Does number interference occur during sentence processing?
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Abstract that interference is not just due to similarity in the type of
Models of interference in sentence processing claim that ob noun phrase bl,Jt also due to S',m"amy of other features. Van
ject relative clauses are harder to process than subjedives Dyke and Lewis (2003) described how the degree of over-
due to interference between the subject and object nous@hra  |ap between a retrieval cue and two similar linguistic items

The interference effect for object relatives at the vertushbe : ; . .
more pronounced when the two noun phrases retrieved from affects_the retrieval of these items. Two |tems (the su_bject
memory are similar. To test this, two eye tracking experitsen ~ and object noun phrase) have to be retained in memory in ob-
En,anipllﬂated \lNhelt)her the‘taumt?\er feature OJ'ftfhe noun g{?}rases ject relatives until they can be integrated with the verb. At
singular or plural) was either the same or different. e ; ; ; ;

periments showed the well-known relative clause effectvHo _the pp int of mtegra_ttlon at the verb, retrieval C.u es ar_e ueed
ever, in Experiment 1 the effect of number congruency was identify the target item from memory. When items in mem-

in the opposite direction from that predicted by interfe@n ory share retrieval cues it is difficult to identify this tatg

Experiment 2 showed the interaction predicted by simifarit i nilar ; ; ;
based interference at sentence wrap-up, but becausetetis in Thus, a similarity based interference effect arises fange

action was observed later than the relative clause effett an With retrieval cue similarity. The account of Lewis and Va-

]g)ﬂly 0003”6? in EXperiﬁrent_Z, it Suglgesﬁts tpflht rftrie\ﬁign " sishth (2005) predicts that a similarity based interfeeegfe
erence due 1o cue overlap IS a weak efiec at mig e the ; H H ;
result of a checking procedure in syntactically complex-sen fect arses at the embedded verb in object r(_alatlves because
tences. two items have to be retrieved from memory instead of only
Keywords: sentence processing; similarity based interference; One for subject relatives. This interference effect at tegov
working memory. should be larger when these two items share retrieval cues.

| ntroduction For example, in object relatives like (1) the two subject and

object noun phraseshg accountant andthe banker) need to

There is much evidence that object relative clauses sud as . .
) 4 (be simultaneously retrieved at the embedded viesipg). On

are more difficult to understand than subject relative @aus he other hand. onl hraies(bank 4
such as (2) (e.g., King & Just, 1991). It is generally belékve Le other ‘Zn ’ ohn y one noun p rg_ (ba? e_r) nel.\_ek S ;O
that this difficulty stems from limitations in working menyor € accessed at the verhelps) in subject relatives like (2).

(Gibson, 1998: Gordon, Hendrick, & Johnson, 2001: Lewis The similarity based interference effect that occurs with o
1996 Ki’ng Py J‘ust 1991’) ' ’ ' 'ject relatives should be particularly strong when the twomo

phrases that need to be retrieved are similar. Thus, because
1. The banker that the accountant helps counted the monelyoth the difficulty of object relatives and the difficulty af-r

2. The banker that helps the accountant counted the monelyieving items that share retrieval cues are effects ofiate

] . ence at the embedded verb, they should occur at the same
For example, King and Just (1991) found that readers withj e

low working memory experienced more difficulty with ob-
ject than subject relatives. More recently, Lewis (1996) an  Van Dyke and Lewis (2003) claim that number information
Van Dyke and Lewis (2003) have proposed an account thas one of the retrieval cues for identifying a target. In tieka
assumes that working memory demands increase when twdauses, congruency in the number feature of the subject and
similar linguistic items (e.g., two noun phrases) need to bebject noun phrase may have a strong effect on interference,
retrieved simultaneously, slowing down sentence prongssi because the subject has to agree in number with the verb: The
Lewis and Vasishth (2005) proposed an ACT-R account thatetrieval cues of the target item (the subject noun phraese h
explains how the processing of subject and object relais/es to match the number cue of the search probe (the verb). If the
affected by the similarity of the noun phrases. object has the same number as the subject and therefore also
Consistent with this, Gordon, Hendrick, and Johnsommatches the number feature of the verb, this should result in
(2001) found that object relatives are easier to procesmiwhenterference when the subject and object are integrated wit
the embedded noun phrase is a nadee)(and the head noun the verb. Thus, according to the retrieval cue based inter-
a definite noun phrasehg barber) compared to when both ference account, retrieval difficulty at the verb (elmglps)
are definite noun phrases. in object relatives should be more pronounced when the two
However, Van Dyke and Lewis’s (2003) and Lewis and Va-noun phrases in memory share the same number than when
sishth’s (2005) similarity based interference accounihtda they do not.

