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Effects of syntactic prominence
on eye movements during reading
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Three experiments explored whether patterns of eye movements during reading might help explain syntactic
prominence effects that are typically observed using reaction time tasks. Participants read sentences in which
target words were in syntactically prominent or syntactically less prominent positions. Across all three experi-
ments, using three types of syntactic prominence manipulations, there were fewer fixations and shorter reading
times for words in more prominent positions, indicating that enhanced accessibility of syntactically prominent
words is not caused by increased processing time. Rather, syntactic prominence appears to facilitate early
encoding/lexical access and sentence integration processes while also, as shown previously, increasing activa-
tion of concepts in a comprehender’s sentence or discourse representation. We propose that enhanced encoding
and sentence integration processes can be attributed to an increase in attentional resources for more prominent
concepts, and that this increase derives from readers’ immediate sensitivity to informational prominence contours

that are signaled by syntax.

One of the functions of a sentence’s syntactic structure
is to indicate the relative importance of referents within the
sentence. This indication of importance or prominence can
serve as “mental processing instructions” (Givon, 1992)
for a reader or listener to pay more attention to entities that
are marked as important by sentence structure. Although
there are several ways of indicating importance in spoken
and written language, including prosodic emphasis (Hiro-
tani, Frazier, & Rayner, 2006) and focus particles such as
only (Paterson et al., 2007), we will focus here primarily
on syntactic manipulations of prominence.

We use the term syntactic prominence in the same way
as did McKoon, Ratcliff, Ward, and Sproat (1993), whose
study was an important precursor to the present study.
According to McKoon, Ratcliff, et al., the idea that syn-
tax can indicate importance or salience is based on both
linguistic analyses and empirical results. On the basis of
linguistic analyses, Wilson and Sperber (1979) proposed
that, depending on the complexity of a sentence, “there is
an indefinite number of levels of prominence” (p. 306)
among the sentence’s constituents, and that these levels of
prominence can be “ordered” by syntactic structure. For
instance, they indicated that a focus structure such as an it-
cleft assigns greater prominence to constituents than does
main-clause position, which in turn assigns greater promi-
nence than does subordinate-clause position. McKoon,
Ratcliff, et al. noted that some psychological models of

discourse processing (e.g., Kintsch, 1974) have also in-
corporated the notion that concepts are “ordered in terms
of importance” (p. 594) by surface structure. The various
syntactic indicators of prominence or salience result in
heightened “status” for the more prominent sentence con-
stituents (cf. McKoon, Ratcliff, et al., 1993, pp. 594-595).
This heightened status enhances processing during lan-
guage comprehension.! In the present study, we further
explored processing differences between pairs of more
prominent versus less prominent sentence constituents.
A number of studies have shown that variations in syn-
tactic structure affect several aspects of language process-
ing. For instance, syntactic prominence enhances the speed
and accuracy of perceiving and remembering referents of
prominent concepts (Birch, Albrecht, & Myers, 2000;
McKoon, Ratcliff, et al., 1993; Singer, 1976) along with
their phonological and semantic characteristics (Birch &
Garnsey, 1995; Blutner & Sommer, 1988; Sturt, Sanford,
Stewart, & Dawydiak, 2004; Ward & Sturt, 2007). Making
information more prominent also reduces the likelihood
that readers will overlook a factual error (i.e., fall prey to
the Moses illusion; Brédart & Modolo, 1988; cf. Brédart
& Docquier, 1989) or will make an error in a proofread-
ing or letter-detection task (Moravesik & Healy, 1998).
Syntactic prominence also increases accuracy in identi-
fying false assertions (Langford & Holmes, 1979) and
facilitates inference drawing (Gergely, 1992) and other
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integration processes (Morris & Folk, 1998). Resolving
anaphors is easier when antecedent information has been
made more prominent (Foraker & McElree, 2007; Garrod
& Sanford, 1994; Klin, Weingartner, Guzman, & Levine,
2004; McKoon, Ward, Ratcliff, & Sproat, 1993).

Thus, syntactic prominence leads to a number of pro-
cessing advantages, resulting in the proposal that promi-
nent concepts have heightened activation in a compre-
hender’s sentence or discourse representation (see, e.g.,
Kintsch, 1992; Myers & O’Brien, 1998; see also Foraker
& McElree, 2007, for a discussion of different classes of
language-processing models that incorporate prominence
effects). A number of the studies indicating heightened
activation of prominent concepts have involved measur-
ing effects following the presentation of prominent or less
prominent information, such as with probe recognition,
lexical decision, or anaphor resolution. In the present
study, we focused on the initial processing of prominent
versus less prominent concepts themselves, which Morris
and Folk (1998) referred to as “direct effects.” In particu-
lar, we addressed the question of whether the heightened
activation of prominent information that was found in pre-
vious studies is related to differences in the way prominent
information is encoded in the first place.

A number of studies seem to indicate that prominent
information itself is processed more quickly. For instance,
Carpenter and Just (1977) used cleft sentences to manip-
ulate prominence and found that readers directed their
gaze to pictures of focused referents prior to directing it
to nonfocused referents and were faster to identify incon-
sistencies involving the focused referents. Langford and
Holmes (1979) found that readers were faster to verify
false assertions in focused (clefted or pseudoclefted) por-
tions of sentences, suggesting that prominence speeded
processing. In a more direct comparison of encoding times
using eye movements, Morris and Folk (1998) found no
effect of focus (it-clefting) on first-pass reading time but
found shorter total reading times and fewer regressions
to focused items. They argued that their results indicate
that focus does not affect lexical access but does facili-
tate text-integration processes for the prominent concepts.
Ward and Sturt (2007) also measured eye movements but
found no direct processing differences for words focused
by a context question. They did find that a region prior
to the target word was read faster in the focus condition;
however, they pointed out that this result may have arisen,
at least in part, because of repetition of a word from the fo-
cusing question. In the auditory domain, Cutler and Fodor
(1979) found that listeners were faster to identify a target
word’s initial phoneme when that word had been placed in
focus by a question preceding the target sentence.

Results from other studies seem to indicate that promi-
nent information is processed more carefully or takes lon-
ger to process. Indeed, increased processing for prominent
information would seem to be predicted by some theories
of text processing, such as Kintsch’s (1992) update of the
construction—integration model (Kintsch, 1988), in which
more prominent information has an increased likelihood
of remaining in short-term memory over successive cycles
of processing. McKoon, Ratcliff, et al. (1993) also sug-

gested that increased prominence leads to increased at-
tention, which is likely to be manifested in increased pro-
cessing time. In their studies of focusing structures such
as it-clefts, Engelkamp and Zimmer (1982) proposed that
prominent (new or focused) information “attracts more
attention and is processed with greater intensity than the
given information” (p. 465). They cited results from Zim-
mer and Engelkamp (1981) in support of this proposal,
since comprehenders in that study spent more time look-
ing at referents of information focused by iz-clefts. As
with the Carpenter and Just (1977) study cited previously,
however, viewing time was for pictures presented imme-
diately after the target concepts were presented, so the evi-
dence for greater processing time was indirect. Increased
accuracy in error detection is also consistent with more
careful processing of prominent information (Brédart &
Modolo, 1988; Moravcsik & Healy, 1998), but, again, the
measure of processing time in these studies was somewhat
indirect. Scinto (1978) did directly measure fixation dura-
tions of new and given information in text (in this case,
a fable by Aesop). He found that fixations were longer
for new information. His results thus suggest that, to the
extent that new information is more prominent than given
information, information prominence is associated with
increased processing time. However, the given and new
regions of information were not equated (e.g., in terms of
word frequency, repetition, or syntactic position), so these
results must be interpreted with caution. Finally, Birch
and Rayner (1997) also found increased fixation times for
focused words (using it-clefts, there-insertion, and focus
questions) in two experiments, but primarily in second-
pass rather than first-pass reading measures. First-pass
reading times were longer only when an entire phrase was
focused, rather than when a single word was, and only in
Experiment 2, in which focus was manipulated by a ques-
tion preceding the target sentence.

