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Abstract	

In	sentences	with	a	complex	subject	noun	phrase,	like	“The	key	to	the	cabinets	is	lost”,	

the	gramma'cal	number	of	the	head	noun	(key)	may	be	the	same	or	different	from	the	

modifier	noun	phrase	(cabinets).		When	the	number	is	the	same,	comprehension	is	usually	

easier	than	when	it	is	different.	Gramma'cal	number	computa'on	may	occur	while	processing	

the	modifier	noun	(integra'on	phase)	or	while	processing	the	verb	(checking	phase).		We	

inves'gated	at	which	phase	number	conflict	and	plausibility	of	the	modifier	noun	as	subject	for	

the	verb	affect	processing,	and	we	imposed	a	gaze-con'ngent	tone	discrimina'on	task	in	

either	phase	to	test	whether	number	computa'on	involves	execu've	control.		At	both	phases,	

gaze	dura'ons	were	longer	when	a	concurrent	tone	task	was	present.		Addi'onally,	at	the	

integra'on	phase,	gaze	dura'ons	were	longer	under	number	conflict,	and	this	effect	was	

enhanced	by	the	presence	of	a	tone	task,	whereas	no	effects	of	plausibility	of	the	modifier	

were	observed.	The	finding	that	the	effect	of	number	match	was	larger	under	load	shows	that	

computa'on	of	the	gramma'cal	number	of	the	complex	noun	phrase	requires	execu've	

control	in	the	integra'on	phase,	but	not	in	the	checking	phase. 

Keywords:	sentence	comprehension,	subject-verb	agreement,	execu've	control,	dual-

task	paradigm,	choice	reac'on	'me	task,	eye	tracking 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Introduc)on	

When	reading	a	sentence	like	Can	you	can	a	can	as	a	canner	can	can	a	can?,	it	becomes	

clear	that	the	meaning	of	a	sentence	cannot	just	be	extracted	on	the	basis	of	the	individual	

words.		In	order	to	comprehend	a	sentence,	it	is	essen'al	that	its	syntac'c	structure	is	

analysed.		Syntac'c	analysis	involves	the	detec'on	of	the	mutual	rela'ons	and	the	

dependencies	between	each	of	the	words	in	the	sentence	and	of	their	syntac'c	func'ons.		One	

of	the	cues	readers	rely	on	to	iden'fy	syntac'c	rela'ons	is	the	agreement	in	gramma'cal	

number	of	cons'tuents.		For	example,	in	the	Dutch	sentence	“Die	man	hebben	de	vrouwen	

gekust”	(lit.	“That	man	have	the	women	kissed”),	the	gramma'cal	number	of	the	finite	verb	

“hebben”	(plural)	agrees	with	that	of	the	noun	phrase	(NP)	“de	vrouwen”	(plural),	but	not	with	

that	of	the	NP	“die	man”	(singular).		This	pahern	of	agreement	and	disagreement	signals	to	the	

comprehender	that	“de	vrouwen”,	and	not	“die	man”,	is	likely	to	be	the	subject	of	the	verb	(E.	

Bates,	McNew,	Macwhinney,	Devescovi,	&	Smith,	1982).		However,	the	computa'on	of	the	

subject-verb	rela'on	on	the	basis	of	number	agreement	becomes	more	difficult	when	the	

subject	NP	is	a	complex	one	consis'ng	of	two	or	more	nouns	carrying	a	different	gramma'cal	

number.		For	example,	sentences	like	(1)	are	generally	more	difficult	to	process	than	sentences	

like	(2).			

	 (1)	The	key	to	the	cabinets	is	lost.	

	 (2)	The	key	to	the	cabinet	is	lost.	

In	sentences	like	(1),	the	gramma'cal	number	of	the	verb	“is”	(singular)	agrees	with	the	

number	of	the	head	NP	“the	key”	(singular)	within	the	complex	subject	NP	“the	key	to	the	

cabinets”,	but	not	with	the	number	of	the	modifier	NP	“the	cabinets”	(plural)	within	that	

complex	subject	NP.		In	sentences	like	(2),	the	gramma'cal	number	of	the	verb	“is”	agrees	with	

that	of	both	the	head	NP	and	the	modifier	NP	(both	singular).		Typically,	a	processing	cost	is	

found	for	gramma'cal	sentences	with	a	complex	subject	NP	containing	a	singular	head	NP	and	

a	plural	modifier	NP,	like	(1),	as	compared	to	sentences,	like	(2),	in	which	the	head	NP	and	

modifier	NP	carry	the	same	gramma'cal	number.		This	is	confirmed	in	generally	slower	reading	
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'mes	as	assessed	in	a	self-paced	moving-window	technique	and	in	eye-tracking	(e.g.,	Lago,	

Shalom,	Sigman,	Lau,	&	Phillips,	2015;	Pearlmuher,	Garnsey,	&	Bock,	1999),	but	also	in	

judgments	about	the	gramma'cality	of	the	sentence		(e.g.,	Nicol,	Forster,	&	Veres,	1997;	

Tanner,	Nicol,	&	Brehm,	2014).	Forced	choices	between	the	singular	and	plural	form	of	a	verb	

(Staub,	2009)	are	also	slower	or	less	accurate	following	a	(singular)	complex	NP	containing	a	

plural	modifier	NP	than	following	a	singular	modifier	NP.		Furthermore,	in	gramma'cal	

sentences	number	mismatch	between	head	and	modifier	noun	results	in	slower	reading,	

whereas	ungramma'cal	sentences	like	(3)	are	read	faster	than	ungramma'cal	sentences	like	

(4)	(Pearlmuher	et	al.,	1999).			

	 (3)	*The	key	to	the	cabinets	are	lost.	

	 (4)	*The	key	to	the	cabinet	are	lost.	

In	a	gramma'cality	judgment	task	with	French	sentences,	Kail	and	Bassano	(1997)	found	

that	the	ungramma'cality	of	the	subject-verb	agreement	was	generally	detected	later	in	

sentences	like	(3)	than	in	sentences	like	(4).		In	sentences	like	(3),	the	plural	number	feature	of	

the	modifier	NP	thus	seems	to	obscure	the	ungramma'cality	of	the	subject-verb	agreement.		

Taken	together,	the	findings	on	gramma'cal	and	ungramma'cal	sentences	suggest	that	it	is	

more	difficult	to	compute	the	rela'on	between	the	subject	and	the	verb	when	the	intervening	

modifier	NP	carries	a	different	gramma'cal	number	than	the	head	NP.			

Further	evidence	regarding	gramma'cal	number	matching	was	collected	in	a	series	of	

self-paced	reading	experiments	by	Wagers,	Lau,	and	Phillips	(2009).		They	varied	several	

features	of	the	sentences	and	observed	a	consistent	slow-down	for	plural	modifier	nouns	

compared	to	singular	ones.		This	effect	occurred	at	the	modifier	noun	region	and	the	next	

region.		By	interspersing	an	adverb	between	the	modifier	and	the	verb,	they	were	able	to	show	

that	no	number	effect	was	observed	at	the	verb	region	and	beyond.		Importantly,	in	the	verb	

region	and	beyond	an	effect	of	gramma'cality	was	present	and	this	effect	interacted	with	

modifier	number.	
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Theories	of	subject-verb	agreement	computa'on	in	comprehension	put	forward	two	

processing	phases	at	which	the	mismatching	number	feature	of	the	modifier	NP	could	interfere	

and	thus	cause	agreement	computa'on	difficulty,	namely	the	phase	at	which	the	head	NP	and	

the	modifier	NP	within	the	complex	subject	NP	are	integrated,	and	the	phase	at	which	the	

syntac'c	rela'on	between	the	subject	and	the	verb	is	established.	In	the	present	paper	we	will	

refer	to	these	two	phases	as	the	integra'on	phase	and	the	checking	phase	respec'vely;	note	

that	other	labels	or	conceptualisa'ons	are	also	used	in	the	literature.		As	will	be	explained	

below,	several	authors	assume	that	working	memory	is	involved	in	order	to	avoid	incorrect	

subject-verb	bindings	either	at	the	integra'on	phase,	at	the	checking	phase,	or	both.	

The	first	phase	during	which	the	modifier	and	its	number	feature	could	cause	

interference	is	the	point	at	which	the	head	NP	(e.g.,	“the	key”)	and	the	modifier	NP	(e.g.,	“the	

cabinets”)	are	integrated	within	the	complex	subject	NP	(e.g.,	“the	key	to	the	cabinets”)	(Nicol	

et	al.,	1997;	Pearlmuher	et	al.,	1999).		This	integra'on	phase	involves	the	computa'on	of	the	

gramma'cal	number	of	the	complex	subject	NP	as	a	whole,	on	the	basis	of	the	number	

features	of	its	parts.		Normally	and	according	to	the	gramma'cal	rules	of	English,	the	complex	

subject	NP	should	take	over	the	number	feature	of	the	head	NP.		However,	some	authors	argue	

that	the	gramma'cal	number	of	the	modifier	NP,	instead	of	that	of	the	head	NP,	some'mes	

erroneously	‘percolates’	to	the	complex	subject	NP	(Franck,	Vigliocco,	&	Nicol,	2002;	Nicol,	

1995;	Pearlmuher,	2000),	but	evidence	against	this	proposal	has	also	been	reported	(Lago	et	

al.,	2015;	Tanner	et	al.,	2014).		When	the	modifier	NP	(e.g.,	“the	cabinets”)	carries	a	different	

gramma'cal	number	(plural)	than	the	head	NP	(e.g.,	“the	key”,	singular),	such	percola'on	may	

lead	to	the	assignment	of	an	erroneous	gramma'cal	number	to	the	complex	subject	NP	

(plural).		Such	percola'on	thus	leads	to	a	number	conflict	that	needs	to	be	resolved	(and	

possibly	even	to	an	error	that	would	need	to	be	repaired).		It	is	very	much	conceivable	that	

such	conflict	comes	with	a	processing	cost.	

The	second	phase	at	which	a	number	mismatch	might	cause	interference	is	during	the	

checking	phase	when	processing	the	finite	verb.		According	to	cue-based	parsing	models		(e.g.,	
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Lewis	&	Vasishth,	2005;	Lewis,	Vasishth,	&	Van	Dyke,	2006;	McElree,	2001;	McElree,	Foraker,	&	

Dyer,	2003;	Van	Dyke	&	Lewis,	2003),	when	encountering	the	verb,	the	parser	will	have	to	

integrate	the	verb	into	the	syntac'c	representa'on	built	up	so	far	and	therefore	will	have	to	

bind	the	verb	to	its	subject.		A	source	of	interference	during	the	checking	phase	would	then	be	

the	case	where	the	parser	may	ahempt	to	integrate	the	verb	with	the	wrong	NP	in	working	

memory.		That	is,	to	bind	the	verb	to	the	appropriate	NP,	the	parser	might	compare	the	

required	subject	features	as	specified	by	the	verb	(e.g.,	nomina've	case,	Häussler,	2009)	to	

those	of	representa'ons	in	working	memory	of	previously	encountered	NPs	in	the	sentence.		

When	the	representa'ons	of	both	the	head	NP	and	the	modifier	NP	match	these	features,	the	

parser	might	erroneously	try	to	establish	a	subject-verb	rela'on	between	the	verb	and	the	

modifier	NP.		In	support	of	such	an	account	is	the	observa'on	that	agreement	processing	is	

more	difficult	when	both	the	head	and	modifier	are	plausible	subjects	of	the	verb	as	compared	

to	when	only	the	head	is	plausible	(Häussler,	2009).		Thus,	one	might	expect	a	par'cularly	

strong	processing	cost	when	the	modifier	is	a	plausible	subject	of	the	verb	(facilita'ng	an	

ahempt	at	integra'on	with	the	verb)	but	differs	in	number	from	the	verb	(resul'ng	in	that	

ahempt	to	fail).	

Note	that	percola'on	and	retrieval	accounts	need	not	be	mutually	exclusive.		According	

to	a	hybrid	account	(e.g.,	Häussler,	2006,	2009)	a	further	source	of	interference	during	

checking	would	be	the	case	where	the	percola'on	process	that	we	described	above	has	led	to	

an	incorrect	number	specifica'on	of	the	subject	NP,	then	an	ahempt	to	bind	the	verb	to	

subject	NP	might	fail	because	of	an	illusionary	subject-verb	number	mismatch,	thereby	crea'ng	

a	processing	cost.		Importantly,	such	accounts	would	assume	processing	costs	during	both	

integra'on	and	checking.			

Summarising,	accounts	of	agreement	computa'on	predict	a	processing	cost	during	an	

early	phase	of	integra'ng	the	modifier	with	the	full	NP	(integra'on	phase),	a	later	phase	of	

processing	the	verb	(checking	phase)	or	both.		Explicitly	or	implicitly,	theories	of	agreement	

computa'on	(e.g.,	Badecker	&	Kuminiak,	2007;	Häussler,	2009;	Lewis	et	al.,	2006)	have	
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assumed	that	this	processing	cost	reflects	a	stronger	involvement	of	working	memory,	at	either	

of	these	phases.	

The	theories	about	interference	effects	of	the	modifier	NP	during	subject-verb	

agreement	computa'on	in	produc:on	are	to	a	large	extent	parallel	to	those	on	agreement	

computa'on	in	comprehension.		Eberhard,	Cusng,	and	Bock	(2005),	for	instance,	presented	a	

formal	model	of	agreement	computa'on	in	produc'on.		This	model	also	has	an	integra'on	

phase	(“morphing”)	and	a	phase	where	subject	number	is	mapped	onto	the	verb.		Both	in	

natural	and	laboratory	language	produc'on,	instances	in	which	agreement	computa'on	is	

flawed,	like	(3),	are	well	documented	(Bock	&	Cusng,	1992;	Bock	&	Eberhard,	1993;	Bock	&	

Miller,	1991).		Most	theories	of	produc'on	hypothesise	that	the	conflic'ng	gramma'cal	

number	of	the	modifier	NP	interferes	during	the	integra'on	phase	(Eberhard	et	al.,	2005;	

Vigliocco,	Hartsuiker,	Jarema,	&	Kolk,	1996;	Vigliocco	&	Nicol,	1998).		An	important	piece	of	

evidence	for	that	hypothesis	is	that	effects	of	conflic'ng	number	of	modifier	NPs	are	

modulated	by	the	distance	between	the	subject	NP	and	the	modifier	NP	within	the	phrase	

structure	(i.e.,	“syntac'c	distance”),	but	not	by	the	linear	distance	between	these	NPs	in	the	

sentence	or	between	the	modifier	NP	and	the	verb	(e.g.,	Vigliocco	&	Nicol,	1998).	Those	

findings	thus	suggest	that	conflict	exerts	an	effect	when	the	gramma'cal	structure	is	pieced	

together.		

