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Syntactic Ambiguity Resolution after Initial Misanalysis:
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Although a great deal of research has investigated the factors affecting initial syntactic processing, little is
known about the factors that affect processing during reanalysis. To address this question, we report a self-paced
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reading and an eye-tracking experiment which tested sentences in which there is initially more than one
reanalysis to proceed, but where this choice is eventually disambiguated by a gender-marked reflexive The
photographers found the countess who heard the choirboy had really enjoyed himself/herself at the conc
town hall). The experiments provide evidence that the human sentence processing mechanism obeys 
preference in reanalysis. This suggests that at least some of the factors guiding reanalysis are simila
guiding initial analysis. © 2001 Elsevier Science (USA)
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whether there is an initial stage in which pur
structural information guides choice of analy
(e.g., Frazier, 1987) or whether all relevant 
formation can be employed (e.g., MacDona
Pearlmutter, & Seidenberg, 1994). However,
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never provide us with a complete account 
syntactic processing. Initial decisions are oft
incorrect, and so we also need to consider 
principles that govern reanalysis(the recovery
of the correct analysis). Reanalysis has rece
become an important focus of research, with
tention being paid to issues such as the rela
difficulty of different types of reanalysis (Fe
reira & Henderson, 1991; Gorrell, 1995; Pritc
ett, 1992; Sturt, Pickering, & Crocker, 1999
the effect of prosodic structure on reanaly
processes (Bader, 1998; Hirose, 1999), the c
nections between reanalysis and the percep
of ungrammaticality (Meng & Bader, 2000
and the detailed steps of grammatical infere
involved in the reanalysis process itself (Fod
& Inoue, 1998). The papers included in Fod
and Ferreira (1998) provide an overview of 
cent work.

The present paper examines the disambig
tion preferences which apply when there 
more than one way for reanalysis to proce
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We will consider the effect of one strategy 
ambiguity resolution during reanalysis: recen
A recency principle predicts that, other thin
being equal, newly encountered words 
phrases in the input are attached to rece
processed material in the syntactic represe
tion. This idea has been captured in a numbe
different parsing principles, such as right ass
ation (Kimball, 1973), late closure (Frazi
1978), and more recently, in terms of the de
of activation in connectionist and hybrid n
works (Altmann, van Nice, Garnham, & He
stra, 1998; Stevenson, 1994; Vosse & Kemp
2000). As an example, consider (1), discus
by Fodor and Frazier (1980):

(1) John bought the book that I had been trying to
obtain for Susan.

The preferred interpretation involves atta
ing the phrase for Susanas a dependant of th
more recently processed verb obtain rather than
of the less recently processed verbs trying or
bought. This intuition has been confirmed in e
periments by Kamide (1999) (in English) and
Igoa, Carreiras, and Meseguer (1998) (in Sp
ish). The findings are compatible with a num
of results showing evidence for a recency p
erence in other constructions (Altmann et 
1998; Frazier & Rayner, 1982, Phillips & Gi
son, 1997). Note that these studies involve 
biguities in which the alternative attachme
sites are separated by a clause boundary, an
preferred alternative is to attach the ambigu
phrase into the most recent clause. The rec
preference does not always apply in cases w
the two possible attachment sites are in the s
local clause. For example, recency is violate
relative clause attachment in Spanish and D
(Cuetos & Mitchell, 1988, Brysbaert 
Mitchell, 1996) as well as in many other la
guages, when the alternative attachment s
are in the same local clause. In the ambig
which we will examine in this paper, the altern
tive attachment sites are in separate clauses

Most discussions of recency and other dis
biguation principles have been concerned w
how these principles relate to initial attachme

In (1), the sentence comes to an end without a
reason to change the initial attachment of for
S, AND PICKERING
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Susanto the most recent verb phrase. But ini
attachments often turn out to be wrong and n
to be revised (or, equivalently, reanalyzed). As
we shall see, it is quite possible for there to
more than one way for reanalysis to proceed
which case we need to consider how people
ambiguate. There has been very little exp
mental work looking at how people resolve 
analysis ambiguities. The main exception to 
has been work in Japanese, where the rig
head-final phrase structure means that such
biguities are very pervasive. For example, 
rose and Inoue (1998) and Hirose (1999) c
sidered Japanese sentences in which
previously built main clause can be restructu
as a relative clause in more than one way. T
experimental results suggest that Japanese 
ers resolve the ambiguity by employing syste
atic strategies based on the prosodic packa
of the preceding input and the semantic pla
bility of alternative thematic role assignmen
In the work presented in this paper, we ext
this pioneering line of investigation to Engli
and consider the role played by recency. 
mentioned above, this is a well-known structu
preference in disambiguating initial attachm
ambiguities.

Consider (2).

(2) The countess heard the choirboy had really en
joyed himself at the concert.

Most theories of first pass parsing predict t
the choirboyis initially misanalyzed as the ob
ject of the preceding verb. This could be 
cause this is the simplest attachment (Fra
1987; Gorrell, 1995; Pritchett, 1992) or beca
this is the most frequent analysis for the v
heard(Macdonald et al., 1994). A large body
experimental data supports this conclusion (F
reira & Henderson, 1990; Frazier & Rayn
1982; Garnsey, Pearlmutter, Myers, & Lotoc
1997, Pickering & Traxler, 1998; Pickerin
Traxler, & Crocker, 2000; Sturt et al., 199
When the verb had is encountered, this analys
can no longer be maintained, and reanalys
necessary, in order to reinterpret the choirboyas
the subject of the sentence complement. W

nykind of parsing operation is necessary to achieve
this reanalysis?
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One recent claim is that at least some type
reanalysis are achieved by mechanisms w
are very similar to those used in initial atta
ment. Snip (Lewis, 1993), Attach Anyway
(Fodor & Inoue, 1988), and Tree Lowering
(Sturt & Crocker, 1996) are all parsing ope
tions which are used for reanalysis, but they 
also be seen as attachment operations; the
involve attaching a new word in the input to 
incrementally expanding syntactic represen
tion. For example, in Sturt and Crocker (199
the tree-loweringoperation is used to attach t
word had in (2) to the tree. This involves the
choirboybeing reattached as the subject of had,
and the sentence whose auxiliary verb is had is
attached as the complement of heard. It can be
seen that, although it is used for reanalysis, 
lowering is actually a parsing operation tha
used to attach a word, in this case had, and it is
comparable to the types of parsing opera
that are used in initial attachment, although 
more complex. This suggests that such op
tions should be subject to the same attachm
principles that govern the resolution of initial 
tachment ambiguities. See Fodor and In
(2000) for more discussion on these issues.

Now consider (3):

(3) The photographers found the countess who
heard the choirboy had really enjoyed himself/
herself at the concert.

Again, we assume that the countess. . .is ini-
tially attached as the object of the preced
verb found, either because found most fre-
quently takes a direct object argument or 
cause this analysis is syntactically simplest.
in (2) reanalysis is also forced on the input
had, but unlike in (2) there are two ways 
which reanalysis can proceed: Either the rec
noun phrase (the choirboy) or the distant nou
phrase (the countess . . .) can be reanalyzed 
the subject of had. The recent (or low) reanaly-
sis is compatible with the himselfcontinuation,
while the distant (or high) reanalysis is compa
ible with the herselfcontinuation. If initial at-
tachment preferences apply to ambiguity res
tion during reanalysis, then the recent (lo

attachment should be preferred. This is the p
diction of Lewis (1993), Fodor and Inoue

ject
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(1998), and Sturt and Crocker (1996), beca
in all these models, the reanalysis necessar
(3) is accomplished by an operation which 
sembles initial attachment, and initial attac
ment is subject to recency.