Thus, the evidence is conflicting as to whether compre-
henders spend less or more time on the direct processing
of prominent concepts than on the direct processing of less
prominent concepts. The basic goal of the present study
was to provide additional evidence on this question using
eyetracking measures. A second goal of the study was to
extend the study of direct processing effects to alterna-
tive syntactic manipulations of prominence. Most previ-
ous studies of direct processing effects used specialized
linguistic focus devices, such as cleft structures, there-
insertion, or focus questions. For the present study, we
began (Experiments 1 and 2) with relatively more subtle
manipulations of prominence involving small changes in
syntactic position of target concepts, as opposed to the
addition of focusing phrases or sentences. The syntactic
manipulations in these two experiments were the same
as those used by McKoon, Ratcliff, et al. (1993) in their
study of the effects of syntactic prominence on memory
accessibility. In Experiment 3, we returned to the use of fo-
cusing phrases (cleft structures and there-insertion) to ma-
nipulate prominence. The manipulation in Experiment 3
thus followed the approach in Birch and Rayner (1997)
and Morris and Folk (1998), except that our nonpromi-
nent condition was modified (additional details about
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each type of prominence manipulation will be provided in
the introductions to the individual experiments). We thus
compared the direct processing of prominent versus less
prominent constituents across the experiments using three
types of syntactic prominence manipulations.

In spite of the conflicting evidence on effects of promi-
nence on eye movements, we did begin our study with a
clear expectation. This expectation arose in part out of
McKoon, Ratcliff, et al.’s (1993) study showing height-
ened accessibility of prominent concepts in both the
short- and longer-term memory representation of dis-
courses. They proposed that this increased accessibility
likely arose from the translation of increased attention
into increased processing during reading. In addition, our
previous study of focus effects on eye movements (Birch
& Rayner, 1997) seemed to support the notion that promi-
nent information received more attention or longer pro-
cessing during reading. We thus predicted in the present
Experiments 1-3 that eyetracking measures would reveal
longer processing times for prominent concepts than for
less prominent concepts.

EXPERIMENT 1

In Experiments 1 and 2, we adopted the prominence
manipulations—indeed, the very passages—utilized
in McKoon, Ratcliff, et al.’s (1993) study of syntactic
prominence effects. McKoon, Ratcliff, et al. described
two syntactic variables that had been previously shown
in linguistic analyses to affect the perceived prominence
of constituents, and they developed their materials around
them. The first, which they used in their Experiments 1-3,
was used in our Experiment 1. This manipulation was
based largely on work by Wilson and Sperber (1979), who
discussed a number of syntactic forms that can “assign”
differing degrees of importance to the constituents of
sentences. Among the forms that they described as order-
ing prominence was position within a main clause versus
within a modifying phrase. Wilson and Sperber argued
that when two propositions are each expressed in separate
main clauses (e.g., This book is boring, and it is expen-
sive), the propositions are “naturally interpreted” to be
“separate but equal pragmatic points” (p. 306). When one
is expressed as a phrase (e.g., this boring book), however,
it is “clearly subordinate” to the main-clause proposition.
These examples come from Wilson and Sperber.

On the basis of Wilson and Sperber’s (1979) analysis,
McKoon, Ratcliff, et al. (1993) developed discourses in
which a target concept varied according to whether it was
within a main clause or within a modifying phrase. In Ex-
ample 1 below, for instance, demanding is more salient or
prominent when in a main clause (Version A) than when
in a prenominal position (Version B):

1. George is having second thoughts about his new

job.

A. His critical boss is demanding at times.
versus

B. His demanding boss is critical at times.

George is thinking of quitting.

(Likewise, when critical is in the predicate position, as
in Version B, it is more prominent than when it is pre-
nominal, as in Version A.) McKoon, Ratcliff, et al. pre-
sented discourses such as these and found faster probe
recognition times for target words in the predicate than in
the prenominal position. We presented readers with these
discourses in order to compare eye movement patterns for
the prominent and nonprominent concepts.

Method

Participants. The participants were 32 University of Massachu-
setts students participating for course credit or pay. All had normal
or corrected-to-normal vision.

Materials and Design. There were two sets (A and B) of 24 pas-
sages, each of which consisted of three sentences. The second sen-
tence in each passage was the critical sentence, in which prominence
of target concepts was manipulated, on the basis of whether they
appeared in the predicate (prominent) or prenominal position. Each
target appeared in both the prominent and nonprominent versions
so that comparisons between the two were of the same words, but
the two versions of each target word were placed on separate lists.
Set A and Set B passages differed only according to which target
words were in which position in the second sentence. In Example 1,
for instance, demanding was in the prominent position and critical
was in the nonprominent position in Set A, whereas critical was in
the prominent position and demanding was in the nonprominent
position in Set B. Each target word appeared only once on each list
(in prominent position for half the participants and in nonprominent
position for the other half), and each participant read only one list.
There were 72 two-sentence filler passages that differed in pattern
from the experimental sentences.

Apparatus and Procedure. Each participant was seated in front
of a Sony Trinitron 1302 video monitor, with his or her mouth rest-
ing on a bite bar to eliminate head movements. Eye movements were
monitored via a Fourward Technologies Dual Purkinje Generation V
eyetracker. The eyetracker had a resolution of less than 10" of arc
and was interfaced with an Epson Equity III computer, which con-
trolled text presentation. Participants read 6 warm-up passages and
then 96 experimental and filler passages. In this experiment and
the two subsequent experiments, the sentences making up the pas-
sages appeared in standard passage format (i.e., all sentences were
presented together at one time, without each sentence beginning a
new line). Participants read each passage at their own pace while the
movements of their right eye were monitored by the eyetracker. They
pushed a lever on a response box after reading each item. Following
approximately 25% of the trials, there was a comprehension ques-
tion to which participants answered yes or no by pressing different
levers. All participants answered these questions accurately 85% of
the time or more. The experiment lasted approximately 40 min.

Results

A number of eye movement measures were computed
for the target words in the prenominal versus predicate
(prominent) position. Measures are reported for the target
region only, because all other regions of the passages in
the different conditions were identical. Specifically, we
examined first-fixation time (i.e., the duration of the first
fixation on the target word) and gaze duration (the sum of
all fixations on the target word prior to an eye movement
out of the region) as measures of initial processing. These
measures are thought to largely indicate processes such
as perceptual encoding and lexical access (see Ehrlich &
Rayner, 1983; Rayner, 1998, 2009), though they can also
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be influenced by nonlexical factors (Rayner, 2009). We
also examined the percentage of regressions out of the tar-
get region, the percentage of regressions into the region,
total number of fixations, second-pass time, and total read-
ing time as measures of higher level processes (Ehrlich
& Rayner, 1983; Rayner, 1998, 2009). These measures
are thought to largely reflect integration of a target region
with other parts of the sentence and within the reader’s
discourse model.2 First-fixation times, gaze durations,
and total reading times excluded trials for which there
were no first-pass fixations; second-pass times included
nonregressions as 0-msec durations in means. Regressions
out indicated the percentage of trials in which one or more
first-pass fixations in the region were immediately fol-
lowed by a fixation to an earlier point in the sentence, and
regressions in indicated the percentage of trials in which
one or more fixations in the region were preceded by a
fixation in a later region of the sentence. Fixations less
than 100 msec or greater than 1,000 msec (outliers) were
eliminated. For both the initial-processing and integra-
tion measures of eye movements, we calculated means for
each condition by participants and by items and computed
participant (¥) and item (F,) ANOVAs.

