrist,	 Cowan	 &	 Naveh-Benjamin,	 2008).	 Additionally,	 there	 may	 be	 some	 additional	

welcome	consequences	to	the	idea	that	incidental	syntactic	representations	are	stored	in	a	

more	 or	 less	 durable	 long-term	 form	 --	 these	 include	 serving	 as	 input	 to	 processes	 of	

acquisition,	learning	and	adaptation	involved	in	deriving	form-based	generalizations	and	in	

optimizing	predictive	behavior	(see	Section	3). 

	

Before	moving	on	to	more	evidence	and	case,	 it	 is	worth	returning	to	what	 is	perhaps	an	

underappreciated	point	in	Miller	&	Isard	(1964).	Their	experiment	is	often	cited	as	an	early	

experimentally-controlled	 demonstration	 of	 the	 degradedness	 of	 center	 self-embedding.	

Yet,	 from	another	perspective,	what	 is	 striking	 is	not	how	much	worse	recall	of	words	 is	

from	multiply	center-embedded	sentences,	but	how	much	better	it	is	than	the	word	salad	

conditions.	 Comprehenders	 must	 be	 imposing	 some	 description	 on	 the	 center	 self-

embedded	RCs	that	permit	 them	to	recall	 them	with	greater	accuracy.	 	The	 fact	 that	self-

embeddings	can	be	difficult	to	uninterpret	yet	relatively	memorable	lends	credence	to	the	

view	 that	 self-embeddings,	 in	 the	 course	 of	 parsing,	 give	 rise	 to	 accurate	 local	 syntactic	

descriptions	that	suffer	either	from	lack	of	coherence	at	the	global	level	(Tyler	&	Warren,	

1987,	Ferreira,	Bailey	&	Ferraro,	2002,	Tabor	et	al.,	2004)	or	from	an	unwise	allocation	of	

computational	resources	for	linking	the	chunks	into	a	whole	(Frazier	&	Fodor,	1978).	
	

1 There	has	been	persistent	disagreement	in	the	literature	about	what	counts	as	‘clause-like’	
(e.g.,	Tanenhaus	&	Carroll,	1975)	and	different	researchers	have	used	different	working	
definitions	in	their	experiments.	It	is	an	interesting	question	whether	this	disagreement	
might	be	resolved	or	better	arbitrated	if	it	were	brought	into	contact	with	contemporary	
questions	of	locality		--	e.g.,	what	defines	phase-hood	(Chomsky,	1999,	2005). 
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At	this	point	let	us	step	back	to	see	that	the	sentence	superiority	effect	as	a	fact	about	daily	

mental	 life	 is	not	something	we	wanted	to	explain	per	se:	we	wanted	to	understand	more	

generally	the	mnemonic	properties	of	sentences	because	of	what	they	might	teach	us	about	

the	way	syntactic	structure	behaves	in	space	and	in	time.	I	have	alluded	already	to	the	idea	

that	the	syntactic	descriptions	of	incidentally-encountered	sentences	could	be	encoded	as	a	

matter	of	course	into	long-term	memory,	where	those	descriptions	may	not	necessarily	be	

linked	together	as	a	whole.	In	the	remaining	sections,	we	will	consider	in	greater	detail	how	

whole	sentences	are	retained	in	memory	(Section	2);	this	will	form	an	entree	into	thinking	

about	how,	in	mid-sentence,	dependent	elements	from	the	past	can	be	reliably	recalled	and	

the	ways	in	which	this	impacts	dependent	elements	to	come	in	the	future	(Section	3). 

 

2.	 Verbatim	recall 

On	June	25,	1973,	John	Dean,	who	was	had	until	recently	been	White	House	counsel	

under	President	Nixon,	appeared	before	the	Senate	Watergate	Committee.	Dean	submitted	

an	extensive	opening	statement	 in	which	he	recounted	 the	details	of	numerous	meetings	

with	Nixon	 and	 his	 inner	 circle.	 Senator	Daniel	 Inouye	was	 quite	 impressed:	 “Your	 245-

page	 statement	 is	 remarkable	 for	 the	 detail	 with	 which	 it	 recounts	 events	 and	

conversations	 occurring	 over	 a	 period	 of	 many	 months.	 It	 is	 particularly	 remarkable	 in	

view	of	 the	 fact	 that	 you	 indicated	 that	 it	was	 prepared	without	 benefit	 of	 note	 or	 daily	

diary	…	Have	you	always	had	a	facility	for	recalling	the	details	of	conversations	which	took	

place	many	months	 ago?”	 Dean’s	 subsequent	 testimony	 seemed	 impressive	 enough	 that	

some	 in	 the	 press	would	 dub	 him	 “the	 human	 tape	 recorder”	 (Neisser,	 1981).	 Of	 course	
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what’s	 interesting	about	 this	situation	 is	 that	 there	was	 in	 fact	an	actual	 tape	recorder	 in	

the	Nixon	Oval	Office	 faithfully	 logging	all	 of	 these	 conversations.	The	White	House	 later	

released	 some	 of	 the	 transcripts,	 in	 part	 motivated,	 it	 would	 seem,	 to	 discredit	 Dean’s	

testimony.	 As	 Ulrich	 Neisser	 discovered	 in	 his	 1981	 Cognition	 study,	 there	 was	 almost	

nothing	that	Dean	recounted	which	was	exactly	recorded	by	the	tapes.	For	example,	in	his	

Senate	testimony,	Dean	stated,	“I	can	very	vividly	recall	that	the	way	[Nixon]	…	leaned	over	

to	Mr.	Haldeman	and	said	‘A	million	dollars	is	no	problem.’”	Though	the	transcript	reveals	

repeated	 reference	 to	 a	million	 dollars,	 the	 closest	 thing	Nixon	 says,	 however,	 to	 Dean’s	

report	is	the	following:	“Now	let	me	tell	you.	We	could	get	the	money.	There	is	no	problem	

in	that	...”	(March	21,	1972).	Neisser	argued	that	Dean	was	in	fact	reasonably	thematically	

accurate	but	only	very	rarely	was	he	accurate	verbatim.	That	 is,	he	recounted	a	good	gist	

version	of	the	various	Oval	Office	episodes,	but	he	almost	never	got	the	exact	language	used	

correct.	But	Dean	was,	in	a	broad	sense,	vindicated	by	the	Oval	Office	tapes	because	word-

for-word	verbatim	recall	 is	not	the	standard	to	which	we	hold	accounts	of	conversations.	