We can contrast (3) with (4), a similar se
tence type examined in previous studies c
ducted by Sturt, Pickering, Scheepers, a
Crocker (2001) and Schneider and Phill
(2001):

(4) The countess who heard the choirboy had re
ally enjoyed himself/herself at the concert
(and) organized a charity event afterward.

In (4), hadcan be attached either high or lo
as in (3). High attachment is compatible w
herselfand the conjunction and, while low at-
tachment is compatible with himselfand the ab-
sence of and. The crucial difference between (
and (4) is that in (4), reanalysis is optional at 
point where hadis reached, while in (3), reanaly
sis is forced. In (4), the high attachment of had
allows the processor to avoid reanalysis. Thi
because the countessis not initially attached as 
dependant of any verb in the syntactic repres
tation, so no reanalysis is necessary if this n
phrase is attached as the subject of had. On the
other hand, the recent noun phrase the choirboy
is initially attached to the verb heard, so reanaly-
sis would be necessary if had took this recent
noun phrase as its subject. Sturt et al. (2001)
Schneider and Phillips ( 2001) show evidence
a high attachment preference in sentences 
(4), demonstrating that recency does not appl
such cases. These results are compatible with
claim that the processor follows a reanaly
avoidance principle, such as Revision as Last Re
sort (Fodor & Frazier, 1980). One implement
tion of this strategy is given in Sturt and Crock
(1996), where the processor attempts to ap
simple attachment operations which do not 
volve reanalysis before more complex atta
ment operations that do.

In contrast to the high attachment preferen
found for sentences like (4), the model predi
that there should be a low attachment prefere
for (3), because reanalysis is unavoidable, 
the parsing operation that is required is sub

to recency. A questionnaire experiment reported
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in Sturt (1997) shows that there is a rece
preference for globally ambiguous versions
sentences like (3). However, there is curre
no evidence for such a preference being app
on-line. The experiments reported in this pa
are designed to test the attachment prefer
for sentences like (3), specifically in order to 
s
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interested in how people choose which of these
termine whether recency applies to reanalysi
on-line sentence processing.

EXPERIMENT 1

Experiment 1 was a self-paced reading exp
iment and employed sentences similar to 
above, using reflexive pronouns to disambigu
toward either high (nonrecent) or low (rece
attachment. High and low ambiguous conditio
were compared with control conditions whi
used the complementizer that:

(5) a. High ambiguous: The photographers found
the countess who heard the choirboy had re
ally enjoyed herself at the concert in the
town hall.

b. High control: The photographers found that
the countess who heard the choirboy had re
ally enjoyed herself at the concert in the town

hall.

FIG. 1. Assumed and grammatically forced first-pass a
ditions.
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c. Low ambiguous: The photographers found
the countess who heard the choirboy had re
ally enjoyed himself at the concert in the
town hall.

d. Low control: The photographers found the
countess who heard that the choirboy had
really enjoyed himself at the concert in the
town hall.

Before we consider the patterns of reanal
that may occur with these sentences, we 
outline our assumptions for the first-pass atta
ments up to the point where the choirboyis at-
tached. These are schematically represente
Fig. 1.

The first verb (in this case, found) will be re-
ferred to as the high verb, and the second ver
(in this case, heard) will be referred to as th
low verb. The noun phrases immediately follo
ing these verbs will be referred to as the h
and low noun phrases, respectively. In the 
ambiguous conditions, we assume that the h
and low noun phrases are initially attached
objects of their respective verbs. This initial o
ject attachment will be crucial, because we 
inital attachments to break during subsequent

ttachments for the ambiguous conditions and the two control con-
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questions following experimental items and
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reanalysis. As can be seen below, we attem
to encourage this object attachment by us
verbs which were statistically biased toward 
noun phrase object reading. In the control c
ditions, the complementizer that forces a sen
tential complement analysis of the high verb
the high condition and the low verb in the lo
condition, thus preventing the attachment of 
following noun phrases as objects of each
these respective verbs. As in the ambiguous c
ditions, we assume that the object attachme
made where no complementizer appears, so
the high noun phrase is attached as an obje
the low control condition and vice versa in t
high control condition.

We now consider the processing patterns 
we expect when the words had really enjoyed
are processed. Given the assumptions outl
above about initial attachment, reanalysis w
be necessary in the ambiguous conditions, 
cause hadwill need to take either the high or th
low noun phrase as its subject, but both of th
have already been attached as objects of the
spective verbs. In the control conditions, ho
ever, no reanalysis is necessary, as in each 
the complementizer has prevented an ini
misattachment from being made. Note that
the high control condition, it is also gramma
cally possible for reanalysis to occur here.
other words, it is possible for hadto be attached
low, with the choirboybeing reanalyzed as it
subject (as in The photographers found that th
countess who heard the choirboy had really 
joyed himself was a very unpleasant woma).
We assume that this low attachment involv
reanalysis is either not attempted or is at le
strongly dispreferred and attempted only rare
This claim is supported by the experiments 
ported in Sturt et al. ( 2001) and Schneider 
Phillips (2001), which show consistent eviden
for a high attachment preference in circu
stances where the alternative low attachm
would involve reanalysis, for a similar ambig
ity (see example (4) discussed above). In s
mary, at had really enjoyed, we do not expect re
analysis to occur in either of the contr
conditions, but we do expect it to occur in bo

of the ambiguous conditions. This should lea
to longer reading times in the ambiguous cond
OLUTION AND RECENCY 375
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tions than the control conditions around t
point in the sentence.

Reading times for the reflexive pronoun (a
possibly the following words) should indica
whether high or low reanalysis was perform
at the preceding region in the ambiguous con
tions. If there is a preference for recency in 
analysis, then the low ambiguous condit
should be relatively easy to process, because
gender of the reflexive would be consistent w
this analysis. In the high ambiguous conditi
on the other hand, the gender marking wo
not be consistent with the low reanalysis, a
the processor would have to revise its anal
again (i.e., it would have to perform re-reana
sis). Therefore, the high ambiguous condit
should cause more processing difficulty than
low ambiguous condition around this point 
the sentence. On the other hand, both con
conditions should be relatively easy to proc
here, leading to an interaction.

The self-paced reading methodology allo
the presentation of long lines, unlike the e
tracking technique which we use in our labo
tory (see Experiment 2). In Experiment 1, 
were able to position the line break after the c
ical reflexive pronoun, thus avoiding any infl
ence of the line break position on the resolut
of the ambiguity being tested (Kennedy, Mu
ray, Jennings, & Reid, 1989). Self-paced re
ing also makes it possible to compare the res
of this experiment directly wih those in Sturt
al. (2001) and Schneider and Phillips (200
which used a similar technique. Of course, s
paced reading also has some disadvantage
comparison with eye tracking, and for this re
son, we also conducted an eye-tracking exp
ment (see Experiment 2).

