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1. Introduction: Establishing coherence across clauses
Schizophrenia is a neuropsychiatric disorder characterized by heterogeneous symptoms and neurocognitive dysfunction across multiple domains. Positive thought disorder has long been considered
as a cardinal clinical feature (Bleuler, 1911/195; Kraepelin, 1971). Thought disorder is most apparent in
the disorganized and sometimes unintelligible language produced by some patients (DSM-IV, American Psychiatric Association, 1990). However, language impairments in schizophrenia are not confined
to production. Although, from a clinical perspective, abnormalities of comprehension are more subtle
than those of production, there is evidence that patients show selective cognitive impairments on
a variety of language processing paradigms (Kuperberg, Ditman, Kreher, & Goldberg, in press). These
abnormalities can be linked not only to disorganized speech, but also to other aspects of psychotic
thought and behavior in schizophrenia, including delusions (e.g., Holt et al., 2006), hallucinations (e.g.,
Ditman & Kuperberg, 2005), non-goal-directed behavior (Sitnikova, Goff, & Kuperberg, in press), and
negative symptoms (Kuperberg, Kreher, Swain, Goff, & Holt, in press). Studying the language processing
system in schizophrenia can, therefore, give important insights into the neuropathology of schizophrenia as a whole (Bleuler, 1911/1950).
There have been two main approaches to studying language abnormalities in schizophrenia.
The first, inspired by observations that some patients produce strings of semantic associations
(Bleuler, 1911/1950), focuses on semantic associative processing outside a sentence or discourse
context. The second seeks to link impairments at the sentence and discourse levels with more
general working memory or executive dysfunction. Both of these approaches have yielded valuable
information. There is evidence that schizophrenia patients show abnormal semantic memory
function as indexed using several different tasks and paradigms (for a review, see Kuperberg et al.,
in press). There is also evidence that both severity of thought disorder and referential communication impairments (discussed further below) correlate with poor performance on various
neuropsychological tasks indexing attention (Docherty, 2005; Docherty et al., 1996), distractibility
(Docherty & Gordinier, 1999; Hotchkiss & Harvey, 1990), working memory (Docherty, 2005;
Docherty & Gordinier, 1999; Kerns, 2007) and other executive functions (Kerns & Berenbaum,
2002).
Alone, however, these two approaches may be too limited. This is because they have generally
been considered in isolation of one another and outside psycholinguistic models of normal language
processing. Building a gestalt meaning through language requires us not only to match input with
prior-stored associations, but also to combine words together (through syntactic and semantic
mechanisms) in order to construct the meaning of individual clauses (Chomsky, 1981; Jackendoff,
2002), and then to integrate such clauses together to form a mental model (or ‘situation model’) (van
Dijk & Kintsch, 1983; Johnson-Laird, 1983; Zwaan & Radvansky, 1998). Determining which of these
integrative mechanisms are spared and which are impaired is essential for understanding how
thought and communication breakdown in schizophrenia. This review focuses on the few studies that
have explored integrative processes across individual clauses in schizophrenia, and their interactions
with lexical and associative processes. We discuss these studies with reference to a relevant literature
in healthy adults which addresses the cognitive mechanisms by which coherence links are established across clause boundaries, thus providing a framework that may guide future research in this
area. (Mechanisms by which meaning is built within clauses in schizophrenia by assigning syntactic
and thematic relationships are discussed elsewhere, see Kuperberg et al., in press; Kuperberg, Kreher,
& Ditman, in press).
The establishment of discourse coherence requires us to maintain logical consistency – i.e., physical,
motivational, and psychological continuity and causal linkage – between the events, actions, and states
described in individual clauses (van den Broek, 1990; van den Broek, Virtue, Everson, Tzeng, & Sung,
2002; Fletcher & Bloom, 1988; Schank & Abelson, 1977; Trabasso & van den Broek, 1985; Trabasso, van
den Broek, & Suh, 1989). This is clearly essential for the effective communication of ideas to others
(language production), as well as for the accurate interpretation of incoming information (language
processing). One tool that may help comprehenders establish coherence is cohesion markers, or
explicit linguistic devices that link information across clauses (cf. Graesser, McNamara, Louwerse, & Cai,
2004).
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2. The coherence of language output in schizophrenia
Interviewer: ‘‘How have you been feeling today?’’ Patient: ‘‘Well, in myself I have been okay what
with the prices in the shops being what they are and my flat is just round the corner. I keep a watch
for the arbiters most of the time since it is just round the corner. There is not all that much to do
otherwise.’’
This is a transcript of a conversation with a patient with schizophrenia. It is clear that, although
the patient starts to answer the interviewer’s question, he/she quickly goes off on a tangent and
the relationship between the ideas across the individual clauses is illogical. These types of failures
to establish coherence across clauses are well documented in the language output of some
schizophrenia patients (Andreasen, 1979; Schneider, 1959). Indeed, ‘tangentiality’ (responding to
questions with an irrelevant response) and ‘derailment’ (spontaneous speech with tangential
associations between ideas) are among the most common phenomena documented in thoughtdisordered speech (Andreasen, 1979; Earle-Boyer, Levinson, Grant, & Harvey, 1986; Mazumdar,
Chaturvedi, & Gopinath, 1995).
