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An event-related potentials (ERPs) study examined word-to-text integration processes across sentence
boundaries. In a two-sentence passage, the accessibility of a referent for the first content word of the
second sentence (the target word) was varied by the wording of the first sentence in one of the following
ways: lexically (explicitly using aform of the target word); conceptually (using a paraphrase of the target
word), and situationally (encouraging an inference concerning the referent of the target word). A baseline
condition had no coreference between the two sentences. ERP results on the target word indicated
multiple effects related to word identification and word-to-referent mapping processes. Both the explicit
and paraphrase conditions, but not the inference condition, showed a reduced N400 relative to the
baseline condition, consistent with immediate integration by lexico-semantic processes. A 300-ms effect
(P300) was found in the paraphrase condition. The results were consistent with an immediate integration
hypothesis and furthermore differentiated a lexical (N200), a conceptual (P300), and a situational
(N400) component for this integration. The conceptual basis appears not to extend to predictive
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inferences.
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If comprehension is partly a word-by-word process, then every
word as it is read affords an opportunity for integration into the
reader’ s mental representation of the text. On the other hand, some
comprehension work can be spread over subsequent words. Cer-
tainly a few words held in memory do not exceed processing
capacity, and the high level of verbatim memory within clause and
sentence boundaries (Goldman, Hogaboam, Bell, & Perfetti, 1980;
Jarvella & Herman, 1972; Perfetti & Goldman, 1976) suggests that
readers can hold onto enough word-to-word information to allow
sentence integration processes to occur later. Indeed, some inte-
gration work has been explicitly assumed to occur at the end of a
sentence in the form of “sentence wrap-up” (Just & Carpenter,
1992).

A particularly interesting case for integration is the first words
of a sentence. If sentence integration occurs at the end of a
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sentence, then as a new sentence begins, there are ample resources
to carry out a minimal anaysis of the sentence, yielding a
syntactic-shallow semantic representation and postponing integra-
tion into the larger representation of the text. That is the question
we address here: When do readers connect the first words of a
sentence with what they have read in a previous sentence?

Evidence in both spoken and written language generally indi-
cates that sentence comprehension is highly incremental, with
words processed immediately before the next word is encountered
(Bever, 1970; Just & Carpenter, 1980; Tyler & Marslen-Wilson,
1977; see Pickering, 1999, for a review). Indeed, although differ-
ent theories of parsing give different accounts of which kinds of
information are used immediately (Frazier & Clifton, 1996; Mac-
Donald, Perlmutter, & Seidenberg, 1994), they tend to agree on the
conclusion that each word is immediately attached to a syntactic
phrase.

In general, across a variety of methods, the evidence is consis-
tent with a highly incremental view of semantic processing (Bo-
land, Tanenhaus, Garnsey, & Carlson, 1995; Clifton, 1993;
Holmes, Stowe, & Cupples, 1989; Tyler & Marslen-Wilson,
1977). However, delayed processing has been proposed to occur in
language processing under certain circumstances in clausal inte-
gration (Millis & Just, 1994), syntactic parsing (Rayner, Garrod, &
Perfetti, 1992), and lexical processing (Frazier & Rayner, 1987).
Some delay in processing is at least a possibility across sentence
boundaries, where sentence wrap-up effects at the end of the
preceding sentence may combine with low contextual support at
the beginning of the sentence to discourage incrementality.

The question we address is whether (or when) each word is
incrementally mapped into a semantically interpreted mental rep-
resentation for comprehension. Given the evidence on incremental
processing, we assume that the default comprehension process is
linking each word, when possible, to an antecedent representation.
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Accordingly, we propose the immediate integration hypothesis to
express the generalization that a reader attempts to integrate each
word incrementally, even the very first words of a sentence, into an
updated representation. Event-related potentials (ERPs) can pro-
vide evidence on whether the first content word of a sentence
across a boundary follows the default procedure of incremental,
immediate processing (Pickering, 1999) or presents a special case
of delayed processing.

Of particular relevance for word-to-text integration is the infor-
mation structure in sentences. Phrases and sentences contain both
given (what the reader knows already) and new information (what
the reader does not yet know). For instance, a definite noun phrase
(e.g., the teacher) at the beginning of a sentence signals that its
referent has already been introduced by the preceding sentence and
thus elicits integration processes that map the current referent with
an aready existing referent in the situation model (cf. Kintsch,
1998). Cognitive processing is thus facilitated, and shorter reading
times are observed (Haviland & Clark, 1974, Experiment 1). In
contrast, an indefinite noun phrase (e.g., a teacher) does not signal
such retroactive integration but instead is used to introduce a new
referent into the situation model. In addition to the given/new
information structure, integration processes are modulated by lexi-
cosemantic information of the word being read and its relation to
words in the preceding sentence.

Thus, integration processes may involve multiple levels, as
shown in the sample passages of Table 1, where we illustrate
different contexts for the integration of the word explosion at the
beginning of the second sentence. Indeed, studies of text integra-

Table 1

Sample Passages in Each Experimental Condition

tion have indicated that a surface form that consists of the wording
and syntactic structures may be distinguished from an intrinsic
meaning representation in terms of the propositions in the text
(Kintsch, 1974) and the situation or referential model that may
very well be encoded in terms of perceptual symbols (Glenberg,
1997; Kintsch, 1998; Zwaan, Madden, Y axley, & Aveyard, 2004).
To the extent that the lexical form of the antecedent of the first
sentence (exploded) is fully specified in the situation model and
closely matches the surface form of the referring expression of the
second sentence (explosion), integration will be facilitated and be
readily achieved (Forster, 1981). In contrast, when the antecedent
is partialy represented or situationally implied but does not lexi-
cally match the referring expression (explosion), as shown in both
the referentially paraphrased and inference conditions, the integra-
tion may be less readily achieved. Successful integration in these
cases will depend on the degrees to which the representation of the
preceding context contains a match with the conceptual/referential
understanding of the referring expression. In this case, the inte-
gration difficulty will be a function of the gap between the repre-
sentation of multilevel contextual information and the representa-
tion of the referring expression.

The inference case in Table 1 is one that has been the object of
studies of elaborative or predictive inferences (Graesser, Singer, &
Trabasso, 1994; McKoon & Ratcliff, 1986). An elaborative infer-
ence during the first sentence could establish a representation that
contains apartial or complete match with the opening phrase of the
next sentence. Thiswould facilitate integration of thefirst referring
expression of the second sentence into the referential model of the

Integration type

Sample passage

Sample 1
Referentially explicit

After being dropped from the plane, the bomb hit the ground and

exploded. The explosion was quickly reported to the

commander.

Referentially paraphrased

After being dropped from the plane, the bomb hit the ground and

blew up. The explosion was quickly reported to the commander.

Inference

After being dropped from the plane, the bomb hit the ground.

The explosion was quickly reported to the commander.

Baseline

Once the bomb was stored safely on the ground, the plane

dropped off its passengers and |eft. The explosion was quickly
reported to the commander.

Sample 2
Referentially explicit

The flight attendant had just served a completely full glass of red

wine to the passenger when suddenly the plane hit turbulence
which spilled the wine. The spilled wine stained the
passenger’s pants.

Referentially paraphrased

The flight attendant had just served a completely full glass of red

wine to the passenger when suddenly the plane hit turbulence
that emptied the glass. The spilled wine stained the
passenger’s pants.

Inference

The flight attendant had just served a completely full glass of red

wine to the passenger when suddenly the plane hit turbulence.
The spilled wine stained the passenger’s pants.

Baseline

After turbulence was completely over, the flight attendant served

each passenger a glass of red wine. The spilled food was till
lying on the floor.