Method

Participants

Thirty-two native English speakers from t
Glasgow University community were paid 
take part. The data for one further particip
were discarded because of a low comprehen
score (less than 70% correct for comprehen

d
i-fillers).
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Items

Twenty-eight items like (5) were selected fro
a larger set on the basis of a plausibility pret
(see below). The selected items are given in
Appendix. Each item included two critical verb
both of which could take either a noun phrase
a tensed clause as a complement. For examp
(5) the critical verbs arefound in the high posi-
tion andheardin the low position. Fourteen cri
ical verbs were used in the experiment. Th
were arranged in pairs so that for each item w
high verbX and low verbY, there was a corre
sponding item with high verbY and low verbX.
This procedure prevents any bias due to dif
ences in lexical preferences of the verbs. No v
pair appeared in more than four items. The ve
were all biased toward the noun phrase direct
ject analysis. These biases were determined
the basis of the corpus study described in Stu
al. (1999) and Sturt et al. (2001), and the cr
rion for calculating the biases was the sam
Random samples of sentences containing
critical verbs were obtained from the British N
tional Corpus, and sentences were classifie
NP if the critical verb took a noun phrase dire
object and as S if it took a tensed clause with
a complementizer. The noun phrase bias for e
verb was simply the proportion of sentences c
sified as NP in the sample, relative to the tota
NP and S sentences in that sample. This pro
tion was .65 or greater for all verbs used in
experiment. All the items were disambiguat
with eitherhimselfor herself. The gender of the
reflexive pronoun was manipulated to create
high and the low readings. In the 28 items
lected for the experiment,himselfwas used in 13
items to disambiguate high and 15 items to d
ambiguate low (andvice versafor herself).1

Plausibility pretest. Four sentences were co
structed for each item. Two of these senten
compared the plausibility of the (initial) nou
phrase analysis for the low and high verbs. 
other two sentences compared the plausibilit
the high and low attachments. For (5), the f

sentences were:

1 It was not possible to achieve a completely even balan
in the gender of disambiguation, given that we also need
to balance verb position and plausibility.
S, AND PICKERING
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Low noun phrase analysis: The countess
heard the choirboy.

High noun phrase analysis: The photog-
raphers found the countess.

Low attachment: The choirboy had really
enjoyed himself at the concert.

High attachment: The countess had really
enjoyed herself at the concert.

We constructed booklets which each co
tained the four sentences for 32 candidate it
randomly interspersed with 50 filler sentenc
of varying plausibility, using four fixed rando
orders. Seventeen participants from the Univ
sity of Glasgow community were paid to ra
the plausibility of each sentence on a scale fr
1 (least plausible) to 7 (most plausible). W
then selected 28 items which maintained 
above-mentioned counterbalancing of verb 
sitions, but which also combined the high
overall plausibility with the smallest pairwis
differences in plausibility between the Low a
High noun phrase analysis sentences and
tween the Low and High attachment senten
We analyzed the ratings using the Wilcox
matched-pairs signed-ranks test, aggregatin
participants (Z1) and items (Z2).

2 For the 28 se
lected sentences, there were no significant 
ferences between the two NP analysis con
tions (high, 6.28; low, 6.37; |Z1|, |Z2| , 1.5, ns),
nor between the two attachment conditio
(high, 5.85; low, 5.92; |Z1|, |Z2| , 1.1, ns).

Procedure

As in Sturt et al. (2001), the experime
employed the noncumulative segment-by-s
ment self-paced reading technique, imp
mented using the Psyscope experimental p
age (Cohen, MacWhinney, Flatt, & Provo
1993). The experiment was run on a Macinto
compatible computer, which was connected 
button box. Each sentence was divided into n

segments as indicated below, where we use a

ce
ed 2 Parametric tests (t tests) yielded statistically identical
results.
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single slash to indicate a segment boundar
double slash indicates where there was al
line break. The segmentation was similar to 
used by Sturt et al. (2001).

The photographers / found (that) / the
countess / who heard (that) / the choirboy 
had really enjoyed / himself / at the concer
// in the town hall.
We defined the regions as follows:

1. The initial noun phrase.

2. The first verb plus the complementizer
that in the high control condition.

3. The first part of high noun phrase, from
the initial determiner to the head noun, in-
clusive.

4. The relative pronoun and the second
verb plus the complementizer that in the
low control condition.

5. The noun phrase following the second
verb (precritical).

6. The first three words of the final verb
phrase (first critical region).

7. The disambiguating reflexive pronoun
(reflexive region).

8. A (usually prepositional) phrase
(spillover region).

9. Another (usually prepositional) phrase
(final region).

The items were divided into four lists, so th
each list included exactly one version of ea
item, and there were equal numbers of items
condition in each list. Each experimental 
was combined with 84 fillers of varying synta
tic constructions, and comparable segmenta
some of which included the word that and re-
flexive pronouns.

The participant sat in front of the comput
monitor and was instructed to press the mid
button of the Psyscope button box with his
her dominant hand, in order to see each segm
of the sentence. Each button press revealed
next segment, and the viewing time betwe

each button press was recorded. All segmen
SOLUTION AND RECENCY 377
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except the segment currently under view a
peared as a series of underscore characters,
spaces corresponding to the actual spaces in
text. The trial began with an asterisk on the l
of the screen marking the position of the fir
character of the sentence. The particip
pressed the button to see the series of und
score characters for the entire sentence,
after the button was pressed again, the first s
ment appeared. A comprehension question (e
Who had a good time at the concert?) followed
each trial. The questions were followed on t
next line by two possible answers (e.g.,the
choirboy, the countess), displayed on the lef
and the right of the screen, and the particip
had to select the correct answer using either
left or the right button (with the correct answ
counterbalanced across trials). For the exp
mental sentences, half of these questions
rectly probed the attachment under investig
tion; in the other half, the question could b
answered without the attachment having be
made successfully. In this way, we attempted
maintain participants’ attention to the (rath
complex) sentences, without inducing strateg
by over-highlighting the critical ambiguity. Th
order of the trials was randomized separately
each participant, with the constraint that no tw
experimental items appeared adjacent to e
other. Five practice trials were presented i
tially to familiarize the participants with the
experimental procedure, and the experim
proper began with at least 10 filler sentences

Results and Discussion

All analyses were conducted on residu
reading times, calculated by performing a si
ple linear regression predicting reading tim
from region length (in terms of number of cha
acters) for each participant. The predicted re
ing time was subtracted from the actual read
time of each data point in the experiment (F
reira & Clifton, 1986; Trueswell, Tanenhaus, 
Garnsey, 1994). Thus a positive value indica
a reading time which is longer than what wou
be predicted by its region length, and a nega
value indicates a reading time which is shor

tsthan what would be predicted by its length.
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For the purposes of calculating the regress
equations, we did not include data points t
were likely to include large variance due to g
den pathing or wrap-up effects. Thus we 
cluded times from the first region, the last 
gion, and the reflexive region in th
experimental items. We also excluded from 
regression equations any raw reading t
greater than 2000 or less than 150 ms (see 
et al., 2001).

As in Sturt et al. (2001), we trimmed t
residual data according to the definition of 
treme values in the SPSS function explore; for
each region 3 condition cell, we calculated th
upper and lower quartiles of the distribution
residual reading times. Cutoff values were se

Low/control 120 (736) 90 (820)
3 3 the interquartile range above the upp

FIG. 2. Trimmed residual reading times with stan
on
at
r-
x-
e-

e
e

turt

e
x-

f
 at

the lower quartile, and any data points abov
below these cutoff values were replaced by
relevant cutoff value. This procedure affec
3.5% of the data.

The resulting data for each region were s
mitted to analyses of variance, treating am
guity (ambiguous vs. control) and attachm
site (high vs. low) as within-participants a
within-items factors. Analyses were pe
formed on aggregated data for both part
pants (F1) and items (F2). We report analyse
from the precritical region, which immediate
precedes the first theoretically interesting 
gion.