Initial ANOVAs indicated that item set generally did
not interact with prominence; in the one measure where it
did interact, regressions out, the effect of prominence was
simply more pronounced for one of the item sets. Thus, we
report means collapsed across item sets for all measures.
Results are shown in Table 1. First-fixation time, gaze du-
ration, total reading time, and total number of fixations
were all significantly greater in the nonprominent condi-
tion (when the adjective was in prenominal position) than
in the prominent (predicate) condition. For first-fixation
time, the effect of prominence was significant [F;(1,31) =
13.43, p < .001; F5(1,23) = 11.04, p < .01]. The same
result occurred for gaze duration [F(1,31) = 154, p <
.001; F5(1,23) = 20.1, p < .001]. Thus, prominent con-
cepts were read more quickly for both early processing
measures.

The remaining measures largely reflected integra-
tion processes. For total reading time, the effect of
prominence was significant [F(1,31) = 22.8, p < .001;
F5(1,23) = 18.8, p < .001]. For total number of fixations,
the effect of prominence was significant by participants
[F1(1,31) = 4.7, p < .05] and marginally significant by
items [F5(1,23) = 3.9, p = .06]. For the remaining eye-

tracking measures, there were no effects of prominence
[regressions out, F|(1,31) = 1.9, F5(1,23) = 1.9; regres-
sions in, all F's < 1; second-pass time, all F's < 1]. Thus,
on the basis of total reading time and number of fixations,
prominent concepts were integrated into the discourse
model more quickly than were less prominent concepts.

Discussion

Experiment 1 indicated that readers had shorter first-
fixation times, gaze durations, and total reading times and
made fewer total fixations on modifiers that were in the
predicate position (e.g., critical in boss is critical) than
on those same words when they were prenominal modi-
fiers (e.g., critical in critical boss is). These results in-
dicate, contrary to our original expectation, that readers
processed the prominent modifiers more easily than the
nonprominent modifiers. Indeed, given that both early
measures of reading (first-fixation time, gaze duration)
and late measures (total reading time, total number of
fixations) showed this effect, the results suggest that
both encoding and integration processes are facilitated
for prominent words. Additional implications of encod-
ing and integration effects will be discussed following the
reports of Experiments 2 and 3.

As in any eyetracking study, it is important to assess the
extent to which eye movements might have been affected
by certain low-level differences between conditions. For
instance, differences in context for the prominent and
nonprominent conditions might have differentially af-
fected the probability of skipping the target region. To
assess this possibility, we compared the probability of
fixating the prominent and nonprominent targets; the rate
of fixation was high and did not differ between condi-
tions (.94 for both). A potential problem with the materi-
als in the present study that might affect eye movements
is the covariance of prominence with sentence position.
As McKoon, Ratcliff, et al. (1993) acknowledged, the
prominent concept was always closer to the end of the
second sentence in the discourses from their study, which
we used here. Although the prominent concept was never
the final word in the critical sentences (which should have
prevented wrap-up processes from affecting the times for
the target words), it is still possible that nearness to the
end of the sentence affected eye movements. Note that
to the extent that wrap-up processes might indeed begin
slightly prior to sentence-final position, and thus affect the

Table 1
Time (in Milliseconds), Number of Fixations, and Percentage of Regressions
(With Standard Deviations) by Prominence Condition in Experiment 1

First- Total Total
Fixation Gaze Regressions ~ Regressions  Second-Pass Number of Reading
Prominence Time' Durationt Out In Time Fixations’ Timef
Condition M SD M SD M SD M SD M SD M SD M SD
Prenominal
(e.g., critical boss) 288 39 39 87 13.02 16 1502 13 6484 86 166 041 468 120
Predicate/prominent
(e.g., boss is critical) 271 44 352 80 9.60 1348 12 5960 62 1.60 035 416 108

Note—Target word in italics.  fSignificant effect of prominence.
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target word when in the prominent (predicate) position,
the most likely result would be an increase in number or
duration of fixations (Rayner, 1998). The opposite effect
was found for prominent target words, so early sentence
wrap-up processes are unlikely to explain our results. It
could be, however, that proximity to the beginning of the
line rather than prenominal position per se produced in-
creased processing times for the nonprominent condition.
Because fixation durations following return saccades tend
to be longer than those that do not follow return saccades
(Rayner, 1998), longer processing times could occur for
constituents just because they are very near the beginning
of a line. For most of the passages in Experiment 1, the
prenominal modifier was the second word on the second
line, a position that could have led to increased processing
times. Therefore, it would be useful to replicate the effects
found in Experiment 1 for prominent and nonprominent
targets located in alternative sentence positions. This was
accomplished in Experiment 2.

Another potential problem with the materials in Experi-
ment 1 is that predicate and prenominal adjectives might
receive differential processing in reading for reasons other
than a difference in syntactic prominence. For instance,
perhaps the parsing process differs for predicate and pre-
nominal adjectives because of their different positions
with respect to the head noun that they modify. In particu-
lar, the prenominal adjectives in Experiment 1 may have
had longer encoding and integration times because they
were processed together with the head noun that imme-
diately followed them. Given that the average target-word
length was 7.9 letters (range of 4 to 13), it seems unlikely
that readers would have generally fixated the adjective
and noun at the same time. For shorter adjectives (e.g.,
rich, inane), however, readers may well have done so in
the prenominal condition. In any case, it would be use-
ful to replicate the effects observed in Experiment 1 with
materials in which prominence is varied not by predicate
versus prenominal position of an adjective but by an alter-
native variation of syntactic roles. Thus, in Experiment 2,
prominent and nonprominent targets varied from those in
Experiment 1 not only with respect to sentence location
and proximity to the beginning of a line but also with re-
spect to the types of syntactic role they filled.

EXPERIMENT 2

In Experiment 2, we employed the syntactic variation of
salience used in McKoon, Ratcliff, et al.’s (1993) Experi-
ment 4. Unlike in the present Experiment 1, where target
words were adjectives in pre- and postnominal positions,
targets in the present experiment were noun phrases with
differing roles within a proposition. The syntactic variation
involved different relationships of an argument to a verb.
As McKoon, Ratcliff, et al. pointed out, work in functional
syntax (e.g., Anderson, 1971) has shown that arguments in
certain syntactic positions are more “affected” by the verb
than are arguments in other positions. McKoon, Ratcliff,
et al. specified that “the more affected a discourse entity is
by the action of the verb as indicated by its syntactic posi-
tion relative to the verb, the more prominent or salient will

be its position in the discourse model” (p. 595). According
to Anderson’s analysis, an argument in the direct-object
position is more affected by the verb than is an argument
in the indirect-object position.? Accordingly, McKoon,
Ratcliff, et al. developed materials for use in their probe
recognition task in which noun phrases varied according to
whether they were in the direct-object versus indirect-object
position. In Example 2 below, Ais trunk is more prominent
when in the direct-object position (Version A) than when in
the indirect-object position (Version B):

2. Rex had lost his favorite marble.

A. He made his father move his trunk onto his
dresser right before bedtime.

VErsus

B. He made his father move his dresser onto his
trunk right before bedtime.

His marble was not under the furniture.