There have been several attempts to characterize these types of coherence failures more systematically than through clinical ratings. Early studies focused on the predictability of upcoming words in
speech using cloze procedures (Taylor, 1953). Salzinger, Portnoy, and Feldman (1964) reported that
healthy individuals were less likely to accurately predict missing words in transcripts of speech
produced by patients than by controls. Moreover, when more context was provided, it proved easier to
predict upcoming words in controls’ speech, but harder to make such predictions in patients’ speech
(Salzinger, Pisoni, Portnoy, & Feldman, 1970; Salzinger, Portnoy, & Feldman, 1979). Later studies suggested that such unpredictability was most characteristic of speech produced by patients who had
been clinically characterized as thought disordered (Hart & Payne, 1973; Manschreck, Maher, Rucklos,
& White, 1979).
A second approach has been to examine the overall discourse structure of speech produced by
patients. In healthy adults, discourse can be organized into a systematic tree structure with a central
proposition from which other propositions branch out. In a series of studies, Hoffman et al. used
transcripts of speech acquired from patients with schizophrenia, mania, and healthy adults to examine
their discourse structures. The transcripts of patients with schizophrenia revealed more disorganized
tree structures than those of controls and manic patients (Hoffman, 1986; Hoffman, Kirstein, Stopek, &
Cicchetti, 1982).
A third and more recent approach has examined patients’ language output in relation to the cooccurrence or associations between its individual words, characterized using computational models.
This approach may be particularly informative given the classic observations that, in some patients,
incoherence appears to arise because they are preoccupied with relationships between individual
words (Bleuler, 1911/1950; Chaika, 1974). For example, in the following speech sample (quoted by
Maher, 1983), the associations between the individual words are clear; however, the overall message
that the patient wishes to convey is incoherent: ‘‘If you think you are being wise to send me a bill for
money I have already paid, I am in nowise going to do so unless I get the whys and wherefores from you to
me. But where the fours have been, then fives will be, and other numbers and calculations and accounts to
your no-account.’’ Although most patients’ speech is not so obviously dominated by such lexicosemantic associations, studying such lexical relationships may give important clues as to how incoherence arises.
Maher, Manschreck, Linnet, and Candela (2005) examined transcripts of patients’ descriptions of
pictures with reference to the Computed Associations in Sequential Text (CAST). CAST quantifies the
number of associations within specific units of text that are input into the model. For example, if five
words are put into the model, it determines whether the first word (i.e., the index word) is associated
to any of the subsequent four words by checking a word association database. Results demonstrated
that, overall, patients produced a greater number of associations than healthy adults. This difference
was more pronounced when larger units of text (greater than 15 words) were input, suggesting that
associations between words exerted their influence for longer periods of time in patients than in
controls.
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Another computational model that has been used to examine speech output in schizophrenia is latent
semantic analysis (LSA) (Landauer & Dumais, 1997; http://lsa.colorado.edu). LSA is derived from a large
corpus of texts and determines the co-occurrence between individual words in a given discourse context.
While co-occurrence is not synonymous with lexico-semantic associations, words within the same
context usually have stronger semantic associations than words from different contexts. Elvevag, Foltz,
Weinberger, and Goldberg (2007) used LSA to explore lexical co-occurrence within transcriptions of
speech produced by patients during an interview. Lower LSA scores were taken to indicate ‘‘looser’’, or
more unusual, associations between words. More severely thought-disordered patients (as assessed by
a high global score on the Scale for the Assessment of Thought, Language, and Communication; TLC;
Andreasen & Grove, 1986) had lower LSA scores than less thought-disordered patients or healthy adults.
In addition, the authors employed a ‘moving window’ analysis in which they examined LSA scores at
various distances between an interviewer’s original question and a participant’s response (from two to
eight words following the question). LSA scores increased with increasing window sizes in all three
groups. However, with a window size of eight words, LSA scores of more thought-disordered patients did
not increase to the same degree as that of the less thought-disordered patients and healthy controls.
All the approaches described above rely on examining the transcripts of patients’ speech. A fourth
powerful way of probing mechanisms that underlie discourse incoherence in schizophrenia is to
examine speech as it is produced in real time. Few researchers have taken this approach, but one
interesting study by Spitzer, Beuckers, Beyer, Majer, and Hermle (1994) examined the patterns of
pauses and hesitations during a picture description task employed to elicit spontaneous speech
production in healthy adults and patients. Spitzer et al. defined a context-expected word as a noun that
was frequently employed across all participants’ speech samples as it referenced a highly visible object
within the picture that was being described. Words were considered contextually unpredictable if they
were used only once across all participants’ speech samples. Healthy adults tend to pause for slightly
longer durations just before producing a relatively contextually unpredictable (vs. predictable) word in
discourse (e.g., Butterworth, 1980). Spitzer et al. (1994) found that this was also true of non-thoughtdisordered patients. However, in thought-disordered patients, there was no difference in pause
duration between the predictable and non-predictable words. This was interpreted as suggesting that
patients are less able to use discourse context to selectively activate contextually appropriate words
during speech production.
Overall, these findings corroborate clinical observations of coherence failures in patients. Specifically, these studies demonstrate that patients’ speech is less predictable and organized than that of
healthy controls. In addition, word selection appears to be less constrained by the global discourse
context.