The	question	is,	why? 

	

As	we	saw	in	the	introduction,	syntactic	descriptions	dramatically	improve	the	recollection	

of	long	word	lists,	to	near	perfection	for	those	sentences	that	can	be	fully	parsed	-	so	why	

couldn’t	 Dean	 recall	 Nixon’s	 words	 verbatim?	 This	 question	 might	 seem	 tendentiously	

framed,	for	surely	the	communicative	function	of	utterances	plays	a	dominant	role	 in	our	

storing	what	we	store.	And	the	exact	form	of	sentences	would	seem	to	have	minimal	utility	

once	all	the	intra-sentential	grammatical	relations	are	accounted	for,	all	open	dependencies	

satisfied	and	its	interpretation	fixed	(memorized	verse	is	an	important	counter-example	to	
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this	 claim).	But	as	 I	will	 argue,	 it	 is	probably	not	 the	case	 that	we	do	not	 store	 the	exact	

form	of	many	of	the	utterances	we	heard;	rather,	we	do	so,	but	we	also	quickly	lose	access	

to	those	encodings	by	losing	an	effective	index	to	them.	Understanding	why	the	exact	form	

of	 sentences	 is	 degraded,	 after	 other	 sentences	 intervene,	 will	 crucially	 depend	 on	 us	

coming	to	an	understanding	not	just	about	long-term	memory,	but	also	working	memory	in	

language	 comprehension.	 Information	 about	 syntactic	 form	 is	 constantly	 being	 shuttled	

from	 our	 immediate	 primary	 memory	 to	 secondary,	 or,	 long-term	 memory	 (Broadbent,	

1958,	McElree,	1998,	McElree	et	al.	2003).	And	this	happens	on	the	time	scale	of	hundreds	

of	milliseconds.	 That	 is,	we	 are	 rearranging	 the	 contents	 of	 our	memory	 very	 frequently	

during	the	understanding	of	even	a	simple	sentence.	For	any	linguistic	expression,	there	is	

consequently	no	 single	 encoding	 in	memory.	There	 is	 a	 constellation	of	 encodings	which	

have	to	be	put	back	together	in	the	right	way.	In	the	case	of	immediate	recall,	a	blueprint	

for	doing	so	plausibly	remains	in	short-term	memory;	but	it	 is	quickly	overwritten	as	the	

‘plans’	for	new,	similar	sentences	take	its	place. 

	

There	were	some	early	psycholinguistic	demonstrations	that	whole	sentence	memory	--	in	

the	 form	 of	 verbatim	 recall	 --	 was	 quite	 labile.	 Sachs	 (1967)	 presented	 individuals	with	

recorded	 passages	which	were	 interrupted	 at	 various	 points	with	 a	 bell.	 She	 then	 asked	

them	to	say	whether	or	not	a	probe	sentence	had	occurred	in	the	preceding	passage:	these	

probes	were	either	 identical	to	 i)	some	sentence	in	the	passage,	 ii)	a	syntactically-altered	

but	 truth-conditionally	 equivalent	 version	 of	 the	 original,	 generated	 by	 applying	 a	

transformation	like	extraposition,	passivization	or	dative	shift,	or	iii)	a	semantically-altered	

version	with	permuted	thematic	roles.	Only	when	the	probe	occurred	immediately	after	the	



“Syntax in forward and in reverse” 
MANUSCRIPT for The Routledge Handbook of Syntax 

13 

target	 sentence	 in	 the	 passage	 could	 experimental	 participants	 reliably	 discriminate	 the	

actual	sentence	from	its	altered	versions.	Just	80-160	syllables	later,	only	discrimination	of	

semantic	 alterations,	 and	 not	syntactic	 alterations,	 remained	 substantially	 above	 chance.	

Similarly	 Jarvella	 (1971)	 showed	 that	 verbatim	 recall	 was	 near	 perfect	 for	 sentences	

immediately	 following	 presentation	 but	 then	 plummeted	 to	 below	 50%	 once	 another	

sentence	was	interposed.	Interestingly	in	his	experimental	design,	participants	read	three	

clauses	arranged	under	two	root	S	nodes	in	one	of	two	ways:	either	by	grouping	the	middle	

clause	with	 the	 first	 root	S	or	with	 the	second.	The	medial	 clause	was	recalled	almost	as	

well	as	the	final	clause	if	they	were	dominated	by	the	same	S,	but	not	if	the	medial	clause	

was	dominated	by	the	initial	root	S.	Because	the	content	of	the	three	clauses	was	(largely)	

the	same	across	conditions	 in	 terms	of	 thematic	roles,	 this	 finding	suggested	that	surface	

syntactic	 organization	 played	 a	 key	 role	 in	 constraining	 recollection.	 Two	 such	 sets	 of	

relations	could	be	recalled	quite	well	 if	 they	co-occurred	 in	 the	same	sentence,	but	not	 if	

they	straddled	a	sentence	boundary.	 

	

A	 number	 of	 findings	 consistent	 with	 Sachs	 (1967)	 and	 Jarvella	 (1971)	 suggested	 that	

memory	for	exact	form	was	fleeting	(Bransford,	Barclay	&	Franks,	1972,	Garrod	&	Trabasso,	

1973).	As	Clark	&	Clark	(1977)	summarized,	“[people]	 ‘study’	speech	by	listening	to	it	for	

its	 meaning	 and	 by	 discarding	 its	 word	 for	 word	 content	 quickly.	 They	 try	 to	 identify	

referents,	 draw	 inferences,	 get	 at	 indirect	 meaning,	 and	 in	 general	 build	 global	

representations	of	 the	situation	being	described.”	One	notable	empirical	challenge	 to	 this	

view	 -	 at	 least,	 a	 refinement	 of	 its	 consequences	 -	 came	 from	 Bates,	 Kintsch	 &	 Masling	

(1978),	 who	 discovered	 that	 truth-conditionally	 equivalent	 but	 pragmatically-active	
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distinctions	 in	 surface	 form	 could	 be	 retained	 quite	 well	 in	 a	 more	 enriched	 (“non-

laboratory”)	 context:	 in	 their	 study,	 participants	 watched	 a	 20-minute	 excerpt	 from	 the	

soap	 opera	 Another	 World.	 After	 the	 video	 excerpt,	 participants	 were	 asked	 whether	

certain	utterances	appeared	in	the	program.	The	experimenters	had	selected	a	number	of	

sentences	 that	 had	 either	 full	 names	 or	 pronouns,	 and	 full	 clauses	 or	 elided	 ones.	 They	

were	 thus	 able	 to	 create	 positive	 probes	 by	 using	 those	 sentences	 verbatim;	 negative	

probes	were	created	by	switching	full	names	with	pronouns	and	full	clauses	with	ellipses.	