(Likewise, his dresser is more prominent in Version B
than in Version A.) McKoon, Ratcliff, et al. found that
probe recognition times were faster for the targets in the
direct-object position, providing empirical support for
Anderson’s analysis. In the present experiment, we mea-
sured readers’ eye movements as they read discourses
such as these in order to assess encoding effects for this
prominence manipulation. Unlike in Experiment 1, the
prominent condition came earlier in the sentence than did
the nonprominent condition. Thus, the passages in this
experiment enabled us to assess whether the effects of
prominence observed in Experiment 1 arose from prox-
imity to either end of the sentence. Also, in Experiment 2,
the target concepts were noun phrases (NPs) rather than
single-word modifiers, allowing enhanced generalizabil-
ity of the prominence effects in Experiment 1.

Method

Participants. The participants were 24 University of Massa-
chusetts students participating for course credit or pay. Each had
normal or corrected-to-normal vision and had not participated in
Experiment 1.

Materials and Design. The experimental materials were 28
passages from McKoon, Ratcliff, et al. (1993). There were two sets
(A and B), each of which consisted of three sentences. The second
sentence in each passage was the critical sentence, in which promi-
nence of target concepts was manipulated, on the basis of whether
they appeared as the direct (prominent) or indirect object of the
verb. Each target appeared in both versions, on separate lists. In
Example 2, for instance, Ais trunk was in the prominent position
and his dresser was in the nonprominent position in Set A, whereas
his dresser was in the prominent position and his trunk was in the
nonprominent position in Set B. The determiners (e.g., his) were
included in the measured target regions for this experiment. Each
target appeared only once on each list (in prominent position for half
the participants, in nonprominent position for the other half), and
each participant read only one list. Filler passages were 72 three- or
four-sentence discourses that departed from the pattern of the ex-
perimental passages.

Apparatus and Procedure. The apparatus and basic procedure
were the same as those in Experiment 1. Participants read 6 warm-
up items and then 100 experimental and filler items. They read each
item at their own pace while the movements of their right eye were
monitored by the eyetracker. They pushed a lever after reading each
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item. Following approximately 25% of the trials, there was a com-
prehension question to which participants answered yes or no by
pressing a lever on the response box; all participants achieved at
least 85% accuracy on these questions. The experiment lasted ap-
proximately 45 min.

Results

We compared the number and duration of fixations on
the direct-object (prominent) position with those on the
indirect-object position (e.g., his dresser and his trunk in
Example 2). As in Experiment 1, we report measures for
the target region (two words, in this case), including mea-
sures that largely reflect encoding or lexical access (first-
fixation and first-pass reading times?*) and measures that
largely reflect integration processes (regressions out, re-
gressions in, total number of fixations, second-pass time,
and total reading time). Fixations less than 100 msec or
greater than 1,000 msec were eliminated, and means for
each condition were calculated for use in participant and
item ANOVAs. The results, collapsed across item sets,
are shown in Table 2. First-pass times, total reading times,
and total number of fixations were significantly greater
in the nonprominent condition than in the prominent
condition.

Unlike in Experiment 1, there was no effect of promi-
nence on first-fixation time (F; = 1.5, F, < 1); however,
the effect of prominence was significant for first-pass
reading time [F(1,23) = 9.1, p = .006; F»(1,27) = 10.9,
p = .003]. For total reading time, the effect of prominence
was significant by participants [F(1,23) = 5.4, p = .03]
and marginally significant by items [F»(1,27) =3.1,p =
.09]. For total number of fixations, the effect of promi-
nence was significant by participants [F;(1,23) = 8.1,
p = .009] and by items [F»(1,27) = 5.1, p = .03]. For
the remaining measures, there were no significant effects
of prominence (regressions out, F's < 1; regressions in,
Fs < 1; second-pass times, ', = 2, p = .17; F, = 2.7,
p=_.11).

Discussion

In Experiment 2, readers spent less time on first-pass
and total reading and made fewer total fixations on NPs
that were in the direct-object position than on these same
NPs when they were in the indirect-object position. These
results essentially replicate the finding from Experiment 1
that readers needed less time to process prominent constit-

uents. Although the effect of prominence did not replicate
the result from Experiment 1 for first-fixation times, the
effect for first-pass reading suggests that encoding and/or
lexical access was faster for prominent constituents. The
prominence effects for total reading time and total number
of fixations suggest that integration processes were also
easier for the prominent constituents. Since the prominent
position for the passages from Experiment 2 was relatively
closer to the beginning of the sentence (whereas it was
closer to the end for Experiment 1), proximity to either
end of the sentence is unlikely to explain the results. That
is, the results are not consistent with the sentence wrap-up
and return-saccade explanations previously described. As
in Experiment 1, the probability of fixation was similar
for the prominent and nonprominent targets in Experi-
ment 2 (.97 and .96 for prominent and nonprominent tar-
gets, respectively). Thus, the observed effects also seem
unlikely to be attributable to differences in skipping rates
for the target regions.

Results from Experiments 1 and 2 thus indicate that for
both types of syntactic manipulations used by McKoon,
Ratcliff, et al. (1993)—predicate versus prenominal posi-
tion and direct- versus indirect-object position—promi-
nent concepts were encoded and integrated more quickly
during reading. This pattern of results is opposite to what
we expected on the basis of proposals in Kintsch’s (1988,
1992) and McKoon, Ratcliff, et al.’s discussions of dis-
course processing. Moreover, the results are not consistent,
at least not fully so, with previous studies of the effects of
prominence on eye movements. For instance, in our previ-
ous study of focus effects on eye movements, second-pass
reading times were longer for prominent concepts when
it-clefts and there-insertion were used to convey promi-
nence (Birch & Rayner, 1997, Experiment 1; cf. Scinto,
1978). Our present results are consistent with those of
Morris and Folk (1998), but only for total reading time,
not for first-pass reading time. That is, our Experiments 1
and 2 support the conclusion from Morris and Folk that
prominent concepts are integrated into a discourse repre-
sentation more quickly but, unlike their results, ours also
indicate that prominent concepts are encoded or accessed
more quickly in the first place.

One possible source of divergence between the pres-
ent and previous studies of direct-processing effects is
the nature of the prominence manipulations. With the
exception of Scinto (1978), whose materials were prob-

Table 2
Time (in Milliseconds), Number of Fixations, and Percentage of Regressions
(With Standard Deviations) by Prominence Condition in Experiment 2

First- Second- Total Total
Fixation First-Pass Regressions ~ Regressions Pass Number of Reading
Prominence Time Timet Out In Time Fixations’ Timef
Condition M SD M SD M SD M SD M SD M SD M SD
Direct object/prominent
(e.g., move his trunk) 284 33 401 54 10.92 9 1225 12 586 53 1.80 03 490 74
Indirect object
(e.g., onto his trunk) 280 33 435 68 8.90 0 1180 11 731 73 195 04 528 106

Note—Target phrase in italics.

fSignificant effect of prominence.
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lematic, the previous eyetracking studies of prominence
effects involved the use of focusing devices. In Birch and
Rayner (1997), we used focusing phrases, it-clefts and
there-insertion (Experiment 1), and focus questions (Ex-
periment 2) to place a word or phrase in focus. Morris
and Folk (1998) used ir-clefts, and Ward and Sturt (2007)
used context questions to manipulate focus. According to
Wilson and Sperber’s (1979) analysis, focusing devices
per se indicate prominence more clearly than do differ-
ences in syntactic position such as predicate versus pre-
nominal modifier. Thus, it may be the case that the lack
of complete correspondence between the present and
previous eyetracking studies of prominence arises from
our use of prominence manipulations that are subtler than
focusing phrases. This possibility was assessed in Experi-
ment 3, in which we used focusing phrases to manipulate
prominence.