Table 1 gives reading times for all five ana
sis regions, and Fig. 2 shows this informat

40 (569) 14 (539) 10 (696)
378 STURT, SCHEEPERS, AND PICKERING

TABLE 1

Trimmed Residual (and Untrimmed Raw) Reading Times (ms) for Experiment 1

Precritical First critical Reflexive Spillover Final 
Region The choirboy had really enjoyed himself at the concert in the town 

High/ambiguous 87 (729) 147 (878) 63 (617) 109 (698) 64 (769)
High/control 77 (717) 91 (820) 16 (540) 36 (585) 67 (753)
Low/ambiguous 83 (700) 156 (905) 68 (596) 29 (565) 42 (756)
ergraphically from the first critical to spillover re-

quartile and 3 3 the interquartile range belowgions.
dard errors for Experiment 1: critical to spillover regions.
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SYNTACTIC AMBIGUITY R

In the precritical region, no effects a
proached significance (all p’s . .1). In the first
critical region, a main effect of ambiguity co
firmed the expected garden path effect in this
gion, with ambiguous sentences being r
more slowly than their controls (F1(1,31) 5
8.99, p , .01; F2(1,27) 5 8.29, p , .01). There
was no effect of attachment or interaction 
tween the two factors (F’s , 1). The same pa
tern showed up at the reflexive region (ambi
ity: F1(1,31) 5 6.75, p , .05; F2(1,27) 5 6.22,
p , .05; all other effects, F’s , 1). Thus there
was no evidence for an interaction between 
biguity and attachment at the disambiguating
flexive. However, the expected interaction 
curred in the spillover region, though margi
in the items analysis (F1(1,27) 5 5.11, p , .05;
F2(1,31) 5 3.85, p 5 .06). The interaction wa
accompanied by main effects of both ambigu
(F1(1,31) 5 7.88, p , .01; F2(1,27) 5 9.40, p ,
.01) and attachment (F1(1,31) 5 9.78, p , .01;
F2(1,27) 5 6.01, p , .05). Contrast analyse
demonstrated that the high attached sente
were read more slowly than the low attached 
tences in the ambiguous conditions (F1(1,31) 5
9.25, p , .05; F2(1,27) 5 6.78, p , .05) but not
in the control conditions (both p’s . .09). The
high ambiguous condition was read mo
slowly than its control (F1(1,31) 5 10.62, p ,
.01; F2(1,27) 5 9.62, p , .01) but the low con
ditions were read equally quickly (both F’s ,
1). In the final region, there was a margi
trend toward a main effect of attachment, w
high attached sentences being read more sl
than low attached sentences (F1(1,31) 5 3.00, p
, .1; F2(1,27) 5 3.98, p , .06). There were n
other significant effects in this region (all F’s ,
1.1).

To summarize, the garden path effect at 
first critical region confirmed that an initial mi
analysis had been made in the ambiguous co
tions, and therefore reanalysis was neces
The interaction effect at the spillover region f
lowing the reflexive indicates that there wa
preference to perform this reanalysis at the 
attachment site. Hence the results demonstr
recency effect in reanalysis ambiguity reso

tion. The presence of the interaction at th
spillover region rather than the critical reflexiv
OLUTION AND RECENCY 379
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region is fairly typical of self-paced reading da
and is consistent with earlier results (Sturt et 
2001, Experiment 3) which show that such d
lays systematically occur when a disambigu
ing reflexive is embedded in a long senten
Note that, although the interaction appears o
in the spillover region, the main effect of amb
guity at the reflexive region still needs to be e
plained. There are at least two possible 
counts. On one account, the gender informa
associated with the reflexive does not aff
reading times until the following region, i
which case, the ambiguity effect at the reflex
could itself be a spillover effect from the fir
critical region, where a similar ambiguity effe
was found. On the other hand, the results 
also compatible with an immediate disambigu
tion model, if we assume that disamb
uation preferences in reanalysis are probab
tic. On this account, low reanalysis occurs in
majority of trials, but high reanalysis also o
curs occasionally. The trials on which high r
analysis occurs would elevate reading times
the low ambiguous condition at the reflexiv
weakening any interaction effects and contrib
ing to the main effect of ambiguity. From the r
sults of Experiment 1, it is impossible to det
mine which of these two accounts is correct. 
return to this issue in the discussion of Expe
ment 2.

Comprehension Accuracy

Comprehension accuracy for the experim
tal trials which included questions was as f
lows: high ambiguous, 82%; high control, 89%
low ambiguous, 91%; low control, 95%
ANOVAs confirmed a main effect of ambiguit
(F1(1,31) 5 7.90, p , .01; F2(1,27) 5 6.04, p ,
.05) and attachment (F1(1,31) 5 19.08, p ,
.001; F2(1,27) 5 8.86, p , .01). The tendency
was for comprehension accuracy to be redu
in the high attached conditions and the ambi
ous conditions, in comparison with the low a
tached conditions and the control conditio
There was no interaction between the two f
tors (both F’s , 1). Thus, independently of on
another, being garden pathed and making dis

e

e
attachments had a detrimental effect on partici-
pants’ comprehension accuracy.
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EXPERIMENT 2

Experiment 2 used eye-tracking on item
adapted from those used in Experiment 1. T
main aim of this experiment was to test wheth
the results of Experiment 1 could be replica
with a different methodology. Self-paced rea
ing is more flexible with regard to line lengt
but also has some disadvantages in relation
eye tracking. First, our self-paced reading p
cedure involved the artificial segmentation 
the sentences into smaller fragments, wh
might have supported the low attachment ana
sis. Such a segmentation bias is unlikely, ho
ever, as the segmentation in Experiment 1 w
comparable to that used in Sturt et al. (2001)
sentences like (4) discussed above, but in th
experiments, a high attachment preference wa
obtained. A potentially more serious concern
the unavailable of previously read text for re
spection. Although the noncumulative versi
of self-paced reading, as used in Experimen
is generally accepted to be more sensitive t
its cumulative counterpart (Just, Carpenter,
Wooley, 1982), it prevents reinspections. 
regressive eye movements are known to b
feature of reanalysis (Frazier & Rayner, 198
the participants’ inability to make regressions
Experiment 1 could have artificially affecte
their reanalysis ambiguity preferences. For 
ample, during noncumulative self-paced rea
ing, participants might rely on strategical
stored information to compensate for the u
availability of previously read text in the visu
field. The recency preference of Experimen
could be explained if we assume that more 
cently stored information is more readily ava
able during reanalysis.

The eye-tracking procedure allows us to eli
inate the possibility that the preference found
Experiment 1 is due to the unavailability of pr
vious critical regions in the visual field or t
segmentation bias. The one drawback with 
eye-tracking procedure used in our laboratory
the stricter limitation on the number of chara
ters that can appear within a single line. T
means that, unlike in Experiment 1, we we
forced to break the line before the appearanc

the critical reflexive region, which itself could
have caused segmentation biases. However,
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controlled for any biases by counterbalanc
the line-break position across items (see belo

Method

Participants

Thirty-two participants from the Glasgo
University community were paid to take part
the experiment. The data for an additional p
ticipant were discarded because of very s
reading times and a large number of fixatio
per trial (average 60).

Items

The items were based on those from Exp
ment 1, but they were converted into short te
by adding a second sentence. The example
tence given above was continued as follows:

(6) The photographers found the countess who

heard the choirboy had really enjoyed himself

at the concert in the town hall. The whole

evening had been a great success.

The second sentence served to add more
tance between the critical region and the en
the trial. This allowed us to analyze the data
the critical sentence without contaminati
from noisy events associated with the end o
trial, such as wholesale rereading of the stim
lus, anticipatory eye movements for reading 
comprehension question, or the planning o
button press. The second sentence also mad
text more natural and interpretable. To red
the numbers of fixations close to the right e
of the screen (which can sometimes cause t
loss), two of the items were shortened by mo
fying the last two regions of the first senten
(see Appendix for details).