2357



To test this account the current study investigated whethelResults

object relatives are harder to process when the two nou . .
. . hree different eye-tracking measures were analysed @r ea
phrases in memory share the same number retrieval cue than . . Co . .
: . region. First pass duration is the duration from entering an
when the number retrieval cues are different. . o . L .
area of interest for the first time until leaving it into anyesti-

Ir_1 sum, S|m|lar|t_y-_based mterferencg models make_ the fo"tion. This measure does notinclude fixations that occurfred a
lowing three predictions for the experiments: (1) objeét re

. : i ter readers had fixated a subsequent region (i.e. the region o
atives should be harder to process than subject relati2s; ( d gion ( g

object relatives should be particularly hard to processn/vheégeres'[ was skippedpegression path durationis the sum of

the subiect and obiect h have th ber- ations from entering the area from the left for the firsteim
€ subject and object noun phrase nave the Same NUMBET, g4y e first fixation outside to the right of the region ocgu
because both the relative clause and number effect prddlctel.

in (1) and (2) are due to interference when the noun phraser%hat means that there should be no fixation on a right-bound
are retrieved at the verlndlps), the effects should occur si- gion before entering the region in regression path dwrati

Total reading time is the sum of all fixations in an interest
multaneously. area.
Experiment 1 _ Fig_ure 1 shows regression path duration a_nd total rea_lding
time in the different interest areas for Experiment 1. Since
We conducted an eye movement reading experiment thahere were no differences between the conditions in first pas
contrasted sentences containing an embedded objecteelatiguration, we omit the plot for this measure here.
clause with an embe_dded subject relat.ive. The two initial \we conducted both analyses of variance with subjects (F1)
noun phrases were either the same or differentin number. anq items (F2) as a random variable. Relative clause type and
number congruency were treated as within subject and within
item fixed variables. In addition, subject group was a fixed
Experiment 1 had 40 participants. All participants were-non between subject variable in the by-subject analyses and ite
dyslexic English native speakers and members of Dundegroup a between item variable in the by-item analyses.
University. They received course credits in exchange feirth | the following results section we only report analyses of
participation. Participant treatment was in accordand@ Wi the variables that showed significant effects by subjectsyor
the ethical standards. The study was approved by the ethigems.
committee at the University of Dundee. Critical Region (helps the accountant). The analyses of
: : variance showed a main effect of relative clause for regyass
Materials and Design path duration: F1(1,32) = 33.03,49.005; F2(1,24) = 35.09,
Table 1 shows a sample item in all conditions and the areag < .01. Reading times for object relatives were longer than
of interest for the eye movement analyses. Thirty-two<criti for subject relatives. Total reading time at the criticajion
cal sentences were created in eight different conditioh® T also showed an effect of relative clause: F(1,32) = 30.95, p
experiment had a 2x2x2 design with the factors (1) relative01; F2(1,24) = 31.86, g .01, indicating that object relatives
clause type (subject vs. object relative), (2) number contook longer to read than subject relatives.
gruency (subject and object noun phrases same vs. differentgpi”over 1 Region (counted). Analyses of variance
in number) and (3) counterbalancing of number informationshowed a main effect of relative clause type for the regoessi
(NP2 singular vs. plural). Because the number counterbalpath duration measure, F1(1,32) = 32.68; p01; F2(1,24) =
ancing variable was not of theoretical interest, we cok@ips 57.42, p< .01. Mean reading times for object relatives were
across it in the analyses. longer than for subject relatives. The analyses also showed
Elght lists were created. Each list contained 32 Criticala main effect of number congruency for regression path du-
items, with four items in each of the eight conditions. Oneration: F1(1,32) = 9.75, gc .01; F2(1,24) = 14.22, g .01.
condition of each item appeared in each list. Five partitipa Reading times were longer when the noun phrases were dif-
were randomly assigned to each list. In addition to the 3Zerent than the same in number. The analyses of regression
experimental items, 85 filler sentences were presented anghth duration also showed an interaction effect between rel
yes/no comprehension questions were presented after eagfive clause type and number congruency, F1(1,32) = 5.80,
sentence. p < .05; F1(1,24) = 5.40, p< .05. Simple effect analyses
for the object relatives showed that they took longer to read
Apparatus and Procedure when the noun phrases were different than the same in num-
The experimentwas carried out using the Experiment Buildeber: F1(1,32) = 8.94, g .01; F2(1,24) = 12.22, g .01. In
Program from SR Research on a PC. An Eyelink 1000 Deskeontrast, simple effect analyses for subject relativesvelo
top Mount recorded participants eye movements at a 1000Hthat there was no difference between the same and different
sampling rate. The experiment was controlled by the Experieonditions (Fs< 1). For the total reading time measure, there
ment Builder software on a separate PC. DataViewer (SR rewvas a main effect of relative clause type, F1(1,32) = 25.11, p
search) as well as R (R 2.13.1 foundation for statistical-com< .01; F2(1,24) = 15.87, pc .01. Reading times for object
puting) were used for data analysis. relatives were longer than for the subject relatives. Ini-add