Note. The word in underlined bold at the beginning of the second sentence within each passage indicates the
critical word whose reference has been established to different degrees of availability between sentences. These
are the target words where the event-related potentials were extracted.
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situation (Zwaan & Radvansky, 1998). For example, consider the
following two sentences from Singer and Halldorson (1996):
“Mark poured the bucket of water on the bonfire. The bonfire went
out.” The second sentence is easily understood if the reader gen-
erates the mediating idea that water extinguishes fire during the
reading of the first sentence (McDaniel, Schmalhofer, & Keefe,
2001). Important here is the basic idea that a reader constructs a
model of the situation (Kintsch & van Dijk, 1978) that is referen-
tially specified and not limited to the words of the sentences. Thus
integration can occur at two of the three levels commonly postu-
lated in comprehension models (Fletcher & Chrysler, 1990;
Kintsch, 1998; Perfetti, 1999; Schmalhofer & Glavanov, 1986). In
the propositional text base, concepts can be linked to their ante-
cedents through argument overlap (Kintsch, 1995). In the situation
model, referential expressions are linked to referents in the situa-
tion model.

These possibilities for integration can apply to the immediate
integration hypothesis that readers attempt to integrate each word,
even the first word of a sentence, immediately into their represen-
tation of the preceding text. The reader can add a word's meaning
immediately to the reader’s referentially specified model by con-
necting it to an existing referent if one exists. This should be an
especialy simple process for referring expressions whose surface
forms readily match the lexicosemantic features of an existing
referent, for example, “. . . exploded. Theexplosion. . .” (Haviland
& Clark, 1974).

However, when the referring expression’ s surface form does not
match that of an antecedent, it can be integrated only after its
intended referent is inferred. Specificaly, the difficulty of this
referent-inference process varies with the support provided by (a)
the word’s semantics and (b) the availability of a mediating link
provided by an earlier predictive inference. Among the contexts
shown in Table 1, the referentially paraphrased condition has the
advantage of alink through semantics (Keenan & Jennings, 1995).
In contrast, the inference condition can be effective for integration
only if an elaborative inference is predictively made during the
first sentence (Garrod, O’ Brien, Morris, & Rayner, 1990; Lucss,
Tanenhaus, & Carlson, 1990; McKoon & Ratcliff, 1992). For the
inference condition, a minimally constructed inference is neces-
sary to bring in the concept of explosion from a representation of
the bomb hit the ground (McKoon & Ratcliff, 1986). For the
referentially paraphrased condition, the range of meaning of a
paraphrase can include an existing referent or a predication that
includes the referent. Consequently, the concept of explosion is
readily achieved by the meaning representation of blew up of the
first sentence (O’ Brien, Rizzella, Albrecht, & Halleran, 1998).

In the experiment we report below, we examine the temporal
immediacy of text integration as general descriptions for the com-
prehension processes for sentence beginnings. More specificaly,
the experiment tests factors that affect the ease of integration at a
sentence beginning. Because the initial content word of the con-
tinuing sentence is the same across al the conditions, this word
provides an examination of the two alternative integration pro-
cesses, which differ on whether the preceding content should affect
the integration of this word. The immediate integration hypothesis
predicts that readers will attempt to integrate each word and,
accordingly, that differential integration success will be observed
as a function of conditions designed to affect the ease of integra-
tion. A condition in which an immediate integration is not possi-

ble, a baseline condition that contains no obvious antecedent for
explosion, will give straightforward evidence of integration diffi-
culty at the target word. All other conditions can be compared with
this baseline. In contrast, no distinguishable processing differences
among conditions should be observed at the target word if readers
simply encode the word into memory as part of syntactic phrase
and wait for more information before integrating its meaning into
the current representation of the first sentence.

Our method is the recordings of event-related potentials (ERPS),
which provide detailed millisecond temporal information during
word reading. In addition, ERPs can be recorded without explicit
responses that necessarily carry additional components beyond
those of interest. Especially useful for the study of semantic
processing is the N40O effect, a negative voltage shift between 300
and 500 ms after the onset of aword. The less aword fits into the
semantically established context, the larger its amplitude (Feder-
meier & Kutas, 2001; Kutas & Hillyard, 1980; Van Petten &
Kutas, 1990). Thus, the N400 indexes integration effects in word
processing. Especially important for our study, the N400 has been
found to be sensitive to integration in text processing (van Berkum,
Brown, Zwitserlood, Kooijman, & Hagoort, 2005; van Berkum,
Hagoort, & Brown, 1999; van Berkum, Zwitserlood, Brown, &
Hagoort, 2003), including inferences (St. George, Mannes, &
Hoffman, 1997). Consequently, we take the N400 to be an indi-
cator of immediate word-by-word integration.

Experiment

We adopted coherent two-sentence passages, as shown in Table
1. Wevaried the ease of integration for the first content word of the
second sentence by manipulating the accessibility of referents
within the representation of the first sentence. ERPs recorded on
the first content word of the second sentence (e.g., explosion)
provided our measure of the temporal immediacy and the ease of
integration. The four variant conditions of each passage included
two conditions whose integration would be related to a lexico-
semantic process (the referentially explicit and referentialy para-
phrased conditions) and one condition in which the mapping
processing of the target word into the representation would be
established by a process of situationally based integration (the
inference condition). The situational processing of integration was
introduced by requiring inference processes (predictive and bridg-
ing inferences) to establish a sensible integration (Schmalhofer,
McDaniel, & Keefe, 2002; Singer & Halldorson, 1996). In addi-
tion, abaseline condition represents atypical sentencein which the
first word of the second sentence cannot be easily integrated with
the representation of preceding context, because the context infor-
mation does not support the immediate availability of its intended
referent in a referentially specified model. It is important to note
that there is no anomaly in this baseline condition in its overall
meaning and that it can beintegrated eventually with the preceding
context— but maybe just some hundred milliseconds later. Thus,
the baseline condition is expected to produce an N400 because the
immediate integration of the target word with the preceding con-
text isdifficult. In contrast, when areferent for explosion has been
stated directly or by a paraphrase in the preceding sentence, an
N400 effect should be reduced. If an antecedent of explosion is
situationaly implied in the first sentence, we would expect a
reduced N400 to the extent that readers drew the inference before
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reading the second sentence (St. George et al., 1997). On the other
hand, if delayed processing would be a general processing strategy
right at the sentence boundary during text integration, then no
reliable processing differences among conditions in the ERPs
would be observed. Specifically, the lack of finding distinguish-
able ERPs of the baseline condition from other conditions would
be a strong indicator of delayed processing in meaning.

Method and Materias

Participants

Sixteen undergraduate students of the University of Pittsburgh (11 women,
5 men) between the ages of 18 and 19 (M = 185, SD = 0.5) participated in
the study. We recruited subjects from a pool who had previoudy been
identified as skilled readers using the Nelson-Denny comprehension test
(Nelson & Denny, 1973; mean N-D percent score = 0.89, = 0.07).
Participants were right-handed native English speakers with normal or
corrected-to-normal vision. Five participants recelved course credit for an
introduction to psychology course; the remainder received a monetary com-
pensation of $20.

Simuli

A total of 120 two-sentence experimental passages (mean number of
words = 28), illustrated in Table 1, were constructed for the experiment
(see Appendix A). The first sentence of each passage established differing
degrees of referent information. The target word was aways the initia
content word of the second sentence, and the first word of the second
sentence was typically a determiner, such as The (78 out of 120). The target
word was not always the head noun of the initial noun phrase but rather
was always the initial content word of the second sentence. Target words
were often presented as a bare noun phrase (44%; e.g., “The exploson ... ,”

“Thecut...,” “Thefall ..."), and afew were modifiers within the noun
phrase (18%; e.g., “The frightened expression ... ,” “The spilled wine

...").2 Other variations used mainly verb derivation (-ing or -ed) embed-
ded in the initia noun phrase (4%; e.g., “Correcting the error ... "
“Showering after ...”) or the initial adverbial phrase (32%; e.g., “After
hammering the nail ... ,” “Having washed his hand . ..").

Variation in syntactic form could produce ERP differences at the subcat-
egorization level (e.g., noun vs. verb; Federmeier, Segal, Lombrozo, & Kutas,
2000; Neville, Nicol, Barss, Forster, & Garrett, 1991). However, our target
words were not new words of a different form class but morpho-syntactic
variations on aword introduced in the first sentence. It isimportant to note that
because the target word was the same over all experimental conditions, form
variation was the same over all experimental conditions. The antecedent
referent for the target word was invariably toward the end of the first sentence
with 1-5 words (average = 3) intervening between the antecedent referent and
the target word. Longer intervals between repeated occurrences may affect the
N400 amplitude (Nagy & Rugg, 1989), athough the interval may not be as
important as a least some linguistic factors that affect referring expressions
(Swaab, Cambly, & Gordon, 2004). In any case, we chose this dight variation
in this spacing to avoid predictable intervals between antecedent and target
words. Again, as with form variation, variations in distance were uniform
across experimental conditions.