Participants	were	significantly	above	chance	at	discriminating	verbatim	from	non-verbatim	

versions	of	sentences	in	the	program;	with	a	slight	advantage	when	the	positive	probe	was	

not	an	anaphoric	expression	(i.e.,	when	it	was	a	name	or	a	full	clause).	Bates	and	colleagues	

concluded	that	participants	encoded	form	better	in	this	setting	because	it	was	embedded	in	

a	 richer	 interactional	 context,	 one	 in	 which	 pragmatic	 principles	 were	 active.	 Correctly	

assessing	 that	 a	 full	 clause	 versus	 an	 elided	 one	 -	 or	 vice	 versa	 -	 could	 be	 aided	 by	

participants	 ability	 to	 recall	 the	 conversational	 context	 in	which	 the	 target	 sentence	was	

uttered.	On	the	basis	of	that	context,	Bates	et	al.	argued,	it	would	be	possible	to	reconstruct	

the	most	felicitous	expression	to	use	based	on	various	parameters	of	the	discourse:	e.g.,	the	

topic	of	conversation,	what	had	been	previously	mentioned,	whose	turn	it	was	to	speak,	etc.	

In	other	words,	accurate	verbatim	recall	might	draw	heavily	upon	reconstruction.	 

	

The	 idea	that	verbatim	recall	was	 in	effect,	 the	re-production	of	a	sentence,	 in	view	of	 its	

interpretation	and	its	constituent	lexical	items,	was	strengthened	and	refined	by	a	series	of	

experiments	in	the	1990s	by	Mary	Potter	and	Linda	Lombardi.	Potter	&	Lombardi	(1990)	
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asked	participants	to	i)	read	a	sentence	(3a),	then	ii)	read	a	list	of	words	(3b),	iii)	perform	a	

recognition	task	on	the	word	list	(3c),	and	iv)	recall	that	sentence	(3d). 

(3)	 (a)	Sentence:		 	 “There	stands	the	deserted	castle,	ready	to	explore.” 
	 (b)	Word	List:		 watch	-	palace	-	coffee	-	airplane	-	pen 
	 (c)	Recognition:	 RULER?	 							[i.e.,	did	the	word	‘ruler’	occur	in	(b)] 
	 (d’)	Recall[correct]	 “There	stands	the	deserted	castle,	ready	to	explore.” 
	 (d’’)	Recall[lure]	 “There	stands	the	deserted	palace,	ready	to	explore.” 

They	found	that	participants	could	be	lured	into	mis-recalling	the	sentence	(3a),	if	the	word		

list,	(3b),	contained	an	item	in	the	same	semantic	field	as	one	of	the	words	in	the	sentence.	

In	this	example,	the	word	‘palace’	is	related	by	association	to	the	word	‘castle’	-	and	indeed,	

participants	sometimes	recalled	(3d’’),	a	near	verbatim	version	of	(3a).	This	suggests	that	

participants	 were	 not	 consulting	 some	 infallible	 ‘transcript’-like	 encoding	 of	 (3a),	 but	

rather	 that	 recall	 involved	 a	 process	 in	 which	 the	 activated	 lexical	 item	 ‘palace’	 could	

substitute	 for	 ‘castle.’	 Lombardi	 &	 Potter	 (1992)	 showed	 that	 not	 only	 could	 words	 be	

substituted	 for	 one	 another,	 but	 that	 such	 substitutions	 could	 force	 the	 constituent	

structure	itself		to	be	reformulated.	They	considered,	among	other	cases,	ditransitive	verbs,	

among	which	there	are	certain	verbs,	like	give,	that	allow	their	goal	to	be	expressed	both	as	

a	direct	object	(‘V	 -	DPGOAL	 -	DPTHEME’)	and	 	a	prepositional	object	(‘V	 -	DPTHEME	 -	PPGOAL’).	

Other	verbs,	like	donate,	only	allow	the	latter	frame.	When	such	non-alternating	verbs	like	

donate	were	included	as	the	lure	in	the	word	recognition	task	for	a	sentence	that	included	

an	 alternating	 verb	 like	 give,	 participants	 not	 only	 substituted	 donate,	 but	 adjusted	 the	

syntax	to	accommodate	its	subcategorization	restrictions.	Thus	a	target	sentence	like	“The	

rich	widow	 is	 going	 to	 give	 the	university	 a	million	dollars,”	might	be	misrecalled	under	

luring	conditions	as	“The	rich	widow	is	going	to	donate	a	million	dollars	to	the	university”.	

While	 these	 results	 are	 reminiscent	 of	 Sachs	 (1967),	 who	 also	 showed	 that	 verbal	
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alternations	were	quickly	lost	in	a	recognition	task,	note	that	verbatim	recall	was	impaired	

even	if	no	other	sentences	intervened	--	only	words.	 

	

Lombardi	&	Potter	(1992)	argued	that	verbatim	recall	was	not	really	recall	in	a	strict	sense	

--	i.e.,	one	in	which	the	contents	of	memory	were	read	out	as	from	a	transcript	--	but	rather	

that	recall	was	an	instance	of	highly	constrained	language	production.	Comprehenders,	 in	

their	view,	were	possessed	of	a	mental	state	in	which	there	was	a	set	of	recently	activated	

words	and	a	 salient	 conceptual	 representation.	Verbatim	recall,	 they	reasoned,	was	what	

would	occur	most	often	if	they	sought	to	express	that	conceptual	representation	with	those	

recently	 activated	 words.	 In	 this	 view,	 the	 fact	 that	 luring	 give	 with	 donate	 led	 to	

constituent	 structure	 adjustments	 is	 not	 surprising,	 since	 no	 syntactic	 structure	

independent	 of	 the	 lexemes	 was	 thought	 to	 be	 stored.	 Later	 work	 (Potter	 &	 Lombardi,	

1998)	 attempted	 to	 further	 assimilate	 verbatim	 recall	 to	priming	 in	 sentence	production	

(Bock,	1986).	