Procedure

The experiment was run using a Genera
5.5 Fourward Technologies Dual Purkin
Image eye tracker. The tracker has angular r
lution of 108 of arc. The tracker monitored on
the right eye’s gaze location, but viewing w
binocular. A PC displayed items on a VD
70 cm from the participants’ eyes. The VDU d
played about four characters per degree of
 wesual angle. The tracker monitored participants’
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SYNTACTIC AMBIGUITY R

gaze location every millisecond, and the s
ware sampled the tracker’s output to estab
the positions of eye fixations and their start 
finish times.

Before the experiment started, the particip
sat at the eye tracker, and three practice t
were presented to familiarize the particip
with the experimental procedure. The exp
menter then used bite bars and forehead
straints to immobilize the participant’s hea
Before each trial, the experimenter had the 
ticipant fixate a series of squares at various
sitions on the screen, to test accuracy of cali
tion. If this was inaccurate, the eye tracker w
recalibrated. The last square fixated in this
quence was in the same position as the 
character of the text. When the participant 
ated this square, the experimenter presse
button and the text was displayed. The par
pant pressed a button when he/she had fini
reading the text and then answered a ques
(as in Experiment 1) using the left or right b
tons.

We chose two positions for the line break a
quasi-randomly assigned half of the items
each line break position. In the early line bre
texts, the line break in the first (critical) se
tence appeared immediately after the low v
In the late line break texts, the break in the fi
sentence appeared immediately after the 
noun phrase. In the early line break texts, 
second sentence began at the start of the 
line. In the late line break texts, the first two
three words of the second sentence appeare
the second line, and the remainder appeare
the third line. The positions of the line brea
(marked with double slashes) are illustrated
the following example.

Early line break: The photographers
found the countess who heard//the choir
boy had really enjoyed himself at the con-
cert in the town hall.//The whole evening
had been a great success.

Late line break: The photographers found
the countess who heard the choirboy//ha
really enjoyed himself at the concert in the

town hall. The whole//evening had been a
great success.

r
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To aid subsequent analysis of fixation da
two blank lines were were inserted betwe
each line of text.

As in Experiment 1, four lists of items wer
created. Twenty-eight filler texts (adapted fro
the filler sentences used in Experiment 1) w
added to the lists, as well as 27 texts from an 
related experiment on metaphor comprehens
(Example item: Chris’s day was not going too
well. The windows in his office wouldn’t open.
was bothering him. The heat was rising. H
looked forward to tomorrow.) The fillers and ex-
perimental items from both studies all consist
of at least two sentences. The lists were rando
ized separately for each participant, with t
constraint that no two experimental items fro
the same study appeared adjacent to each o
The experiment began with at least four fillers

Data Analysis

An automatic procedure pooled short co
tiguous fixations. The procedure incorporat
fixations of less than 80 ms into larger fixatio
within one character and then deleted any 
maining fixations of less than 80 ms. Readers
not extract much information during such sho
fixations (Rayner & Pollatsek, 1989). Befo
analyzing the eye-movement data, we elim
nated seven trials where the participant failed
read the sentence, or where tracker loss resu
in a serious loss of data (defined as trials
which the first-pass reading time for a sequen
of three or more regions was zero). We will r
port results for three different eye-moveme
measures. First-Pass Reading Timesare the sum
of all fixations in a region between the tim
when the reader first enters the region from 
left to the time when the region is first exited 
either the right or left. Regression Path Time
(Brysbaert & Mitchell, 1996; Duffy, Morris, &
Rayner, 1988; Konieczny, 1996, Konieczn
Hemforth, Scheepers, & Strube, 1997; Li
ersedge, 1994; Traxler, Pickering, & Clifton
1998) are the sum of fixations from the tim
when the reader first enters the region from 
left to the time when the region is first exited 
the right. In both of these measures, if the reg
is never fixated, or if it is only fixated after late

regions, the data point is excluded from the
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analysis and not counted as zero. Further an
ses including these data as zero times show
very similar pattern of results. Note that regr
sion path times always correspond to first-p
reading times if the region is first exited to t
right. However, regression path times dif
from first-pass reading times if the first e
from the region is a regression. First-pass re
ing times and regression path times will be 
ferred to as first-pass measures. In addition,
Second-Pass Reading Timesare the sum of fixa
tions made on a region after subsequent reg
have already been fixated. They do not incl
any time spent rereading the region before 
reader has gone past it. For second-pass rea
times, zero times were included in the analy
Note that second-pass times can include fi
tions that occur during regressions from the s
ond sentence.

For the purposes of analysis, the items w
divided into 10 regions. These regions follow
the self-paced reading segmentation of Exp
ment 1, except that the first critical region, wh
immediately preceded the disambiguating 
flexive in Experiment 1, was divided into two r
gions for Experiment 2. The first of these two 
gions always consisted of two words, and w
continue to be referred to as the first critical re-
gion, and the second of these regions alw
consisted of one word and will be referred to
the filler region. Thus the regions were as fo
lows:

1. The photographers

2. found (that)

3. the countess

4. who heard (that)

5. the choirboy (precritical region)

6. had really (first critical region)

7. enjoyed (filler region)

8. himself (reflexive region)

9. at the concert (spillover region)

10. in the town hall (final region)
Residual reading times were computed a
data trimming was performed as in Experime
S, AND PICKERING
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1. The residual reading time transformati
was calculated only for the first-pass times a
not for the regression path times or seco
pass reading times. Regression path tim
often include regressive fixations outside t
region of interest, where the length of that 
gion cannot be expected to play a major ro
Second path times consist solely of rereadi
and so the role of word length is also uncle
our regression analyses indicated that seco
pass reading time hardly correlates with len
(r2 5 .04), whereas length accounts for a s
stantial proportion of the variance in the firs
pass reading times (r2 5 .32). Data trimming
affected no more than 1.2% of the data in a
given measure. For the regression path t
data, the trimming procedure was conduc
separately for trials on which a first-pass 
gression was made. This is because the reg
sion path times for these trials are often cons
erably longer than nonregression trials, an
very large number of them would have coun
as extreme values if the trimming procedu
had been performed on all the data simulta
ously.

Results and Discussion

Reading times calculated according to 
three measures described above were ent
into ANOVAs. As before, the design of th
ANOVA included ambiguity and attachment 
repeated measures factors. As an initial chec
ensure that our results were not dependen
the position of the line break, we also perform
ANOVAs including line break position (Earl
vs. Late Line Break) as a within-participan
and between-items factor. However, the patt
of results was very similar across the two li
break conditions, with no significant intera
tions involving line break in any of the critica
regions. Thus analyses including this factor 
not reported.