We constructed four versions of each experimental passage from varying
the condition of the integration type (referentially explicit, referentialy
paraphrased, inference, and baseline). The four versions of the 120 exper-
imental passages were balanced by a Latin-square design that assigned
each version of a passage to one of four sets of materials. Each participant
received 30 passages from each of the four conditions without repetition of
any passage. In this way, each participant read one condition of the
experimental passage only once, and across the participants, each version
of al 120 passages was presented equally.

Design and Procedure

The electroencephalogram (EEG) was recorded as the participants read
each two-sentence passage for comprehension. Each sentence was pre-
sented one word at a time on the center of the computer screen for a
duration of 300 ms with a stimulus-onset asynchrony (SOA) of 600 ms.
The sentence was preceded by a fixation mark to orient participants
atention to the center of the computer screen before the trial started.
Participants initiated a trial by pressing the space bar. Each word was
presented in the center of a 2-cm (height) X 4-cm (width) column with
white text in front of ablack background. A true—false comprehension task
appeared after one quarter of the trials on arandom basis. Participants were
asked to make a true—false response on the basis of the meaning of the
passage they just read and were given immediate feedback about the
accuracy of their responses (“Wrong” in red ink for incorrect and “Good
Job” in blue ink for correct). Half of the comprehension questions were
true, and half were false. Correctly answering the questions required
understanding of the meaning of the passage. The following indicates the
comprehension question for sample passage 1 in Table 1.

True or False: The bomb exploded when it hit the ground.

The correct answer for this example question is true for the referentialy
explicit, referentially paraphrased, and inference conditions, and false for
the baseline condition. Half of the comprehension questions had this
specific distribution of correct answers across different experimental con-
ditions, whereas the other half had the complementary distribution: false
for the referentially explicit, referentially paraphrased, and inference con-
ditions, and true for the baseline condition.

To reduce artifacts of eye movements and eye blinking, participants were
instructed to remain as ill as possible with their eyes on the center of the
computer screen throughout the text, until the last word of each passage. They
were requested to refrain from blinking as much as possible when stimuli were
presented but were told that they could rest before initiating the next trial.
Participants were tested in a series of two experimental blocks of 60—90 min.
They were tested individually in a quiet and comfortable environment while
the experimenter monitored the ERP recordings and experiment events in an
adjacent room. Participants were seated in an adjustable chair, adjusted so that
their eyes were about 55 cm from the center of the 15-in. (38.1-cm) CRT
monitor screen at the level of the center of the computer screen. The chair
could then be adjusted for further comfort to reduce movements.

Apparatus

The EEG was recorded with a 128-channel Electrical Geodesics, Inc. (EGI;
Eugene, OR) system (Tucker, 1993) consisting of Geodesic Sensor Net elec-
trodes, Net Amps, and Net Station software running on an Apple Macintosh,
1000 MHz PowerPC G4 class computer with Mac OS 9.2.2. (Apple Com-
puter, Cupertino, CA). The data were recomputed offline against the average
reference, the vertex (Lehmann & Skrandies, 1980). Impedances were main-
tained below 50 k{2, an acceptable level for the electrodes and amplifier used
(Ferree, Luu, Russdll, & Tucker, 2001; Tucker, 1993). The EEG was amplified
and analog filtered with 0.1-100-Hz bandpass filters (referenced to the vertex)
and 60-Hz notch filters, and then digitized at 250 Hz. Six eye channels were
used to monitor the trials with eye movement and blinks. The EEG signas

1 Although their form class was variable, all target words were part of
theinitial noun phrase of the second sentence. In another EEG study of text
integration in our lab, we systematically compared the differences between
abare NP (“Thecut . ..”) and amodified NP (“The spilled wine. . .”) with
the same integration type factor as in the current study. A reliable integra-
tion effect replicated the ERP results in the current study regardless of
whether the target word is the head noun of a bare NP (cut) or a modifier
in a modified NP (spilled).
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were recorded continuoudly at 500 Hz by the Net Station with a 12-bit A/D
converter. The EGI Net Station aso recorded &l event onset times and
accuracy for later andysis. Instruction and visual stimuli were presented on a
15-in. (38.1-cm) CRT monitor working at a 60 Hz refresh rate. The experi-
mental trials were controlled by commercia software, Eprime (Psychology
Software Distribution, Pittsburgh, Pennsylvania), to present the trias and to
record relevant trid information. Eprime also sent event information to an
EEG recording system (Net Station).

ERP Recordings

Raw EEG data were recorded continuously, referenced to the vertex, at 500
samples per second. The EEG datawere segmented offline into 900-ms epochs
spanning 200 ms prestimulus to 700 ms poststimulus for the critical word to
examine the ERP patterns as a function of text integration. There was a total
of 30 possibletrids per participant per condition. Data were digitally screened
for artifact (eyeblinks or movements, subject movement, or transient electronic
artifact) and contaminated trials were removed. Overall, 9.53% of trials were
rejected, between 0 and 10 per subject, leaving no subject with fewer than 20
good trids in any condition. Remaining data were sorted by condition and
averaged to create the ERPs. Averaged ERP data were digitaly filtered at 30
Hz lowpass to remove residua high-frequency noise, baseline corrected over
the 200-ms prestimulus period, and rereferenced to an average reference frame
to remove topographic bias that can result from the selection of areference site
(Dien, 1998). The subject-averaged ERPs were averaged together to produce

the mean waveform across subjects, the grand average waveform for each
condition, which was used in subsequent topographic plots and statistical
anayses of brain waveforms. Figure 1 shows both the 128 recording sensors
of the EGl Geodesic Sensor Net and the 11 clusters of electrodes selected for
analysis based on the corresponding 11 recording sensors of the 10/20 system.
The grand average reference ERP waveform by electrode sites for the exper-
imental conditions was mapped on the basis of the 10/20 system locations. We
created topographic maps of the voltage field across the surface of the scalp by
interpolating from the recorded values using spherica splines (Perrin, Pernier,
Bertrand, & Echallier, 1989).

ERP Data Analysis Strategies

Our strategy was to acquire a converging view of the ERP results
through the use of multiple complementary analyses. These include topo-
graphic voltage maps for the experimental conditions and of difference
waves, tests of mean amplitude differences, and a tempora principal
component analysis (PCA).

Topographic Maps

The topographic maps, which are shown in Figure 2, are especidly impor-
tant for showing the spatiotemporal dynamics of brainwave activities as the
process of text integration unfolded over time. These topographic maps can
help to identify the ERP components for further brainwave andysis on the

Figure 1. The clustered channels that correspond to the mostly commonly used electrode sites in the
international 10/20 system (F3-Fz-F4, C3-Cz-C4, P3-Pz-P4, T3-T4) for the analysis of variance of the event-
related potential analysis. EGI = Electrical Geodesics, Inc.; VREF = vertex reference.
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basis of mean amplitudes measured from a subset of the electrodes. Following
these steps, we then carried out mean amplitude anayses of brain waves and
atemporal PCA, which identifies time-related factors associated with system-
dic voltage shifts, to confirm the patterns we saw in the first two steps.

PCA

A temporal PCA provides a data-driven view of the time-locked corre-
lational structure of the ERP amplitudes, free of the theoretical preconcep-
tions that are implied by standard ERP component labeling (e.g., N200,
P300, and N400). As part of an overall strategy that includes standard
ANOVAs on asubset of electrodes and temporal -spatial topographic maps,
a temporal PCA can provide converging evidence on the temporal data
patterns. We carried out the PCA subject averages on the basis of 325
samples of 2 ms each (0-650 ms post-stimulus onset) to extract indepen-
dent components and alow theory-free, data-driven ERP patterns to
emerge on the basis of the covariance matrix of al sample points. The PCA
data set consisted of the ERP averages at each electrode site in al the
experimental conditions for each subject. Together, the data matrix input of
this temporal PCA consisted of 325 timepoints by 8,256 observations (129
Electrode Sites X 16 Subjects X 4 Experimenta Conditions). The PCA
used the covariance matrix with Promax rotation (Chapman & McCrary,
1995; Dien & Frishkoff, 2005; van Boxtel, 1998).