3. Coherence during language processing in schizophrenia
3.1. An insensitivity to discourse context in schizophrenia
Just as early studies of language output in schizophrenia focused on the predictability of speech
output, early studies of language processing examined patients’ ability to predict upcoming words in
discourse produced by healthy individuals. In healthy adults, the more context provided, the better
their accuracy in predicting missing words. de Silva and Hemsley (1977) found that giving chronic
schizophrenia patients more context did not improve their predictive ability, and, in acutely ill patients,
led to an even worse performance. This was interpreted as suggesting that patients are relatively
insensitive to discourse context, not only during production, but also during processing. A similar
insensitivity to discourse context was also reported in memory paradigms in which patients were
asked to recall spoken discourse (Hotchkiss & Harvey, 1990; Maher, Manschreck, & Rucklos, 1980).
Whereas memory performance in healthy adults improved when, during encoding, sentences were
organized into a coherent discourse, compared with random presentation, schizophrenia patients
derived no benefits from the meaningful organization of encoded material (Harvey, Earle-Boyer,
Wielgus, & Levinson, 1986; Speed, Shugar, & Di Gasbarro, 1991).
Although these studies suggest that patients are relatively insensitive to discourse context, they
provide little information about whether such insensitivity occurs as context is being built up,
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word-by-word, or whether it emerges at a later stage of processing. Online techniques such as eventrelated potentials (ERPs), which provide a direct measure of neural processing with excellent temporal
resolution, can address this issue. One particular waveform, the N400, has provided much information
about the semantic integration of words into a preceding context (Kutas & Hillyard, 1980, 1984). The
amplitude of the N400 is modulated by the ease or difficulty of mapping the meaning of an incoming
word on to the meaning of its preceding context (word, sentence or discourse), with respect to our
semantic memory structures (Federmeier & Kutas, 1999), and our real-world knowledge (Hagoort,
Hald, Bastiaansen, & Petersson, 2004). In schizophrenia, most studies of the N400 have focused on
semantic relationships between individual words and on incongruities within clauses (reviewed by
Kuperberg et al., in press). Recently, however, Ditman and Kuperberg (2007) examined the modulation
of the N400 in a discourse context. Patients and healthy controls read three-sentence discourse
scenarios in which the final sentence was highly causally related (e.g., James was practicing piano for
months. He won first prize in the competition. He took the medal with pride), intermediately related
(e.g., James was practicing piano for months. He played his best in the competition. He took the medal
with pride), or unrelated (e.g., Fred had never had the measles. He caught the infection in day care. He
took the medal with pride) to its preceding context. Importantly, in isolation, the final sentences in all
three conditions were locally coherent. While healthy controls showed a robust N400 effect to critical
words (e.g., ‘medal’ in the example above) within final sentences that were completely unrelated and
intermediately related (vs. highly related) with their preceding two-sentence contexts, patients failed
to show these N400 effects.1 This finding suggests that patients are unable to construct coherence links
across individual sentences to build-up overall global context during the earliest phases of discourse
comprehension.
3.2. Layered models of processing: at what level of representation does an insensitivity to discourse context
in schizophrenia arise?
While the studies reviewed above suggest that patients are relatively insensitive to a wider
discourse context, an important question is how and at what level of representation such insensitivity
arises. Normal models of discourse processing emphasize the idea that the representations built during
comprehension are multi-layered (van Dijk & Kintsch, 1983; Kintsch, 1988, 1992). For rich comprehension, we must go beyond the precise wording of the input, including its lexical and semantic
relationships (the surface structure), and even beyond its component propositions (propositional
structure) to extract the overall message of the discourse – the ‘situation model’. Recent evidence
suggests that this situation model is represented or embodied at perceptual and motor levels, rather
than at more abstract levels (e.g., Glenberg & Kaschak, 2002; Yaxley & Zwaan, 2007; however, for an
amodal perspective, see Fodor, 1987). Comprehenders not only track information along causal,
temporal, spatial, and emotional dimensions, but also represent characters’ goals, motivations (Zwaan,
Magliano, & Graesser, 1995), and even sensori-motor perspectives on objects (e.g., Brunyé, Ditman,
Mahoney, Augustyn, & Taylor, 2009; Glenberg & Kaschak, 2002; Yaxley & Zwaan, 2007). In theory,
failures to establish discourse coherence in schizophrenia might arise at the level of the situation
model, the propositional structure, the surface structure, and/or in the interactions between these
levels. Below we describe studies that have explored each of these levels of representations, and their
interactions, in schizophrenia.
A classic way of examining the situation model – the global discourse message extracted from the
input – is through story recall. In an important early study, Bransford and Franks (1971) presented
healthy adults with groups of sentences in random order, e.g., ‘‘The ants were in the kitchen. The ants
ate the jelly. The jelly was sweet.’’ On a later memory test, participants misremembered (as measured
by confidence ratings) encoding larger sentences, e.g., ‘‘The ants in the kitchen ate the sweet jelly’’. In
other words, participants integrated the individual propositions to create a global representation or

1
Note that the N400 effect in schizophrenia is often normal to semantic incongruities (vs. congruities) within single sentences, so long as such critical words are not lexico-semantically related to preceding words (e.g., Kuperberg, Sitnikova, et al.,
2006; Sitnikova et al., 2002).
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‘gist’ of the discourse. In an early examination of whether patients with schizophrenia were able to
similarly extract this gist, Knight and Sims-Knight (1979) found that patients with a history of poor
functioning (compared with controls and patients with relatively good premorbid histories) performed
poorly on this task. However, a subsequent study using the gist paradigm by Grove and Andreasen
(1985) failed to find group differences between healthy adults, patients with mania, and schizophrenia
patients.