First-Pass Measures

Means for the first-pass measures are give
Tables 2 and 3. In addition, Fig. 3 shows the
nd
nt
gression path times from the first critical to
spillover regions in graphical format.
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Low/control 12 (483) 26 (403) 259 (299) 270 (264) 217 (338) 254 (504)
In the precritical region (the choirboyin (6)),
first-pass reading times revealed an effect of
tachment which was marginal in the participa
analysis (F1 (1,31) 5 4.13, p , .06; F2(1,27) 5
7.46, p , .05), with low attached sentenc
being read more quickly than high attached s
tences. There were no other significant effect
the first-pass reading times in this region (all p’s
. .15). Note that, despite the lack of an inter
tion, the attachment effect could only have be
driven by the control conditions, as these are
only conditions to differ at this point in the se
tence. Contrast analyses support this con
sion; high attached sentences took margin
longer to read than low attached sentences in
control conditions (F1(1,31) 5 3.37, p , .08;
F2(1,27) 5 8.31, p , .01), but attachment ha
no effect in the ambiguous conditions (both F’s
, 1.7). These results could have been due to
ferences in the immediately preceding conte
leading to different eye-movement profil
among the four conditions, perhaps due to 
ferences in cloze probability. In the low contr
condition, which was read relatively quickly, th
region immediately follows a complementize
while in the other three conditions, which we
read relatively slowly, the region immediate
follows the low verb. There was, however, 
Low/control 736 (738) 456 (457) 40
at-
ts
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n-
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xt,
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regression path times; if anything, there wa
trend in the opposite direction, with a nonsign
icant tendency for low attached conditions
take longer to read than high attached conditi
(F1(1,31) 5 2.90, p , .1, F2(1,27) 5 3.53, p ,
.08). No other effects approached significanc
the regression path times (all F’s , 1.7).

The first critical region (had really) is the re-
gion where reanalysis is initially necessary in 
ambiguous conditions. A main effect of ambig
ity suggests that this reanalysis took place, w
ambiguous sentences taking longer to read 
control sentences (first-pass RT, F1(1,31) 5
6.55, p , .05; F2(1,27) 5 4.72, p , .05; regres-
sion path, F1(1,31) 5 5.99, p , .05; F2(1,27) 5
13.07, p , .01). Attachment site had no effect
either of the first-pass measures (all p’s . .1)
and the two factors did not interact significan
(all F’s , 1.8).

The only effect to reach significance in t
first pass measures in the filler region was an
teraction between attachment and ambiguity
the items analysis of the first pass reading tim
(F1(1,31) 5 3.11, p , .09; F2(1,28) 5 6.88, p ,
.05). This effect should be treated with cauti
as this short region exhibited a relatively lo
probability of first-pass fixation (82% vs. an a
erage of 94% for the other regions) and the
SYNTACTIC AMBIGUITY RESOLUTION AND RECENCY 383

TABLE 2

Trimmed Residual (and Untrimmed Raw) First-Pass Reading Times (ms) for Experiment 2

Precritical First critical Filler Reflexive Spillover Final 
Region The choirboy had really enjoyed himself at the concert in the town

High/ambiguous 86 (560) 27 (439) 257 (298) 249 (293) 4 (356) 213 (545)
High/control 81 (552) 16 (432) 243 (313) 251 (289) 21 (357) 224 (534)
Low/ambiguous 60 (535) 38 (450) 230 (328) 249 (285) 1 (359) 221 (529)
 of

hall

0)

)

evidence for a low attachment advantage in thefect was completely absent in the analysis

TABLE 3

Trimmed Raw (and Untrimmed Raw) Regression Path Times (ms) for Experiment 2

Precritical First critical Filler Reflexive Spillover Final 
Region The choirboy had really enjoyed himself at the concert in the town 

High/ambiguous 724 (728) 544 (544) 391 (421) 535 (538) 832 (832) 1086 (110
High/control 692 (692) 494 (498) 363 (416) 367 (378) 442 (452) 811 (848)
Low/ambiguous 794 (797) 531 (536) 374 (382) 379 (388) 523 (538) 842 (847
6 (413) 315 (320) 410 (420) 848 (851)
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FIG. 3. Trimmed raw regression path times with standard errors for Experiment 2: critical to spillover regions.
first-pass reading times when zero times w
included (both F’s , 1).

In the reflexive region (himself/herself) there
were clear results in the regression path tim
Regression path times showed effects of both
tachment site, with high attached sentences 
ing longer to read than low attached senten
(F1(1,31) 5 9.73, p , .01; F2(1,27) 5 9.81, p ,
.01), and ambiguity, with ambiguous senten
taking longer to read than control senten
(F1(1,31) 5 10.34, p , .01; F2(1,27) 5 19.78,
p , .001). Although the ambiguity penalty wa
greater for the high attached sentences than
low attached sentences (168 ms vs. 64 ms),
did not lead to a significant interaction betwe
the two factors (both p’s . vs .15). Planned
comparisons showed that the ambiguity dis
vantage was significant for both low attach
sentences (F1(1,31) 5 5.13, p , .05; F2(1,27) 5
5.90, p , .05) and high attached sentenc
(F1(1,31) 5 6.55, p , .05; F2(1,27) 5 8.95, p ,
.01). The results were less clear in the first-p
reading times. There was a marginal eff
of attachment, which was reliable in the parti

pants analysis only (F1(1,31) 5 4.47, p , .05;
re

es.
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F2(1,27) 5 1.22, p . .25). As in the regressio
path times, the tendency was for the high 
tached sentences to be read more slowly 
the low attached sentences. There were no o
significant effects in the first-pass reading tim
(all p’s . .09).

In the spillover region (at the concert), the
two main effects in the regression path tim
were accompanied by the critical interacti
(ambiguity, (F1(1,31) 5 19.84, p , .001;
F2(1,27) 5 20.21, p , .001; attachment
(F1(1,31) 5 9.53, p , .01; F2(1,27) 5 11.21,
p , .01 ambiguity 3 attachment, (F1(1,31) 5
5.71, p , 05; F2(1,27) 5 8.77, p , .01). The in-
teraction occurred because the ambigu
penalty was greater for the high attached s
tences than for the low attached senten
However, as in the previous region, both a
biguous conditions took longer to read th
their respective controls (high, (F1(1,31) 5
13.39, p , .001; F2(1,27) 5 16.22, p , .001;
low, (F1(1,31) 5 10.84, p , .01; F2(1,27) 5
10.07, p , .01). No effects approached signi
84 STURT, SCHEEPERS, AND PICKERING
1.1).
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the first critical region, which was found in the

3 

hall

Low/control 191 (191) 194 (194) 108 (108) 100 (103) 110 (111) 65 (67)
In the final region, the only significant effec
in the first-pass measures were for the reg
sion path times. There was a marginal inter
tion between attachment and ambiguity in t
regression path times (F1(1,31) 5 4.80, p , .05;
F2(1,27) 5 3.50, p , .08). Although the interac
tion missed significance in the items analys
contrast analyses showed that the ambiguity
fect was significant for the high attached se
tences (F1(1,31) 5 7.21, p , .05; F2(1,27) 5
6.43, p , .05), but there were no signs of an a
biguity effect for the low attached sentenc
(both F’s , 1). The regression path times al
showed a marginal main effect of ambiguity, r
liable by items only (F1(1,31) 5 3.39, p , .08;
F2(1,27) 5 4.53, p , .05), such that the ambigu
ous conditions were read more slowly than c
trol conditions.

Second-Pass Reading Time

Second-pass reading times for the analysis
gions are presented in Table 4.