Addi'onally,	Badecker	and	Kuminiak	(2007)	found	evidence	consistent	with	the	

hypothesis	that	in	produc'on	a	checking	phase	might	also	be	opera'ng.		They	found	an	

influence	of	the	gramma'cal	case	of	the	head	and	modifier	NP	on	subject-verb	agreement	in	

produc'on	in	Slovak,	sugges'ng	that	the	produc'on	of	subject-verb	agreement	requires	

reac'va'on	of	the	subject	NP(s)	in	working	memory	when	producing	the	verb	(see	Hartsuiker,	

Schriefers,	Bock,	&	Kikstra,	2003,	for	similar	findings	in	German).			

The	involvement	of	working	memory	in	agreement	produc'on	was	tested	directly	by	

Fayol,	Largy,	and	Lemaire	(1994)	and	Hartsuiker	and	Barkhuysen	(2006).		Fayol	et	al.	

inves'gated	the	involvement	of	working	memory	in	wrihen	sentence	produc'on.		In	three	
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dicta'on	experiments,	par'cipants	wrote	down	an	orally	presented	sentence,	while	they	

conducted	a	secondary	task	(coun'ng	clicks),	or	while	they	were	not	conduc'ng	any	secondary	

task	at	all.		The	head	and	modifier	NP	in	the	dictated	sentences	always	mismatched	in	number.		

The	verbs	were	orthographically,	but	not	phonologically,	marked	for	gramma'cal	number.		

Hence,	par'cipants	could	not	determine	the	correct	inflec'on	of	the	verb	on	the	basis	of	

phonological	cues,	but	had	to	determine	it	by	morphosyntac'c	analysis,	viz.	computa'on	of	

subject-verb	agreement.		Par'cipants	produced	many	inflec'on	errors	on	the	verb	in	the	dual-

task	condi'ons,	and	almost	no	such	errors	in	the	single-task	condi'on.		These	dual-task	effects	

suggest	that	working	memory	is	needed	to	prevent	agreement	errors	in	wrihen	sentence	

produc'on.			

A	second	study,	by	Hartsuiker	and	Barkhuysen	(2006),	found	that	an	extra-senten'al	

word	load	and	the	speaking	span	of	the	par'cipants	(Daneman	&	Green,	1986)	affected	the	

number	of	subject-verb	agreement	errors	they	made	in	a	spoken	sentence	comple'on	

experiment.		More	specifically,	low-span	par'cipants	commihed	more	errors	under	a	word	

load	than	under	no	word	load,	whereas	the	performance	of	high-span	par'cipants	was	not	

affected	by	the	presence	or	absence	of	a	word	load.		These	results	suggest	that	working	

memory	is	needed	to	avoid	agreement	errors	in	spoken	sentence	produc'on	as	well.		Recently,	

Allen	et	al.	(2015)	administered	glucose	to	diabe'c	and	non-diabe'c	subjects	in	order	to	create	

a	state	of	euglycemia	or	hypoglycemia,	which	is	known	to	affect	working	memory.		The	

par'cipants	had	lower	reading	spans	and	produced	fewer	correct	sentence	comple'ons	under	

hypoglycemia.		These	results	thus	confirmed	Hartsuiker	and	Barkhuysen’s	findings	while	

manipula'ng	working	memory	capacity	within-subjects.	

Which	phase	of	agreement	computa'on	in	language	produc'on	would	demand	working	

memory?		Hartsuiker	and	Barkhuysen	(2006)	assumed	that	working	memory	is	required	in	the	

integra'on	phase	in	agreement	produc'on.		In	this	phase,	the	head	and	modifier	NP	will	

compete	to	assign	their	number	feature	to	the	complex	subject	NP.		Number	assignment	could	

be	a	rather	automa'c	process,	in	which	the	number	features	of	both	NPs	migrate	in	the	tree	
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representa'on	towards	the	higher	node	of	the	complex	subject	NP.		The	one	that	reaches	that	

node	first,	will	win	the	race.		However,	Hartsuiker	and	Barkhuysen	suggested	that	if	working	

memory	is	available,	the	conflict	is	resolved	in	a	controlled	way	in	order	to	avoid	erroneous	

number	assignment.		Only	when	working	memory	is	not	available,	the	outcome	of	the	conflict	

is	solely	determined	by	the	number	feature	that	wins	the	race.		If	the	mismatching	number	

feature	of	the	modifier	NP	wins	the	race,	this	will	result	in	an	agreement	error.			

A	similar	controlled	process	might	take	place	during	the	integra'on	phase	in	

comprehension.		Addi'onally,	it	is	conceivable	that	working	memory	is	also	needed	at	the	

checking	phase	in	comprehension	to	resolve	the	number	conflict	between	an	erroneously	

number-specified	subject	NP	and	the	verb,	or	the	erroneously	reac'vated	modifier	NP	and	the	

verb	in	a	controlled	way.			

The	present	study	

Studies	about	number	agreement	in	comprehension	have	shown	that	there	is	a	

processing	cost	when	the	gramma'cal	number	of	the	head	NP	and	the	modifier	NP	in	the	

complex	subject	NP	do	not	match.		This	cost	may	originate	at	the	integra'on	phase	or	at	the	

checking	phase,	or	even	in	both.		There	is	rela'vely	lihle	evidence	to	unequivocally	localise	the	

processing	cost	at	any	of	these	phases.	Using	self-paced	reading,	Wagers	et	al.	(2009)	did	not	

observe	any	effects	at	the	checking	phase.	Dillon	et	al.	(2013)	collected	eye-tracking	data	at		

both	phases	and	found	no	effects	at	the	integra'on	phase	and	no	number	match	effect	at	the	

checking	phase,	but	did	find	a	gramma'cality	x	number	match	interac'on	at	the	checking	

phase.		Further	eye-tracking	(Acuna-Farina,	Meseguer,	&	Carreiras,	2014;	Lago	et	al.,	2015)	and	

ERP	studies	(Tanner	et	al.,	2014)	only	analysed	the	checking	phase	(typically	the	verb	and	word	

following	the	verb).		These	studies	only	found	number	match	effects	in	ungramma'cal	

sentences.		

The	present	study	pursues	the	efforts	at	beher	understanding	the	processes	that	

underlie	the	costs	related	to	gramma'cal	number	agreement	in	comprehension,	by	using	
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working	memory	loads	as	in	the	produc'on	studies	and	taking	advantage	of	eye	tracking	to	

localise	the	phase	at	which	any	costs	occur.			

The	focus	of	the	present	study	was	on	crea'ng	a	working	memory	load	that	taxes	

domain-general	processes	and	that	can	be	applied	locally	at	a	par'cular	phase	of	sentence	

processing.		Such	domain-general	processes	involve	a	series	of	control	processes	(labeled	

ahen'onal	control,	cogni've	control,	or	execu've	control),	and	are	assumed	to	be	involved	in	

situa'ons	involving	planning,	problem-solving,	overcoming	habitual	ac'ons,	etc.	(Botvinick,	

Braver,	Barch,	Carter,	&	Cohen,	2001;	Burgess,	1997;	Logan	&	Gordon,	2001;	Miyake	&	Shah,	

1999;	Norman	&	Shallice,	1986;	Vandierendonck,	2016).		More	specifically,	execu've	control	is	

exerted	to	manage	the	conflict	between	mul'ple,	incompa'ble	representa'ons	in	memory	and	

to	select	the	appropriate	one,	so	that	it	seems	plausible	that	execu've	control	is	involved	in	

the	resolu'on	of	number	conflict	in	either	or	in	both	of	the	hypothesised	processing	phases	in	

agreement	computa'on	in	comprehension.		Therefore,	in	the	present	study,	we	inves'gated	

whether	the	comprehension	of	subject-verb	agreement	during	syntac'c	processing	involves	

execu've	control	and	if	so,	whether	it	does	in	only	one	or	both	of	the	hypothesised	processing	

phases.		

Previous	research	has	shown	that	in	contrast	to	simple	reac'on	'me	tasks	(e.g.,	respond	

with	a	keypress	when	a	sound	occurs),	choice	reac'on	'me	tasks	(e.g.,	press	one	key	when	a	

high	tone	occurs,	and	press	another	key	when	the	tone	is	low)	tax	execu've	control	(e.g.,	

Szmalec,	Vandierendonck,	&	Kemps,	2005)	and	therefore	can	be	used	to	interfere	with	

sentence	processing	at	a	specific	processing	phase.		Many	studies	have	shown	that	when	more	

or	more	difficult	choice	reac'on	tasks	have	to	be	executed	during	the	reten'on	interval	of	a	

serial	short-term	memory	task,	recall	is	more	impaired	than	when	fewer	or	less	difficult	choice	

tasks	are	performed	(Barrouillet,	Bemardin,	Portrat,	Vergauwe,	&	Camos,	2007;	Barrouillet,	

Bernardin,	&	Camos,	2004;	Barrouillet	&	Camos,	2010;	Barrouillet,	Corbin,	Dagry,	&	Camos,	

2015;	Barrouillet,	Lépine,	&	Camos,	2008;	Barrouillet,	Portrat,	&	Camos,	2011;	Barrouillet,	

Portrat,	Vergauwe,	Diependaele,	&	Camos,	2011).		As	these	effects	are	observed	both	when	
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the	choice	tasks	are	in	the	same	and	in	a	different	modality	as	the	memory	tasks,	it	is	clear	that	

these	effects	are	not	due	to	domain-specific	overlaps	(Vergauwe,	Barrouillet,	&	Camos,	2009,	

2010).		Furthermore,	Szmalec	et	al.	(2005)	demonstrated	that	a	verbal	fluency	task,	which	is	

known	to	impose	high	execu've	demands	(e.g.,	Phillips,	1997;	Rende,	Ramsberger,	&	Miyake,	

2002),	is	impeded	more	by	a	choice	reac'on-'me	(CRT)	task	than	by	a	simple	reac'on	'me	

task,	in	which	par'cipants	have	to	react	to	only	one	possible	s'mulus	by	a	simple	buhon	press.		

This	result	suggests	that	the	response	selec'on	process	that	is	present	in	the	CRT	task	but	not	

in	the	simple	reac'on	'me	task	taxes	execu've	control	(see	also	Barrouillet	et	al.,	2007).		Also	

in	studies	with	mental	arithme'c	(Deschuyteneer	&	Vandierendonck,	2005a,	2005b)	and	with	

voluntary	but	not	with	automa'c	eye	movements	(Vandierendonck,	Deschuyteneer,	Depoorter,	

&	Drieghe,	2008)	performance	was	impaired	by	the	presence	of	a	secondary	CRT	task	but	not	

by	the	presence	of	a	secondary	simple	reac'on	'me	task.	

In	addi'on	to	requiring	execu've	control	for	their	execu'on,	CRT	tasks	also	have	the	

advantage	that	they	tax	control	processes	only	for	a	very	short	'me.		As	their	RT	is	typically	

about	450-600	ms	(depending	on	the	difficulty	of	the	required	judgment),	the	interval	during	

which	execu've	control	is	occupied	by	a	CRT	task	is	probably	in	the	order	of	250-300	ms	

(Pashler	&	Johnston,	1998).		In	view	of	these	advantages,	we	decided	to	use	a	tone	decision	

task	in	the	present	study.		On	each	trial	in	this	task,	par'cipants	hear	one	of	two	possible	

tones,	either	a	high	tone	or	a	low	tone,	and	they	decide	whether	that	tone	is	the	high	or	the	

low	one.		Whereas	in	the	earlier	studies	of	Hartsuiker	and	Barkhuysen	(2006)	and	of	Fayol	et	al.	

(1994)	as	in	most	studies	imposing	a	working	memory	load,	the	secondary	task	was	present	for	

the	en're	dura'on	of	the	primary	task,	we	imposed	the	secondary	tone	discrimina'on	task	at	

a	specific	region	of	interest	in	the	sentence.		This	enabled	us	to	iden'fy	which	par'cular	phases	

in	sentence	processing	require	execu've	control.		This	technique	was	first	introduced	in	Loncke	

(2012).			

In	the	present	study	we	used	Dutch	versions	of	sentences	such	as	(5)	and	imposed	the	

secondary	tone	discrimina'on	task	at	either	of	two	regions	in	the	sentence	comprehension	
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task:	either	when	the	par'cipants	were	processing	the	modifier	noun	(“soldier”)	or	when	they	

were	processing	the	verb	(died).		At	these	regions,	respec'vely	the	integra'on	phase	and	the	

checking	phase	are	supposed	to	be	performed.		If	the	process	of	conflict	resolu'on	in	the	

integra'on	phase	requires	execu've	control,	we	expect	to	see	interference	between	the	

sentence	comprehension	task	and	the	tone	discrimina'on	task	at	the	modifier	noun.		Similarly,	

if	the	process	of	conflict	resolu'on	in	the	checking	phase	requires	execu've	control,	

interference	between	tone	discrimina'on	and	sentence	comprehension	is	expected	at	the	

verb.	