The difference in type of syntactic manipulation is un-
likely to be the only source of divergent results between
the present and previous studies, however, since the results
from eyetracking experiments on focus effects already di-
verged. A possible source of the divergent results among
the previous studies is the nature of the nonfocus or non-
prominent conditions with which the focus conditions
were compared. Analysis of materials from the previous
eyetracking studies suggests that additional differences
between the comparison conditions besides the presence
versus absence of a focusing device may have led to dif-
ferential outcomes. In Birch and Rayner’s (1997) Experi-
ment 1, the nonfocus condition consisted of sentences that
not only eliminated the itz-cleft or there-insertion phrases
from the focus condition but also served to “bury” the tar-
get word to further reduce its prominence. In Example 3,
for instance, suburb is focused in Version A and is de-
emphasized in Version B:

3. A. Itwasthe suburb thatreceived the most damage
from the ice storm.

VErsus

B. Workers in the suburb hurried to restore power
after the ice storm.

In Birch and Rayner’s Experiment 2 and in Ward and
Sturt (2007), focus was manipulated by a prior context
sentence that contained an explicit (Birch & Rayner,
1997) or embedded (Ward & Sturt, 2007) question that
focused a target word or phrase. For both experiments, the
comparison condition was not the lack of any question,
but rather an alternative question that focused a different
target word or phrase. In some cases, the focus and nonfo-
cus questions also differed in the presence versus absence
of a word that was repeated in the target sentence. For
instance, in Example 4, taken from Ward and Sturt, seat is
contained in both the question and the target sentence in
the focus condition (Version A, which focuses the target
word exif), but it is only in the target sentence in the non-
focus condition (Version B):

4. A. I couldn’t decide which seat to take at the
theatre.

VErsus

B. I couldn’t decide whether I liked the new the-
atre layout.

I hoped the seat by the exit would give me a good
view.

(Note, too, that word repetition occurred in the nonfo-
cus condition but not in the focus condition in Scinto’s
[1978] materials.) Finally, in Morris and Folk’s (1998)
experiment, the nonfocus condition involved not only the
removal of the it-cleft preceding the target word, but also
the presence of a subordinate clause and the presence of
an it-cleft preceding an alternative word. For instance, in
Example 5 below, taken from Morris and Folk’s materi-
als, the target concept waiter is focused by an it-cleft in
Version A and is placed in a subordinate clause for the
nonfocus condition (Version B):

5. A. It was the waiter who watched while the ac-
countant balanced the ledger a second time.

VErsus

B. While the waiter watched, it was the accountant
who balanced the ledger a second time.

On the basis of Wilson and Sperber’s (1979) analysis, con-
cepts in subordinate-clause positions are less prominent
than those in main-clause positions, so it would seem that
waiter in Version B is not only removed from the explicit
focus position but is also relatively de-emphasized by
placement within a subordinate clause.

Thus, in each of the previously described eyetracking
studies of prominence effects, there were additional dif-
ferences between comparison conditions—besides the
presence versus absence of a focusing device—that may
have contributed to differential outcomes. Support for this
proposal comes from results of a previous probe recog-
nition study that explicitly tested whether differences in
nonfocus comparison conditions could produce different
outcomes. Birch et al. (2000) compared focus conditions
(it-cleft or there-insertion) with two types of nonfocus
conditions. One nonfocus condition was similar to that
in Birch and Rayner’s (1997) Experiment 1, in which the
target concept was syntactically de-emphasized; the other
was a “neutral” condition that was identical to the focus
condition except for the removal of the focus phrase. Ex-
ample 6 shows the target word mayor in the focus (Ver-
sion A), nonfocus (Version B), and neutral (Version C)
conditions:

6. A. It was the mayor who refused to answer a re-
porter’s question.

B. The reporter’s question to the mayor was not
answered.

C. The mayor refused to answer a reporter’s
question.

Birch et al. found that when immediate probe recogni-
tion was the dependent measure, response times to mayor
were faster for the focus condition only when compared
with the nonfocus condition, not when compared with the



PROMINENCE EFFECTS ON EYE MOVEMENTS 747

neutral condition.6 In fact, immediate probe recognition
times were faster for targets in the neutral condition than
for those in the nonfocus condition as well, indicating an
inhibitory effect of syntactic de-emphasis. These results
support the possibility that additional differences between
prominent and nonprominent conditions—besides the use
of a focusing phrase—affected direct processing times in
previous eyetracking studies of prominence effects.

The foregoing discussion indicates the need to assess
direct processing effects of focus using a neutral nonfocus
comparison condition such as the one shown in Version C
in Example 6. Experiment 3 provides this assessment. Ad-
ditionally, the use of focus—nonfocus comparison condi-
tions such as those exemplified in Versions A and C in
Example 6 allows an additional validity test for the prom-
inence effects observed in Experiments 1 and 2. Even
though the effects replicated across two types of syntactic
prominence manipulations (involving different sentence
positions for the prominent concepts), it could be argued
that role differences between conditions affected process-
ing times for concepts in these experiments. That is, per-
haps encoding or integration effects differ for predicate
versus prenominal adjectives or for direct versus indirect
objects because of parsing differences that are not directly
attributable to syntactic prominence. Therefore, a com-
parison in which the target word’s role is held constant be-
tween the prominent and nonprominent conditions would
be useful. This type of comparison was also afforded by
Experiment 3.

EXPERIMENT 3

Three primary goals for Experiment 3 emerged from the
preceding discussion. The first was to determine whether
the faster encoding and integration effects observed for
prominent concepts in Experiments 1 and 2 could be rep-
licated using explicit focusing phrases as the prominence
manipulation. Second, we wanted to use a nonfocus con-
dition that differed from the focus condition only by the
removal of the focusing phrase, not by a shift of focus
to alternative words or by syntactic de-emphasis of tar-
get words, as was done in previous eyetracking studies.
Finally, we also wanted to use target words that held the
same role in the prominent and nonprominent conditions,
to assess whether the effects observed in Experiments 1
and 2 could be attributable to role differences between the
conditions.

Experiment 3 consisted of two subexperiments, Exper-
iment 3A and 3B.7 For our present purpose of assessing
direct effects of prominence on encoding and integration
processes, Experiments 3A and 3B provided two tests of
the same prominence manipulations—namely, it-clefts
and there-insertion. According to Wilson and Sperber’s
(1979) work on the ordering of syntactic structures, such
focusing devices are particularly compelling indicators
of prominence. Indeed, the focus of a sentence as marked
by such structures as it-clefts and there-insertion has been
defined as the most important and most emphasized (i.e.,
the most prominent) constituent in the sentence (Halli-
day, 1967; Rochemont & Culicover, 1990). Accordingly,

the focus structures that were used in Experiment 3 may
be stronger indicators of prominence than are main-
clause (Experiment 1) or direct-object (Experiment 2)
position.