From the precritical region until the reflexiv
region, people spend much more time reread
in the high ambiguous condition than the oth
three conditions. This results in significant i
teractions between ambiguity and attachmen
all regions from the precritical region to th
filler region (precritical; F1(1,31) 5 7.80, p ,
.01; F2(1,27) 5 6.54, p , .05; first critical,
F1(1,31) 5 9.56, p , .01; F2(1,27) 5 7.50, p ,
.05; filler, F1(1,31) 5 5.76, p , .05; F2(1,27) 5
8.73, p , .01) The same interaction is observ
in the reflexive region, though marginal by pa
ticipants (F1(1,31) 5 3.94, p , .06; F2(1,27) 5
5.12, p , .05). The interaction occurred becau
rereading always took longer in the high a

biguous condition than in its control conditio
s
es-
c-
e

is,
ef-
n-

-
s
o
-

-
n-

re-

ng
er
-
 in
e

d

(precritical to reflexive, all p’s , .01), but did
not take longer in the low ambiguous conditi
than its control (precritical to reflexive, all F’s ,
1.1). In addition, while the two ambiguous co
ditions differed considerably in rereading tim
from the precritical region to the reflexive (a
p’s , .01), the control conditions did not diffe
(all F’s , 1.5). On the spillover and final re
gions, the interaction disappeared complet
(all F’s , 1.7).3

The simplest interpretation of this pattern
that it reflects the differences in duration and
frequency of regressions launched from the
flexive pronoun and following regions. The e
vated second-pass reading times for the h
ambiguous condition in relation to the oth
conditions shows that this condition was mo
disrupted by regressions than the other th
This result is consistent with the regression p
time results, which also show that regressi
were particularly disruptive in the high ambig
ous condition in the regions following the r
flexive pronoun. However, unlike the regress
path times, the second-pass reading time an
ses show no evidence at all for difficulty in t
low ambiguous condition. Overall, the secon
pass reading time analyses show good evide
for a low reanalysis preference.

Summary of Results

In summary, the results of the eye-movem
measures are broadly compatible with the 
sults of Experiment 1. The garden path effec
SYNTACTIC AMBIGUITY RESOLUTION AND RECENCY 385

TABLE 4

Trimmed Raw (and Untrimmed Raw) Second-Pass Reading Times (ms) for Experiment 2

Precritical First critical Filler Reflexive Spillover Final 
Region The choirboy had really enjoyed himself at the concert in the town 

High/ambiguous 343 (347) 314 (318) 194 (195) 204 (208) 140 (141) 67 (70)
High/control 212 (213) 181 (182) 107 (108) 119 (120) 125 (125) 66 (66)
Low/ambiguous 198 (209) 194 (205) 113 (120) 118 (123) 113 (118) 93 (99)
n
The second-pass reading times on the final region result

from regressions from the second sentence.
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self-paced reading experiment, showed up
both first-pass reading times and regression 
times. The interaction between ambiguity a
attachment in the spillover region showed up
the regression path times, as in the self-pa
reading times in Experiment 1. Finally, the s
ond-pass times give additional evidence that
high ambiguous condition caused more di
culty than the other three.

The main difference between Experimen
and Experiment 2 was that in Experiment 2, 
regression path times showed that ambigu
conditions were difficult to read not only whe
the reflexive disambiguated high, but also wh
it disambiguated low, though the ambigu
penalty was greater for the high attachment c
ditions. In Experiment 1, there was evidence
difficulty only in the high attachment cond
tions, though the lack of an ambiguity 3 attach-
ment interaction at the reflexive region in th
experiment could also have been due to elev
reading times for the low ambiguous conditi
(see discussion of Experiment 1).

There are at least two possible explanati
for ambiguity cost in the regression path tim
for the low attached conditions in Experiment
The first explanation is in terms of spillover e
fects. According to this account, the ambigu
cost for the low attached conditions in the 
flexive and spillover region in Experiment 2 
related to the initial garden path effect in t
first critical region. Thus, it is possible that t
ambiguity cost for this earlier region continu
through to the later regions, elevating the re
ing times for both low and high attached a
biguous conditions. However, this spillover e
planation is difficult to reconcile with the actu
pattern of results for the low attached conditio
from the first critical region to the reflexive 
Experiment 2. Considering the regression p
times, for example, there was clear evidence
an ambiguity effect in both the first critical a
reflexive regions, but not in the intervening fil
region.

A more likely explanation is that the ambig
ity effect for the low attached conditions at t
reflexive and spillover regions is that this 
flects a new garden path effect triggered by

gender marking on the reflexive. This would b
S, AND PICKERING
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consistent with a claim that the low attachme
advantage in reanalysis is a probabilistic pref
ence rather than a purely deterministic one, w
a minority of trials exhibiting a dispreferre
high attachment in reanalysis. Effects like the
which are due to a small subset of trials, m
only be detectable with sensitive techniqu
such as eye tracking. If so, this would expla
the lack of evidence for a low attachment disa
vantage in Experiment 1. However, as me
tioned above, a probabilistic preference may
responsible for the lack of an interaction at t
reflexive region in that experiment, due to e
vated reading times for the low ambiguous co
ditions. At first sight, the results for the secon
pass times do not support the claim that the 
reanalysis preference is probabilistic, as rere
ing was never longer in the low ambiguous co
dition than in its control condition. However, 
is possible that the number of trials exhibitin
difficulty in the low ambiguous condition wa
too low for such differences to be picked up 
the second-pass reading time measure.

Differences among Eye-Movement Measures

One interesting aspect of the results conce
the differences among the eye-movement me
ures. Recall that the early garden path effec
the first critical region was established for bo
of the first pass measures, while in the later 
flexive and spillover region, the ambiguity effe
and interaction were established only in the 
gression path times. One possible explanatio
that this difference reflects rather low-level d
ferences between the two regions, such as,
example, the fact that region 6 occurs in an e
lier position in the sentence than regions 8 a
9. A more interesting (and more speculative) e
planation is that the differing eye-moveme
profiles for these two regions reflect qualitati
differences in the type of reanalysis is taki
place. In the earlier region, the type of reana
sis (an NP/S reanalysis involving moving from
noun phrase to a sentence interpretation) is r
tively easy (Sturt et al., 1999), while the type 
reanalysis in the reflexive and spillover regi
(undoing an NP/S reanalysis, finding the corr
antecedent for the reflexive, and performing

enew NP/S reanalysis in a different clause) is ob-
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viously more complex and would be predict
to cause considerable difficulty in most theor
of reanalysis difficulty (Fodor & Inoue, 1998
Gorrell, 1995; Pritchett, 1992). At first sight 
seems counterintuitive that the easier reanal
was detected in two eye-movement measu
but the harder reanalysis in only one. Howev
it is possible that regressions are more frequ
when reanalysis is hard or when more comp
grammatical inference is required to diagno
the problem (Fodor & Inoue, 1998). If these r
gressions tend to be launched soon after the
tial fixation in the disambiguating region, pro
essing difficulty may well not be detectable 
first-pass times, but would be detectable on 
regression path measure, which takes into 
count the time spent during regressions. Ea
reanalysis, on the other hand, may more of
occur while the eye remains in the disambigu
ing region, resulting in detectable differences
first-pass times.

Comprehension Accuracy

Comprehension accuracy results for the fo
conditions were high ambiguous, 79%; hi
control, 83%; low ambiguous, 85%; low co
trol, 88%. It can be seen that the descript
pattern of results resembles those of Exp
ment 1, with participants performing better 
questions about low attached and control s
tences than on their high attached and amb
ous counterparts. However, analyses of va
ance conducted on these percentages did
reveal any significant effects (all p’s . .1), ex-
cept for a main effect of attachment site in t
subjects analysis only (F1(1,31) 5 4.90, p ,
.05; F2(1,27) 5 2.66, p . .12). Numerically,
the overall comprehension accuracy appe
lower than that of Experiment 1. This was co
firmed statistically by an analysis of varian
combining the scores for the two experime
and treating experiment as an additional 
tween-participants and within-items factor. T
main effect of experiment was significa
(F1(1,62) 5 8.11, p , .01; F2(1,27) 5 8.52, p
, .01). There were no interactions invovlin
experiment or any other variable (all F’s , 1).