(5)	John	mailed	that	the	lieutenant	of	the	soldier	unfortunately	died(singular)	because	of	

reckless	behaviour	

To	ensure	that	the	tone	was	presented	exactly	in	the	region	of	interest,	we	used	eye	

tracking	to	record	eye	movements	while	par'cipants	were	reading	the	sentences:	the	tone	was	

sounded	when	the	par'cipant	started	to	read	one	of	the	cri'cal	regions.		Eye	tracking	has	the	

addi'onal	advantage	that	it	permits	measures	of	processing	'mes	at	the	various	regions	in	the	

sentence	(Rayner,	1998),	so	that	we	could	measure	processing	'me	at	each	of	the	two	regions	

of	interest,	namely	the	modifier	noun	and	the	verb.		By	presen'ng	sentences	in	which	the	

gramma'cal	number	of	the	modifier	NP	either	matched	or	mismatched	that	of	the	head	NP,	

eye	tracking	allows	a	compara've	measure	of	reading	'me	at	either	of	the	two	regions	of	

interest.		Addi'onally,	in	half	of	the	sentences,	the	secondary	task	was	presented	at	the	

modifier	NP.		Because	the	secondary	tone	discrimina'on	task	is	assumed	to	tax	execu've	

control	processes,	the	presence	of	this	task	is	expected	to	compete	with	processing	of	the	

modifier	NP,	but	only	if	these	processes	also	require	execu've	control,	so	that	the	difference	in	

processing	dura'on	of	mismatching	and	matching	sentences	would	be	increased.		In	the	other	

half	of	the	sentences,	the	CRT	task	was	presented	at	the	verb.		If	checking	dura'on	at	the	verb	

is	slower	for	mismatching	than	for	matching	sentences	due	to	a	larger	call	on	execu've	control,	
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the	presence	of	the	tone-discrimina'on	task	is	expected	to	boost	this	processing	difference.		In	

short,	inclusion	of	the	tone-discrimina'on	task	at	either	of	the	two	regions	allowed	us	to	test	

whether	interference	due	to	the	secondary	task	was	larger	in	mismatching	than	in	matching	

sentences.	

Because	processing	costs	in	the	checking	phase	might	be	driven	by	an	ahempt	to	bind	

the	verb	to	the	modifier,	and	because	such	binding	is	also	affected	by	seman'c	features	(e.g.,	

Fedorenko,	Gibson,	&	Rohde,	2006;	Gordon,	Hendrick,	&	Levine,	2002;	Lewis	&	Vasishth,	2005;	

Lewis	et	al.,	2006;	Mar'n,	2006;	McElree	et	al.,	2003;	Van	Dyke	&	Lewis,	2003),	we	further	

varied	the	plausibility	of	the	modifier	NP	as	a	possible	seman'c	subject	of	the	verb.		This	is	

illustrated	in	sentence	(6).		While	in	sentence	(5),	the	modifier	NP	(the	soldier)	is	plausible	as	a	

subject	of	the	verb	(died),	in	sentence	(6)	the	modifier	NP	(the	frontline)	is	not	a	likely	subject	

of	the	verb	(died).		Therefore,	it	may	be	expected	that	at	the	checking	phase,	the	parser	will	

more	ouen	erroneously	try	to	bind	the	verb	to	a	local	NP	that	is	a	plausible	subject	of	the	finite	

verb	(died),	like	“the	soldier”	than	a	modifier	NP	that	is	an	implausible	subject	of	the	verb,	like	

“the	frontline”.		Consequently,	we	expected	the	effect	of	the	mismatch	in	gramma'cal	number	

between	the	head	NP	and	the	modifier	NP	to	be	larger	for	plausible	modifier	NPs	than	for	

implausible	modifier	NPs.		Such	an	effect	would	mirror	the	effects	of	plausibility	on	the	number	

of	subject-verb	agreement	errors	in	wrihen	French	(Hupet,	Fayol,	&	Schelstraete,	1998)	and	

spoken	English	(Thornton	&	MacDonald,	2003)	sentence	produc'on.	

(6)	John	mailed	that	the	lieutenant	at	the	frontline	unfortunately	died(singular)	because	

of	reckless	behaviour	

In	summary,	our	first	goal	was	to	iden'fy	which	of	the	two	sentence	processing	phases,	

integra'on	or	checking,	shows	a	general	processing	cost	when	the	(singular)	subject	noun	

mismatches	in	number	with	a	(plural)	modifier	NP	(see	also	Pearlmuher	et	al.,	1999).		If	the	

processing	cost	is	situated	at	the	integra'on	phase,	we	expected	longer	processing	'mes	
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(expressed	in	longer	looking	'mes)	at	the	modifier	noun	when	head	NP	and	modifier	NP	

mismatched	in	number	than	when	they	matched.		Similarly,	if	the	processing	cost	is	situated	at	

the	checking	phase,	we	expected	longer	processing	'mes	at	the	verb	when	the	head	NP	and	

the	modifier	NP	mismatched	than	when	they	matched.		Moreover,	we	expected	the	laher	

effect	to	be	modulated	by	the	seman'c	plausibility	of	the	modifier	NP	as	the	subject	of	the	

verb	(local	plausibility).		

The	second	and	more	important	goal	of	the	present	study	was	to	inves'gate	whether	

resolu'on	of	number	conflict	at	the	integra'on	and/or	checking	phase	requires	execu've	

control.		To	that	end,	we	imposed	the	secondary	tone	discrimina'on	task	either	at	the	

integra'on	or	at	the	checking	phase	in	the	sentence	comprehension	task.		When	execu've	

control	is	switched	away	from	sentence	comprehension	towards	the	tone	discrimina'on	task,	

execu've	control	is	no	longer	available	for	sentence	processing.		Therefore,	imposing	the	

secondary	task	should	be	detrimental	for	the	processes	of	integra'on	and	checking,	at	least	if	

they	require	execu've	control.		If	they	do	require	control,	we	expect	to	see	an	interac'on	

between	the	presence	of	the	tone	discrimina'on	task	and	the	(mis)match	of	head	and	modifier	

NP	on	the	reading	'mes	in	the	modifier	NP	region,	such	that	with	concurrent	execu'on	of	the	

tone	discrimina'on	task,	the	mismatch	effect	is	augmented.		In	the	same	vein,	we	expect	an	

interac'on	between	the	presence	of	the	tone	discrimina'on	task	and	plausibility	of	the	

modifier	as	a	subject	at	the	verb	region,	such	that	the	plausibility	effect	is	augmented	under	

the	presence	of	the	tone	task.		If	any	effect	of	number	matching	would	be	evident	at	the	

checking	phase,	either	on	its	own	or	in	interac'on	with	plausibility,	it	is	expected	that	these	

effects	will	interact	with	the	presence	of	the	tone-discrimina'on	task.	

In	sum,	the	dual-task	experiment	reported	in	the	present	study	allows	us	to	inves'gate	

whether	processing	of	subject-verb	agreement	in	comprehension	taxes	execu've	control	and	

to	pinpoint	the	exact	processing	phase(s)	at	which	this	control	is	needed.		If	it	turns	out	that	

the	choice	reac'on	'me	task	interferes	with	agreement	computa'on	in	syntac'c	analysis,	this	

will	add	to	the	evidence	suppor'ng	the	view	that	sentence	comprehension,	at	least	at	phases	
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that	require	conflict	resolu'on,	relies	on	domain-general	memory	systems	(Fedorenko	et	al.,	

2006;	Lewis	et	al.,	2006;	Loncke,	2012;	Loncke,	Desmet,	Vandierendonck,	&	Hartsuiker,	2011;	

Swets,	Desmet,	Hambrick,	&	Ferreira,	2007).	

Method	

Par)cipants	

Forty-two	students	(32	female,	10	male)	from	Ghent	University	par'cipated	in	exchange	

for	course	credit	or	payment.		The	mean	age	was	19.9	(SD	=	2.6).		All	par'cipants	were	na've	

speakers	of	Dutch,	had	normal	or	corrected	to	normal	vision,	reported	to	have	normal	reading	

skills	and	were	naive	to	the	purpose	of	the	study.	

Design	

Sentence	quartets	like	the	example	in	Table	1	were	constructed	by	varying	the	Match	in	

gramma'cal	number	of	the	modifier	NP	(singular	or	plural)	with	the	head	NP	(singular;	match	

or	mismatch),	and	the	local	Plausibility	of	the	modifier	NP	as	subject	of	the	verb	(e.g.,	“the	

soldier(s)”,	plausible	or	“the	frontline(s)”,	implausible).		Each	of	these	sentence	varia'ons	was	

presented	with	a	concurrent	tone	discrimina'on	task:	a	high	or	a	low	tone	was	presented	in	

either	of	two	regions	of	interest,	namely	the	modifier	noun	(the	soldier,	in	the	example)	or	the	

verb	(died).		These	three	varia'ons	were	crossed	to	obtain	a	2	(Match)	x	2	(Local	Plausibility)	x	

2	(Tone	region)	repeated	measures	design.		These	factors	were	manipulated	within-par'cipants	

and	within-sentences	in	such	a	way	that	each	par'cipant	saw	only	one	variant	of	each	

sentence	(for	more	details,	see	below).	

----	Table	1	about	here	----	

Materials	

We	developed	120	cri'cal	sentence	quartets 	and	160	filler	sentences.		All	sentences	1

were	gramma'cal,	Dutch	sentences.	The	seman'c	plausibility	of	the	modifier	NPs	as	the	

subject	of	the	verb	within	the	sentence	quartets	was	assessed	in	a	separate	plausibility	ra'ng	

	The	complete	list	of	sentences	is	available	online	at	osf.io/u6xdp.	This	URL	also	contains	the	data	obtained	in	1

the	present	study	and	the	details	of	the	data	analysis.
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study	based	on	a	further	39	na've	Dutch	speakers	(age	M	=	20.1,	SD	=	1.5).		Par'cipants	rated	

the	plausibility	of	the	modifier	NP	as	the	subject	of	the	verb	on	a	seven-point	Likert	scale	(cf.	

Thornton	&	MacDonald,	2003).		Each	par'cipant	rated	only	one	of	both	modifier	NPs	within	a	

sentence	quartet.		The	NPs	were	presented	in	their	singular	form	in	order	to	match	the	number	

of	the	verb	and	thus	to	form	a	gramma'cal	sentence.		As	expected,	the	NPs	we	deemed	as	

plausible	were	rated	as	more	plausible	(M	=	6.15,	SD	=	0.79)	than	the	ones	we	deemed	as	

implausible	(M	=	2.35,	SD	=	1.32),	t(119)	=	26.34,	p	<	.001.			

All	cri'cal	sentences	had	the	same	syntac'c	structure,	viz.	a	matrix	clause	comprising	a	

subject	(proper	noun),	a	main	verb,	a	rela've	pronoun	and	a	subordinate	clause.		The	laher	

consisted	of	the	head	NP	(ar'cle	+	noun),	a	preposi'on,	the	modifier	NP	(ar'cle	+	noun),	an	

adverb,	a	finite	verb	and	an	adverbial	phrase	or	clause.		Embedding	the	complex	subject	NP	in	

a	subordinate	clause	enabled	us	to	insert	an	adverb	(e.g.,	“jammer	genoeg	[unfortunately]”	in	

Table	1)	between	the	modifier	NP	and	the	verb,	in	order	to	create	some	distance	between	

these	two	regions	of	interest	(cf.	Wagers	et	al.,	2009).		This	way,	spillover	effects	(Rayner,	1998)	

from	one	region	of	interest	(i.e.	the	modifier	noun)	into	the	other	region	of	interest	(i.e.	the	

verb)	were	made	less	likely.		In	view	of	Wagers	et	al.’s	(2009)	findings	that	no	gramma'cal	

number	effects	occurred	beyond	the	word	auer	the	cri'cal	region,	inclusion	of	the	adverb	

should	suffice	to	block	spillover.		The	finite	verb	was	followed	by	an	adverbial	phrase	or	clause	

to	avoid	sentence	wrap-up	effects	(Just	&	Carpenter,	1980;	Rayner,	Kambe,	&	Duffy,	2000)	at	

the	verb.	

Some	further	issues	were	taken	care	of	during	the	construc'on	of	the	cri'cal	sentences.		

First,	to	avoid	seman'c	interference	in	working	memory	between	the	subject	of	the	main	

clause	and	the	head	and	modifier	NP	of	the	subordinate	clause,	the	subject	of	the	main	clause	

was	always	a	proper	name	(e.g.,	“John”	in	Table	1).		For	the	same	reason,	it	was	important	that	

no	object	NP	interfered	between	the	complex	subject	NP	and	the	verb	of	the	subordinate	

clause.		As	rela've	clauses	in	Dutch	have	SOV-order,	we	selected	intransi've	verbs	(e.g.,	

“sneuvelde	[died]”	in	Table	1).		Second,	the	head	NP	in	the	subordinate	clause	(e.g.,	“de	
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luitenant	[the	lieutenant]”	in	Table	1)	was	always	singular,	as	agreement	computa'on	

difficul'es	have	mostly	been	observed	with	singular	heads	(and	plural	modifiers)	and	much	less	

so	with	plural	heads	(and	singular	modifiers)	(e.g.,	Nicol	et	al.,	1997;	Pearlmuher	et	al.,	1999;	

Wagers	et	al.,	2009).		Third,	the	gender	of	the	head	and	modifier	NP	(e.g.,	“de	luitenant	[the	

lieutenant]”	and	“de	soldaat	[the	soldier]”	in	Table	1)	was	always	non-neuter;	in	Dutch,	the	

ar'cle	of	non-neuter	nouns	(“de”	in	both	singular	and	plural)	does	not	give	a	clue	for	

gramma'cal	number	as	opposed	to	the	ar'cle	of	neuter	nouns	(Antón-Méndez	&	Hartsuiker,	

2010;	Hartsuiker	et	al.,	2003).		Fourth,	the	verb	of	the	subordinate	clause	was	always	in	the	

simple	past	tense	(e.g.,	“sneuvelde	[died]”	in	Table	1),	so	that	both	the	seman'cs	and	

gramma'cal	number	of	the	verb	were	carried	by	a	single	word,	allowing	us	to	test	for	

combined	effects	of	these	variables	during	the	checking	phase.		Fiuh,	the	verb	of	the	

subordinate	clause	was	always	at	least	two	syllables	long	to	minimise	the	chance	that	it	was	

skipped	during	reading	(Rayner,	1998).			