In both Experiments 3A and 3B, for both types of focus
devices, the nonfocus condition was similar to the neutral
condition illustrated in Example 6, Version C. In Exam-
ple 7 below (which shows a passage from Experiment 3A),
the target word landlady is made more prominent in Ver-
sion A via it-clefting than in the neutral nonfocus condi-
tion in Version B:

7. The tenants at the complex were sick and tired of
all the noise coming from #204.

A. It was the landlady who confronted the woman
who lived there.

Versus

B. The landlady confronted the woman who lived
there.

She evicted the woman finally, to everyone’s
relief.

Using discourses such as these, Birch et al. (2000) found
evidence for enhanced accessibility of and memory for
targets in the focus relative to the neutral nonfocus condi-
tion, as measured by sentence-continuation and delayed
probe recognition tasks. In Experiments 3A and 3B, we
measured readers’ eye movements to determine whether
there were encoding differences for the two conditions.

Method

Participants. The participants were 24 University of Massachu-
setts students participating for course credit or pay. Each had normal
or corrected-to-normal vision and had not participated in Experi-
ment 1, but all had participated in Experiment 2.

Materials and Design. In both Experiments 3A and 3B, there
were two versions each of 24 passages (many of which were derived
from Garrod, Freudenthal, & Boyle, 1994). Each passage consisted
of'three to four sentences of varying lengths. Example 7 above shows
a passage from Experiment 3A, and the following Example 8 shows
a passage from Experiment 3B:

8. A couple was having a romantic anniversary dinner. Unfor-
tunately, the staff at the restaurant were rude and clumsy.

A. There was this waitress who spilled wine on the wife's
dress.

versus
B. A waitress spilled wine on the wife's dress.

She complained loudly and asked for the manager.

As illustrated in both examples, the second or third sentence of
each passage introduced two characters (typically of the same gen-
der). The first or primary character (e.g., landlady in Example 7) was
introduced within a syntactic focusing structure (either there was
this or it was) in the prominent condition (Version A). This character
was introduced with a determiner (a, an, or the) in the nonprominent
condition. The secondary character (e.g., woman in Example 7) was
never introduced with a focusing phrase. The next sentence contained
a pronominal reference to one of the two characters in the preced-
ing sentence. In Experiment 3A, the pronoun referred to the primary
character from the antecedent sentence (landlady in Example 7). In
Experiment 3B, the pronoun referred to the secondary character (wife
in Example 8). Because the primary and secondary characters were
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typically of the same gender, the reference needed to be inferred from
the verb that followed the pronoun; this verb was consistent with the
actions of the primary character in Experiment 3A and consistent with
the actions of the secondary character in Experiment 3B. There were
no other differences in type between the two sets of materials; for our
present purposes, the two sets of materials afforded an opportunity
to replicate the effects of focus on the target words across the two
subexperiments. As in Experiments 1 and 2, each target (the primary
character in the penultimate sentence) appeared in both the focus and
nonfocus versions, but on separate lists, and each participant read
only one list. Unlike in Experiment 2, determiners were excluded in
the measured target regions for this experiment.

In addition to the experimental passages, there were 76 filler pas-
sages (28 of which were the passages from Experiment 2), all of
which were three sentences long, and none of which contained syn-
tactic focusing phrases or ambiguous pronouns.

Apparatus and Procedure. The apparatus and procedure were
the same as those in Experiments 1 and 2. Participants read 6 warm-
up items and then read the 100 experimental and filler items. They
read each item at their own pace while their right eye movements
were monitored by the eyetracker. They pushed a lever after reading
each item and answered a comprehension question when it appeared
(after approximately 25% of the passages). All participants achieved
at least 85% accuracy on these questions.

Results

We compared number and duration of fixations on fo-
cused versus nonfocused target words (e.g., landlady in
Example 7). As in Experiments 1 and 2, we report mea-
sures largely reflecting encoding or lexical access (first-
fixation time and gaze duration) and measures largely
reflecting integration processes (regressions out, regres-
sions in, total number of fixations, second-pass time, and
total reading time). Fixations less than 100 msec or greater
than 1,000 msec were eliminated, and means for each con-
dition were calculated by participants and by items for use
in participant and item ANOVAs. Because results did not
vary by type of focusing phrase (there-insertion and it-
clefting), and because the materials were not designed to
investigate differences between the two, we present only
the combined results; these are shown in Table 3. Sum-
marizing the details that follow, first-fixation time, gaze
duration, total reading time, and total number of fixations
were significantly reduced in the prominent relative to the
nonprominent condition for both Experiments 3A and 3B.
In Experiment 3B alone, there were also more regressions
out of the target region in the prominent condition.

In Experiment 3A, the effect of prominence on
first-fixation time was significant by participants
[F1(1,23) = 9.4, p < .01] and marginally significant by
items [F,(1,23) = 3.3, p = .08] and was significant by
both participants [F(1,23) = 10.8, p < .01] and items
[F»(1,23) = 7.5, p = .01] in Experiment 3B. For gaze
duration, the effect of prominence was significant by both
analyses in both Experiment 3A [F(1,23) = 40.5, p <
.001; F»(1,23) = 19.4, p < .001] and Experiment 3B
[F1(1,23) = 17.9, p < .001; F5(1,23) = 44, p < .001].
Thus, for both measures, prominent concepts were read
more quickly. These results replicate those regarding early
processing from Experiments 1 and 2.

For total reading time, the effect of prominence was
significant by participants and by items in both Experi-
ment 3A [F(1,23) = 28.1, p < .001; F»(1,23) = 17,
p < .001] and Experiment 3B [F/(1,23) = 7.5, p = .01;
Fy(1,23) = 17, p < .001]. For total number of fixations,
the effect of prominence was significant by both partici-
pants and items in Experiment 3A [F(1,23) = 11.2,p <
.01; F»(1,23) = 9.3, p < .01] and marginally significant
by participants and significant by items in Experiment 3B
[F1(1,23) = 4.1, p = .06; F»(1,23) = 8.7, p < .01]. For
regressions out, there was no effect of prominence in Ex-
periment 3A (F; < 1.6, F, < 1.6), but there was a sig-
nificant effect in Experiment 3B [F(1,23) = 12.1,p <
.01; F5(1,23) = 22.5, p < .001]. For regressions in, there
were no significant effects of prominence in either Ex-
periment 3A (all Fs < 1) or Experiment 3B [F(1,23) =
1.2, p = .28; F,5(1,23) = 2.1, p = .16]. For second-pass
time, there were also no effects of prominence in either
Experiment 3A or 3B (all Fs < 1).

Discussion

With one exception, regressions out, the results from
both Experiments 3A and 3B essentially matched the re-
sults from Experiments 1 and 2. The pattern of means for
regressions out—that there were more in the prominent
condition—was the same in both Experiments 2 and 3A as
well; the difference was simply more extreme for Experi-
ment 3B. This result may indicate an increased tendency
to reread earlier text upon encountering syntactically
prominent constituents. Alternatively, perhaps the focus
sentences in Experiment 3B appeared somewhat unnatu-

Table 3
Time (in Milliseconds), Number of Fixations, and Percentage of Regressions
(With Standard Deviations) by Prominence Condition in Experiments 3A and 3B

First- Second- Total Total
Fixation Gaze Regressions ~ Regressions Pass Number of Reading
Prominence Timef Duration® Outft In Time Fixations’ Timet
Condition M SD M SD M SD M SD M SD M SD M SD
Experiment 3A
Focus (prominent) 273 31 323 44 86 102 58 83 228 242 13 0.17 348 43
Neutral nonfocus (nonprominent) 291 38 387 62 59 9.1 7.1 10.5 254 402 15 027 415 72
Experiment 3B
Focus (prominent) 273 40 327 47 12.5 11.7 4.6 73 231 320 14 026 367 65
Neutral nonfocus (nonprominent) 306 56 414 93 3.9 6.6 7.1 85 253 330 1.5 034 437 98

Significant effects of prominence in both Experiment 3A and Experiment 3B.

tSignificant effects of prominence in Experiment 3B only.
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ral to the readers, leading to an increased need to reread
earlier regions. In any case, we believe it would be prema-
ture to attach much significance to this result, given that
the effect was not reliable in Experiments 1, 2, and 3A.
Moreover, there was no significant effect for this measure
in Birch and Rayner (1997) or in Morris and Folk (1998).
(This measure was not reported in the other two eyetrack-
ing studies of prominence, Scinto [1978] and Ward &
Sturt [2007].) Most importantly, in spite of the unusual
result for regressions out in Experiment 3B, the results for
the remaining measures of reading—including measures
that reflect early encoding and text integration—were the
same as those in Experiments 1, 2, and 3A.