Another study by Leroy, Pezard, Nandrino, and Beaune (2005) focused on the propositional level of
representation, again using story recall. In healthy adults, the global discourse topic, or macrostructure,
constrains the more local structure of clauses and sentences, or microstructure (Kintsch & van Dijk,
1978) such that irrelevant information is deleted to make generalizations. Thus, examining the types of
propositions produced, and their relationships, can provide important information about how patients
develop and maintain a discourse plan. Leroy et al. (2005) asked healthy adults and patients with
schizophrenia to read a story aloud and then, immediately after, to produce discourse in which they
described the contents of the story. Patients were selected based on their ability to recall enough
information (i.e., linguistically skilled). Recalled micro-propositions (propositions with story details)
and macro-propositions (propositions related to the global discourse topic) were examined. Results
showed that both groups of participants produced similar numbers of micro- and macro-propositions.
However, schizophrenia patients were more likely than healthy adults to connect micro-propositions,
These results were interpreted as suggesting a failure of patients to delete story details and maintain
the overall global discourse topic.
Finally, there have been some studies examining interactions between lexical relationships (within
the surface structure) and the build-up of the situation model through the establishment of causal links
between clauses. Given the findings discussed above that increased lexical association or co-occurrence
are associated with positive thought disorder (Elvevag et al., 2007; Maher et al., 2005), studying such
interactions may be particularly relevant to understanding the mechanisms leading to coherence
breakdown in schizophrenia.
In healthy individuals, lexico-semantic relationships between words within the surface structure
are thought to influence discourse comprehension though an automatic ‘resonance’ with information
stored within long-term semantic memory (Albrecht & O’Brien, 1993; Cook, Halleran, & O’Brien, 1998;
Dell, McKoon, & Ratcliff, 1983; Kintsch, 1988, 1992; Myers & O’Brien, 1998; Myers, O’Brien, Albrecht, &
Mason, 1994; Sanford & Garrod, 1981). When such resonance conflicts with discourse coherence at the
level of the situation model, there are costs in processing (McKoon & Ratcliff, 1986; Myers & O’Brien,
1998; O’Brien & Albrecht, 1992; O’Brien, Cook, & Peracchi, 2004; O’Brien, Rizzella, Albrecht, & Halleran,
1998), and higher-level processes will ultimately override such lower-level lexical influences (cf. Zwaan
& Radvansky, 1998) based on a reader’s standard of coherence (cf. van den Broek, Rapp, & Kendeou,
2005;van den Broek et al., 2002). One way in which lexical information and the situation model have
been pitted directly against one another is through the use of homonyms. For example, to correctly
interpret the word ‘‘pen’’ in the second clause of this sentence, ‘‘When the farmer bought a herd of cattle,
he needed a new pen’’, one must integrate the meaning of the first clause such that the inappropriate
dominant meaning of ‘pen’ (a writing instrument) is inhibited, and the contextually appropriate
subordinate meaning is selected (a place where animals live).
There have been several studies using homonyms to examine the relationship between lexical
processing and the integration of information across clauses in schizophrenia. In an early study,
Chapman, Chapman, and Miller (1964) asked healthy adults and schizophrenia patients to indicate the
meaning (by selecting a response from several choices) of homonyms within two-clause sentences,
similar to the sentence given above. Patients were more likely than healthy adults to misinterpret
homonyms in terms of their dominant meanings, suggesting that they failed to use the meaning of the
first clause to inhibit the prepotent response and to select the most appropriate meaning (see also
Benjamin & Watt, 1969). These results were supported by a study by Bazin, Perruchet, Hardy-Bayle, and
Feline (2000) who found that, during sentence completion, thought-disordered patients were more
likely than healthy controls and patients without thought disorder to use the dominant meaning of
lexically ambiguous words, despite the meaning of the first clause biasing towards their subordinate
meanings. A third study by Titone, Levy, and Holzman (2000) introduced the homonyms at the end of
two-clause sentences and asked participants to make lexical decisions to probe-words that followed
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each sentence. This study reported, that when the meaning of the first clause strongly biased towards
the subordinate meaning of the homonym (e.g., Because the musicians were great, we really enjoyed
the jam), patients, like healthy adults, were able to suppress the dominant meaning of the homonym,
‘jam’, and access its subordinate meaning. It was only when the meaning of the first clause moderately
biased towards the subordinate interpretation (e.g., Because it was extremely loud, we really enjoyed
the jam) that patients, unlike controls, were unable to inhibit the dominant meaning of ‘jam’.
Finally, an ERP study by Sitnikova, Salisbury, Kuperberg, and Holcomb (2002) extended these
findings to online neural processing. In this study, the homonyms appeared at the end of the first clause
of the two-clause sentence that was linked by the word ‘because’. The words of the first clause biased
towards either the dominant meaning (e.g., ‘‘Diving was forbidden from the bridge.’’) or the subordinate meaning (e.g., ‘‘The guests played bridge.’’) of the homonym. The second clause contained
a critical word that was always semantically associated with the dominant meaning of the homonym
(e.g., ‘‘.because the river had rocks in it’’). As expected, healthy adults produced an N400 effect to
contextually inappropriate critical words (e.g., to ‘‘river’’ when the initial context was ‘‘the guests played
bridge’’): the incoherence of the situation model overrode the strong lexico-semantic relationships
between the individual words, leading to a cost in neural processing. Schizophrenia patients, however,
showed an attenuated N400 effect, suggesting that they failed to use context to inhibit the dominant
meaning of the homonym (‘‘bridge’’) that primed ‘‘river’’. Critically, the same patients showed a normal
N400 effect to unambiguously contextually incongruous (vs. congruous) words that, in half the sentences, were introduced towards the end of the second clause (e.g., ‘‘cracks’’ in ‘‘.because the river had
cracks in it.’’).