Each	par'cipant	only	saw	one	sentence	of	a	quartet	with	a	tone	in	only	one	of	the	two	

tone	regions.		Thus,	each	par'cipant	saw	15	cri'cal	sentences	within	each	of	the	8	condi'ons.		

We	also	developed	160	filler	sentences,	which	were	randomly	mixed	between	the	cri'cal	

sentences	(see	Apparatus	and	Procedure)	and	were	not	analysed.		The	length	(in	number	of	

characters,	spaces	included)	of	the	filler	sentences	(M	=	84)	and	cri'cal	sentences	(M	=	87)	was	

comparable	[t(278)	=	1.67,	p	=	.096].		Seventy-five	percent	of	the	filler	sentences	(120	

sentences)	had	the	same	structure	as	the	cri'cal	sentences,	but	had	a	plural	head	NP	and	a	

singular	modifier	NP	(60	sentences)	or	a	plural	head	NP	and	a	plural	modifier	NP	(60	

sentences).		The	remaining	40	filler	sentences	had	a	subject	NP	that	consisted	of	only	one	NP,	

half	of	them	singular,	half	of	them	plural.		These	simple	NPs	always	contained	one	or	two	

adjec'ves	to	make	them	comparable	in	length	to	the	other	filler	and	cri'cal	sentences.		As	in	
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the	cri'cal	sentences,	the	subject	of	the	main	clause	of	all	filler	sentences	was	always	a	proper	

name .	2

In	order	to	make	tone	presenta'on	unpredictable	during	the	experiment,	a	tone	was	

presented	at	a	pseudo-random	moment	in	half	of	the	fillers.		Also,	half	of	the	fillers	were	

followed	by	a	comprehension	ques'on.		Ques'ons	could	concern	any	of	the	elements	or	

rela'ons	between	elements	in	the	sentence	(e.g.,	head	NP–verb,	modifier	NP–verb,	subject	of	

the	main	clause–verb,	head	NP–PP,	etc.).		Thus,	the	ques'ons	did	not	focus	par'cipants’	

ahen'on	on	the	subject-verb	rela'on	in	the	sentences.		Half	of	the	comprehension	ques'ons	

required	a	yes-answer	and	half	of	them	a	no-answer.		The	presenta'on	of	a	tone	(tone/no	

tone)	and	the	presenta'on	of	a	comprehension	ques'on	(ques'on/no	ques'on)	were	crossed	

in	the	filler	sentences,	so	that	the	presenta'on	of	a	tone	did	not	predict	whether	a	

comprehension	ques'on	would	be	presented.		The	aim	of	having	an	unpredictable	

presenta'on	of	comprehension	ques'ons	was	to	s'mulate	par'cipants	to	read	all	sentences	in	

the	experiment	to	the	end.			

Apparatus	and	Procedure	

Eye	movements	were	recorded	using	an	SR	Research	Eyelink	1000	eye-tracking	device	

(Mississauga,	Ontario,	Canada).		Viewing	was	binocular,	but	eye	movements	were	recorded	

from	the	right	eye	only.		Fixa'on	loca'ons	were	sampled	every	millisecond.		Each	sentence	as	

well	as	each	comprehension	ques'on	was	presented	on	a	single	line,	aligned	leu	on	the	

horizontal	axis	and	in	the	centre	on	the	ver'cal	axis.		Sentences	and	ques'ons	were	presented	

in	black	on	a	white	background	in	Courier	New	10	font.	

	That	the	majority	of	the	filler	sentences	had	a	similar	syntac'c	structure	as	the	cri'cal	sentences	may	be	a	2

disadvantage	of	the	present	design.		However,	we	considered	it	important	that	par'cipants	saw	also	an	

important	number	of	sentences	with	a	head	NP	that	was	not	singular	in	order	to	avoid	a	reading	strategy	in	

which	not	much	ahen'on	would	be	devoted	to	the	head	NP.		Furthermore,	it	was	important	also	to	include	the	

secondary	task	at	other	regions	than	the	two	regions	of	interest.		Given	this	restric'on	and	the	need	for	a	

sufficient	large	number	of	cri'cal	sentences,	it	was	not	possible	to	add	more	types	of	fillers.
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Before	and	auer	the	main	part	of	the	experiment,	a	single-task	tone	discrimina'on	task		

was	performed	(Szmalec	et	al.,	2005).		On	each	trial,	one	of	two	different	tones	with	a	

frequency	of	either	262	(C1	note)	or	524	Hz	(C2	note)	was	presented.		Each	tone	lasted	150	ms;	

the	inter-s'mulus	interval	was	fixed	at	650	ms.		Par'cipants	hit	either	the	right	or	leu	buhon	of	

an	SR	Research	gamepad	as	fast	as	possible	to	indicate	whether	the	pitch	of	the	tone	was	low	

or	high.		They	were	instructed	to	keep	their	fingers	on	the	buhons	to	avoid	target	seeking	

movements	between	both	keys.		Moreover,	they	were	asked	to	fixate	a	con'nuously	presented	

fixa'on	cross	in	the	centre	of	the	screen	along	the	task	and	not	to	look	down	at	their	hands	or	

to	the	gamepad.		This	way,	they	were	trained	to	keep	looking	at	the	screen	while	performing	

the	tone	discrimina'on	task.		In	both	single-task	tests,	par'cipants	performed	four	prac'ce	

trials	and	60	cri'cal	trials.	

The	main	part	of	the	experiment	was	a	dual-task	test	in	which	par'cipants	read	a	

sentence	for	comprehension	and	judged	the	pitch	of	a	tone	when	it	was	presented.		At	the	

beginning	of	each	trial,	par'cipants	fixated	a	point	at	the	leu	of	the	screen	to	perform	driu	

correc'on.		Then,	a	sentence	appeared.		Par'cipants	were	instructed	to	read	the	sentence	

carefully	and	with	normal	speed.		In	71%	of	the	trials	(i.e.,	in	all	cri'cal	sentences	and	in	half	of	

the	filler	sentences),	a	high	or	a	low	tone	(the	same	ones	as	in	the	single-task	tests)	was	

presented	as	soon	as	the	par'cipant	’s	eye	posi'on	crossed	the	leu	boundary	of	the	pre-

specified	region	in	the	sentence	for	the	first	'me 	(see	Materials).		Par'cipants	were	instructed	3

to	execute	the	tone	discrimina'on	task	in	exactly	the	same	way	as	in	the	single-task	tests.		

Par'cipants	were	also	instructed	that	auer	having	read	the	whole	sentence,	they	could	self-

pace	to	the	next	screen	by	pressing	another	pre-specified	buhon	on	the	gamepad	(different	

from	the	tone	buhons).		Then,	in	all	cri'cal	trials	and	half	of	the	filler	trials,	the	trial	ended.		In	

	Note	that	the	boundary	of	the	region	of	interest	is	crossed	during	the	execu'on	of	a	saccade,	so	that	the	tone	3

co-occurred	with	the	fixa'on.		It	is	possible	that	the	saccade	would	skip	the	region	of	interest	so	that	the	tone	

would	occur	in	a	later	region.		In	such	case,	the	trial	was	excluded	from	data	analysis	just	like	other	trials	where	

the	region	of	interest	was	skipped.
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the	other	half	of	the	filler	trials,	a	comprehension	ques'on	appeared	on	the	screen,	which	

required	a	yes-	or	no-response	by	pressing	one	of	two	pre-specified	keys	on	the	keyboard.		

Feedback	following	these	answers	was	displayed	for	500	ms.		Overall	accuracy	on	these	

ques'ons	was	86%	(SD	=	34),	indica'ng	that	par'cipants	read	the	sentences	ahen'vely.		The	

120	cri'cal	and	160	filler	trials	were	presented	in	random	order	and	were	preceded	by	four	

prac'ce	trials.		Calibra'on	consisted	of	a	standard	9-point	grid.		The	whole	session	including	

camera	setup	and	calibra'on	lasted	about	an	hour.		

Data	Analysis	

One	of	the	aims	of	the	data	analysis	was	to	test	whether	and	how	sentence	

comprehension	and	secondary	tone	discrimina'on	affected	each	other.		Therefore,	we	

analysed	performance	on	both	tasks.		With	respect	to	the	tone	discrimina'on	task,	the	

measures	of	interest	were	reac'on	'me	and	discrimina'on	accuracy	in	single-	and	in	dual-task	

condi'ons.		For	the	sentence	comprehension	task,	the	measures	of	interest	were	dura'on	and	

frequency	of	fixa'ons	in	the	sentence	regions	of	interest.		In	order	to	be	able	to	localise	

secondary	task	effects	at	an	early	or	a	later	stage	of	processing,	we	dis'nguished	three	

different	fixa'on	measures	in	both	cri'cal	regions	(the	modifier	noun	and	the	verb).		These	

eye-movement	measures	are	illustrated	in	Figure	1,	and	refer	to	early	and	later	gaze	measures	

that	covered	the	consecu've	and	non-overlapping	'me	frames	in	the	reading	process	of	the	

region	of	interest .		The	different	measures	were:	(1)	first	fixa'ons,	(2)	addi'onal	first	pass	4

fixa'ons	,	and	(3)	rereading	fixa'ons.		First	fixa'ons	concern	the	first	fixa'on	on	the	target	

region	during	the	first	passage	over	that	region	(Liversedge,	Paterson,	&	Pickering,	1998).		In	

Figure	1,	the	dura'on	of	the	first	fixa'on	on	the	modifier	noun	“soldier”	is	216	ms.		Addi'onal	

first	pass	fixa'ons	were	defined	as	the	sum	of	all	other	fixa'ons	made	in	a	region	during	the	

	Most	studies	of	eye-tracking	in	reading	use	a	different	scheme	to	dis'nguish	between	early	or	later	fixa'ons.		4

In	contrast	to	schemes	typically	used,	the	present	scheme	par''ons	the	course	of	fixa'ons	at	a	region	of	

interest	into	three	non-overlapping	'me	frames.		This	has	the	advantage	that	each	'me	frame	yields	data	that	

are	independent	from	the	data	in	the	'me	frames	that	follow	later.
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first	passage	over	that	region	(i.e.,	un'l	the	point	of	fixa'on	leaves	the	region	either	to	the	leu	

or	to	the	right)	minus	the	first	fixa'on.		In	Figure	1,	the	dura'on	of	the	addi'onal	first	pass	

fixa'ons	on	the	modifier	noun	is	187	ms.		Rereading	fixa'ons	were	defined	as	the	sum	of	all	

fixa'ons	from	the	moment	the	eye	leaves	the	target	region	to	the	leu	up	to	but	excluding	the	

first	fixa'on	to	the	right	of	the	target	region.		In	Figure	1,	the	dura'on	of	the	rereading	fixa'ons	

on	the	modifier	noun	is	505	ms	(comprising	the	fixa'ons	of	310	and	195	ms	and	thus	excluding	

the	dura'on	of	first	pass	and	addi'onal	first	pass	fixa'ons).		These	measures	were	analysed	

with	respect	to	(1)	their	frequency,	and	(2)	their	dura'on.			

----	Figure	1	about	here	----	

Prior	to	the	analysis,	we	excluded	the	data	of	a	sentence	quartet	(#9	in	the	s'mulus	list,	

see	footnote	1)		that,	due	to	a	clerical	error,	was	not	equally	par''oned	over	the	lists	(loss	of	1	

data	point	per	subject:		42	data	points	or	0.8%).		On	some	trials,	the	cri'cal	region	was	skipped;	

this	occurred	on	202	trials	(4.0%)	of	the	modifier	NP	region,	and	on	148	trials	(2.9%)	of	the	

verb	region.		As	these	trials	were	not	included	in	the	data	analysis,	4796	data	points	were	leu	

for	the	analyses	of	the	modifier	NP	region,	and	4850	data	points	remained	available	for	

analyses	of	the	verb	region.			

Data	analysis	was	based	on	linear	mixed	effects	(LME)	modelling.		The	analyses	were	

performed	with	the	help	of	the	R	sta's'cal	package	(R-Core-Team,	2015),	using	the	lme4	

package	(D.	Bates,	Maechler,	Bolker,	&	Walker,	2015)	for	R.		Analyses	of	the	con'nuous	

dependent	variables	(i.e.,	gaze	dura'ons	and	reac'on	'mes	to	the	tones)	were	performed	by	

fisng	LME	models	using	restricted	maximum	likelihood	es'mates	(Pinheiro	&	Bates,	2000) .		5

Following	sugges'ons	made	by	Baayen,	Davidson,	and	Bates	(2008)	and	Barr,	Levy,	Scheepers,	

and	Tily	(2013),	first	a	model	including	all	fixed	effects	and	maximal	random	effects	was	fihed.		

As	already	explained,	the	fixed	effects	were	the	main	effects	and	interac'ons	following	from	

	As	the	dependent	variables,	gaze	dura'on	and	reac'on	'me,	tend	to	deviate	from	normality	by	showing	a	5

rightward	skewness,	a	correc'on	seems	necessary.		The	appendix	discusses	the	possibili'es	and	reports	on	

outcomes	of	alterna've	analyses.
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the	2	(Match)	x	2	(Plausibility)	x	2	(Tone	region)	factorial	design.		A	la'n	square	design	was	used	

to	counterbalance	these	8	condi'ons	represen'ng	the	fixed	effects	over	the	items	and	the	

subjects.		In	fact,	these	condi'ons	were	implemented	as	variants	of	the	items,	resul'ng	in	8	x	

120	=	960	different	item	variants.	These	960	variants	were	par''oned	into	8	lists	which	were	

randomly	assigned	to	subjects,	such	that	each	list	was	presented	to	5	or	6	subjects.	The	factors	

List	(subsets	of	item	varia'ons)	and	Group	(the	subjects	presented	with	a	par'cular	list)	are	

involved	here	merely	for	purposes	of	counterbalancing	the	materials	over	the	subjects	and	are	

not	considered	to	be	part	of	the	design.		It	follows	then	that	the	random	factor	Item	was	

orthogonally	crossed	with	the	condi'ons	represen'ng	the	fixed	effects	and	because	of	the	

usage	of	a	la'n	square	it	has	to	be	assumed	that	the	fixed	effects	do	not	interact	with	the	

factor	Item.		For	that	reason,	it	suffices	to	include	a	random	intercept	for	the	factor	Item.	