Satistical Analysis

The statistical analysis used two repeated-measures analyses of variance
(ANOVAS). One tested the ERPs for the 3 medial electrode sites (Fz, Cz,
and Pz), and the other tested 8 lateral electrode sites (F3-F4, C3-C4, P3-P4,
and T3-T4). These 11 electrode regions were selected because they provide
sufficient coverage to examine the related ERP shifts to the effects of text
integration during language comprehension. For the analysis of mean
amplitude differences, ANOVAs were conducted on the mean voltage
amplitudes extracted from the related timing windows of each prominent
ERP component identified from the topographic maps. For the PCA, the
ANOVAs were conducted on the component score of each component
derived from PCA. The ANOVAs al used two within-subject factors:
integration type (referentialy explicit, referentially paraphrased, inference,
and baseline) and electrodes (3 for medial sites ANOVA and 4 pairs for
lateral sites ANOVA), and the ANOVA of lateral sites included an addi-
tional within-subject factor of hemisphere (left vs. right). All probability
values reported for effects with more than two degrees of freedom were
adjusted with the conservative Geisser—Greenhouse correction for devia-
tions from sphericity in the data.

Results

ERP Results

Sixteen participants contributed valid data for analysis. Figure 2
shows topographic maps of the voltage field distributions of differ-
ence waves, for which the basdline condition is subtracted from each
experimental condition (see Figure 2a). Because the baseline condi-
tion produced the expected negativity (N400) at the target word, the
experimental conditions show growth of positivities, reflecting their
relative ease of integration. Differences in three time frames are
visble in Figure 2a. An early time frame from 150 ms to 250 ms
showed a posterior positivity for both the referentialy explicit and
referentially paraphrased conditions. The inference condition showed
no apparent processing difference at the posterior regions. It is inter-
esting that at 150 ms, the referentialy explicit and referentially para
phrased conditions showed the positivity primarily at the right poste-
rior regions. A middle time frame a 300 msindicates amedia central

positivity for the referentialy paraphrased condition only. Neither the
referentially explicit nor the inference condition indicated apparent
processing differences at this specific time frame. This suggests that a
distinct integration process occurred for the referentially paraphrased
condition a ~300 ms. Furthermore, alater time frame began at ~300
ms and extended to 750 ms, indicating distinguished processing
differences for each experimental condition. For the referentidly
paraphrased condition, a difference from basdline persisted from 300
ms, whereas for both the referentialy explicit and inference condi-
tions, a difference from baseline emerged a 400 ms with stronger
difference strength for the referentially explicit than for the inference
condition.

Mean Amplitude Analysis

To test the temporal and spatia patterns in the data, we carried
out analyses of the brainwave forms, examining the latency, am-
plitude and distribution of the ERPs corresponding to the three
time frames (early, middle and later) as identified above. To
effectively increase the accuracy of the average-reference deriva
tion (Dien, 1998; Tucker, Liotti, Potts, Russell, & Posner, 1994),
we assessed the spatial topography by dividing the electrodes into
11 spatial regions—3 lateral (left, midline, and right) and 4 lobes
(frontal, central, posterior, and temporal)—and averaging the mean
voltage amplitude of all channels within each region. Figure 1
shows the channels clustered in regions that correspond to com-
monly used electrode sites in the international 10/20 system (F3-
Fz-F4, C3-Cz-C4, P3-Pz-P4, T3-T4). Using clusters that average
multiple measurements has the advantage of reducing spurious
interactions with single electrode locations, because it provides a
more reliable sample of the activity within any region than asingle
separate measurement taken within the same region (Dien &
Santuzzi, 2005).

Early (120-250 ms), middle (260-360 ms), and late (300-550
ms) time windows were tested in two separate repeated-measures
ANOVAs each. We defined the time windows by converging
analytic sources: the spatiotemporal dynamics of topographic volt-
age distribution of difference waves (see Figure 2) and the grand
average reference ERP (see Figure 3). Selected time windows
maintained the greatest amplitude divergence among experimental
conditions and were aso consistent with the temporal peaks of
PCA component waveform.? The two ANOVAs, one for lateral
sites and one for medial sites, were conducted on mean voltage
amplitudes extracted from each time window. Table 2 outlines the
results of ANOVAs for the waveform analyses of each time
window.

2To be specific, time windows of each tested ERP were identified
primarily by examining the relative differences between experimental
conditions from Figure 3 (grand average reference ERP) and Figure 2
(topographic maps of difference waves). The PCA provides a confirmation
of these time windows, deriving theory-free and data-driven ERP temporal
patterns.
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Figure 2. a Top view of topographic maps of the voltage field distributions of difference waves for which the
baseline condition is subtracted from each experimental condition, respectively. The horizonta axis indicates the
temporal sequences of topographic voltage maps of the difference waves from 150 to 750 ms showing the
gpatiotempora dynamics of developing positivities (relative to the baseline condition) asafunction of therelative ease
of text integration. b: Top view of topographic maps of the voltage field for each experimental condition.

Early time frame (N200, from 120 to 250 ms). We refer to the
early component as an N200 to reflect its peak |atency and shape.® As
can be seen in Table 2, this early component showed systematic
variance only in the lateral sites analysis. There was no main effect of
integration type (F < 1). However, therewasatrend (p = .09) toward
greater negativity in posterior electrodes for the baseline condition,
compared with the referentialy explicit and referentially paraphrased
conditions as an interaction of Integration Type X Electrodes. Al-

though it did not attain standard stetistical reliability, this interaction
pattern is visible in the topographic maps.

3 Werefer to this early component as an N200 only to reflect its polarity
and latency. Similarly, we refer to alater positive shift with a peak latency
of 300 ms as a P300. In the Discussion section, we consider these two ERP
shiftsin relation to the interpretations of the N2 and P3 componentsin the
ERP literature.
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Figure 3. Grand average reference event-related potential (ERP) as a function of text integration during the
processing of the critical target word. ERPs were extracted form the onset of the target word (the initia phrase of the
second sentence) and were segmented offline into 900-ms epochs spanning 200 ms prestimulus to 700 ms poststimu-
lus. For the purpose of demonstration, only the representative 11 recording sensors that correspond to the international
10/20 system are shown. Note that the Cz site clearly indicates a degrading N400 effect as a function of relative ease
of integrating the target word with the preceding context. Other posterior sites showed this pattern as well with

somewhat different degrees of N400 reduction.

The topogrgphicd magps of Figure 2a show a developing positivity
(relative to basdline) at the podterior Ste for the referentialy explicit and
referentidly paraphrased conditions from ~150 ms to ~250 ms. The
developing positivity at the posterior Stes was hilaterd, (dightly right
dominant) for the referentialy explicit condition and right laterdized for
the referentialy paraphrased condition. It is important to note that the
pogterior ste for this developing positivity extended beyond the lateral
dtes used in the ANOVA (see Figure 1), which may explain the low
reliability of the interaction. In fact, comparison of Figures 2a and 4
shows only a partid overlap of the cdustered channels used in the
ANOVA and the stes of the developing positivity reflected in the topo-
graphic maps. Accordingly, we identified a region of interest (ROI) by
examining the waveforms of pogterior eectrodes and selecting those that
shared similar voltage shift patterns, latency and polarity. These ROI
dectrodes are shown in the left pand of Figure 4.

For the ROI analysis, we carried out a two-way repeated mea-
sures ANOVA on the bilateral electrodes clusters shown in Fig-
ure 4 at a time window of 120—250 ms. Although there were no
main effects, there was an interaction of Integration Type X
Hemisphere, F(3, 45) = 3.31, p < .05, MSE = 0.90. Planned
contrasts showed that both referentially explicit and referentialy
paraphrased conditions showed significant differences from the
baseline condition at the right hemisphere sites, t(15) = —2.54,
p < .05; t(15) = —2.60, p < 0.05, respectively. The inference
condition showed a smaller difference from the baseline condition
that was not quite reliable, t(15) = —1.97, p = .07. The experi-
mental conditions at left hemisphere sites showed no reliable
differences from the baseline condition. Somewhat surprising is
that we did not find a specific effect of explicit lexical repetition.