As in Experiments 1 and 2, we performed follow-up
analyses for Experiments 3A and 3B to assess whether
certain low-level differences between conditions might
have affected eye movements. We compared probabili-
ties of fixation for target words in the two conditions and
found them to be similarly high (.95 and .93, respectively,
for the nonprominent and prominent targets in Experi-
ment 3A; .96 and .93 for the nonprominent and promi-
nent targets in Experiment 3B). In addition, we assessed
whether fixations for some target regions may have been
affected by return saccades. As in Experiment 1, in a num-
ber of the passages in Experiments 3A and 3B, the target
region for the nonprominent condition fell near the begin-
ning of a line of text. As such, fixation durations for this
region may have been longer due to the preceding return
saccade. Although the results from Experiment 2 could
not be attributed to an influence from return saccades, we
wanted to assess this possible influence for Experiment 3.
We therefore recomputed first-fixation time, gaze dura-
tion, total reading time, and total number of fixations for
the subset of items in which the target region appeared in
the middle of the line. As with the entire set of passages,
first-fixation time, gaze duration, and total reading time
were longer for nonprominent targets than for prominent
targets. Although there was no difference in total number
of fixations for this subset of items, the replication of re-
sults for the measures of reading time indicates that line-
position differences are unlikely to explain the obtained
effects in Experiments 3A and 3B.8

Thus, with respect to the first goal for Experiment 3,
the faster encoding and integration effects observed for
prominent concepts in Experiments 1 and 2 were indeed
replicated using explicit focusing phrases as the promi-
nence manipulation. Since we used a nonfocus condition
that differed from the focus condition only by the removal
of the focusing phrase, we can be more confident that the
observed effects were attributable to syntactic prominence,
whereas the effects observed in previous eyetracking stud-
ies may have been influenced by syntactic de-emphasis in
the nonfocus conditions or by other differences between the
nonfocus and focus conditions. Finally, since target words
held the same role in the prominent and nonprominent con-
ditions in the present experiment, we can be confident that
the effects observed in Experiments 1 and 2 were unlikely
to be caused by role differences between the conditions.

GENERAL DISCUSSION

The purpose of the present study was to determine
whether the heightened activation of and memory for
prominent information that was observed in previous stud-
ies (e.g., Birch et al., 2000; McKoon, Ratcliff, et al., 1993)
is related to differences in the way prominent information
is encoded in the first place. We did find encoding differ-
ences, but not those that we expected. The results from
three eyetracking experiments showed that readers spent
less, not more, time processing prominent sentence con-
stituents than they did processing less prominent constitu-
ents. That the prominence effects occurred for both initial
and later processing measures indicates that prominence
facilitated both early encoding/lexical access processes
and integration processes during reading. Moreover, the
prominence effects held across different item sets, across
modifier and NP constituents, across early and late sen-
tence positions, and across three types of syntactic ma-
nipulations of prominence.

The finding that prominence facilitated early encoding
processes has not been previously reported in eyetrack-
ing studies and will be further addressed below. The find-
ing that prominence facilitated integration processes is
consistent with results from Morris and Folk (1998) but
departs from our previous study (Birch & Rayner, 1997)
of syntactic focus effects, in which processing times were
longer for focused words. The results of our present Ex-
periment 3 indicate that the divergent results of our pres-
ent and previous (Birch & Rayner, 1997) studies cannot
be attributed to the type of prominence manipulation.
That is, our present results diverged not only when we
used more subtle manipulations of prominence, as in the
present Experiments 1 and 2, but also when we used the
same focusing phrases used in our earlier Experiment 1.
A more likely source of the divergent results would seem
to be in the nature of the nonprominent conditions. Per-
haps the nonfocus sentences in our earlier study, which
not only removed the target words from focus but also de-
emphasized them, somehow enabled easier integration of
the target words, producing faster second-pass times than
in the focus condition. Alternatively, the focus sentences
in our earlier study may have been harder to read, due to
ambiguities in interpretation compared with the nonfocus
sentences. (Note, however, that this ambiguity explanation
is not consistent with the finding in the present Experi-
ment 3 of faster reading times for the focus condition.)
In any case, it is now clear that because the focus and
nonfocus sentences in Birch and Rayner (1997) contained
differences beyond the presence versus absence of a fo-
cusing phrase, we cannot attribute results from that study
to the effects of focus by itself. Additional research will be
needed to determine whether interpretation differences,
de-emphasis, or some other factor led to the faster pro-
cessing times for the nonfocus condition in that study.

The present study extends in a number of ways Mor-
ris and Folk’s (1998) finding that prominent concepts
are more easily integrated in a reader’s discourse model.
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First, as previously indicated, the nonfocus condition in
their study involved not only removing the target word
from the focusing phrase but also placing it in a subordi-
nate clause (and placing an alternative noun in focus). It
is therefore possible that their results, like our previous
results (Birch & Rayner, 1997), arose at least in part from
syntactic de-emphasis rather than from prominence alone.
In fact, since the focus conditions in our previous Experi-
ment 1 and those in Morris and Folk’s Experiment 2 were
very similar but had nonfocus conditions involving dif-
ferent types of de-emphasis, it may be that those studies
together tell us less about differing effects of focus than
about differing effects of syntactic de-emphasis. Other
differences between the comparison conditions may have
contributed to the results obtained in Morris and Folk’s
study, as well as in Birch and Rayner (1997). For instance,
the sentences from Morris and Folk may have been more
complex, slowing reading times in the nonfocus condition
in comparison with those in the focus condition. Clearly,
the use of a nonfocus comparison condition that either
de-emphasizes the target word or contains any other dif-
ferences from the focus condition besides the removal of
the focusing phrase introduces potential influences on
reading times. Since the nonfocus condition in our present
Experiment 3 did not involve placing an alternative noun
in focus, de-emphasizing the target, or any other sentence
structure differences, we are more confident that syntactic
prominence in itself facilitates text-integration processes.
Moreover, this conclusion applies not only when promi-
nence is manipulated with specific focusing phrases (as in
Experiment 3) but also when it is manipulated more subtly,
on the basis of predicate (vs. prenominal) or direct-object
(vs. indirect-object) position (as in the present Experi-
ments 1 and 2). This ease of integration into the discourse
model may be the source of the enhanced accessibility of
and memory for prominent concepts reported in studies
using probe recognition, naming time, and anaphor reso-
lution measures (e.g., Birch et al., 2000; Klin et al., 2004;
McKoon, Ratcliff, et al., 1993).