It	cannot	be	assumed,	however,	that	the	fixed	effects	would	not	interact	with	the	factor	

Subject.		For	that	reason,	in	addi'on	to	a	random	intercept	for	the	factor	Subject,	also	random	

slopes	of	the	three	fixed	effects	should	be	added.		In	order	to	obtain	a	“maximal”	random	

structure,	it	could	also	be	considered	to	include	random	slopes	for	all	the	interac'ons	of	the	

fixed	effects.		However,	the	lme4	package	warns	against	the	usage	of	such	a	complex	random	

structures.		Moreover,	such	complex	structures	ouen	lead	to	a	non-convergent	model	fit.		

Hence,	in	the	nota'on	used	in	the	lme4	package,	model	fisng	always	started	with	the	

following	model	

Y	~	Match	*	Plausibility	*	Tone	+	(1|Item)	+	(1+Match+Plausibility+Tone|Subject),	

where	Y	is	the	dependent	variable	and	the	fit	is	performed	by	using	polynomial	contrasts	(as	

the	fixed	factors	were	considered	to	be	ordered).	

In	addi'on	to	these	random	factors	which	were	imposed	by	the	design,	some	ad	hoc	

decisions	had	to	be	made	concerning	the	best	model	structure.		First,	in	the	analyses	of	the	

data	in	the	modifier	NP	region,	varia'ons	in	the	length	of	the	modifier	NP	may	to	some	extent	

account	for	the	subject’s	responses	in	processing	this	sentence	part.		For	that	reason	it	might	

be	considered	to	add	a	random	slope	for	this	variable.		Because	these	varia'ons	tended	to	
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correlate	with	the	difference	between	matching	(singular)	and	mismatching	(plural)	modifiers,	

it	was	decided	to	separately	add	the	random	effect	(1|Length:Subject).	

Furthermore,	although	care	was	taken	in	the	development	of	the	sentences	to	avoid	

spillover	of	processing	from	one	cri'cal	region	to	the	next	region	by	including	a	buffer	region	

immediately	auer	the	cri'cal	region,	occasionally,	the	response	to	the	tone-discrimina'on	task	

flowed	over	into	the	next	processing	phase.		When	the	tone	was	presented	in	the	modifier	NP	

region,	the	response	to	the	tone	flowed	over	into	the	buffer	region	on	1127	trials	(46.9%	of	the	

tone	trials).		The	response	to	the	tone	did	not	flow	over	beyond	this	spillover	region	(see	

Results	sec'on).		When	the	tone	was	presented	in	the	verb	region,	overflow	could	occur	from	

the	verb	region	into	the	following	spillover	buffer	region;	818	trials	were	affected	(33.7%	of	the	

tone	trials);	in	722	of	these	trials	the	response	occurred	auer	the	spillover	buffer	region,	

resul'ng	in	a	response	at	the	end	of	the	sentence.		As	the	presence	of	tone-response	overflow	

might	contaminate	the	data	analysis,	ac'ons	to	avoid	unwarranted	conclusions	were	

necessary.		One	possible	op'on	is	to	exclude	all	trials	with	a	tone	RT	that	exceeded	the	total	

gaze	dura'on	in	the	cri'cal	region.		However,	because	there	are	so	many	of	these	trials,	it	was	

decided	to	keep	these	trials	in	the	analysis	but	include	the	ad	hoc	factor	Overflow	as	an	extra	

random	effect.		The	values	on	this	factor	were	either	“present”	(when	there	was	a	tone	

response	that	spilled	over	beyond	the	cri'cal	region)	or	“absent”	(when	there	was	no	such	

event).	

Obviously,	overflow	may	be	correlated	with	the	fixed	effects	of	Match	and	Plausibility 	6

and	therefore,	the	random	intercept	of	Overflow,	as	well	as	the	slopes	for	Match,	Plausibility	

and	their	interac'on	can	be	added	to	the	random	effects	structure.		However,	in	order	to	avoid	

over-parameterisa'on	of	the	model	(Baayen	et	al.,	2008),	only	effects	that	improved	the	model	

fit	were	included	in	the	final	model.		If	at	any	stage	the	model	fit	did	not	converge,	the	

	By	defini'on,	overflow	correlates	with	Tone	as	overflow	can	only	occur	when	a	tone	is	present.	For	that	6

reason,	it	is	not	possible	to	Include	a	random	slope	for	Tone	on	Overflow,	because	this	could	result	in	singularity	

of	the	variance-covariance	matrix.



		 Execu've	control	and	gramma'cal	number	conflict					�24

components	with	the	smallest	variance	(see	Baayen	et	al.,	2008)	were	stepwise	removed.		

Auer	fisng	the	final	model,	the	rela've	contribu'on	of	each	of	these	random	effects	was	

es'mated	by	comparing	a	model	with	one	random	factor	excluded	to	the	complete	random	

model	by	means	of	a	likelihood	ra'o	test.		The	rela've	contribu'on	of	each	of	the	fixed	effects	

was	es'mated	on	the	basis	of	the	obtained	model	by	using	the	anova()	func'on	of	the	

lmerTest	package	(Kuznetsova,	Brockhoff,	&	Christensen,	2015)	which	yields	an	F-test	with	

Saherthwaite	approxima'on	of	the	number	of	degrees	of	freedom.		

For	the	frequency	data,	following	sugges'ons	of	Jaeger	(2008),	generalised	linear	mixed	

modelling	(GLMM)	for	binomially	distributed	data	(logit)	was	applied	by	means	of	the	

glmer()	func'on	of	the	lme4	package.		Again	following	Barr	et	al.	(2013),	the	same	strategy	

was	used	by	first	fisng	the	maximal	random	effects	structure	and	then	tes'ng	the	effects	by	

means	of	likelihood	ra'os.	Probability	measures	of	the	fixed	effects	under	the	model	were	

obtained	by	calcula'ng	Wald’s	z	(Wald,	1943).	

Results	

First,	we	report	sta's'cal	analyses	of	the	eye	movement	data,	separately	for	each	of	the	

two	target	regions	(modifier	NP	and	verb).		Both	dura'on	and	frequency	of	different	types	of	

fixa'ons	are	reported.		Because	on	some	trials,	the	tone	response	flowed	over	into	the	

spillover	buffer	region,	also	an	analysis	of	the	fixa'on	dura'ons	in	these	buffer	regions	will	be	

reported.		Finally,	also	performance	on	the	tone	discrimina'on	task	is	presented.		Our	

presenta'on	of	the	results	will	focus	on	the	fixed	effects	that	turned	out	to	contribute	to	the	

maximal	sta's'cal	model,	but	the	random	effect	sta's'cs	are	also	reported.	

Eye	Movements	in	Modifier	NP	Region	

Gaze	Dura)ons.		Table	2	displays	the	averages	and	standard	errors	of	the	different	types	

of	gaze	dura'on	in	the	modifier	NP	region	as	a	func'on	of	Match	x	Plausibility	x	Tone.		Table	3	

shows	an	overview	of	the	effects	that	account	for	the	gaze	dura'ons	according	to	the	LME	

modelling.		

----	Tables	2	and	3	about	here	----	
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First	Fixa)on	Dura)on.		First	fixa'ons	lasted	for	308	ms	on	average	and	were	affected	by	

Match	and	Tone	(see	Tables	2	and	3).		First	fixa'on	dura'ons	were	slower	in	the	Mismatch	

condi'on	(M	=	314	ms)	than	in	the	Match	condi'on	(M	=	301	ms).		Presence	of	a	tone	in	the	

region	resulted	in	slower	(M	=	365	ms)	reading	than	when	no	tone	was	present	(M	=	249	ms).	

Match	and	Tone	did	not	interact.	

Addi)onal	First-Pass	Fixa)ons.		The	LME	modelling	based	on	addi'onal	first-pass	

fixa'ons	showed	that	when	these	fixa'ons	occurred	(on	2046	trials),	they	lasted	on	average	

366	ms.		The	fixed	effect	of	Tone	and	its	interac'on	with	Match	were	both	reliable,	but	the	

effect	of	Match	itself	was	not	significant	(see	Tables	2	and	3).		Sentences	received	longer	

addi'onal	first-pass	fixa'ons	when	a	tone	was	present	(M	=	431	ms)	than	when	no	tone	was	

present	(M	=	299	ms).		Tone	and	Match	interacted,	such	that	the	effect	of	the	presence	of	a	

tone	was	much	larger	in	the	Mismatch	(156	ms)	than	in	the	Match	(105	ms)	condi'on.	

Rereading	fixa)ons.		Rereading	occurred	on	1318	trials.		Rereading	'mes	added	up	to	

727	ms	on	average.		Only	the	effect	of	Tone	was	significant	(see	Tables	2	and	3).	Trials	with	a	

tone	task	were	slower	(M	=	834	ms)	than	without	(M	=	523	ms).	

Fixa)on	dura)on	in	the	spillover	buffer	region.		This	buffer	region	was	fixated	on	4161	

trials).		Average	dura'on	of	these	fixa'ons	was	271	ms.		Only	the	fixed	effect	of	Match	ahained	

significance,	with	shorter	fixa'ons	in	the	Match	(266	ms)	than	in	the	Mismatch	(275	ms)	

condi'on.		Although	sentences	with	a	tone	tended	to	have	longer	fixa'ons,	this	difference	did	

not	ahain	significance.	

Summary.		Obviously,	all	dura'ons	in	the	modifier	NP	region,	but	not	the	fixa'ons	in	the	

spillover	buffer	were	lengthened	by	the	presence	of	a	tone.		Gramma'cal	number	match	

affected	first-pass	fixa'ons	and	interacted	with	Tone	in	the	addi'onal	first-pass	fixa'on	and	

also	affected	the	fixa'ons	in	the	spillover	buffer,	but	these	fixa'ons	did	not	vary	with	the	

presence	of	the	tone	task.		Plausibility	and	its	interac'ons	with	the	other	fixed	effects	failed	to	

ahain	significance	in	the	modifier	NP	region.	
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Gaze	Frequencies	in	the	Modifier	NP	Region.		In	95	%	of	the	cri'cal	trials	a	first	fixa'on	

occurred	in	the	modifier	NP	region.		Addi'onal	first-pass	fixa'ons	occurred	in	43	%	of	the	trials,	

and	a	rereading	was	present	on	27	%	of	the	trials.		The	frequency	of	addi'onal	first-pass	and	

rereading	fixa'ons	were	subjected	to	a	GLMM	analysis	assuming	a	binomial	distribu'on.		As	

the	informa'on	presented	in	the	modifier	NP	region	is	not	available	at	the	'me	eye	

movements	towards	this	region	are	performed,	it	is	not	meaningful	to	analyse	the	frequency	of	

the	first	fixa'ons.	Table	4	displays	Wald’s	z	for	the	fixed	effects	and	the	likelihood	ra'os	of	the	

random	effects	of	the	model	including	a	maximal	random	effects	structure.		Addi'onal	first-

pass	fixa'ons	occurred	significantly	more	frequently	in	the	Mismatch	(M	=	44.9	%)	than	in	the	

Match	condi'on	(M	=	40.4	%).	This	effect	did	not	interact	with	any	of	the	other	factors.	

-----	Table	4	about	here	-----	

In	the	modelling	of	the	rereading	frequencies,	a	main	effect	of	Tone	was	observed.	When	

no	tone	was	present,	rereading	was	less	frequent	(M	=	18.9	%)	than	when	a	tone	was	present	

(M	=	36.0	%).			

Eye	Movements	in	Verb	Region	

Gaze	Dura)ons.		Table	5	displays	the	means	and	standard	devia'ons	of	the	different	

types	of	gaze	dura'ons	in	the	verb	region.		Table	6	displays	details	about	the	effects	that	

contributed	to	the	LME	model	of	fixa'on	dura'ons.	

----	Tables	5	and	6	about	here	----	

First	fixa)ons.		First	fixa'ons	lasted	on	average	for	312	ms;	this	was	based	on	4850	data	

points.		The	LME	model	showed	a	reliable	effect	of	Tone	(see	Table	6	for	details),	with	longer	

fixa'ons	when	a	tone	was	present	(M	=	366	ms)	than	without	a	tone	(M	=	259	ms).			

Addi)onal	first-pass	fixa)ons.		Dura'on	of	addi'onal	first-pass	fixa'ons	(1455	trials)	

was	on	average	319	ms.		The	LME	modelling	showed	that	these	dura'ons	were	only	affected	

by	Tone	(see	Table	6).		A	tone	prolonged	fixa'on	dura'on	(M	=	383	ms	vs.	M	=	227	ms).			
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Rereading	fixa)ons.		For	the	verb	region,	rereading	fixa'ons	were	present	on	877	trials.	

Rereading	lasted	on	average	723	ms.		The	LME	model	showed	(see	Table	6)	that	rereading	was	

slower	when	a	tone	was	present	(M	=	786	vs.	579	ms).	

Fixa)on	dura)on	in	the	spillover	buffer	region.		This	buffer	region	was	fixated	on	1789	

trials.	Fixa'on	dura'on	was	on	average	250	ms.		The	presence	of	a	tone	lengthened	these	

fixa'ons	from	232	to	267	ms.	

Summary.		Similar	to	the	modifier	NP	region,	when	a	tone	was	present,	reading	'me	was	

lengthened	for	all	types	of	fixa'ons	in	the	verb	region.		Presence	of	a	tone	also	affected	fixa'on	

'mes	in	the	spillover	buffer	region.		The	presence	of	a	tone	did	not	interact	with	matching	or	

plausibility,	nor	did	any	of	these	factors	reliably	affect	fixa'on	dura'ons.		