One explanation of this is that Experiment 2 i
cluded an extra sentence between the criti
SOLUTION AND RECENCY 387
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sentence and the question. As the question
ways related to the first sentence, the prese
of the intervening sentence could have cau
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memory interference, resulting in lower score

GENERAL DISCUSSION

The purpose of the experiments reported h
was to test the claim that a recency preference
erates in the disambiguation of reanalysis am
guities. Both experiments showed evidence 
support this claim. In the first experiment, rea
ing times in the region immediately following th
reflexive pronoun were longer for the high am
biguous condition than those of the other con
tions, which did not differ. In the same region 
Experiment 2, regression path times were lon
for the ambiguous than the control condition
and this ambiguity effect was reliably larger fo
the high conditions. The extra difficulty for th
high attached conditions is further supported 
the second-pass reading times, which show t
participants spent much longer in rereading 
reflexive and preceding regions when the s
tence was disambiguated high and was ambi
ous than in the other conditions, which did n
differ from each other. The low reanalysis prefe
ence broadly supports the claim that the type
reanalysis involved can be modeled as an atta
ment operation, which exhibits ambiguity resol
tion preferences similar to those that operate
initial ambiguity resolution (Fodor & Inoue
1998; Lewis, 1993; Sturt & Crocker,1996). How
ever, the theories which make this claim pred
the preference to be deterministic. Thus some
vision of the models would be needed if the pr
erence is actually probabilistic, as suggested
the results of Experiment 2.

The results of the present paper should 
seen in the context of earlier work by Sturt et 
(2001) and Schneider and Phillips (2001), d
cussed above, which examined sentences 
(4), repeated here for convenience:

(4) The countess who heard the choirboy had re-

ally enjoyed himself/herself at the concert

(and) organized a charity event afterward.

As mentioned above, these studies showe

calhigh attachment preference for such sentences,
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which can be interpreted in terms of a pre
ence to avoid reanalysis (Fodor & Fraz
1980). This contrasts with the low attachm
advantage seen in the present paper. Take
gether, the two sets of experiments show 
although the recency preference is gen
enough to apply to reanalysis, it also intera
with what can be interpreted as a reanal
avoidance preference. This interactive beha
is predicted by the model of Sturt and Croc
(1996): The processor attempts simpler par
operations which do not involve reanalysis 
fore more complex operations which do, 
plaining the high attachment preference for 
On the other hand, a recency preference ap
to the parsing operation required for reanaly
explaining the low attachment preference 
ported in the present paper.

As we have seen, the type of reanalysis 
sidered here is relatively simple and can ea
be modeled as an attachment operation. On
teresting question that can be addressed i
ture research is whether preferences such a
cency also apply when the reanalysis opera
involved is more complex and less obviously
sembles an attachment operation. A sec
issue that can be considered is the degre
which reanalysis is encapsulated, for exam
whether there is an initial stage of reanal
during which the information available to t
parser is highly restricted (see discussion
Sturt, Pickering, & Crocker, 2000).

The results reported in the present paper
encouraging for the feasibility of such futu
studies, as they demonstrate not only that 
tematic preferences operate in resolving rean

sis ambiguities, but also that established exp
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mental techniques can be used to study them

APPENDIX: EXPERIMENTAL ITEMS

The items for the two experiments are shown here in the
ambiguous condition. To recreate the high conditions,
place herselfwith himselfand vice versa. To recreate th
control conditions, add the word that as the last word of the
second region (high control) or the fourth region (low co
trol). Single slashes mark region boundaries for the ana
of both experiments (and the segmentation for Experim
1). Double slashes mark where the line break appeare

each item in Experiment 2 (and one of the segment bre
for Experiment 1). In Experiment 1, the line break alwa
S, AND PICKERING
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appeared between the second-last and last regions. Ex
ment 2 used shorter versions of the last two regions in it
7 and 11. The two alternatives for these items are give
parentheses (square brackets for Experiment 1, and ro
brackets for Experiment 2). The full materials for both E
periments (including the second sentence of each item)
available at http://www.idealibrary.com.

1. The social worker / saw / the foster mother / who 
cepted // the little boy / didn’t really trust / himself / at al
about anything.

2. The vicar / saw / the husband / who accepted / the c
bride // didn’t really like / herself / very much / at all.

3. The women’s refuge / accepted / the call-girl / who s
// the shy monk / had always undervalued / himself / 
much / in the past.

4. The sea captain / accepted / the cabin boy / who saw
mermaid // was always admiring / herself / with a mirro
according to the story.

5. The detectives / remembered / the woman / who rec
nised // the rapist / had clearly contradicted / himself / on
tape / before the trial.

6. The teachers / remembered / the boy / who recognis
the princess // had cleverly disguised / herself / in a hat
the event.

7. Everybody / recognised / the old lady / who remembe
// the mad uncle / had badly neglected / himself / [for yea
and years] (for many / years).

8. The congregation / recognised / the clergyman / who
membered / the duchess // had carefully educated / hers
at home / in Yorkshire.

9. The letter / mentioned / the Dutchman / who underst
/ the waitress // had really embarrassed / herself / at lun
in the restaurant.

10. The teachers / mentioned / the girl guide / who und
stood // the Frenchman / had always fancied / himself / a
/ in the past.

11. The caretaker / understood / the handyman / who m
tioned // the dinner lady / had actually confused / herself 
lot / about the fire procedures] (about the / fire procedure

12. The manager / understood / the salesgirl / who m
tioned / the workman // was now blaming / himself / for t
trouble / in the storeroom.

13. The tourists / noticed / the movie man / who discove
// the actress / was always injecting / herself / with drug
from Afghanistan.

14. The journalist / noticed / the baroness / who discover
the craftsman // had clearly deceived / himself / serious
about the issue.

15. The rescue workers / discovered / the cleaning lad

aks
ys
who noticed // the fireman / had badly burned / himself / on
the arm / above the elbow.
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16. The trainer / discovered / the batsman / who noticed /
female fan / was really enjoying / herself / a lot / during the 
match.

17. The villagers / doubted / the barmaid / who reported /
conman // had already betrayed / himself / to the press 
day before.

18. The jury / doubted / the policeman / who reported // 
prostitute / had badly hurt / herself / in the fight / outside 
pub.

19. The nosy neighbour / reported / the housewife / w
doubted / the salesman // could easily justify / himself 
anyone / about the decision.

20. The union / reported / the foreman / who doubted /
chairwoman // had fully committed / herself / to the dea
about the pay agreement.

21. The photographers / found / the countess / who he
the choirboy // had really enjoyed / himself / at the conce
in the town hall.

22. The reporter / found / the Irishman / who heard / the c
rus girl // had badly misbehaved / herself / in Paris / in 
night club.

23. The radio operator / heard / the ambulanceman / 
found // the trapped girl / had seriously cut / herself / o
nail / with a rusty point.

24. The interviewer / heard / the policewoman / who foun
the madman / had somehow hidden / himself / in a bu
near the stream.

25. The locals / recalled / the gypsy girl / who revealed /
Mafia godfather // had fatally shot / himself / in Rome / n
a warehouse.

26. The announcer / revealed / the newsgirl / who recall
the cameraman // had really distinguished / himself / at w
/ in several ways.

27. The murder investigator / proposed / the butler / who
knowledged // the housemaid / had already deceived / 
self / a lot / about the whole business.

28. The director / acknowledged / the spokeswoman / w

proposed // the chairman / needed to promote / himse

e

-

es.

M.
il-
us

-
,

Hirose, Y., & Inoue, A. (1998). Ambiguity of reanalysis in
carefully / to the clients.
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