However, our materials might have provided a basis for both
conceptual (paraphrase condition) and perceptual (explicit condi-
tion) priming, both of which can benefit the process of word
identification (Schacter & Buckner, 1998).

Middle time frame (P300, from 260 to 360 ms). Only the
midline analysis showed effects of experimental variables in this
time frame. Figure 5 shows these results. The referentially para-
phrased condition induced a prominent positivity at this time
window, but other conditions did not. The midline ANOVA con-
firmed this difference in a significant effect of integration type,
which did not interact with electrodes. Pairwise comparisons
showed that the P300 was greater for the referentially paraphrased
than the baseline condition, t(15) = 3.13, p < .01. It was aso
visibly (but less reliably) larger in the referentially paraphrased
condition than in the referentially explicit condition, t(15) = 2.01,
p = .06. Additional contrasts reinforce the conclusion that this
component separated the paraphrase condition from all other con-
ditions, including the explicit condition. The referentially para-
phrased condition was significantly higher in mean amplitude than
the average of the inference and baseline conditions, t(15) = 2.52,
p < .05; however, the referentially explicit condition was not
significantly higher than the average of the inference and baseline
conditions, t(15) = 0.33, p = .75. This pattern of results suggests
that at ~300 ms, the effects of preceding context came primarily
from the conceptual level, rather than from a purely lexical level.

Late time frame (N400, from 300 to 550 ms).  For the late 300
to 550 ms time window, both the inference and baseline conditions
produced significantly more negetivity than the referentialy explicit
and referentialy paraphrased conditions in the midline anaysis (See
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Table 2

Analyses of Variance (ANOVASs) on the Mean Amplitudes of the Early, Middle and Late Event-Related Potentials

Medial ANOVA

Early time frame?

Middle time frame Late time frame

(120250 ms) (260-360 ms) (300-550 ms)
Source df F MSE p F MSE p F MSE p

Medial ANOVA

Integration 3,45 0.80 4.85 488 3.37 1.46 032 40.97 0.69 .001"

Electrodes 2,30 233 6.63 115 4.07 5.79 027" 0.63 171 538

Integration X Electrodes 6, 90 1.75 2.27 161 0.68 2.74 .613 1.30 1.22 .286
Lateral ANOVA

Integration 3,45 0.39 6.92 .740 0.44 1.67 .694 84.31 0.64 .001"

Electrodes 3,45 2.84 7.00 049" 5.87 9.50 .007" 0.93 292 407

Integration X Electrodes 9,135 1.68 1.29 .092 1.46 3.57 223 0.86 1.83 447

Hemisphere 1,15 6.87 5.46 .019° 3.82 8.12 .070 3.28 381 .090

Integration X Hemisphere 3,45 0.92 2.55 430 0.35 437 735 0.46 1.55 531

Electrodes X Hemisphere 3,45 5.82 1.23 010 4.26 1.89 028" 2.75 0.55 .070

Integration X Electrodes X Hemisphere 9,135 0.95 0.95 430 0.46 154 .733 0.46 0.55 .670
Posterior region of interest ANOVA

Integration 3,45 163 184 .209

Hemisphere 2,30 0.16 2.25 .699

Integration X Hemisphere 3,45 314 0.90 .035"

Note. The Geisser—Greenhouse correction was applied when the variance sphericity assumption was not met. The corrected p values are reported. The
medial ANOVA used three midline electrodes (Fz, Cz, and Pz), and the lateral ANOV A used four pairs of bilateral electrodes (F3-F4, C3-C4, P3-P4, and

T3-T4). Integration = integration type

2 An analysis of region of interest at the bilateral posterior region (see Figure 4) was further conducted.

“p < .05

Table 2 for statistics.). Pairwise comparisons indicated significant
differences between the referentialy pargphrased versus inference
conditions, t(15) = 11.35, p < .001, and between the referentialy
paraphrased versus basgline conditions, t(15) = 5.90, p < .001, but
not between the referentially explicit versus referentially paraphrased
conditions, t(15) = —1.18, p = .26, nor between the inference versus
basdline conditions, t(15) = —0.78, p = .45.

A similar pattern separating the referentialy explicit and refer-
entially paraphrased from the inference and baseline was observed
in the lateral sites analysis. The pattern of pairwise comparisons
was identical to that found for the midline analysis: significant
differences between the referentially paraphrased versus inference
conditions, t(15) = 13.21, p < .001, and between the referentially
paraphrased versus baseline conditions, t(15) = 8.71, p < .001, but
not between the referentially explicit versus referentialy para-
phrased conditions, t(15) = —1.59, p = .13, nor between the
inference versus baseline conditions, t(15) = —1.37, p = .19. This
pattern was consistent over the scalp, with no interaction of inte-
gration type with electrodes and with hemisphere (both Fs < 1).%

PCA Components

The PCA extracted six magjor tempord factors (eigenvaue > 1)
that accounted for 88% of the total variance in the data from the 325
variables corresponding to each 2-ms ERP time frame (see Figure 6).
Because the fourth through the sixth components have early peaks and
were not modulated by the integration type factor, they are not of
major interest to our comprehension questions. They appear to reflect
exogenous components (C4, 58 ms, and C6, 90 ms) related to visua
processing and equipment artifact (C5). Accordingly, the first three
components (82% of tota explained variance) were selected for

further statistical analysis (note that component in this section refersto
PCA component, not to voltage shifts). Table 3 outlines the results of
ANOVAs for each prominent PCA component.

Component 1 (63% explained variance) was a slow wave com-
ponent, rising from ~300 ms to a peak at 516 ms. This peak
matched the enhanced negative shift in the EEG data on Cz, C4,
Pz, and P4 (see Figures 2 and 3), and the late ERP component, the
N400 integration component, in the mean amplitude analysis. The
average component scores were negative for central and parietal
sites and positive for frontal and temporal sites. Statistical tests
(see Table 3) indicated that this component was modulated by the
integration type factor at both medial and lateral sites. There was
a significant main effect of integration type for medial site
ANOVA and a significant interaction of Integration Type X Elec-
trodes for lateral sites ANOVA. The negativity induced by the
baseline condition was reliably greater than for the other experi-
mental conditions at the medial and bilateral parieta sites (Fz, Cz,
P3, Pz, & P4).

4 Because we adopted a traditional temporal range to examine the N400
effect, from 300 ms poststimulus onset, our time windows for the P300
(260-360 ms) and N400 (300-550 ms) overlapped. Although the results
indicated reduced N400 for both the paraphrase and explicit conditions, it is
possible that the reduced negetivity of the paraphrase condition may have
resulted from its enhanced positivity at the P300. To test this, we carried out
an additional mean amplitude analysis using a nonoverlapping temporal range
of 360—600 ms for the N400. The results were similar to those of the main
andysis. Crucially, the paraphrase condition showed reduced negativity rela-
tive to the baseline condition, t(15) = 2.73, p < .05, that is not distinguishable
from the explicit condition, t(15) = —0.47, p = .64.
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Figure 6. Scree plot and component waveforms of the extracted principal component analysis (PCA) com-
ponents. For the scree plot, note that the number of extracted components after promax rotation was 18
(eigenvalues are greater than 1), but only the first 8 components were plotted for display purposes. For the
component waveforms, the text boxes within the plot area indicate the corresponding components (C1 =
Component 1, C2 = Component 2, etc.). The time points of peak loadings for the first three components are
shown in the text boxes. Note that component here refers to PCA component, not to voltage shifts.

Component 2 (13% explained variance) rose from ~110 ms
with a peak loading at 162 ms. The average component scores
were positive at the frontal sites and negative at the central,
parietal, and temporal sties. The peak and timecourse matched the
negative shift in the EEG data at around 160 ms and the early ERP
component, N200, in the mean amplitude analysis. ANOVASs (see
Table 3) indicated a trend toward an interaction of Integration
Type X Electrodes (p = .07) for the lateral site ANOVA. This
effect is visible in the topographic maps of difference waves (see
Figure 3), which show a salient posterior positivity for experimen-

Table 3

tal conditions relative to the baseline from around ~150 msto 250
ms, and is statistically reliable in the ROl analysis reported above
in the mean amplitude analysis.