Taken together, these observations suggest that patients are able to use the lexico-semantic relationships between individual words within two-clause sentences, but that they have specific difficulty
in integrating meaning across clauses. Thus, lexical information exerted an inappropriate influence on
processing and the balance of interactions between the surface structure and the situation model was
disrupted. Interestingly, a similar inappropriate influence of lexico-semantic relationships in schizophrenia has been described at the level of single clauses where such associations can, under some
circumstances, override the syntactically-determined build-up of meaning (see Kuperberg et al.,
in press; Kuperberg, Sitnikova, Goff, & Holcomb, 2006).
4. Establishing coherence through the use of referential cohesion markers
One way of establishing coherence across clauses is through the use of referential cohesion markers.
This involves linking one word – the anaphor – with a previously presented word in the discourse (e.g.,
linking ‘he’ in ‘‘John went to the store because he needed to buy milk’’ with ‘John’) or with an object or
person in the real world (e.g., linking ‘that’ in ‘‘Look at that’’ with the thing the speaker is looking at) –
the referent. We discuss abnormal use of these referential cohesion markers in patients with schizophrenia as well as impairments in interpreting or resolving these cohesion markers, resulting in an
impaired ability to establish referential coherence.
4.1. Using referential cohesion markers during language production in schizophrenia
The first systematic examination of referential coherence in schizophrenic speech came from
Rochester and Martin (1979) who reported that patients failed to use cohesion markers to the same
degree as healthy controls. These problems were observed both in patients who had been clinically
characterized as thought-disordered as well as those without thought disorder. Relative to healthy
individuals, non-thought-disordered patients were more likely to use semantically-rich anaphors than
pronouns to refer to a referent, even when pronouns would have been more appropriate; patients with
thought-disorder were more likely to use pronouns to refer to referents that had not previously been
presented.
Findings of impaired use of cohesion markers in schizophrenia speech have been replicated and
described in more detail by other researchers (e.g., Docherty et al., 1996; Noel-Jorand, Reinert,
Giudicelli, & Dassa, 1997). For example, Docherty et al. have developed a comprehensive measure that
captures a range of referential communication failures including vague (e.g., ‘‘We had to go to court and
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other bad things’’), confused (e.g., ‘‘The supervisor was so jealous because bosses liked me because I was
a very good and hard worker, that they didn’t like that, so they plotted against me,’’ in which ‘‘they’’
could plausibly refer to either ‘‘supervisors’’ or ‘‘bosses), and missing (‘‘I designed the American first
rockets, and the cars and the boats;’’ ‘‘They let him/George go, so why not me?’’ with no prior mention of
a specific male person or of a man named George) references. Once again, these abnormalities have
been observed not only in clinically thought-disordered speech, but also in the language output of nonthought-disordered patients. Indeed, there is evidence that some types of cohesion impairments may
be trait markers of schizophrenia: for example, they can be stable over time (Docherty, Cohen, Nienow,
Dinzeo, & Dangelmaier, 2003), and they are evident to a greater degree in first-degree family members
of patients than of controls (Docherty & Gottesman, 2000; Docherty, Rhinewine, Labhart, & Gordinier,
1998).
4.2. Referential coherence during language processing in schizophrenia
Despite the careful characterization of how referential cohesion markers are used in the speech
produced in schizophrenia, there has been little study of the cognitive processes engaged as patients
attempt to establish referential coherence, across clauses during processing.2
Below we consider some of the relevant mechanisms in healthy individuals and discuss ways in
which they could be probed in schizophrenia.
Consider the following passage:
‘‘You know,’’ Rahim Khan said, ‘‘one time, when you weren’t around, your father and I were talking.
And you know how he always worried about you in those days. I remember he said to me, ‘Rahim,
a boy who won’t stand up for himself becomes a man who won’t stand up for anything.’ I wonder, is
that what you’ve become?’’ (The Kite Runner by Khaled Hosseini, p. 221)
Although the comprehension of this passage appears effortless, it places many demands on the
processing system. First, content words that can function as potential referents (e.g., father) must each
be maintained online, sometimes across long delay periods, even as new information is being processed. Second, when a potential anaphor is subsequently encountered (e.g., he), it must be linked back
to the most appropriate referent (e.g., Haviland & Clark, 1974). An anaphor often has several possible
referents – in the above passage, he could refer to any previously introduced male character such as
‘Rahim Khan’ (the speaker) or the ‘father’. To resolve this inherent ambiguity and determine what
anaphor to link back to what referent, we use multiple types of cues. These cues include low-level
information such as gender and number agreement (Cacciari, Carreiras, & Cionini, 1997; Rigalleau,
Caplan, & Baudiffier, 2004). For example, we know that he must refer to one male character. They also
include higher-level information such as the surrounding sentence and/or discourse context (Ditman,
Holcomb, & Kuperberg, 2007; Nieuwland, Otten, & Van Berkum, 2007), and real-world knowledge (e.g.,
Almor, 1999; Gernsbacher, 1991). For example, in the above passage, one uses the real-world knowledge to infer that the speaker (Rahim Khan) would not refer to himself in the third-person and thus is
most likely not the referent for the pronoun he. In theory, an impairment in establishing referential
coherence in schizophrenia might arise because patients are unable to maintain multiple referents
online for later resolution, or because they are unable to use contextual information or real-world
knowledge to link the correct anaphor with the correct antecedent.