	

There	is	a	strict	version	of	Potter	&	Lombardi’s	theory	according	to	which	verbatim	recall	is	

sentence	re-production	and	nothing	else	–	i.e.,	verbatim	memory	does	not	implicate	stored	

compositional	representations	which	were	created	in	a	recent	event	of	sentence	encoding.	

In	 other	 words,	 the	mental	 record	 does	 not	 include	 episodic	compositional	encodings	(to	

adapt	 a	 term-of-art	 from	 memory	 research).	But	 there	 is	 a	 weaker	 interpretation:	 re-

production	of	a	sentence	provides	a	powerful	route	to	recollection	of	the	sentence,	but	it	is	

not	the	exclusive	route.	There	are	a	few	reasons	for	contemplating	this	view.	One	reason	is	

the	fact	that	intrusions	were	present	but	not	overwhelming:	in	Lombardi	&	Potter	(1992),	
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for	example,	intrusion	rates	were	low,	ranging	from	3-21%.	However,	in	Potter	&	Lombardi	

(1990),	 which	 focused	 on	 synonym	 intrusion	 and	 not	 the	 intrusion	 of	 syntactically-

incompatible	 lexemes,	rates	ranged	from	13-51%.	This	bit	of	evidence,	 if	only	a	weak	bit,	

suggests	that	the	instruction	of	lexemes	incompatible	with	the	previous	syntactic	structure	

was	 resisted.	 Moreover,	 recent	 research	 has	 demonstrated	 verbatim	 memory	 for	

expressions	embedded	 in	short	 texts,	both	 in	recognition	and	recall,	 that	 is	 less	plausibly	

explained	as	reconstruction	and	can	persist	for	some	days	(Gurevich,	Johnson	&	Goldberg,	

2010).	 This	 research	 has	 brought	 a	 renewed	 emphasis	 on	 the	 functional	 role	 that	 exact	

memory	for	incidentally-encountered	language,	at	varying	levels	of	analysis,	might	play	in	

learning	 or	 in	 support	 of	 language	 comprehension	 (Arnon	 &	 Snider,	 2010).	 For	 the	

purposes	 of	 this	 chapter,	we	 take	 the	 recent	 evidence,	 combined	with	 studies	 like	Bates,	

Masling	 &	 Kintsch	 (1978),	 to	 support	 the	 weaker	 interpretation	 of	 Lombardi	 &	 Potter	

(1992):	at	least	under	some	circumstances,	individuals	durably	store	linguistic	descriptions	

that	are	more	than	merely	encodings	of	words,	i.e.,	episodic	compositional	encodings.	Such	

descriptions	may	only	be	partial	in	nature;	and	it	is	perhaps	a	telling	fact	about	almost	all	

research	 in	 this	 arena	 that	 it	 has	 focused	on	whole	 sentence	 recall	 and	 recollection.	One	

way	of	understanding	the	fragility	of	verbatim	memory	would	be	link	it	to	the	non-unitary	

nature	of	linguistic	encodings:	if	episodic	compositional	encodings	do	not	necessarily	span	

a	whole	sentence,	then	success	at	whole	sentence	recollection	will	depend	on	being	able	to	

access	the	set	of	encodings	that	exhaustively	span	the	sentence	and	linking	them	together.	

In	other	words,	perhaps	the	theory	of	verbatim	memory	needs	a	theory	of	 locality.	In	the	

next	section,	we	will	see	that	evidence	from	real-time	sentence	processing	converges	upon	

the	conclusion	that	stored	encodings	of	specific	syntactic	structures	do	exist	and	that	those	
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stored	encodings	may	be	fragmentary	in	nature:	at	least,	they	can	be	accessed	without	the	

mediation	of	the	entire	sentence	to	which	they	belong.	

	

3.		 Backwards	and	forwards:	remembering	and	forgetting	in	the	short-term	

	 In	 this	 section,	 we	 will	 consider	 the	 way	 in	 which	 intra-sentential	 syntactic	

dependencies	are	recognized	or	constructed	in	real-time	processing.	To	do	so,	we	will	first	

focus	intensively	on	subject-verb	agreement	and	the	phenomenon	of	agreement	attraction.	

This	will	motivate	 the	properties	of	a	content-addressable	memory	architecture	 in	which		

constituent	encodings	are	stored	and	reactivated	in	working	memory	via	skilled	cue-based	

retrievals.	We	will	then	extend	the	discussion	to	other	dependency	types.	

	

Language	comprehenders	are	immediately	sensitive	to	subject-verb	agreement	violations,	

as	 revealed	 (for	example)	by	evoked	response	potentials	on	 the	verb	 (Hagoort,	Brown	&	

Groothusen,	1993,	Osterhout,	et	al.,	1996,	Münte,	Matzke	&	Sönke,	1997,	i.a.).	For	example,	

in	sentence	(4a),	the	agreement	error	would	lead	to	higher	reading	times	in	a	reading-time	

study	or	a	larger	evoked	response	potential	(a	LAN	or	a	P600)	on	the	auxiliary	in	EEG	study	

(compared	to	the	grammatical	4b).	

(4)		 a.	 *The	cat	are	methodically	stalking	the	squirrel.	
	 b.	 The	cat	is	methodically	chasing	the	squirrel.	
	
Interestingly,	 if	 (4a)	were	minimally	modified	 to	 include	 a	non-subject	 plural	 noun,	 then	

comprehenders	become	remarkably	less	sensitive	to	the	violation	(Pearlmutter,	Garnsey	&	

Bock,	1999,	Wagers,	Lau	&	Phillips,	2009,	Staub,	2010,	Dillon	et	al.	2013).		