Component 3 (6% explained variance) rose from ~260 ms, with
apeak at 314 ms. The average component scores were positive for
frontal, and central sites, and negative at parietal and temporal
sites. The peak and time course closely matched the ERP wave-
form of Figure 2 that indicates positive shifts at this time window,
P300, over most electrodes sites except the temporal sites (T3 and
T4). Furthermore, the peak and time course matched the middle

Analyses of Variance (ANOVAs) on the Component Score of Each Temporal Factor Extracted From Principal Components Analysis

Component 1
(516 ms, 63%)

Component 2
(160 ms, 13%)

Component 3
(320 ms, 6%)

Source df F MSE p F MSE p F MSE p
Medial ANOVA
Integration 3,45 5.14 0.63 .004" 1.23 0.56 .310 4.03 0.43 015"
Electrodes 2,30 4.77 0.95 020 0.92 313 .361 6.72 1.36 .006"
Integration X Electrodes 6, 90 0.96 0.66 457 1.32 0.65 274 0.24 0.69 .901
Lateral ANOVA
Integration 3,45 0.52 0.63 .649 0.46 0.45 .679 0.41 054 744
Electrodes 3,45 1.63 157 .216 1.67 3.79 211 7.73 115 .001"
Integration X Electrodes 9,135 2.03 1.70 .040 181 0.80 .072 0.94 121 491
Hemisphere 1,15 8.70 332 .010° 3.67 1.40 .075 1.85 1.75 194
Integration X Hemisphere 3,45 0.52 0.79 .662 0.71 0.62 .535 0.77 0.91 .501
Electrodes X Hemisphere 3,45 155 0.62 227 3.84 0.53 035" 2.16 0.78 135
Integration X Electrodes X Hemisphere 9,135 0.39 0.53 .825 1.28 0.39 .286 0.64 0.38 .643

Note. The Geisser—Greenhouse correction was applied when the variance sphericity assumption was not met. The corrected p values are reported.
Integration = integration type. The medial ANOVA used three midline electrodes (Fz, Cz, and Pz), and the laterd ANOVA used four pairs of bilateral

electrodes (F3-F4, C3-C4, P3-P4, and T3-T4).
“p < .05



INTEGRATION PROCESSES IN TEXT COMPREHENSION 67

ERP component in the mean amplitude analysis. ANOVAS (see
Table 3) showed that this component is modulated by the integra-
tion type factor at the medial site and that the referentialy para-
phrased condition induced reliably greater positivity than the ref-
erentially explicit and baseline conditions, but not than the
inference condition.

Thus, the PCA identified temporal components that are consis-
tent with the topographic and mean amplitude analyses. Impor-
tantly, the PCA provides the quantitative basis to identify compo-
nents that relate to the endogenous effect of lexico-semantic
processing (component 2) and integration processing, separable
from those components that relate to the exogenous effect of visual
processing.

Behavioral Results

The mean accuracy for each participant ranged from 96% to
73% (M = 88%, SD = 7.8%): referentially explicit (91%), refer-
entially paraphrased (96%), inference (89%), and baseline (77%).
Because the immediate processing of the target word in the base-
line condition was designed to be unrelated to a sensible integra-
tion process, it was excluded in further statistical analysis. A
repeated measures ANOVA indicated that the main effect of
integration type was significant, F(2, 30) = 3.79, p < .05, MSE =
51. Pairwise comparisons showed that the referentidly para-
phrased condition produced reliably better accuracy than the in-
ference condition, t(15) = 2.34, p < .05. No other comparisons
were found to be significant.

The mean reaction time of each condition, from the fastest to the
slowest, was 2,920 ms for the referentially paraphrased; 3,232 ms
for the inference; 3,242 ms for the baseling; and 3,515 ms for the
referentially explicit. We conducted a repeated measures ANOVA
to test the generality of this pattern. The results showed that the
main effect of integration type was significant, F(2, 30) = 4.91,
p < .05, MSE = 288,393. Pairwise comparisons showed the main
locus of this integration type effect to be the referentially para-
phrased condition. It is interesting that the behavioral results
suggested that the referentially paraphrased condition actualy
promoted text integration better than other experimental condi-
tions, as shown in the fastest reaction times to the comprehension
questions and the highest accuracy.

Coherence Check

To examine the coherence of our two-sentence contexts, we
carried out a study to collect coherence ratings from a new set of
36 participants. Its purpose was to test the extent to which our texts
were viewed as equally coherent across experimental conditions. It
was possible, for example, that in our referentially explicit condi-
tion, repeating a word from the next sentence was not as natural a
continuation as use of a pronoun would have been. For another
example, by hypothesis the inference condition was not as coher-
ent as the referentially explicit condition because of a lack of
argument overlap. We wanted to see whether the four conditions
were viewed as reasonably coherent when readers could view the
sentences in their entirety rather than one at a time.

The test used the four sets of 120 experimental passages plus 30
items that replaced the target word with appropriate pronominal
expressions (see Appendix B). These pro-form texts were adapted

from the passages of the referentially explicit condition. Sixty new
incoherent filler passages were added, constructed by randomly
pairing two sentences together (45 total) and by creating lexical
ambiguity (15 total). Participants pressed the space bar to read
through each passage one sentence at a time and then rated “How
well do the two sentences go together?’ on a 4-point scale (1 =
very poorly, 4 = well). Each participant received one set of
stimulus materials and across participants the different versions of
al of experimental passages were presented equally.

The pooled mean percentage of the top two ratings (somewhat
good or well; 3 and 4) was 94% for the referentially explicit
condition, 93% for the referentially paraphrase condition, 88% for
the inference condition, 82% for the pro-form condition, 43% for
the baseline condition, 7% for the scrambled fillers, and 58% for
the referentially ambiguous fillers. An ANOVA (excluding the
baseline) indicated a main effect of integration type factor (ex-
plicit, paraphrase, inference, and pro-form), F,(3, 105) = 25.41,
p < .001, MSE = 0.004; F,(3, 357) = 21.17, p < .001, MSE =
0.02. Post hoc contrasts further indicated that the referentialy
explicit and referentially paraphrased passages elicited equivalent
perceived coherence, t,(35) = 0.64, p = .53; t,(119) = 0.74, p =
.46, that was greater than the inference and pro-form passages:
referentially explicit versus inference, t,(35) = 3.35, p < .01, and
t,(119) = 3.49, p < .01; referentialy explicit versus pro-form,
t,(35) = 7.43, p < .001, and t,(119) = 5.94, p < .01, referentially
paraphrased versus inference, t,(35) = 3.35, p < .01, and
t,(119) = 2.86, p < .01; referentially paraphrased versus pro-form,
t,(35) = 6.58, p < .01, and t,(119) = 5.95, p < .01. The inference
passages were perceived to have greater coherence than the pro-
form passages, t,(35) = 3.87, p < .01, and t,(119) = 341, p <
.01. This same pattern of significant results over all comparisons
was obtained when we applied the most stringent criterion of the
percentage of sentences given the top rating (4).

Thus, the ratings confirm that the experimental conditions in-
cluded texts that were perceived as coherent and that differences
among conditions aligned with the assumptions that both explicit
and paraphrase conditions would be viewed as coherent and that
inference passages, because they lack explicit argument overlap,
are viewed as less coherent. An important conclusion is that,
athough repeating a word is not the preferred way to establish
coherence, our explicit condition appears to have reflected condi-
tions that favor repetition, because the explicit condition was
viewed as coherent. The finding that the pro-form condition did
not promote the highest level of coherence reflects the fact that in
many cases a pronoun created an unclear reference compared with
an explicit repetition, especially when the referent from the first
sentence was not a noun. More generally, the facilitative effect of
pro-forms depends on the accessibility of the referent, which varies
with its status of discourse focus and syntactic prominence (Gor-
don, Grosz, & Gilliom, 1993; Gordon & Hendrick, 1998; Lappin
& Leass, 1994; Reinhart, 1981). Our texts placed the antecedent in
a less-focused and syntactically nonprominent status, a condition
which favors its repetition (Garrod, 1994; Garrod, Freudenthal, &
Boyle, 1994; Gordon et a., 1993; Gordon & Chan, 1995).