To determine whether patients are able to use context in order to appropriately resolve an anaphor,
we have manipulated the nature of the context and examined processing to a reinstated referent after
the anaphor. For example, in a recent study in healthy individuals, Ditman et al. (2007) used ERPs to
determine how lexico-semantic and discourse context influenced the resolution of categorical
anaphors (e.g., whether ‘alcohol’ refers to ‘beer’ or ‘champagne’ at a ballgame). Participants read fivesentence scenarios in which the first three sentences explicitly introduced potential referents
(champagne, beer, cake) in their appropriate contexts (e.g., Champagne is served at a New Year’s party.

2
The assumption here is that patients with schizophrenia fail to use cohesion markers to the same degree as healthy adults
because they have a relatively relaxed standard of coherence.

262

T. Ditman, G.R. Kuperberg / Journal of Neurolinguistics 23 (2010) 254–269

Beer is served at a ballpark. Cake is served at a birthday party), a fourth sentence introduced a context
with an anaphor describing a particular category (e.g., At the New Year’s party, Bill took a sip of the
alcohol). One of the referents was then reinstated in the fifth sentence and ERPs were measured to this
word. The reinstatement was correct (e.g., The champagne was good), incorrect but an exempler of the
category depicted by the anaphor (e.g., The beer was good), or incorrect and unrelated to the anaphor
(e.g., The cake was good). We found that the ERP response to the reinstatement was modulated by both
discourse cues and lexico-semantic relationships; the largest amplitude N400 was evoked to incorrect
and lexico-semantically unrelated critical words (cake), followed by a medium-sized amplitude N400
to incorrect but lexico-semantically related critical words (beer), and the smallest amplitude N400 was
elicited by correct and lexico-semantically related critical words (champagne). We have recently carried
out this paradigm in schizophrenia patients and our findings suggest that patients and controls show
a similar pattern of ERP activity (Ditman & Kuperberg, 2008). These data suggest that, at least when the
context is explicitly provided, patients are able to use it appropriately to resolve anaphors during online
processing. While it is encouraging that there may be some conditions that promote accurate linking
across sentences in schizophrenia, future studies are needed to determine the boundary of this effect.
5. Neuroanatomical underpinnings
Another reason why it is important to explore abnormalities in the use of cohesion markers and the
establishment of coherence in schizophrenia within normal frameworks of discourse processing is that
it allows the design of tightly-controlled cognitive neuroscience paradigms that use functional neuroimaging techniques to elucidate their neuroanatomical bases. Below we discuss the possible roles of
neuroanatomical regions engaged during normal discourse processing, and speculate how these may
be abnormally modulated in schizophrenia.
In healthy individuals, the establishment of causal coherence across sentences is associated with the
recruitment of a widespread brain network distributed across temporal, frontal and parietal cortices
(Kuperberg, Lakshmanan, Caplan, & Holcomb, 2006; Mason & Just, 2004; Virtue, Haberman, Clancy,
Parrish, & Jung-Beeman, 2006); sometimes more rostral superior frontal and medial frontal cortices are
also engaged (Ferstl & von Cramon, 2001, 2002; Kuperberg, Lakshmanan, et al., 2006; Ruby, Sirigu, &
Decety, 2002; Xu, Kemeny, Park, Frattali, & Braun, 2005). The precise roles of each of these different
regions is unclear, but it has been suggested that the modulation of temporal and inferior frontal
cortices reflects the activation and retrieval of stored semantic information, while more superior and
medial prefrontal regions may be involved in a more directed and explicit search for meaning, possibly
through attempts to establish temporal, sequential relationships between clauses (Ferstl & von Cramon, 2001, 2002; Kuperberg, Lakshmanan, et al., 2006; Ruby et al., 2002).
There has been less work examining the neuroanatomical regions engaged in establishing referential coherence in healthy individuals, but there is some indication that both superior/medial
prefrontal cortices and superior/medial parietal cortices may play a role: in comparison with pronoun
anaphors that are easily linked with their preceding referents, noun-phrase anaphors that refer
inappropriately to a repeated name referent lead to increased activity within superior and medial
parietal cortices (Almor, Smith, Bonilha, Fridriksson, & Rorden, 2007), while pronouns that refer
inappropriately to one of two ambiguous referents are associated with increased activity within both
superior/medial parietal and frontal cortices (Nieuwland, Petersson, & Van Berkum, 2007).
If, as some of the evidence discussed in this review suggests, patients are inappropriately dependent
on lexical and semantic relationships in establishing coherence across clauses, they may show
abnormally increased activity within temporal cortices to discourse with related (vs. unrelated) lexicosemantic relationships (cf. Kuperberg, Deckersbach, Holt, Goff, & West, 2007); in contrast, a failure to
establish full coherence or cohesion at the level of the situation model, particularly when this
contradicts lexical and semantic associative relationships, might be associated with abnormally
reduced recruitment of superior frontal and parietal cortices. Although these hypotheses have not yet
been tested at the level of discourse in schizophrenia, one recent study at the sentence level does
describe a dissociation across patients and controls in the modulation of superior fronto-parietal
regions and the temporal/inferior frontal cortices when integration demands are increased (Kuperberg,
West, Lakshmanan, & Goff, 2008).