Gaze	Frequencies	in	Verb	Region.		First	fixa'ons	were	present	on	96%,	addi'onal	first-

pass	fixa'ons	on	29	%,	and	rereading	fixa'ons	on	17%	of	the	trials.		The	GLMM	of	the	

addi'onal	first-pass	frequency	and	the	rereading	frequency	are	shown	in	Table	4.		In	both	

models	only	the	effect	of	Tone	was	reliable.	Both	types	of	eye-movements	were	more	frequent	

when	a	tone	was	present	(M	=	35.0	%	vs.	25.0	%	in	addi'onal	first-pass;	M	=	25.5	%	vs.	11.0	%	

in	rereading).			

Tone	Discrimina)on	

As	expected,	discrimina'on	RTs	were	faster	in	the	single-task	(M	=	414	ms;	SD	=	71	ms)	

than	in	the	dual	condi'ons	(M	=	925	ms;	SD	=	177	ms).		Because	items	do	not	maher	in	the	

single	task	condi'on,	an	ANOVA	was	performed.		The	difference	between	these	means	was	

significant,	F(1,41)	=	586,	p	<	.001,	𝜂p2 =	.94.	In	terms	of	accuracy,	no	differences	were	

observed	(means	respec'vely	.974	and	.975	for	the	single-	and	the	dual-task	condi'on).		For	

the	analysis	of	RT	as	a	func'on	of	Match	x	Plausibility	x	Tone	region,	LME	modelling	was	

applied	star'ng	with	the	maximal	random	effects	structure;	only	the	random	effect	of	Subject	

with	slopes	for	Match,	Plausibility	and	Tone	could	be	retained,	𝜒2(10) =	242,	p	<	.001.		None	

of	the	fixed	effects	were	significant	in	this	model	(smallest	p	=	.29).		In	the	same	analysis	with	

accuracy	of	the	tone	task	as	dependent	variable,	only	the	random	intercept	for	Subject	could	
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be	retained,	𝜒2(1) =	55.5,	p	<	.001.	None	of	the	fixed	effects	ahained	significance	(smallest	p	

=	.25).	

Discussion	

In	a	Dutch	sentence	comprehension	experiment	with	eye	tracking,	we	examined	two	

main	research	ques'ons	with	respect	to	the	processing	of	sentences	with	a	syntac'c	number	

mismatch	between	head	and	modifier	NPs.		First,	we	tested	whether	sentences	with	number	

mismatch	show	an	integra'on	cost	(a	processing	cost	at	the	modifier	noun)	and/or	a	checking	

cost	(a	processing	cost	at	the	verb)	as	compared	to	sentences	with	matching	number.		Second,	

we	examined	whether	the	cogni've	processes	at	these	phases	(integra'on	phase	and	checking	

phase)	require	execu've	control.		To	that	end,	we	inves'gated	the	effect	of	imposing	a	

secondary	choice	reac'on	'me	task,	known	to	tax	execu've	control,	at	either	of	these	phases.			

To	determine	at	which	phase	the	comprehension	cost	is	localised,	we	tested	how	the	

match	in	gramma'cal	number	of	the	head	and	modifier	NP	affected	the	eye	movements	at	the	

modifier	noun	and	at	the	verb.		At	both	regions,	all	gaze	dura'ons	were	lengthened	by	the	

presence	of	a	tone.		At	the	modifier	noun,	the	first	fixa'on	dura'on	and	the	frequency	of	

addi'onal	first-pass	fixa'ons	were	sensi've	to	number	match,	with	longer	dura'ons	and	more	

frequent	fixa'ons	when	the	gramma'cal	number	of	the	modifier	NP	mismatched	the	number	

of	the	head	NP.		The	expected	interac'on	of	number	match	and	tone	was	present	only	at	the	

addi'onal	first-pass	fixa'on	dura'ons:	the	tone	effect	was	larger	in	sentences	with	a	mismatch	

than	in	sentences	with	a	matching	gramma'cal	number	between	the	head	and	the	modifier	

NP.		Rereading	fixa'ons,	in	contrast,	showed	no	effects	whatsoever	of	gramma'cal	number	

match.		On	almost	half	of	the	trials,	the	response	to	the	tone	task	flowed	over	into	the	buffer	

region.		Although,	the	match	effect	was	present	at	this	region,	the	tone	task	did	not	affect	

reading	dura'on	and	it	never	flowed	over	beyond	this	buffer	region.		Given	systema'c	effects	

of	the	presence	of	the	tone	task	on	fixa'ons	within	the	modifier	NP	region	and	the	absence	of	

any	effects	of	the	tone	task	beyond	that	region,	it	is	clear	that	the	effects	of	the	tone	task	were	

confined	to	the	modifier	NP	region.			
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The	findings	clearly	point	at	an	integra:on	cost	at	the	modifier	region	for	mismatching	

NPs,	sugges'ng	that	the	computa'on	of	the	gramma'cal	number	of	the	complex	subject	NP	

takes	longer	when	the	head	and	modifier	NP	mismatch	in	gramma'cal	number	than	when	they	

match.		The	present	findings	of	an	integra'on	cost	in	Dutch	sentence	comprehension	add	to	

the	evidence	for	an	integra'on	cost	in	sentence	comprehension	in	other	languages,	like	English	

(Nicol	et	al.,	1997;	Pearlmuher	et	al.,	1999;	Wagers	et	al.,	2009)	and	German	(Häussler,	2009),	

and	are	also	in	line	with	integra'on	costs	found	in	produc'on	studies	(Eberhard	et	al.,	2005;	

Vigliocco	et	al.,	1996;	Vigliocco	&	Nicol,	1998).		An	alterna've	interpreta'on	of	the	number	

mismatch	effects	at	the	modifier	region	is	that	plural	modifiers	require	longer	processing	'me	

than	singular	modifiers	(Wagers	et	al.,	2009).		Indeed,	as	the	cri'cal	sentences	only	had	

singular	head	nouns,	all	sentences	with	number	mismatches	between	the	head	and	modifier	

NP	had	a	plural	modifier	NP.		This	issue	is	addressed	later	in	this	sec'on.	

Processing	'mes	at	the	verb	showed	a	clear	pahern	of	results	with	a	consistent	increase	

of	dura'on	and	frequency	of	fixa'ons	due	to	the	presence	of	the	tone	task.		No	other	

significant	main	effects	or	interac'ons	were	observed,	except	for	an	effect	of	match	in	the	

frequency	of	rereading	fixa'ons.		As	these	fixa'ons	imply	a	possible	revisit	of	the	modifier	

noun,	it	is	safer	not	to	try	to	interpret	this	finding.		

	Considering	the	two	regions	together,	the	present	results	do	not	seem	to	support	the	

hypothesis	that	plausibility	of	the	modifier	as	a	subject	for	the	verb	has	an	effect	at	the	

checking	phase.		In	fact,	at	the	verb	region,	in	agreement	with	the	findings	of	Wagers	et	al.	

(2009),	the	expected	main	effect	of	plausibility	was	not	observed,	whereas	at	the	modifier	NP	

region,	we	observed	that	gramma'cal	number	matches	affected	fixa'on	dura'ons	but	also	no	

effects	of	plausibility.	

We	also	inves'gated	the	observed	costs	(integra'on	and	checking)	with	respect	to	our	

second	research	ques'on	and	examined	whether	these	processes	require	execu've	control.		

For	this	inves'ga'on,	we	tested	the	effects	of	the	presence	of	a	concurrent	tone-discrimina'on	

task	in	either	of	the	two	target	regions,	the	modifier	noun	and	the	verb.		The	presence	of	such	
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a	task	creates	a	dual-task	situa'on	which	results	in	a	slowing	of	performance,	usually	on	both	

tasks.		This	was	also	the	case	in	the	present	study:	all	gaze	dura'ons	were	slower	when	the	

tone	discrimina'on	task	was	present	and	the	responses	to	the	tones	themselves	were	also	

slower	than	when	the	tone	task	was	performed	in	single-task	condi'ons.		In	order	to	be	able	to	

conclude	that	the	tone	discrimina'on	task	and	the	sentence	reading	task	are	calling	on	

common	control	processes,	an	interac'on	must	be	found	between	a	process	that	allegedly	

calls	on	execu've	control	and	the	presence	of	the	tone	discrimina'on	task.		At	the	modifier	

noun,	we	observed	that	in	the	addi'onal	first-pass	fixa'on	dura'on,	gramma'cal	number	

match	interacted	with	the	presence	of	the	tone	task	so	that	the	difference	between	match	and	

mismatch	processing	was	augmented	when	a	concurrent	tone	task	was	performed.		Thus	these	

findings	support	the	hypothesis	that	resolu'on	of	number	match	conflicts	calls	on	execu've	

control.		In	par'cular,	the	presence	of	this	interac'on	raises	some	doubt	about	the	alterna've	

interpreta'on	based	on	the	findings	of	Wagers	et	al.	(2009)	that	the	mismatch	effect	is	simply	

due	to	longer	processing	'mes	needed	for	plural	nouns.		Although	plural	processing	slow-down	

may	indeed	account	for	the	mismatch	effect,	it	does	not	seem	likely	that	simply	processing	a	

plural	instead	of	a	singular	noun	would	require	execu've	control	and	would	thus	be	impaired	

by	the	presence	of	a	tone	discrimina'on	task.		A	more	plausible	account,	in	our	view,	is	that	a	

number	conflict	between	the	head	NP	and	the	modifier	NP	has	to	be	resolved	and	that	this	

resolu'on	process	involves	execu've	control.	

Interes'ngly,	the	present	study	revealed	no	interac'ons	of	the	tone-discrimina'on	task	

with	any	other	effects	at	the	verb.		The	present	findings	thus	suggest	that	the	checking	phase	

performed	at	the	verb	region	basically	runs	off	automa'cally,	at	least	for	the	sentences	used	in	

this	study.	

	Although	many	theories	of	language	comprehension	assume	a	role	of	working	memory	

in	sentence	comprehension	processes,	only	few	studies	have	asked	whether	a	gramma'cal	

number	conflict	results	in	an	increased	demand	on	working	memory	(Fedorenko	et	al.,	2006;	

Lewis	et	al.,	2006;	Swets	et	al.,	2007).	The	present	study	shows	it	does,	and	it	specifically	



		 Execu've	control	and	gramma'cal	number	conflict					�31

reveals	the	involvement	of	domain-general	processes	related	to	execu've	control.		This	

involvement	is	localised	at	the	integra'on	phase,	and	no	evidence	was	found	for	such	control	

processes	at	the	checking	phase.		It	would	be	interes'ng	to	explore	in	future	research	whether	

the	working	memory	cost	found	in	studies	on	produc'on	of	subject-verb	agreement	(Fayol	et	

al.,	1994;	Hartsuiker	&	Barkhuysen,	2006)	also	reflects	the	involvement	of	execu've	control	at	

the	integra'on	phase	and	whether	the	checking	phase	does	play	a	role	in	produc'on,	as	has	

been	suggested	(Badecker	&	Kuminiak,	2007).			

The	dual-task	interference	effect	in	the	present	sentence	comprehension	study	indicates	

that	the	parser	relies	on	the	domain-general	cogni've	mechanism	of	execu've	control	for	the	

integra'on	process.		This	finding	provides	direct	support	for	the	account	of	Thompson-Schill	

(2005)	and	others	(January,	Trueswell,	&	Thompson-Schill,	2009;	Kuperberg,	2007;	Novick,	Kan,	

Trueswell,	&	Thompson-Schill,	2009;	Novick,	Trueswell,	&	Thompson-Schill,	2005;	Ye	&	Zhou,	

2008,	2009),	which	postulates	that	many	sentence	comprehension	processes	rely	on	execu've	

control.		On	a	broader	scale,	the	finding	adds	to	the	evidence	that	at	least	some	processes	in	

sentence	comprehension	(and	produc'on),	but	presumably	not	all	of	them,	require	domain-

general	mechanisms	that	are	also	useful	in	other	cogni've	domains,	within	language	

processing	and	even	beyond	(Fedorenko	et	al.,	2006;	Just	&	Carpenter,	1992;	Lewis	et	al.,	2006;	

Loncke	et	al.,	2011;	McElree	et	al.,	2003;	Swets	et	al.,	2007).			

Terms	like	“execu've	control”	and	“domain-general	processes”	cover	rather	broad	areas	

of	control	mechanisms.		It	would	be	interes'ng,	therefore,	to	know	which	specific	control	

process	is	taxed	in	sentence	comprehension.		As	the	present	study	was	confined	to	a	

comparison	between	processing	'mes	of	sentences	with	or	without	a	local	dual-task	load,	it	

does	not	allow	for	empirically-based	conclusions	about	the	kind	of	process	involved.		However,	

taking	into	account	recent	developments	regarding	execu've	control	(e.g.,	Vandierendonck,	

2016),	it	is	possible	to	speculate	on	the	possibili'es.		The	tone	presented	at	a	par'cular	region	

induces	an	interrup'on	of	the	presently	on-going	task,	namely	sentence	processing.		If	the	

current	sentence	processing	episode	runs	off	automa'cally,	there	is	no	big	problem	because	in	
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that	case	the	tone-discrimina'on	task	can	be	performed	without	interference.		Nevertheless,	

some	slowing	of	sentence	processing	must	be	expected,	because	another	task	set	must	be	

configured.		Such	slowing	would	be	the	same	over	all	the	varia'ons	of	the	same	sentence,	at	

least	if	the	different	versions	of	the	sentences	(match	vs.	mismatch,	plausible	vs.	implausible)	

can	be	performed	automa'cally.	

In	contrast,	if	the	sentence	processing	episode	in	one	or	more	versions	of	the	sentence	

requires	execu've	control,	interference	is	expected	to	occur.		There	are	two	op'ons:	either	

sentence	processing	is	interrupted	immediately	in	favour	of	the	tone-discrimina'on	task	or	the	

tone	is	maintained	in	temporary	memory	to	be	executed	auer	the	current	processing	episode.		