Discussion

With the use of multiple analyses of ERP recordings on asingle
word, we have obtained a convergent picture of the word-to-text
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integration processes that occur on the first words of a sentence.
This picture shows an attempt at immediate integration of a word
into the reader’ s representation of the text to that point, despite the
fact that the integration must take place across a sentence bound-
ary. Theimmediate integration hypothesis predicts that differential
ERP effects will reflect differences in the ease of integration,
because such differences arise only if integration attempts are
being made. The ease of integration highly depends on two major
factors: the availability of the intended referent in the representa-
tion and the lexicosemantic match between the target word and its
intended referent in the representation. Integration difficulty oc-
curs when the context information does not support access to a
referent for the word. Specificaly, integration difficulty should be
a function of the cognitive effort needed to access the intended
referent of the word in relation to the preceding context.

Our test of this assumption rested on the first sentence, which
varied the accessibility of a referent needed for the initial content
word of the second sentence. The integration of the referent across
the sentence boundary could be lexically based (referentialy ex-
plicit), semantically associated and conceptual based (referentially
paraphrased), and situation based (inference). The integration of
the baseline condition was the most difficult, because the initial
phrase had no immediate match to the situation model established
from theinitial sentence. Below we discuss first how the ERP data
support this general picture and then the implications of the results
for general accounts of text comprehension.

The ERP results suggest effects that arise by 200 ms and are
continued through two later shifts which are identifiable as a P300
and an N400. The major predicted effect was the N400, which
indicated that during the reading of the first content word across a
sentence boundary, readers tend to attempt to integrate the word to
a potential referent in their representation of the context. This
effect was found by the major ERP analysis of N400, which found
that both the referentially explicit and referentially paraphrased
conditions produced reduced N400s relative to both inference and
baseline conditions. The N400 had a later peak (at ~500 ms; see
Figure 2) than is generally observed. Late latencies generally
indicate increasing task demands (Donchin & Coles, 1988b),
which might be higher when integration is required across sen-
tence boundaries. The main point is that these N400 effects support
the assumption that readers attempted to integrate the target word
with the context and that these attempts varied in difficulty ac-
cording to the conditions. On the other hand, these results suggest
that delayed processing did not occur. Incremental integration of
each incoming linguistic constituent tends to be a general process-
ing strategy in language comprehension.

The earliest effects (from 150 ms) were visible in the topo-
graphic wave forms and could be confirmed in an ROI analysis on
posterior electrodes (although not in the original ANOVA that
included fewer posterior electrodes). Figure 3 shows a very early
developing positivity at the 150-ms time frame for both the refer-
entially explicit and referentially paraphrased conditions at the
posterior sites. Because both the referentially explicit and referen-
tially paraphrased conditions induced an early developing positiv-
ity at the posterior sites (from 120 ms to around 250 ms), we
interpret this as a lexicosemantic effect.

In the 300-ms window, the referentially paraphrased condition
diverged from the other conditions at the midline site, with the
referentially paraphrased condition inducing the greatest ERP en-

hancement from the baseline condition. This effect is also quite
visible in the topographic maps of Figure 3. We interpret this P300
effect as a conceptual effect that reflects integration based on word
meaning rather than word form.

The cognitive functions of the N200 and P300 effects do not
necessarily match those traditionally attributed to the N200 and
P300 in the ERP literature. Both components have been related to
stimulus novelty and task relevance. The N200 has been identified
as a mismatch negativity that reflects an automatic feature dis-
crimination process related to a stimulus that deviates from the
prevailing context (Gehring, Gratton, Coles, & Donchin, 1992;
Squires, Squires, & Hillyard, 1975). The P300 often has been
related to memory updating in task events that involve novel
stimuli (Donchin & Coles, 1988a, 1988b).

To interpret these components in the present study, we must
consider the cognitive task of word-by-word reading. The readers
integrate the target word with a memory representation of the
preceding context. This integration unfolds rapidly as readers
identify the word’s form and its meaning and select a meaning
relevant to the context. The ERP shifts track these processes,
showing a posterior negativity a 200 ms (N200) and 300 ms
(P300) moving to anterior regions that relate to meaning integra-
tion. This pattern is consistent with what has been found in
Marinkovic et a. (2003), who, using an anatomically constrained
magnetoencephal ography paradigm, found that repeated written
words induced increased brain activity of the ventral visual stream
that included the occipitotemporal and posterolateral temporal
regions at ~200 ms and that the brain activation moves along the
posterior—anterior axis in the time course that the activity spreads
to the anterior regions after ~200 ms word onset (Marinkovic et
al., 2003, p. 488). A memory updating interpretation of the P300
may be a highly general one in which amodel of the environment
is modified and updated as a function of incoming information
(Donchin & Coles, 1988a). In the case of word-to-text integration,
we can suggest that this updating process is enhanced for a word
(aparaphrase) that has a conceptual association with the preceding
text representation (Keenan & Jennings, 1995).

Two additional observations about the interpretation of the ERP
data are relevant to the general question of how ERPs reflect word
integration processes. The first concerns the apparent lack of
evidence for predictive inferences, which have been the object of
much research and controversy (Graesser, Singer, & Trabasso,
1994) with both positive (Murray, Klin, & Myers, 1993; Zwaan &
van Oosterndorp, 1993) and negative results (Corbett & Dosher,
1978; McKoon & Ratcliffe, 1989, 1992; Singer & Ferreira, 1983).
Our ERP results suggest that readers did not generally draw
predictive inference during the first sentence. Accordingly, they
were not prepared to integrate the target word of the second
sentence and instead had to draw a bridging inference in compre-
hending the target word. There are some suggestions in the topo-
graphic maps that this occurred. One can see in Figure 2a that the
inference condition induced a transient N400 reduction at around
500 ms at the central-parietal site, which could suggest arelatively
easy bridging inference that enabled some integration (St. George
et al., 1997). Additiona converging evidence comes from com-
prehension accuracy and perceived coherence that indicate a clear
separation of inference condition from baseline condition. These
offline measures are coherence guided in establishing a meaning-
ful representation of the text.
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Numerous inference studies have indicated that coherence
requirements guide the reader to compute bridging inference
during the course of text comprehension (Keenan, Baillet, &
Brown, 1984; McKoon & Ratcliff, 1986; Myers, Shinjo, &
Duffy, 1987; Singer, 1980). By and large, the results are con-
sistent with the view that readers routinely make only more
passive coherence-driven inferences rather than fully con-
structed inferences (McKoon & Ratcliff, 1992). They are less
consistent with the constructionist hypothesis (Graesser et al.,
1994) that readers are active in drawing a variety of inferences
while constructing mental representation in reading text. How-
ever, we note the possibility that unreliable differences between
the inference and baseline conditions may reflect individual
differences in the tendencies for readers to make such infer-
ences or in the likelihood that specific texts trigger them. Such
differences would be consistent with the assumption that such
inferences are not routinely triggered but are variably influ-
enced by a variety of factors (Calvo, Castillo, & Schmalhofer,
2006; Fincher-Kiefer, 1993; McKoon & Ratcliff, 1989; Singer
& Leon, in press; Trabasso & Suh, 1993).

The second point concerns the absence of a clear, specific effect
of word repetition—the referentially explicit condition compared
with the referentially paraphrased condition. Certainly, one ex-
pects an effect when a word is repeated (Van Petten, Kutas,
Kluender, Mitchiner, & Mclsaac, 1991). In fact, the middle time
window did show a repetition effect, but it was not statistically
reliable. It is possible that a more reliable repetition effect would
be observed for complete form repetition. Recall that the first-
sentence antecedent and the second-sentence target word often
varied in their forms (e.g., “. . . exploded. The explosion . ..” and
“... cause a flood. The flooding ..."). Furthermore, the words
intervening between the antecedent and target word range from 1
to 5 words, with an average of 3 words. The N400 amplitude has
been found to vary with the lag between the first and second
occurrence of a word (Nagy & Rugg, 1989; Van Petten et a.,
1991). Thus, although both the variation of the form class and of
the lag between the first and second occurrence of a word in our
passage stimuli have been shown to have no systematic variation
with the experimental factors, they could affect the reliability of a
specific repetition effect. In fact, in a recent EEG study of text
integration in our lab, a reliable repetition effect was found from
~250 ms at the medial central-frontal site when the antecedent and
the target word matched exactly in their form class (“. . . a brides-
maid. . .. The bridesmaid ..."”). A third possibility is that form
effects are reduced in a situation that emphasizes meaning inte-
gration. If so, repetition and paraphrase would contribute equally
to the text integration.