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A second important issue that functional neuroimaging studies of discourse in schizophrenia can
address relates to the role of the right hemisphere. One interesting hypothesis is that language
dysfunction in schizophrenia is associated with a redistribution of function between the left and right
hemispheres, whereby the right hemisphere mediates tasks that, in healthy individuals, are typically
subserved by the left hemisphere. This reorganization, in turn, is believed to compromise traditional
right-hemisphere functions (Mitchell & Crow, 2005). Indeed, Crow (2000) has speculated that a failure
to establish dominance for language in schizophrenia may reflect a byproduct of the evolution of
language itself.
As yet, there is little direct evidence either supporting or refuting these ideas – neuroimaging
studies in schizophrenia have not revealed any systematic relationship between abnormal laterality
and language processing: although there have been some reports of abnormal lateralization (Artiges
et al., 2000; Kircher et al., 2001, 2002; for a review, see Crow, 1997), other studies do not report clear
between-group differences in relative activity across right and left hemispheres during language
processing or production (e.g., Han et al., 2007; Kuperberg et al., 2007).
This heterogeneity in findings across studies is not surprising: different studies of language in
schizophrenia use very different paradigms and tap into different aspects of language processing. Also,
most of these studies have used single word or sentence stimuli. It is possible that studying the
neuroanatomical correlates of specific cohesion and coherence processes will yield more insights into
the relationship between right-hemisphere function and language in schizophrenia. This is because the
right hemisphere has been directly implicated in these types of discourse-level processes: patients
with right-hemisphere lesions sometimes produce speech that is socially inappropriate with tangential
relationships between sentences, even when other aspects of their language comprehension and
production are normal (Joanette, 1990). As pointed out by Mitchell and Crow (2005), this is reminiscent
of the type of thought-disordered speech produced by some schizophrenia patients, although, to our
knowledge, there have been no systematic phenomenological comparisons between the language
produced by right-hemisphere and schizophrenia patients. Patients with right-hemisphere lesions also
show abnormal function on a number of discourse-level comprehension tasks, such as causal inferencing (Beeman, 1993; Brownell, Potter, Bihrle, & Gardner, 1986) – the types of operations that may also
be impaired in schizophrenia.
These types of similarities between right-hemisphere patients and schizophrenia patients are
certainly intriguing. However, there are important caveats in interpreting such comparisons. Patients
with left hemisphere lesions (Zaidel, Kasher, Soroker, & Batori, 2002) and frontal lesions (Ferstl,
Guthke, & von Cramon, 2002) can sometimes perform just as badly as patients with right-hemisphere
lesions on so-called right-hemisphere tasks; in healthy individuals, evidence from divided visual field
studies (Long & Baynes, 2002; Long, Baynes, & Prat, 2005) and neuroimaging studies (e.g., Eviatar &
Just, 2006; Kuperberg, Lakshmanan, et al., 2006) suggests that both hemispheres are involved in
extracting the discourse-level interpretation. Taken together, these studies suggest that, while there
may be some segregation in function between the two hemispheres (Johns, Tooley, & Traxler, 2008;
Jung-Beeman, 2005; Tompkins, Fassbinder, Lehman-Blake, & Baumgaertner, 2002), the right hemisphere does not act alone to establish discourse coherence or cohesion. It therefore seems unlikely that
neuroimaging studies in schizophrenia will reveal any simple or single relationship between laterality
and discourse function. However, the use of tightly-controlled cognitive neuroscience paradigms will
allow specific patterns of right/left hemisphere modulation to be linked to the specific types of neurocognitive operations that establish coherence and cohesion across clauses.
6. Links with other domains of function
Throughout this paper, we have highlighted places in which we believe that the study of language
impairments in schizophrenia would benefit from a systematic examination within a framework of
normal discourse processing. Once such specific impairments are better defined in controlled experimental settings, we may be in a better position to determine whether or how they are linked with
dysfunction in other cognitive domains.
One important question is whether impairments in operations that establish coherence across
clauses can be explained by the types of general working memory impairments that are well
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established in schizophrenia (Lee & Park, 2005). This is certainly a possibility: in healthy adults,
individual differences in general working memory function (usually assessed using complex span
tasks, such as the reading span) account for some variability in language function at both the sentence
(Caplan & Waters, 1999; Just & Carpenter, 1992; Van Petten, Weckerly, McIsaac, & Kutas, 1997) and
discourse levels (Singer & Ritchot, 1996; Virtue, Parrish, & Jung-Beeman, 2008). On some accounts of
how referential coherence is resolved during normal communication (Almor, 1999), an individual’s
working memory capacity places constraints on the type of anaphor used to refer to an entity introduced earlier in discourse: when a noun-phrase referent is easily accessible within working memory, it
is more appropriate to refer to it using a pronoun as opposed to a repeated noun-phrase anaphor.
Impairments in working memory capacity in schizophrenia may therefore contribute to the use of
anaphors with an inappropriate amount of semantic content (e.g., repeated noun-phrases), as has been
observed in patients without clinical thought-disorder (Rochester & Martin, 1979).