(5)	 The	cat	in	the	bushes	*are	methodically	stalking	the	squirrel.	
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The	lack	of	sensitivity,	referred	to	as	agreement	attraction,	is	linked	to	the	existence	of	the	

plural	nominal	embedded	within	the	subject	phrase.	Agreement	attraction	has	been	amply	

documented	 in	 production:	 in	 the	 typical	 case,	 a	 singular	 subject	 modified	 by	 a	

prepositional	 phrase	 dominating	 a	 plural	 noun	 can	 elicit	 the	 erroneous	 production	 of	 a	

plural	verb	(Bock	&	Miller,	1991,	see	Eberhard,	Cutting	&	Bock,	2005,	for	a	comprehensive	

recent	 review).	 In	 comprehension,	 the	 behavioral	 and	 electrophysiological	 markers	 of	

subject-verb	 violations	 are	 substantially	 attenuated	 or	 sometimes	 completely	 abolished.	

We	will	use	 this	 fact	 to	 illustrate	 the	ways	 that	 compositional	encodings	are	 created	and	

accessed.	First	we	consider,	and	ultimately	dismiss,	two	promising	candidate	explanations.	

	

The	first	explanation	begins	with	the	observation	that	there	is	a	grammatically	well-formed	

substring	 in	sentences	 like	(5):	 “the	bushes	are	methodically	stalking	the	squirrel”.	Could	

the	existence	of	this	substring	be	responsible	for	reducing	the	comprehender’s	sensitivity	

to	 subject-verb	 agreement	 violations?	 The	 idea	 that	 comprehenders	 misidentify	 the	

embedded	noun	phrase	as	the	subject,	because	it	 forms	a	grammatical	sequence	with	the	

verb,	 which	 would	 be	 congenial	 to	 the	 “local	 coherence”	 effects	 discussed	 by	 Tabor,	

Galantucci	&	Richardson	(2004).	 It	predicts	that	ungrammatical	sentences	 like	(6)	should	

also	generate	agreement	attraction.		

(6)	 *The	cats	in	the	bush	is	methodically	stalking	the	squirrel.	

However,	 sentences	 like	 (6)	 are	 rarely	 elicited	 in	 production	 (Eberhard,	 Cutting	&	Bock,	

2005);	nor	do	they	disguise	the	violation	in	comprehension	(Pearlmutter,	Garnsey	&	Bock,	

1999,	Wagers,	Lau	&	Phillips,	2009):	only	singular	subjects	can	be	“ignored”	in	agreement	

attraction	 configurations,	 a	 fact	 we’ll	 refer	 to	 as	 the	markedness	 property	 of	 agreement	
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attraction.	 A	 second	 argument	 against	 the	 substring	 explanation	 comes	 from	 syntactic	

structures	that	do	not	juxtapose	the	marked	non-subject	nominal	and	the	verb.	In	(7),	the	

relative	clause	head	is	plural	and	the	relative	clause	subject	is	singular.	

(7)	 *The	squirrels	that	the	cat	are	methodically	stalking	…	

Sentences	like	(7)	also	give	rise	to	agreement	attraction,	which	is	remarkable	because	the	

subject	and	verb	are	linearly	adjacent	(Kimball	&	Aissen,	1971,	Bock	&	Miller,	1991,	Clifton,	

Frazier	&	Deevy,	1999,	Wagers,	Phillips	&	Lau,	2009).	We’ll	refer	to	this	as	the	adjacency-

independence	property	of	agreement	attraction.		

	

The	existence	of	agreement	attraction	 in	 (7)	speaks	 to	 the	second	candidate	explanation,	

according	 to	 which	 the	 subject	 of	 an	 agreement	 attraction	 configuration	 has	 been	

misvalued	syntactically	for	number.	This	explanation,	sometimes	called	the	percolation	or	

head-overwriting	account	(Pearlmutter,	Garnsey	&	Bock,	1999,	Eberhard,	Cutting	&	Bock,	

2005),	proposes	that	a	plural	number	feature	can	percolate	within	the	subject	projection	to	

overwrite	 a	 singular	 number	 feature	 (Eberhard,	 1997).	 This	 explanation	makes	 sense	 of	

agreement	 attraction’s	 markedness	 property,	 if	 features	 that	 are	 more	 marked	 are	 less	

likely	 to	 be	 overwritten	 (or,	 correspondingly,	 if	 unmarked	 features	 correspond	 to	 an	

absence).	 It	 also	 helps	 explain	 a	 relation	 observed	 in	 production	 whereby	 the	 syntactic	

distance	between	the	subject	head	and	the	plural	nominal	(Franck,	Vigliocco	&	Nicol,	2002)	

correlates	with	the	likelihood	of	generating	agreement	attraction.	However	the	existence	of	

the	relative	clause	configuration,	in	(7),	is	a	challenge	for	the	percolation	explanation,	since	

the	subject	does	not	contain	the	plural	noun	phrase.	In	other	words,	percolation	fails	if,	as	

(7)	 suggests,	 agreement	 attraction	 has	 a	 containment-independence	 property	 (a	 sort	 of	
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stronger	 version	 of	 adjacency-independence).	 A	 second	 challenge	 to	 the	 percolation	

explanation	comes	from	more	recent	demonstrations	that	the	grammatical	versions	of	(5)	

&	 (7)	 are	not	 any	more	difficult	 to	 process	 than	 versions	with	no	plural	 (Wagers,	 Lau	&	

Phillips,	2009,	Dillon	et	al.	2013).	 If	 feature	percolation	were	an	 independent	property	of	

complex	 noun	 phrases,	 then	 grammatical	 strings	 should	 be	 rendered	 as	 illusorily	

ungrammatical	 in	 the	 same	 way	 that	 ungrammatical	 strings	 are	 rendered	 as	 illusorily	

grammatical.	 However,	 they	 are	 not,	 a	 property	 we’ll	 refer	 to	 as	 the	 grammatical	

asymmetry	of	 agreement	 attraction.	 Finally,	 although	 comprehension	 and	 production	 of	

agreement	align	in	many	ways,	it	is	interesting	to	note	that	the	head-distance	effect	has	not	

been	 compellingly	 demonstrated	 in	 comprehension	 (cf.	 Pearlmutter	 2000,	 Dillon	 et	 al.	

2013).		