Another result concerns the comprehension questions. The ma-
jor ERP analysis suggested that both surface match (referentially
explicit) and conceptual association (referentially paraphrased)
with the referent in the context facilitated the immediate integra-
tion of the text material. The behavioral data look somewhat
different in that the referentialy paraphrased condition facilitated
comprehension relative to the other experimental conditions. Fur-
thermore, the referentially explicit condition did not facilitate text
comprehension more than the inference condition. This pattern
shows a dissociation between immediate integration and final
comprehension. The explicit match of the surface form promoted
the immediate mapping and integration of the referent into the

representation, but it did not actually promote text comprehension
better than the inference condition, a pattern consistent with Mc-
Namara, Kintsch, Songer, and Kintsch’'s (1996) findings. Mc-
Namaraet a. (1996), using longer textsin alearning task, reported
that atext with consistent and explicit argument overlap may make
for a coherent text representation, but it may make it harder for
readers to acquire the situation model.

Finally, and most provocative we think, is the question of what
is advantageous about a paraphrase. One possibility is that a
paraphrase leads to fuller processing than an explicitly repeated
word. This fuller processing leads to a more integrated represen-
tation that serves the comprehension question. On the other hand,
the explicit condition may receive its integration only through a
passive memory resonance process, adequate for integration and
immediate comprehension but not providing any specia boost to
final comprehension. We can link the comprehension advantage of
the paraphrase condition to the paraphrase P300 effect as follows:
The paraphrase P300 effect may result from a memory match
process that responds to a word that is similar in meaning. For
example, when the word explosion is encountered, this recalls
blown up from the first sentence and a referent that would have
been established through predication, namely, “the bomb . . . blew
up.”

This process distinguishes a paraphrase not only from ex-
plicit word repetition but also from inference. The difference in
our results between the paraphrase and inference conditions can
be seen in these terms: A word meaning-based mechanism is
sufficient for paraphrase-based integration but not for forward
inference-based integration. As indicated above, paraphrase
relations can be computed through lexical connections, which
may be context sensitive, given that our paraphrase relations
were not simply highly associated words. Thus, paraphrase
relations, but not inferences, can take advantage of memory
processes that resonate for words with related meanings
(O'Brien et a., 1998). A resonance process that is initiated by
encoding the meaning of a word would be a rapid and efficient
process that could lead to immediate word-to-text integration.
Schmalhofer and Perfetti (in press) present behavioral and
fMRI data that converge with the present ERP data in support-
ing the broad features of this account.

Conclusion

Not only do the present results expose the processes of word-
to-text integration in text comprehension, they also specifically
show that integration processes operate immediately on the first
content word of a sentence. Both the explicit and paraphrase
conditions facilitated the immediate integration of the target word.
Further, the earliness of the paraphrase effect suggests that the
word conceptual level is available very quickly to comprehension
and is sensitive to its contextual appropriateness. The comprehen-
sion results allow an additional suggestion that an integration
process that requires a conceptual level process (as in the para-
phrase case) may lead to higher comprehension than integration
that can be achieved more superficially on the basis of argument
overlap (word repetition). However, when integration requires a
predictive inference to have been made in the previous sentence, it
is less successful.
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In this ERP experiment, we deliberately designed the materials
of the (a) referentially explicit, (b) referentialy paraphrased, (c)
inference and (d) baseline conditions so that they would optimally
aign to the materials from behavioral studies on inferencing (e.g.
Keenan et a., 1984; McDaniel et al., 2001) and studies that
separate the wording, the conceptual, and the situational levels of
representations from each other (Schmalhofer & Glavanov, 1986).
We can thus compare the ERP results with the results of behavioral
studies: The PCA analysis clearly identified three separate com-
ponents in the ERP signals, which we were able to describe as
N400, P300 and N200. The N400 component clearly differentiated
the integration processes of the baseline and the inference condi-
tions, on the one hand, and the referentially explicit and referen-
tially paraphrased conditions, on the other hand. Because predic-
tive inferences were hardly ever drawn, the processes yielding the
N400 may be associated with a situational bonding of the critical
word to the previous context. The P300 component furthermore
differentiated the integration process of the referentially para-
phrased condition from the three other conditions. The P300 may
thus be implicated for conceptual or propositional processes. Fi-
nally, the N200 effect has always been assumed to reflect lexical
processes. Our results are therefore aso quite consistent with
previous behavioral studies and with the multilevel representation
assumption.

Our study has focused on the text reading of skilled readers. It
is quite possible that less skilled readers show a word-to-text
integration pattern that is different from what we observed here.
Indeed, in arecent study in our lab (Y ang, Perfetti, & Schmalhofer,
2006), less skilled college readers showed little evidence of inte-
gration for explicit and paraphrase words (relative to baseline
words) within the first ~300 ms of word processing. This contrasts
with the evidence of the current study that high-skill readers
integrate words through lexico-semantic processing within ~300
ms. Such adifferencein lexical level integration is consistent with
the hypothesis that comprehension skill varies at least in part with
the lexical processing skills that are required during comprehen-
sion (Perfetti & Hart, 2001).
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INTEGRATION PROCESSES IN TEXT COMPREHENSION 89
Appendix B
Sample Passages of the Pro-Form Condition in Text Coherence Norm
Table B1
Experimental Stimuli
Sentence 2
Explicit  Paraphrase  Inference  Pro-form  Baseline
Passage type Sentence 1 Explicit Pro-form (94%) (93%) (88%) (82%) (43%)
Bare NP and  While swimming in the shallow  The cut was one It was one inch 96% 94% 88% 83% 39%
initial NP water near the rocks, Sharon inch long. long.
stepped on a piece of glass
and cut her foot.
No longer able to control his The piecestook  They took a
fury, the boyfriend hurled the along time to long time to
delicate porcelain vase clean up. clean up.
against the wall and broke it
into pieces.
After being announced the Her crying It annoyed the
winner, the contestant was annoyed the other
overwhelmed with emotion other contestants
and started to cry. contestants who thought
who thought she was
she was being being
melodramatic. melodramatic.
Modified NP The clumsy workman on the The spilled paint It could cost 93% 94% 89% 2% 44%
ladder accidentally kicked the could cost him his job.
paint bucket over and spilled him his job.
the paint.
Adverbial Jane wanted to hang the antique ~ After After that she 90% 93% 91% 84% 43%
phrase painting she bought at an hammering hung the
auction, so she looked for a the nail she picture on
nail and hammered it into the hung the the wall.
wall. picture on the
wall.
Since Sonya had ripped her Having sewed Having done 92% 90% 89% 84% 47%
pants and had some free the pants she that she
time, she found some wore them for wore them
matching thread and sewed another for another
them up. summer. summer.

Note. Only representative types of passages are shown here with the corresponding pooled mean percentage of the top two ratings (e.g., 3 = somewhat
good, 4 = well) for each condition. Sample filler passages are aso shown. NP = noun phrase.

Table B2
Filler Item
Passage type Sentence 1 Sentence 2 Mean rating

Scrambled (75%) None of the local firefighters wanted Ironically, the rest of the book was 7%

to work over the holiday break. filled with dark and gruesome

imagery.
The pianist said that the piano The conductor slowed the train

sounded better than ever before before pulling into the station.

and the conductor agreed.
Referential ambiguity (25%) The strong earthquake cracked the Reporters talked about it on the 58%

foundation of the house.
Elliott and Floyd like doing things
together outside of work.

evening news.
He always came home late
afterward.

Note. Only representative types of passages are shown here with the corresponding pooled mean percentage of the top two ratings (e.g., 3 = somewhat

good, 4 = well) for each condition.
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