There is also evidence that our ability to maintain multiple references online during comprehension
may be dependent on general working memory capacity. In order to understand sentences such as
‘‘John went to the store because he needed to buy milk,’’ the pronoun ‘he’ can only refer to one potential
antecedent, ‘John.’ However, if two male characters were introduced (John and Tim) in the example
above, at the point of encountering ‘he’, it would be impossible to know whether this pronoun was
referring to John or Tim. Thus, resolving this pronoun would involve maintaining two potential
referents online until disambiguation is possible. In healthy adults, encountering a pronominal
ambiguity results in longer sentence processing times (Stewart, Holler, & Kidd, 2007). In addition ERP
studies report a frontal negativity referred to as an Nref, to such ambiguous, relative to unambiguous,
pronouns (Van Berkum, Zwitserlood, Bastiannsen, Brown, & Hagoort, 2004). This component has been
interpreted as reflecting the costs of attempting to disambiguate the two referents (i.e., John, Tim) and
recent evidence suggests that its amplitude is correlated with working memory performance across
healthy individuals (Nieuwland & Van Berkum, 2006). Future studies might apply this paradigm to
study referential processing in schizophrenia. If patients fail to maintain both referents online during
processing, they should not incur this neural cost in processing and the amplitude of the Nref should be
reduced. Moreover, if this impairment in patients can be accounted for by general working memory
deficits, then, within the patient group, the Nref amplitude should correlate with patients’ performance
on more general WM tasks.
Another important question is whether certain discourse-level impairments in schizophrenia can
be linked to ‘pragmatic’ dysfunction. Pragmatics refers to the goals of communication and takes into
account assumptions about the speaker’s intentions as well as the listener’s knowledge. Healthy
individuals adhere to several principles of communication to maintain coherence and cohesion,
termed Grice’s maxims (Grice, 1975). According to these maxims, communicators should relay information that is truthful, relevant, as informative as possible (but not over-informative), and clear
(unambiguous). However, under some circumstances, healthy adults will violate these norms. For
example, although the response ‘‘Is the Pope Catholic?’’ to the question ‘‘Did Mike get drunk last night?’’
violates the maxim of relevance, it conveys the speaker’s view on Mike’s drinking habits and, in healthy
individuals, is generally interpreted as coherent. There is some evidence that schizophrenia patients
have difficulty in interpreting sentences that violate these maxims (Tenyi, Herold, Szili, & Trixler, 2002),
and future studies should determine whether such difficulties can be linked to specific types of
cohesion or coherence abnormalities in schizophrenia.
One way of exploring the role of pragmatic factors in schizophrenia patients would be to use
experimental paradigms that study naturalistic communication. For instance, in a clever study, BrownSchmidt and Tanenhaus (2006) examined speech planning as pairs of healthy adults engaged in an
interactive conversation in which one person (the speaker) had to explain to the other (the addressee)
which of several given pictures was the target on a given trial. On critical trials, the speaker had to
communicate information about the target’s size in order to differentiate between the target and
a similar, but differently-sized, distractor. Eye movements measured during conversations determined
the time at which the speaker noticed the distractor item. The amount of time between this point and
the point at which the speaker produced an utterance was used to determine the amount of time
required for speech planning. Results demonstrated that when speakers noticed the distractor early on,
they were able to modify their initial utterances (e.g., the triangle) with a pre-nominal modifier in
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order to disambiguate the target (e.g., ‘‘the small triangle’’). However, when the distractor was noticed
later, speakers modified their initial utterances with a post-nominal modifier (e.g., ‘‘the triangle.
small one’’). These findings suggest that our pragmatic knowledge of what information a listener might
need for comprehension is very tightly linked to our choice of words during speech output. If patients
with schizophrenia fail to use such pragmatic cues to disambiguate a referenced object (Rochester &
Martin, 1979), then they should fail to show any such temporal association between their eye movements and their language output. If, on the other hand, they are able to take into account the needs of
the listener, but show more global deficits in speech planning, one might predict the same pattern of
findings as in controls, but longer overall latencies between eye movements to the referenced object
and speech output.
In this article, we have mainly considered paradigms examining processing across single clauses
and sentences. However, in the future, it will also be important to use even more naturalistic stimuli,
such as longer paragraphs and ultimately even entire written texts and spoken discourse. By further
increasing working memory demands as well as the amount of pragmatic and contextual information
available, the use of such materials will allow for an even more rigorous examination of the factors
influencing the establishment of coherence in schizophrenia. In addition, the use of ecologically valid
materials allows researchers to determine how patients’ language impairments affect their real-world
functioning.
7. Conclusions
Converging behavioral and neural evidence suggests that schizophrenia patients show impairments
in establishing coherence across clauses during both the production and comprehension of language.
Although these types of deficits can be, in part, attributed to abnormal semantic memory function
(for a review, see Kuperberg et al., in press) and working memory or executive function (Docherty,
2005; Docherty & Gordinier, 1999; Kerns, 2007; Kerns & Berenbaum, 2002), we have argued that it is
also important to define and study these abnormalities within frameworks of normal discourse processing. This can allow the study of interactions between lexical and semantic information in the
surface structure and the establishment of discourse-level coherence in the situation model, giving
a more complete picture of how communication breaks down in schizophrenia patients. This
psycholinguistic approach is also necessary for the design of cognitive neuroscience paradigms that can
probe the time course and neuroanatomical basis of coherence abnormalities in schizophrenia.
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