Participants
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Table 1: Example material and areas of interest for Experirhe

critical region spillover 1 spillover 2 wrap-up
Subject relative/same number
The banker that helps the accountant  counted the money asénees.
The bankers that help the accountants  counted the money rabtrees.
Object relative/same number
The banker that the accountant helps  counted the money adtivees.
The bankers that the accountants helps counted the moneyerakgmes.
Subject relative/different number
The bankers that help the accountant counted the money adtivees.
The banker that helps the accountants counted the money rabtrees.
Object relative/different number
The bankers that the accountant helps  counted the money rabtrees.
The banker that the accountants help  counted the money adtivees.
Regression Path Duration Total Reading Time
o . § 7
S [= orcomun A . e
* e SR-Congurent S Q A . OR-Incong
OR-Incong . n - S SR-Incong
= SR-Incong i € o .
27 . s 8
. o 7
. g o
o /o" - ‘8'7
§ - kii:sk'ioi"o—'—'-’:r'r'r'"' d '.’ § - et et e e e Y "jt/
helps the accountant  counted the Money several times. helps the accountant  counted the Money several times.
Interest Areas Interest Areas

Figure 1: Regression Path and Total Reading Times in Expetith
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tion, the analyses of the total reading time measure inglicat Participants
a marginal effect of number congruency, F1(1,32) = 3.41,
=.07, F2(1,24) = 2.96, p = .09, with the different condition
being read slower than the same condition.

Spillover 2 Region (the money). There were no effectsinthe Materials and Design

spillover 2 region. The materials in this experiment were the same as in Experi-
Wrap-up Region (several times). An analysis of variance P P

of the regression path duration measure showed a main eﬁerg{ent (1) with one difference. Instead of two spillover regio

. . . ... and a wrap-up region after the critical region, there wayg onl
of relative clause type in the wrap-up region that was signifi i on foll db ¢ :
cant by subjects, F1(1,32) = 7.01<p.05; but not by items, one spiioverregion folowed by & Sentence wrap-up region.

F2(1,24) = 4.18, p = .05, with object relatives being slowerlableer.rznzszs a sample item with the interest areas for this
than subject relatives. xpen '

Prhe number of participants and the selection criteria feséh
participants were the same as in Experiment 1.

_ _ Apparatus and Procedure
Discussion The procedure and the apparatus were the same as in Experi-

. : . ment 1.
Experiment 1 showed that object relatives were harder to pro

cess than subject relative clauses in regression path &ald toRegylts

reading times for the critical regiohdl p the accountant) and Fi 2 sh he plots for fi durati d Lread
the spillover 1 regiondounted). There was an effect of num- igure 2 shows the plots for first pass duration and tota-rea

ber congruency in total reading times in the spillover 1 re-ing “’_“e and _Figuré’?the plot for regression path duration in
gion, with the different number conditions being hardentha the different interest areas. We analysed the results fne fi

the same number conditions. A similar effect was also foun(?"leS duration, regression path duration and total reaniireg t

in regression path duration in the same region, though it onl In the same way as in Experiment 1.

occurred with object relatives. The direction of these cang . ) .

ency effects is opposite to that predicted by similaritydzhs CTitical Region (helps the accountant). In regression path
interference models, which claim that the same number corfuration, we observed a main effect of relative clause type
dition should be more difficult. The reversed effect may beFl(l_’sz) =17.81, pc .01, _F2(]:,24) =16.91, R .01. Object
due to priming of number information from the first to the relatives had longer reading times than subject relativie.
second noun. Most important, this suggests that similarityt_Otal reading time measure also showed a main effect of rela-
based interference due to number congruency does not aflve clause type, F1(1,32) = 46.07:.01; F2(1,24) = 31.80,
pear to have a strong effect on the processing of subject dt < .01. Reading times for object relatives were longer than

object-relative clauses. for subject relatives. , ,
Spillover Region (counted). First pass duration showed a