	

Wagers,	Lau	&	Phillips	(2009)	and	Dillon	et	al.	(2013)	proposed	that	agreement	attraction	

stems	from	the	mechanism	by	which	which	one	dependent	element	causes	the	retrieval	of	

another	 dependent	 element	 in	 working	memory.	A	 natural	 way	 to	 relate	 a	 verb	 and	 its	

subject	 is	 via	 the	 dominance	 relations	 provided	 by	 the	 phrase	 structure	 representation,	

since	 those	 are	 the	 relations	 that	 enter	 into	 calculation	 of	 agreement	 during	 a	 syntactic	

derivation.	Dominance	relations	(or	other	syntactic	prominence	relations)	could	be	used	to	

guide	 the	 search	 for	 nodes	 in	 a	 hierarchical	 structure.	 For	 concreteness,	 suppose	 an	

inflected	finite	verbs	triggers	a	search	for	the	person	and	number	features	of	the	subject	in	

an	attempt	to	unify	its	feature	matrix	with	that	of	the	subject.	If	this	search	only	considered	

constituent	encodings	 indexed	by	grammatical	 relations	 like	dominance,	 then	 the	subject	

should	be	reliably	retrieved	and	agreement	attraction	would	only	be	expected	if	there	was	



“Syntax in forward and in reverse” 
MANUSCRIPT for The Routledge Handbook of Syntax 

22 

faulty	percolation.	But	we	argued	against	faulty	percolation	because	it	did	not	account	for	

either	 the	 containment-independence	 or	 grammatical	 asymmetry	 of	 attraction.	 This	

suggests	 that	 the	 search	 considers	 constituent	 encodings	 that	 are	not	 the	 subjects	 of	 the	

sentence.	A	search	in	which	stored	representations	are	not	strictly	or	necessarily	ordered	

during	memory	access	is	possible	under	a	content-addressable	theory	of	memory	(McElree,	

Foraker	 &	 Dyer,	 2003,	 Van	 Dyke	 &	 Lewis,	 2003,	 Lewis	 &	 Vasishth,	 2005,	 Van	 Dyke	 &	

McElree,	 2006).	 In	 a	 content-addressable	 theory,	 retrieval	 is	 essentially	 associative:	

features	 of	 a	 desired	 encoding,	 which	 are	 called	 cues,	 are	 compared	 against	 a	 set	 of	

encodings	to	find	the	best	match.	For	example,	a	plural	verb	might	indicate	the	features	an	

appropriate	 subject	 phrase	 should	 have	 and	 then	 use	 those	 as	 cues.	 Examples	 include:	

nominative	 case,	 plural	 number,	 the	 syntactic	 category	 N,	 the	 phrase	 structural	 relation	

‘specifier’,	 etc.	Given	a	 set	of	 cues,	 the	 likelihood	of	 retrieving	a	 target	encoding	depends	

both	 on	 the	 goodness-of-fit	 of	 those	 cues	 to	 that	 encoding	 and	 the	 distinctiveness	 of	 the	

cue-to-encoding	match	(Nairne,	2006).	The	best-case	scenario	is	one	in	which	all	cues	are	

matched	to	a	single	encoding,	i.e.,	a	case	where	both	goodness-of-fit	and	distinctiveness	are	

strong.	Agreement	attraction	is	a	sort	of	worst-case	scenario:	as	an	ungrammatical	string,	

neither	goodness-of-fit	nor	distinctiveness-of-match	is	high	for	any	encoding,	and	there	is	a	

partial	 match	 with	 the	 non-subject.	 Retrieval	 outcomes	 are	 correspondingly	 distributed	

between	both	the	target	subject	encoding	and	the	plural	‘attractor’	encoding	(Wagers,	2008,	

Dillon	 et	 al.,	 2013).	 The	 content	 addressable	 approach	 is	 thus	 compatible	 with	 the	 key	

properties	 of	 agreement	 attraction:	 containment-/adjacency-independence,	 markedness	

and	grammatical	asymmetry.		
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When	a	set	of	retrieval	cues	do	not	uniquely	point	to	a	single	encoding	but	are	compatible	

with	multiple	memories,	 this	 is	 a	 situation	of	high	 interference	which	gives	 rise	 to	 short-

term	forgetting	(Anderson	&	Neely,	1996).	Agreement	attraction	is	thus	viewed	as	a	kind	of	

short-term	 forgetting,	 where	 ‘forgetting’	 in	 this	 sense	means	 losing	 effective	 access	 to	 a	

target	 memory.	 Are	 there	 other	 situations	 of	 interference	 in	 language	 processing?	 Most	

analogous	 to	 agreement	 attraction	 are	 instances	 of	 illusory	 case	 licensing	 in	 German:	 in	

instances	where	a	dative	argument	is	required,	i.e.,	by	certain	verbs,	the	absence	of	a	dative	

in	 the	 grammatically-licensed	 position	 goes	 relatively	 unnoticed	 (Bader,	 Meng	 &	 Bayer,	

2000).	 Just	 as	 in	 agreement	 attraction,	 however,	 the	 presence	 of	 a	 structurally-

inappropriate	marked	category	–	i.e.	PP-embedded	dative	–	can	lead	to	the	misperception	

of	grammaticality	(Sloggett,	2013).	However,	interference	extends	beyond	the	licensing	of	

visible	 morphosyntax,	 both	 to	 phrase	 structural	 and	 thematic	 relations.	 Center	 self-

embeddings	 have	 often	 been	 argued	 to	 reflect	 interference	 (Lewis,	 1996;	 cf.	 Miller	 &	

Chomsky,	1963),	because	the	similarity	of	multiple	encodings	prevents	the	effective	access	

to	a	single	target	encoding.	Van	Dyke	&	Lewis	(2003)	and	Van	Dyke	(2007)	demonstrated	

the	 complex	 subjects,	 which	 themselves	 contain	 pronounced	 embedded	 subjects,	 can	 be	

especially	difficult	to	integrate	at	the	matrix	verb	–	either	due	to	the	presence	of	multiple	

clauses	 or	 of	 multiple	 subjects.	 Arnett	 &	 Wagers	 (2012)	 extended	 this	 finding	 to	

demonstrate	 that	 complex	 subjects	 which	 embed	 event-denoting	 nominalizations	 with	

pronounced	possessors	likewise	generate	interference	at	the	matrix	verb.	Likewise	Parker,	