The present results depart from previous eyetracking
results in indicating faster encoding for syntactically
prominent concepts. In the previous studies (Birch &
Rayner, 1997; Morris & Folk, 1998; Ward & Sturt, 2007),
there were generally no significant differences observed
in initial processing times (e.g., first-fixation times, gaze
duration, and first-pass reading times) between prominent
and less prominent concepts. (The exception, in Birch &
Rayner’s [1997] Experiment 2, indicated longer first-pass
times, but only for entire phrases focused by a context
question). It is possible that insufficient power prevented
initial processing-time differences from being observed
in these previous studies. Indeed, with the exception of
the phrase-focus cases in Birch and Rayner’s (1997) Ex-
periment 2, gaze durations were numerically faster for the
focused targets in all of these studies. However, another
possible source for the different results in initial encod-
ing is the difference in the nature of the nonprominent
conditions between the present and previous eyetracking
studies. As already indicated, whereas the nonprominent
conditions in the previous studies all involved syntactic

de-emphasis and/or the presence of a clear focus on other
constituents, this was not the case in the present experi-
ments. In the present Experiments 1 and 2, focusing de-
vices were not used at all; rather, targets were relatively
more or less prominent on the basis of their syntactic
positions in phrases or clauses. In Experiment 3, the
nonprominent condition involved the lack of a focusing
phrase but not a shift in focus to an alternative concept
(nor any other type of de-emphasis). As such, it seems that
the difference in salience between the prominent and non-
prominent targets in the present experiments was likely
smaller than the difference in the previous experiments.
Intuitively, a smaller difference in prominence might seem
less likely to yield a significant effect on any measure;
however, it may be the case that syntactic de-emphasis (or
the presence of a clear focus elsewhere in the sentence)
simply affects encoding processes differently than do the
smaller variations in prominence that were present in our
study. Put another way, it may be that the presence of syn-
tactic de-emphasis or a clear focus elsewhere, as used in
the previous eyetracking studies, ultimately obscured to
a certain degree the effects of prominence on early en-
coding processes. As already indicated, other differences
between the prominent and nonprominent conditions be-
sides syntactic de-emphasis may have affected the results
in these experiments as well. We therefore conclude that
previous failures to observe an effect of prominence on
early encoding measures resulted from factors other than
prominence that varied between conditions, and that the
present finding of an effect of prominence on early encod-
ing processes is reliable.

As noted previously, the finding that prominent constit-
uents are encoded and/or accessed more quickly was not
what we expected. Previous studies with the same manipu-
lations used in our present Experiments 1-3 had provided
evidence that the syntactically prominent constituents
were more accessible and more memorable (Birch et al.,
2000; McKoon, Ratcliff, et al., 1993). McKoon, Ratcliff,
et al. proposed that one reasonable source of heightened
accessibility would be increased processing during read-
ing (i.e., longer reading times and/or more fixations), and
that is the result we expected. Instead, the present experi-
ments indicate that syntactic prominence leads to reduced
processing time during reading (for both early encoding
and integration processes). Therefore, the enhanced ac-
cessibility and memory observed in previous studies ap-
parently did not result from increased processing time for
prominent concepts; rather, prominence facilitated encod-
ing and integration of constituents as well as accessibility
and memory.

The conclusion that prominent constituents are encoded
and/or accessed more quickly during reading is consis-
tent with Cutler and Fodor’s (1979) conclusion that focus
speeds up lexical access during comprehension of speech.
Their conclusion was based on faster auditory-phoneme-
monitoring reaction times for word targets focused by a
preceding question. In discussing such an effect, Cutler
(1976b) proposed that listeners of speech expect pro-
sodically prominent words to indicate the focus of in-
formation, and Cutler and Fodor further suggested that



PROMINENCE EFFECTS ON EYE MOVEMENTS 751

this expectation leads listeners to “actively search . . . for
sentence focus” (p. 56). This active search would result
in increased attentional resources being devoted to con-
stituents that are indicated by the prosodic contour to fall
within the focused position. This position, states Cutler
(1976a), is the “semantically most central portion of the
utterance” (p. 141), and faster phoneme-monitoring times
indicate “greater attention paid to the stressed and/or fo-
cused elements” (p. 141). Our results are consistent with
the proposal that variations in syntax provide cues to in-
formational prominence contours for readers in a manner
that is similar to the way that prosodic contours provide
cues for listeners, and that such cues prompt increases in
attentional resources for the constituents signaled by syn-
tax as more important. These increases in attention would
enable facilitation of early encoding for the important
constituents—as well as easier integration of them into
the discourse model and heightened accessibility upon
subsequent reference, among other benefits. Thus, read-
ers apparently heed the “mental processing instructions”
(Givon, 1992) provided by indicators of prominence at the
earliest stages of sentence processing.
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NOTES

1. As will be clear from the literature review, a number of empirical
studies have demonstrated enhanced processing for syntactically promi-
nent entities, confirming previous linguistic analyses that had identified
these entities as prominent. Aside from McKoon, Ratcliff, et al.’s (1993)
study, much of this empirical work has involved the use of focus struc-
tures to assign prominence. The concept of syntactic prominence over-
laps—but is not fully synonymous—with the concept of sentence focus.
A common definition of focus is that it is the most important and empha-
sized constituent of a sentence and that it conveys new information (see,
e.g., Halliday, 1967). Although focused information is indeed prominent
information, we use the more general term prominent to include other
syntactic manipulations that also indicate (relative) importance within a

sentence. Moreover, across the three experiments that we report, we used
two other types of syntactic manipulations in addition to focus structures
to vary prominence. All three types of syntactic manipulations used in
these experiments have been shown in previous linguistic and empirical
studies to be effective indicators of prominence.

2. Although total time effects may not indicate integration processes
alone, most researchers in the field agree that they mainly reflect inte-
gration processes. By and large, we maintain this standard interpretation
throughout the manuscript.

3. Anderson (1971) suggested that the relatively greater prominence
of direct over indirect objects relates to the fact that, in English, indirect
objects may be optional; however, sentences in which the verb requires
an indirect object must also have a direct object.

4. When a target region was larger than a single word, first-pass read-
ing has been used instead of gaze duration (Rayner, 1998, 2009).

5. The lack of a first-fixation time effect could be due to the fact that
two words comprised the target region.

6. Although no significant differences emerged in the immediate probe
recognition task between focus and neutral conditions (exemplified in
Condition A vs. Condition C in Example 6), differences were observed
between these conditions on other measures. Readers made significantly
more references in a sentence-continuation task (Birch et al., 2000, Ex-
periment 1) and had significantly faster responses in a delayed probe rec-
ognition task (Experiment 4) for the focused targets than for the neutral
targets. Thus, facilitatory effects of focus were observed in tasks other
than the immediate probe recognition task that revealed only inhibitory
effects of syntactic de-emphasis. The lack of difference between focus
and neutral conditions in immediate probe recognition was attributed in
part to a floor effect in reaction times.

7. These experiments were originally developed to compare two types
of anaphoric reference, and the results were originally reported in a con-
ference presentation (Birch, Albrecht, & Myers, 1998).

8. This reanalysis was based on a subset of 16 items from Experi-
ments 3A and 3B, and it produced the following focus—nonfocus effects.
Focused targets were 19 msec faster than nonfocused targets for first-
fixation time. For gaze duration, the effect was 35 msec, and for total
reading time, the effect was 25 msec. The difference in total number
of fixations was 0.02, which did not replicate the effect found with the
total set of items.

(Manuscript received March 16, 2009;
revision accepted for publication January 28, 2010.)
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