In	the	former	case,	sentence	processing	is	interrupted	and	kept	on	hold	un'l	the	tone-

discrimina'on	task	has	been	configured	and	the	appropriate	response	has	been	selected,	auer	

which	the	sentence	processing	task	is	con'nued.		Considering	that	sentences	with	a	number	

mismatch	between	the	head	NP	and	the	modifier	NP	require	a	selec'on	of	an	appropriate	

ac'on,	namely	choose	either	the	head	NP	or	the	modifier	NP	as	the	subject	of	the	sentence,	

this	process	will	be	delayed	because	the	secondary	tone-discrimina'on	task	requires	the	same	

mechanism	to	select	the	appropriate	response.		Sentences	with	matching	numbers	between	

the	two	NPs	do	not	require	such	control	because	no	choice	is	required.		Consequently,	

processing	of	number	matching	s'muli	may	be	slowed	by	the	mere	fact	of	the	presence	of	a	

secondary	task,	as	explained	in	the	previous	paragraph,	but	the	slowing	will	be	less	than	that	of	

the	mismatching	sentence	versions	because	in	the	laher	sentences	are	also	delayed	by	the	

presence	of	the	secondary	task,	and	in	addi'on,	they	suffer	from	a	delay	due	to	the	

compe''on	for	the	same	selec'on	process.		This	explana'on	is	consistent	with	the	findings	

presented	in	Table	2.		Without	tone	task,	there	is	almost	no	difference	in	fixa'on	dura'on	

between	matching	and	mismatching	sentences	(290	vs.	309	ms),	but	when	a	tone	is	present	

matching	sentences	are	104	ms	slower,	while	mismatching	sentences	are	156	ms	slower.	

As	indicated,	it	is	also	possible	that	sentence	processing	con'nues	and	that	the	tone-

discrimina'on	task	is	postponed.		This	occurs	when	the	response	to	the	tone-discrimina'on	
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task	occurs	auer	the	end	of	the	addi'onal	first-pass	fixa'ons.		In	this	par'cular	case,	the	

fixa'on	dura'ons	of	matching	and	mismatching	sentences	are	much	shorter	(354	ms)	than	

when	the	tone	task	ends	earlier	(479	ms),	but	they	are	slower	than	when	no	tone	is	present	

(299	ms)	because	some	processing	must	be	performed	to	safeguard	the	tone	in	working	

memory.	

In	order	to	ascertain	the	scope	of	the	present	findings,	future	research	should	explore	

whether	the	domain-general	mechanism	of	execu've	control	is	also	involved	in	the	

comprehension	of	other	sentence	types	that	are	known	to	bring	about	processing	costs	

(Loncke	et	al.,	2011).		The	gaze-con'ngent	dual-task	technique	used	in	the	present	study	could	

be	par'cularly	useful	for	doing	so.		The	present	study	indicates	that	the	technique	is	effec've	

and	hence	promising	to	test	whether	and	to	which	degree	execu've	control	is	involved	at	

par'cular	processing	phases.		Put	differently,	this	technique	seems	helpful	to	specify	the	

periods	of	higher	and	lower	density	in	the	demands	for	execu've	control	over	the	processing	

stages	in	the	comprehension	of	sentences.			

To	conclude,	using	a	gaze-con'ngent	dual-task	procedure,	we	observed	a	processing	cost	

for	sentences	with	mismatching	head	and	modifier	NPs	in	the	integra'on	phase	(at	the	

modifier	noun)	but	not	in	the	checking	phase	(at	the	verb).		The	integra'on	cost	suggests	that	

computa'on	of	the	gramma'cal	number	of	the	complex	subject	NP	is	more	effor�ul	when	the	

head	and	modifier	NP	mismatch	in	gramma'cal	number	than	when	they	match.		The	presence	

of	a	secondary	tone	discrimina'on	task	during	these	integra'on	and	checking	processes	

amplifies	the	effect	of	number	match,	showing	that	this	process	does	not	occur	automa'cally,	

or	does	at	least	not	occur	automa'cally	all	the	'me.		Moreover,	when	rereading	of	sentence	

parts	before	the	modifier	NP	region	is	required,	local	plausibility	of	the	modifier	noun	seems	to	

play	a	role	and	this	process	also	taxes	execu've	control.		 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Table	1.		Sample	sentence	quartet	based	on	the	Match	x	Plausibility	varia'on	with	English	

word-by-word	transla'on	within	brackets.

Condi'on Sample	sentence

Match-Plausible John	mailde	dat	de	luitenant	van	de	soldaat	jammer	genoeg	

sneuvelde	door	roekeloos	gedrag	

[John	mailed	that	the	lieutenant	of	the	soldier	unfortunately	

died(singular)	because	of	reckless	behaviour	]

Match-Implausible John	mailde	dat	de	luitenant	aan	de	frontlinie	jammer	genoeg	

sneuvelde	door	roekeloos	gedrag	

[John	mailed	that	the	lieutenant	at	the	frontline	unfortunately	

died(singular)	because	of	reckless	behaviour	]

Mismatch-Plausible John	mailde	dat	de	luitenant	van	de	soldaten	jammer	genoeg	

sneuvelde	door	roekeloos	gedrag	

[John	mailed	that	the	lieutenant	of	the	soldiers	unfortunately	

died(singular)	because	of	reckless	behaviour	]

Mismatch-Implausible John	mailde	dat	de	luitenant	aan	de	frontlinies	jammer	genoeg	

sneuvelde	door	roekeloos	gedrag	

[John	mailed	that	the	lieutenant	at	the	frontlines	unfortunately	

died(singular)	because	of	reckless	behaviour	]



		 Execu've	control	and	gramma'cal	number	conflict					�45

Notes.		The	averages	and	standard	errors	displayed	in	this	table	were	calculated	by	means	of	the	method	

proposed	by	Bakeman	and	McArthur	((1996))	to	es'mate	the	within-subject	variability	corrected	for	

between-subject	varia'ons.

Table	2.		Means	(in	ms)	and	standard	errors	(between	brackets)	of	fixa'ons	dura'ons	in	the	

modifier	NP	region	of	the	cri'cal	sentences	as	a	func'on	of	gramma'cal	number	match	

(Match),	seman'c	plausibility	(Plausibility)	and	the	presence	of	a	tone	in	the	region.		The	

table	displays	first	fixa'ons,	addi'onal	first-pass	fixa'ons,	rereading	'mes	and	fixa'ons	in	

the	spillover	region	immediately	following	the	modifier	NP.

Tone	

Condi'on

Match Mismatch

Plausible Implausible Plausible Implausible

First	Fixa'ons	(N	=	4796)

					Tone 394	(14) 411	(14) 409	(14) 416	(14)

					No	Tone 238	(4) 251	(5) 258	(4) 253	(4)

					Tone	Spillover 316	(10) 304	(9) 322	(9) 328	(11)

Addi'onal	First-pass	Fixa'ons	(N	=	2046)

					Tone 424	(26) 475	(27) 502	(32) 513	(26)

					No	Tone 319	(15) 301	(12) 284	(12) 297	(13)

					Tone	Spillover 357	(19) 369	(20) 349	(20) 339	(21)

Rereading	Fixa'ons	(N	=	1318)

					Tone 930	(43) 902	(39) 966	(46) 963	(51)

					No	Tone 500	(45) 549	(38) 499	(41) 536	(31)

					Tone	Spillover 494	(63) 422	(28) 482	(54) 439	(35)

Spillover	region	(N	=	4161)

					Tone 247	(6) 262	(6) 264	(6) 263	(7)

					No	Tone 258	(4) 259	(5) 270	(5) 264	(6)

					Tone	Spillover 287	(8) 287	(9) 305	(10) 309	(10)
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Table	3.		Overview	of	the	LME	model	of	the	gaze	dura'ons	in	the	modifier	NP	region	and	its	

spillover	buffer,	specifying	all	the	fixed	effects	on	the	basis	of	F	tests	with	Saherthwaite	

approxima'ons	for	the	degrees	of	freedom,	and	all	the	random	effects	on	the	basis	of	the	

likelihood	ra'o	sta's'c	(𝜒2).		The	fihed	model	represents	a	maximal	random	effects	structure	

as	explained	in	the	text,	and	all	the	fixed	effects.

Effect
Dependent	Variables

FF	(N	=	4796) AF	(N	=	2046) RR	(N	=1318) BF	(N	=	4161)

Match	(M)
F(1,41)	=	7.30,		

p	<	.01
NA

F(1,59)	=	0.38,		

p	=	.54

F(1,41)	=	5.52,		

p	<.05

Plausibility	

(P)

F(1,40)	=	0.95,	

	p	=	.34

F(1,353)	=	0.44,		

p	=	.50

F(1,252)	=	0.41,		

p	=	.53

F(1,3949)	=	0.16,		

p	=	.68

Tone	(T)
F(1,41)	=	67.0,		

p	<	.001

F(1,60)	=	129.3,		

p	<	.001

F(1,45)	=	100.9,		

p	<	.001

F(1,63)	=	0.41,		

p	=	.52

M	x	P
F(1,4534)	=	0.41,		

p	=	.52

F(1,1950)	=	0.00,		

p	=	.97

F(1,1245)	=	0.05,		

p	=	.82

F(1,3948)	=	0.15,		

p	=	.70

M	x	T
F(1,4536)	=	0.53,	

p	=	.47

F(1,981)	=	12.56,		

p	<	.001

F(1,1191)	=	0.61,		

p	=	.43

F(1,3945)	=	0.10,		

p	=	.75

P	x	T
F(1,4525)	=	0.04,		

p	=	.84

F(1,1950)	=	0.49,		

p	=	.49

F(1,1238)	=	1.99,		

p	=	.15

F(1,3938)	=	0.15,		

p	=	.70

M	x	P	x	T
F(1,4536)	=	1.78,		

p	=	.18

F(1,1961)	=	2.47,		

p	=	.12

F(1,1243)	=	0.32,		

p	=	.57

F(1,3942)	=	0.36,		

p	=	.55

Subject	(S)
1+M+P+T|S	(10)	

	672,	p	<	.001

1+M+P+T|S	(10)	

179,	p	<	.001

1+M+P+T|S		

(10)	

188,	p	<	.001

1+M+T|S	(6)	

317.2,	p	<	.001

Item	(I)
1|I	(1)	

10.8,	p	<	.001

1|I	(1)	

19.4,	p	<	.001

1|I	(1)	

3.20,	p	=	.07

	1|I	(1)	

34.0,	p	<	.001

Spillover	(O) NA
1+M|O	(1)	

28.8,	p	<	.001

1|O	(1)	

71.6,	p	<	.001

1|O	(1)	

54.6,	p	<	.001
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Notes.		The	fixed	effects	are	expressed	as	F-values	with	approximate	degrees	of	freedom	for	

the	denominator	(here	rounded	to	the	nearest	integer);	these	are	shown	in	the	upper	part	of	

the	Table.		Cells	in	this	part	containing	“NA”	indicate	that	it	was	not	possible	to	calculate	

approximate	degrees	of	freedom.		The	random	effects	are	based	on	the	likelihood	ra'o	

sta's'c	which	follows	a	𝜒2 distribu'on	and	are	shown	in	the	lower	part	of	the	Table.		In	this	

part,	each	cell	contains	a	specifica'on	of	the	included	intercept	and	slope(s).	The	nota'on	

1+M+P+T|S	indicates	that	the	effect	included	a	random	intercept	(1)	and	random	slopes	for	

Match,	Plausibility	and	Tone,	whereas	1|S	has	only	a	random	intercept.	The	number	of	

degrees	of	freedom	is	shown	between	brackets	auer	the	specifica'on	of	the	included	slopes.		

The	abbrevia'ons	FF,	AF,	RR,	and	BF	refer	to	respec'vely	first	fixa'ons,	addi'onal	first-pass	

fixa'ons,	rereading	fixa'ons,	and	spillover	buffer	fixa'ons.	
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Table	4.	Overview	of	the	Generalised	LME	model	of	the	gaze	frequencies	in	the	modifier	NP	

and	the	verb	region,	specifying	all	the	random	effects	on	the	basis	of	the	likelihood	ra'o	

sta's'c	(𝜒2),	and	all	the	fixed	effects	by	means	of	Wald’s	z.		The	fihed	model	represents	a	

maximal	random	effects	structure	as	explained	in	the	text,	and		all	the	fixed	effects.

Effect
Modifier	NP	Region Verb	Region

AF RR AF RR

Match	(M) z	=	2.78,	p	<	.01 z	=	-0.09,	p	=	.93 z=	-0.14,	p	=	.89 z	=	2.16,	p	<	.05

Plausibility	(P) z	=	0.60,	p	=	.55 z	=	1.30,	p	=	.19 z	=	1.11,	p	=	.27 z	=	-0.21,	p	=	.84

Tone	(T) z	=	-0.02,	p	=	.99 z	=	4.36,		p	<	.001 z	=	4.07,	p	<	.001 z	=	4.80,	p	<	.001

M	x	P z	=	-0.41,	p	=	.68 z	=	0.13,	p	=	.89 z	=	-.0.05,	p	=	.96 z	=	-1.27,	p	=	.20

M	x	T z	=	-0.69,	p	=	.49 z	=	1.23,	p	=	.22 z	=	-0.43,	p	=	.67 z	=	-1.22,	p	=	.22

P	x	T z	=	1.25,	p	=	.21 z	=	-0.54,	p	<	.59 z	=	-1.43,	p	=	.15 z	=	-0.43,	p	=	.67

M	x	P	x	T z	=	-0.31,	p	=	.76 z	=	-1.06,	p	=	.29 z	=	0.76,	p	=	.45 z	=	1.05,	p	=	.30

Subject	(S)
1+T|S	+	1|L:S	(4)	

379,	p	<	.001

1+T|S	+	1|P:S	(4)	

715,	p	<	.001

1+T|S	(3)	

308,	p	<	.001

1|S	+	1|T:S		(2)	

318,	p	<	.001

Item	(I)
1|I	(1)	

105,	p	<	.001

1|I	(1)	

1.65,	p	=	.20

1|I	(1)	

70.4,	p	<	.001

1|I	(1)	

27.5,	p	<	.001

Overflow	(O) NA NA NA NA
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Note.	The	fixed	effects	are	shown	in	the	upper	part	of	the	table	as	Wald’s	z	(Wald,	1943)	with	

an	associated	probability	level.	The	random	effects	are	shown	in	the	lower	part	of	the	table	

based	on	the	likelihood	ra'o	sta's'c,	which	follows	a	𝜒2 distribu'on.		For	the	random	effects,	

each	cell	contains	a	specifica'on	of	the	included	intercept	and	slope(s).	The	nota'on	1+T|S	

indicates	that	the	effect	included	a	random	intercept	and	a	random	slope		for	Tone,	whereas	

1|S	has	only	a	random	intercept.	The	number	of	degrees	of	freedom	is	shown	between	

brackets	auer	the	specifica'on	of	the	included	slopes.		The	abbrevia'ons		AF	and	RR	refer	to	

respec'vely	f	addi'onal	first-pass	fixa'ons,	and	rereading	fixa'ons.	The	abbrevia'on	NA	

refers	to	“not	applicable”;	in	all	four	analyses	reported	in	this	table,	inclusion	of	the	random	

effect	of	Overflow	resulted	in	a	non-convergent	model	fit.
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Note.		The	averages	and	standard	errors	of	the	mean	displayed	in	this	table	were	calculated	by	

means	of	the	method	proposed	by	Bakeman	and	McArthur	((1996))	to	es'mate	the	within-

subject	variability	corrected	for	between-subject	varia'ons. 