. main effect of relative clause, F1(1,32) = 8.95,<p.01;
Experiment 2 F2(1,24) = 8.65, p< .01: Object relatives took longer than
) ) subject relatives. In regression path duration, there was a
Experiment 1 showed an effect of relative clause type but n@ffect of relative clause type that was significant by suisjec
effect of number interference. It is possible that number in p1(1 32) = 6.23, p< .05 but marginal by items F2(1,24) =
terference does occur, but that in contrast to whatis ptedlic 3 81 p = .06. Analyses of total reading time for this region
by the similarity based interference account, it is a lafer @ spowed a significant main effect of relative clause F1(1,32)
fect. Number interference may occur after initial syn@cti = 39 00, p< .01; F2(1,24) = 26.94, g .01. Mean reading
analysis of the relative clause, when readers check whethgmes for object relatives were longer than for subject-rela
the verb also agrees with noun phrases other than the sufjges.
ject. This sort of mechanism is similar to the account putsgntence Wrap-Up region (the money.). In first pass du-
forward by Sturt (2003) for a delayed effect ofiaccess-  ration, there was a marginal effect of relative clause by sub
ble antecedents in anaphor resolution. Sturt (2003) arguesiects: F1(1,32) = 3.41, g .10 but no effect by items F2(1,24)
that processes associated with this effect are not parit@lin - = 1 97. There was also an effect of number congruency by
anaphor interpretation but later procedures like recoaeary subjects F1(1,32) = 4.42, 1 .05 but not by items F2(1,24)
sentence wrap-up. = 2.51, p< .15, with a longer first pass duration when the
Because the region after the relative clause was relativelgoun phrases shared the same number cue than when they
long in Experiment 1, the retrieval interference effect ttwme did not. Most importantly, there was an interaction between
cue overlap may be spread out over the region and difficultelative clause type and number congruency in first pass du-
to detect. Therefore, the final region after the relativaiséa ration F1(1,32) = 4.10, p =.05; and F2(1,24) = 4.9%; [05.
was shortened in Experiment 2. The same materials as in EXx8imple effect analyses for object relative clauses shotvad t
periment 1 were tested without the final region (esgveral they had longer reading times when the noun phrases were
times). the same than different in number: F1(1,32) = 6.2¢; [©5;
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Table 2: Areas of interest for the materials used in Expenirie

critical

spillover  wrap-up

Subject relative

The banker(s) that help(s) the accountant(s) counted

Object relative

The banker(s) that the accountant(s) help(s) counted

tmeyno

tmeyno

First Pass Duration

e OR-Congruent
e e SR-Congurent
A OR-Incong
E R\ SR-Incong

elps the accountant counted the m‘oney.
Interest Areas

Total Reading Time

Iime in ms
1000 1200 1400 1600
| I

800
|

600

Ime in ms

1500 2000
)

1000
L

500

Regression Path Duration

e OR-Congruent

. SR-Congurent
OR-Incong
SR-Incong

helps the accountant

e OR-Congruent
e e SR-Congurent
OR-Incong
SR-Incong

e e el R

o e e e

helps the accountant

Figure 2: First Pass, Regression Path and Total ReadingsTimtexperiment 2

counted
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F2(1,24) = 5.97, p< .05. Simple effect analyses for sub- when a sentence is structurally complex as is the case with
ject relatives showed that there was no difference betweeabject relatives. Because this checking process occugs aft
the same and different noun phrases €F3). The analyses the relative clause has been constructed, it may have been
of regression path duration showed a main effect of relativespread out over the regions following the relative clause in
clause type F1(1,32) = 22.76,¢ .01; F2(1,24) = 10.70, p Experiment 1. Because the part of the sentence following the
< .01. Object relatives had longer reading times than subjeatlative clause was long in Experiment 1, it may have been
relatives. In the total reading time measure, we observed aimpossible to detect the later interference effect. When th
effect of relative clause F1(1,32) = 18.63<p.01; F2(1,24) main clause predicate was shortened in Experiment 2, we did
= 16.88, p< .01. Object relatives took longer to read than find evidence for later number interference.

subject relatives. Together, the experiments suggest that the effect of re-
. . trieval cue overlap is weak. In addition to being weak, it
Discussion occurs later than the relative clause effect, indicatiraj the
Object relatives were more difficult than subject relatikeds injtial difficulty with object relatives is not due to intesf-
atives in regression path duration and total reading time (i ence. These findings are more in agreement with theories
all three regions) and in first pass duration (in the spiltove that assume that processing difficulty with object relatiise
region). Most interesting, there was an interaction betwee not due to interference, such as the locality account (@ipso
relative clause type and number congruency in first pass timeg9g), experienced-based accounts (e.g., Wells, Christig

for the final wrap-up regiortife money): objectrelatives were  Rae, Acheson, & MacDonald, 2009) and expectation models
more difficult when the noun phrases had the same numbg[ evy, 2007; Hale, 2006).

than a different number, whereas there was no difference for

subject relatives. Thus, the number congruency effect apAcknowledgements
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