Lago	 &	 Phillips	 (2012)	 showed	 that	 the	 resolution	 of	 subject-controlled	 PRO	 in	 adjunct	

clauses	was	also	sensitive	to	grammaticality-inappropriate	partially-matching	constituents.	
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Lewis	&	Vasishth	(2005)	embed	a	theory	of	language	comprehension	in	the	general	ACT-R	

computational	architecture	(Anderson	&	Lebiere,	1998),	which	encompasses	the	potential	

for	 interference	 due	 to	 similarity.	 Interference	 due	 to	 retrieval	 is	 an	 especially	 acute	

problem	in	their	language	comprehension	model	because	they	posit	that	only	a	very	small	

extent	 of	 a	 larger	 compositional	 representation	 is	 available	 for	 ‘active’	 concurrent	

computation.	As	a	hypothetical	example,	if	a	verb	needs	to	be	linked	with	its	complement,	a	

representation	for	the	subject	cannot	simultaneously	be	actively	maintained.	If	information	

is	 subsequently	 needed	 which	 is	 contained	 in	 the	 subject	 encoding,	 then	 it	 must	 be	

retrieved,	possibly	displacing	the	encoding	of	the	object	(or	the	verb).	In	the	case	of	Lewis	

&	Vasishth	(2005)’s	model,	the	amount	of	information	that	is	concurrently	represented	is	

roughly	 equivalent	 to	 an	 X-bar	 projection.	 The	 choice	 to	 represent	 large	 compositional	

structures	 in	relatively	small	chunks	 is	both	a	reflection	of	 the	ACT-R	philosophy	to	align	

units	of	memory	with	units	of	learning	and	generalization	as	well	as	a	response	to	the	many	

empirical	 observations	 that	 working	 memory	 is	 highly	 capacity	 limited	 (Miller,	 1956,	

Broadbent,	1958,	McElree,	1998,	Cowan,	2001;	Öztekin	et	al.	2008;	see	Wagers	&	McElree,	

2012,	for	a	linguistically-oriented	review).	Although	there	is	some	disagreement	about	how	

to	measure	capacity,	 limitations	of	working	memory	capacity	require	the	segmentation	of	

large	 compositional	 representations	 into	minimal	 units	 of	 some	 kind	 –	 a	 fact	 consistent	

with	 the	 conclusions	 reached	 about	 verbatim	 memory	 skill	 in	 Section	 2.	 It	 is	 the	

nature/size	of	 these	units	 that	determine	 the	 frequency	of	 retrieval:	 the	smaller	 the	unit,	

the	more	 often	 retrieval	 will	 be	 necessary	 to	 integrate	 new	 incoming	material	 with	 the	

syntactic	context	in	language	comprehension.	And	the	more	often	it	is	necessary	to	retrieve,	

the	more	often	interference	can	have	its	deleterious	effects.		
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In	 sum,	 if	 a	 dependency	 needs	 to	 be	 formed	 a	 retrospective	 vantage	 point,	 i.e.,	when	 an	

input	 head	 requires	 information	 previously	 processed	 in	 a	 prior	 constituent	 –	 then	 the	

success	 or	 accuracy	 with	 which	 that	 information	 can	 be	 accessed	 and	 linked	 to	 the	

computations	 in	 the	 ‘present’	 is	 a	 joint	 product	 of	 (i)	 the	way	 in	which	 a	 compositional	

object	has	been	segmented	into	encodings	in	memory;	(ii)	the	accuracy	of	the	cues	used	to	

identify	 the	 desired/candidate	 encoding;	 and	 (iii)	 the	 precision	 of	 those	 cues.	 We	 have	

discussed	 two	 broad	 situations	 in	 which	 (ii)	 or	 (iii)	 leads	 to	 poor	 outcomes:	 case	 and	

agreement	attraction	in	ungrammatical	strings	(low	accuracy)	and	subject	identification	in	

grammatical	strings	(low	precision).	Many	other	dependencies	encompass	a	‘retrospective’	

vantage	 point:	 for	 example,	 calculation	 of	 scope	 and	 thematic	 roles	 in	 wh-dependency	

formation,	antecedent	search	for	pronouns,	resolution	of	ellipsis,	etc.	And	in	those	domains,	

researchers	 have	 uncovered	 evidence	 for	 varying	 degrees	 of	 processing	 difficulty	 when	

multiple	similar	encodings	are	present	in	memory	(Gordon,	Hendrick	&	Johnson	2001,	Van	

Dyke	 &	McElree,	 2006,	 English	wh-dependencies;	 Xiang	 et	 al.,	 2013,	 Chinese	 in-situ	wh-

dependencies;	Badecker	&	Straub,	2002,	for	pronouns;	Martin	&	McElree,	2008,	2011,	for	

VP	ellipsis	and	sluicing).		

	

Given	 how	 maladapted	 the	 memory	 architecture	 might	 seem	 to	 be	 for	 supporting	

structured	compositional	representations,	it	is	remarkable	how	robust	language	processing	

is	 in	general.	Phillips,	Wagers	&	Lau	(2012)	observed	that,	while	there	are	many	cases	 in	

which	 language	 comprehenders	 overgenerate	with	 respect	 to	 the	 grammar	 in	 real-time,	

there	 are	 also	 many	 cases	 in	 which	 language	 comprehenders	 hew	 very	 closely	 to	 the	
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possibilities	made	available	by	the	grammar.	For	example,	comprehenders	are	sensitive	to	

Principle	 C	 in	 the	 resolution	 of	 cataphoric	 dependencies	 (Kazanina	 et	 al.	 2007),	 to	 the	

appropriate	 locality	 conditions	 on	 the	 resolution	 of	 argument	 reflexive	 anaphora	 (Sturt,	

2003,	Dillon	 et	 al.	 2013),	 and	 to	 island	boundaries	 in	 the	 resolution	 of	wh-dependencies	

(Stowe,	 1986,	 Traxler	&	 Pickering,	 1996,	 Phillips,	 2006).	 Identifying	 the	 causes	 of	 short-

term	 forgetting	 therefore	only	paints	half	 the	picture	–	we	can	ask,	analogously,	why	are	

certain	aspects	of	the	representation	remembered	so	well.	