Table	5.		Means	(in	ms)	and	standard	errors	of	the	mean	(in	parentheses)	of	first	fixa'on,	

addi'onal	first-pass	fixa'ons,	rereading	'mes,	and	fixa'on	dura'ons	in	the	spillover	buffer	in	

the	verb	region	of	the	cri'cal	sentences	as	a	func'on	of	gramma'cal	number	match	(Match),	

seman'c	plausibility	(Plausibility)	and	the	presence	of	a	tone	in	the	region.

Match Mismatch

Tone Plausible Implausible Plausible Implausible

First	Fixa'ons	(N	=	4850)

					Tone 371	(11) 396	(12) 393	(13) 380	(11)

					No	Tone 258	(5) 253	(4) 259	(5) 264	(5)

					Tone	Spillover 333	(13) 328	(12) 326	(13)) 326	(12)

Addi'onal	First-pass	Fixa'ons	(N	=	1455)

					Tone 405	(22) 428	(21) 390	(23) 395	(18)

					No	Tone 242	(16) 229	(12) 228	(13) 212	(11)

					Tone	Spillover 296	(24) 337	(25) 322	(38) 348	(34)

Rereading	Fixa'ons	(N	=	877)

					Tone 806	(82) 853	(67) 845	(47) 857	(59)

					No	Tone 483	(48) 610	(74) 583	(60) 636	(78)

					Tone	Spillover 627	(74) 468	(57) 497	(57) 340	(42)

Spillover	region	(N	=	1789)

					Tone 254	(13) 247	(10) 246	(9) 260	(11)

					No	Tone 240	(7) 234	(9) 221	(7) 233	(7)

					Tone	Spillover 299	(22) 305	(17) 311	(23) 279	(17)



		 Execu've	control	and	gramma'cal	number	conflict					�51

Table	6.		Overview	of	the	LME	model	of	the	gaze	dura'ons	in	the	verb	region	and	its	spillover	

buffer,	specifying	all	the	fixed	effects	on	the	basis	of	F	tests	with	Saherthwaite	

approxima'ons	for	the	degrees	of	freedom,	and	all	the	random	effects	on	the	basis	of	the	

likelihood	ra'o	sta's'c	(𝜒2).		The	fihed	model	represents	a	maximal	random	effects	structure	

as	explained	in	the	text,	and	all	the	fixed	effects.

Effects
Dependent	variables

FF	(N	=	4850) AF	(N	=	1455) RR	(N	=	877) BF	(N	=	1789)

Match	(M)
F(1,88)	=	0.85,		

p	=	0.36

F(1,692)	=	1.86,		

p	=	.17

F(1,199)	=	0.84,		

p	=	.36

F(1,140)	=	0.90,		

p	=	.34

Plausibility	(P)
F(1,53)	=	0.11,		

p	=	0.74

F(1,916)	=	0.05,	

p	=	.82

F(1,208)	=	0.24,		

p	=	.62

F(1,345)	=	0.14,		

p	=	.71

Tone	(T)
F(1,41)	=	49.8,		

p	<	.001

F(1,41)	=	98.7,		

p	<	.001

F(1,48)	=	11.06,		

p	<	.01

F(1,51)	=	6.84,		

p	<	.05

M	x	P
F(1,4616)	=	0.24,		

p	=	.62

F(1,1398)	=	0.61,		

p	=	.43

F(1,786)	=	0.06,		

p	=	.81

F(1,1695)	=	0.85,		

p	=	0.36

M	x	T
F(1,4619)	=	0.13,		

p	=	.72

F(1,1394)	=	0.01,		

p	=	.92

F(1,826)	=	0.60,		

p	=	.44

F(1,1720)	=	0.60,		

p	=	.44

P	x	T
F(1,4617)	=	0.06,		

p	=	.80

F(1,1393)	=	2.14,		

p	=	.14

F(1,810)	=	1.01,		

p	=	.31

F(1,1709)	=	0.02,		

p	=	.88

M	x	P	x	T
F(1,4617)	=	2.88,		

p	=	0.09

F(1,1393)	=	0.22,		

p	=	.64

F(1,785)	=	0.11,		

p	=	.74

F(1,1694)	=	0.66,	

	p	=	.42

Subject	(S)	
1+M+P+T|S		(10)	

914,	p	<	.001

1+M+P+T|S		(10)	

128,	p	<	.001

1+M+P+T|S	(10)	

61.6,	p	<	.001

1+M+P+T|S		(10)	

108,	p	<	.001

Item	(I)
1|I	(1)	

	31.1,	p	<	.001

1|I	(1)	

1.02,	p	=	.31

1|I	(1)	

1.26,	p	=	0.26

1|I	(1)	

12.2,	p	<	.001

Overflow	(O) NA
1|O	(1)	

11.4,	p	<	.001
NA

1|O	(1)	

14.7,	p	<	.001
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Note.		The	fixed	effects	are	expressed	as	F-values	with	approximate	degrees	of	freedom	for	

the	denominator	(here	rounded	to	the	nearest	integer);	these	are	shown	in	the	upper	part	of	

the	Table.		The	random	effects	are	based	on	the	likelihood	ra'o	sta's'c	which	follows	a	𝜒2 

distribu'on	and	are	shown	in	the	lower	part	of	the	Table.		In	this	part,	each	cell	contains	a	

specifica'on	of	the	included	intercept	and	slope(s).	The	nota'on	1+M+P+T|S	indicates	that	

the	effect	included	a	random	intercept	and	random	slopes	for	Match,	Plausibility	and	Tone,	

whereas	1|S	has	only	a	random	intercept.	The	number	of	degrees	of	freedom	is	shown	

between	brackets	auer	the	specifica'on	of	the	included	slopes.		The	abbrevia'ons	FF,	AF,	RR,	

and	BF	refer	to	respec'vely	first	fixa'ons,	addi'onal	first-pass	fixa'ons,	rereading	fixa'ons,	

and	spillover	buffer	fixa'ons;	NA	means	not	applicable.
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Figure	Cap'ons	

Figure	1.		Hypothe'cal	eye-movement	record	showing	the	different	gaze	measures 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� 	

Figure	1 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Appendix	

When	the	distribu'on	of	the	dependent	variable	is	skewed	to	the	right,	the	assump'ons	

about	the	normality	of	the	distribu'on	may	be	violated.		To	obtain	a	more	adequate	analysis	of	

the	data,	a	number	of	possibili'es	can	be	considered.		For	reac'on	'mes,	typically,	the	outliers	

are	excluded	(e.g.,	beyond	3	standard	devia'ons	of	the	mean).		Because	this	strategy	results	in	

data	loss,	some	researchers	prefer	a	transforma'on	of	the	data	to	bring	them	closer	to	the	

normal	distribu'on.		Frequently,	a	logarithmic	transforma'on	is	used	to	achieve	this,	but	any	

power	transforma'on	may	be	considered,	and	it	is	possible	to	select	the	best	possible	power	

transforma'on	(Box	&	Cox,	1964).		From	a	mathema'cal	point	of	view	this	is	probably	the	best	

strategy.		Nevertheless,	data	transforma'on	has	a	number	of	disadvantages.		For	one	thing,	

transforma'on	changes	the	scale	of	the	dependent	variable;	the	resul'ng	scale	is	unnatural	

and	interpreta'on	of	the	data	becomes	more	difficult.		Furthermore,	applica'on	of	linear	

sta's'cs	to	nonlinearly	transformed	data	makes	it	difficult	to	understand	what	the	effect	of	a	

manipula'on	really	means.		In	par'cular,	some	types	of	interac'ons,	such	as	over-addi've	

interac'ons	become	much	smaller	and	may	fail	to	ahain	significance.	

Clearly,	researchers	differ	in	their	preferences	for	the	treatment	of	data	that	deviate	

from	normality.		In	order	to	allow	an	inspec'on	of	the	data	from	different	perspec'ves,	in	

addi'on	to	the	analyses	of	untransformed	data	as	reported	in	the	main	body	of	the	ar'cle,	we	

also	performed	an	analysis	with	exclusion	of	the	outliers.		These	analyses	yielded	the	same	

significant	effects	and	are	therefore	not	considered	in	more	detail.	

For	the	analyses	based	on	transformed	data,	first	the	best	value	for	the	𝜆-parameter	in	

the	Box-Cox	formula	(Box	&	Cox,	1964)	was	es'mated	with	the	boxcoxnc	func'on	of	the	

AID	package	(Dag,	Asar,	&	Ilk,	2016)	in	R.		In	all	analyses,	the	es'mated	value	was	near	zero,	

indica'ng	that	a	logarithmic	transforma'on	was	most	suitable.		Table	A1	shows	the	significant	

fixed	effects	obtained	in	the	analyses	of	fixa'on	in	the	respec've	regions	of	interest.		

Differences	between	this	table	and	the	results	shown	in	the	main	body	of	the	ar'cle	are	limited	

to	the	first-pass	and	rereading	fixa'ons	in	the	modifier	NP	region,	and	the	addi'onal-first	pass	
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fixa'ons	in	the	verb	region.		More	specifically,	the	log	analysis	revealed	an	interac'on	of	Match	

x	Plausibility		(not	expected)	in	the	first-pass	fixa'ons	of	the	modifier	NP	region,	an	interac'on	

of	Plausibility	x	Tone	in	the	rereading	fixa'ons	of	the	modifier	NP	region	(in	the	absence	of	any	

plausibility	effects,	this	is	not	expected),	and	also	an	interac'on	of	Plausibility	x	Tone	in	the	

addi'onal	first-pass	fixa'ons	of	the	verb	region	(again,	in	the	absence	of	any	main	effect	of	

plausibility,	this	is	not	expected).		Not	shown	in	the	table,	the	log	analysis	of	the	RTs	in	the	

dual-task	condi'ons,	revealed	a	main	effect	of	region	to	which	the	tone	was	applied.		All	the	

other	effects	shown	in	the	table	were	also	present	in	the	analysis	of	the	untransformed	data	

which	did	not	detect	any	effects	which	were	not	present	in	the	log-transformed	data	analysis.	

——	Table	A1	about	here	——	

These	small	differences	have	no	effects	as	to	the	interpreta'on	of	the	data	with	respect	to	the	

research	problem	addressed	in	this	ar'cle.		The	observa'on	of	a	significant	Match	x	

Plausibility	effect	in	the	first-pass	fixa'ons	of	the	modifier	NP	region	is	interes'ng,	as	it	

suggests	that	plausibility	could	play	a	role	at	the	integra'on	phase.		However,	in	the	

absence	of	any	further	confirma'on,	this	result	should	be	considered	with	care.	The	

observa'on	of	a	Plausibility	x	Tone	interac'on	is	not	so	easy	to	interpret.		The	fact	that	

it	occurred	at	rereading	in	the	modifier	NP	region,	again	suggests	a	role	for	plausibility	

in	the	integra'on	phase;	that	plausibility	interacts	with	the	presence	of	the	tone	

without	a	main	effect	of	plausibility	itself,	probably	means	that	the	presence	of	the	

tone	may	have	required	some	rereading	of	the	modifier	with	special	ahen'on	to	the	

meaning	of	the	NP.		The	interac'on	of	Plausibility	and	Tone	in	the	addi'onal-first	pass	

fixa'ons	of	the	verb	region,	may	be	taken	to	mean	that	plausibility	plays	a	role	in	the	

checking	phase;	however,	once	more,	without	a	main	effect	of	plausibility,	this	

interac'on	is	difficult	to	interpret.
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Table	A1.	Significant	fixed	effects	in	the	log-analysis	of	the	fixa'ons	in	the	regions	of	interest	

and	in	the	buffer	regions	and	of	the	tone	RTs.

FF AF RR BUF

Modifier	NP	region

M
F(1,42)	=	7.46,	

p	<	.01

F(1,41)	=	5.45,	

p	<	.05

T
F(1.49)	=	148.7,	

p	<	.001

F(1,44)	=	132.9,	

p	<	.001

F(1,38)	=	113.1,	

p	<	.001

M	x	T
F(1,453)	=	6.08,	

p	<	.05

M	x	P
F(1,4566)	=	3.85,	

p	<	.05

P	x	T
F(1,453)	=	6.08,	

p	<	.05

Verb	region

M
F(1,363)	=	4.37,	

p	<	.05

T
F(1,44)	=	72.66,	

p	<	.001

F(1,42)	=	136.86,	

p	<	.001

F(1,44)	=	24,76,	

p	<	.001

F(1,46)	=	4.91,	

p	<	.05

P	x	T
F(1,1383)	=	5.72,	

p	<	.05

Note.	The	following	abbrevia'ons	are	used	in	the	table:	for	the	regions,	FF	=	first-pass	

fixa'on,	AF	=	addi'onal	first-pass	fixa'on,	RR	=	rereading	fixa'on,	BUF	=	spill-over	buffer;	for	

the	effects:	M	=	match,	P	=	plausibility,	T	=	Tone.