	

Based	 on	 the	 foregoing	 cases	 of	 success,	 one	 generalization	 that	 Phillips,	Wagers	 &	 Lau	

(2012)	consider	is	that	dependencies	which	are	assembled	predominantly	‘left	to	the	right’	

are	more	accurate	than	those	assembled	‘right	to	left’.	Examples	that	fit	this	generalization	

include	 cataphora	 and	 wh-dependencies	 formed	 via	 overt	 movement.	 In	 both	 those	

dependency	types,	the	first	element	of	the	dependency	(the	expression-initial	pronoun,	the	

clause-peripheral	wh-phrase)	signals	the	existence	of	the	dependency	to	the	comprehender	

more	 definitively	 than	 the	 second	 element	 (the	 name/description,	 the	 gap/resumptive	

pronoun).	Why	should	order	matter,	though?	One	possibility	is	that	positing	a	dependency	

based	on	its	left	element	could	affect	subsequent	actions	to	improve	memory	efficiency.	For	

example,	 the	processor	could	organize	the	component	encodings	of	 the	representation	to	

minimize	the	chance	that	the	left	dependent	element	will	have	to	be	retrieved	(cf.	Berwick	

&	Weinberg	(1984)’s	computational	argument	for	subjacency).	Alternatively,	it	could	adapt	

how	it	forms	cues	at	the	retrieval	site	to	include	not	only	the	abstract	grammatical	features	

that	inhere	in	the	dependency	itself,	but	also	contextual	control	cues	that	are	encoded	with	
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incomplete	dependencies	so	that	 incomplete	dependencies	per	se	can	be	more	accurately	

targeted.		

	

A	final	possibility	for	linking	disparate	linguistic	events	in	a	labile	memory	is	to	extend	the	

mental	 representation	 beyond	 the	 input.	 Integration	 of	 the	 right	 dependent	 element	 can	

happen	by	hypothesis,	 so	 to	speak,	when	 it	 is	 triggered	by	 the	 left	context.	Further	 input	

serves	 to	 test	 this	 predicted	 extension	 of	 the	 representation	 (much	 as	 a	 scientist	 may	

attempt	to	test	a	hypothesis,	cf.	Chater,	Crocker	&	Pickering,	1998),	and	correspondingly	it	

need	not	trigger	retrieval	of	candidate	left	context	features.	In	this	system,	retrieval	would	

only	ever	necessary	when	 the	predictions	and	 the	 input	do	not	match.	The	processing	of	

overt	wh-dependencies	 seems	 to	 proceed	 essentially	 in	 this	 way:	 upon	 encountering	 an	

extracted	phrase,	 the	comprehender	posits	 the	next	possible	extraction	site	and	assumes	

that	is	the	correct	representation	until	further	input	serves	to	disconfirm	it	(Stowe,	1986,	

Phillips	&	Wagers,	2007).	The	extent	to	which	it	is	generally	true	that	predictive	processing	

elaborates	 an	 encoding	 in	 memory	 and	 renders	 it	 more	 accessible	 to	 future	 operations	

remains	 to	 be	more	 fully	 explored;	 but	 if	 so,	 it	 provides	 an	 important	 link	 between	 two	

major	 ‘classes’	 of	 behavior	 in	 sentence	 processing:	 retrospective,	 or	memory-dependent,	

behavior,	 in	 which	 information	 from	 the	 recent	 events	 must	 be	 retrieved	 in	 a	 skilled	

fashion;	and	prospective	or	predictive	behavior,	 in	which	 information	about	 the	 future	 is	

projected	 forward.	 Predictive	 processing	 is	 apparent	 at	 all	 levels	 of	 language	

comprehension,	and	the	extent	to	which	the	context	allows	comprehenders	to	make	stable,	

probabilistic	 guesses	 about	 the	 future,	 the	 more	 easily	 comprehension	 proceeds	 (Hale,	

2003,	Levy,	2008).	The	optimization	of	retrieval	cues	to	reflect	knowledge	of	language	use	-	
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emphasizing	not	only	its	possible	outcomes,	but	also	its	likely	ones	-	may	be	analogous	to	

general	 strategies	 in	 the	 “long-term	 working	 memory”	 proposed	 by	 Ericsson	 &	 Kintsch	

(1995)	to	account	for	expert	performance	in	many	domains	like	chess	or	mental	arithmetic.	

	

4.		 Closing	

In	this	chapter	I	have	attempted	to	highlight	several	research	problems	in	which	a	

characterization	 of	memory	 is	 at	 the	 nexus	 of	 syntactic	 and	 psycholinguistic	 theory:	 the	

sentence	 superiority	 effect,	 verbatim	memory	 and	 short-term	 forgetting.	 Both	 relatively	

straightforward	 observation	 as	 well	 as	 sophisticated	 temporal	 dissections	 of	 language	

comprehension	lead	to	the	conclusion	that	language	processing	leaves	in	its	wake	a	rich	set	

of	 recently	 activated	 mental	 representations,	 ranging	 from	 simple	 features	 to	 episodic	

compositional	 encodings.	 This	 multiplicity	 of	 encodings	 provides	 many	 routes	 for	 the	

storage	 and	 recollection	 of	 previous	 linguistic	 events.	 In	 the	 moment,	 the	 language	

processor	does	an	effective	though	not	infallible	job	of	maintaining	the	links	between	these	

smaller	 constituent	 representations	 to	 form	 what	 we	 think	 of	 a	 larger,	 sentence-

/utterance-level	 representations.	 As	 an	 utterance	 fades	 into	 the	 past,	 however,	 those	

smaller	constituent	representations	become	more	difficult	to	link	and	reassemble.	Similar	

encodings	have	displaced	them	and	compete	for	processing	in	the	new	context		–	it	is	in	this	

sense	 that	 larger	 compositional	 representations	 are	 forgotten.	 Against	 this	 backdrop	we	

can	see	how	the	interaction	of	sentence	processing	with	theories	of	memory	is	mediated	by	

the	 content	 of	 syntactic	 representations.	 Theories	 of	 working	 memory,	 like	 theories	 of	

syntax,	postulate	domains	of	activity.	Theories	of	syntax,	like	theories	of	working	memory,	

postulate	 rules	 for	 linking	 domains	 via	 feature	 sharing.	Whether	 these	 domains	 are	 the	
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same	 	 –	 and	 whether	 the	 same	 features	 link	 the	 same	 kind	 of	 domains	 –	 remains	 a	

tantalizing	question	for	future	exploration.	
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