
THE INTERPRETATION OF AMBIGUOUS WORDS IN PSYCHOSIS

By Daniella (Dora) Ladowski

A thesis submitted to the Department of Psychology

In conformity with the requirements for the degree of Master of Science

Queen’s University

Kingston, Ontario, Canada

August 2014

Copyright © Daniella Ladowski, 2014



i

Abstract

Semantically ambiguous words are ubiquitous in daily communication. Neurotypical 

individuals are able to resolve ambiguity with ease and efficiency, whereas individuals with 

schizophrenia tend to exhibit ambiguity-processing deficits. The exact nature of these deficits is 

unclear. For the disambiguation of homonyms (words with more than one meaning), impairment

in schizophrenia may arise from abnormalities in the use of context – informational cues that 

support a particular interpretation over others – and meaning dominance – the relative frequency 

of meaning alternatives. 

The present investigation had two main parts. In one part, clinical participants (those with 

schizophrenia or a related disorder, i.e. schizoaffective disorder, a mood disorder with psychotic 

features) and control participants were asked to provide definitions for homonyms presented in 

sentential context, requiring them to select a single meaning. Contextual information (which 

always supported the less frequent, subordinate meaning of the homonym) was heard either 

before (PRE) or after (POST) the homonym. This manipulation of context position was expected 

to reflect working-memory abilities since longer on-line maintenance of the homonym and its 

possible interpretations would be more challenging for POST sentences. In fact working memory 

was found to correlate with both sentence conditions. As well, clinical participants had 

comparable success to control participants.

In the second part, participants heard a sentence containing a homonym (PRE and POST 

sentences), and 20 minutes later, were asked to provide a word associate for that homonym. 

Participants were more likely to select the primed (subordinate) meaning of the homonym when 

they had heard the homonym in context 20 minutes earlier. Significantly more clinical 

participants than control participants did not show an effect of priming, suggesting a difficulty 
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for these individuals to use relatively recent experience to facilitate comprehension. This ability 

to benefit from recent exposure would be expected to improve real-world speech comprehension 

wherein the correct interpretation of a homonym is not likely to change over a short period of 

time. Therefore, despite intact comprehension of ambiguous words in context, a majority of 

clinical participants could not shift their interpretation of homonyms to fit with recent exposure, 

a potential cause for real-world comprehension deficits.
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Chapter 1: Introduction

Receptive language deficits, specifically problems with semantic ambiguity resolution, 

are commonly observed in schizophrenia. As well, individuals with schizophrenia typically 

suffer from neurocognitive impairments, such as deficits in working memory (Bowie & Harvey, 

2005). Understanding the cognitive mechanisms in schizophrenia that give rise to speech 

perception difficulties may inform clinical assessment and intervention techniques. The present 

investigation sought to expand our understanding of the cognitive processes involved in the 

resolution of semantic ambiguities and to evaluate whether these processes differ for healthy 

participants and those with schizophrenia. Specifically, we administered tasks that assessed 

processing at immediate and 20-minute delayed time points to clarify the role of working 

memory and implicit learning processes, respectively, in semantic-ambiguity resolution.

Semantic Ambiguity

Words with at least two meanings (homonyms) are a common feature of the English 

language, comprising 7.4% of all words used with a frequency (in spoken and written language)

greater than 10 per million (Rodd, Gaskell, & Marslen-Wilson, 2002). The word “pen”, for 

example, can refer to the writing implement or an animal enclosure. Homophones, a subclass of 

homonyms, are words that share the same pronunciation regardless of spelling (e.g., “claws” and 

“clause”) while homographs share the same spelling regardless of pronunciation (e.g., “wind” 

referring to moving air or to a twisting action). Homonyms may be balanced, having multiple 

meanings that are used with comparable frequency, or biased, having more frequent (dominant)

and less frequent (subordinate) meanings. 

In healthy participants, semantic ambiguity resolution has been shown to follow an 

“exhaustive access” model whereby exposure to a homonym, with or without biasing context, 
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causes all known meanings to be momentarily activated (Onifer & Swinney, 1981; Swinney, 

1979). This is evidenced by semantic priming studies in which prior exposure to homonyms 

results in faster lexical-decision times for words related to all possible meanings, leading the 

researchers to conclude that the prior exposure had facilitated activation of all meanings. When 

context in support of a particular homonym meaning is available before the homonym is 

read/heard, this information along with the relative frequencies of meaning alternatives (referred 

to as meaning-dominance estimates) can be used to disambiguate the homonym. This process 

occurs quickly, within 200 ms after exposure to the homonym (Seidenberg, Tanenhaus, Leiman, 

& Bienkowski, 1982; Tanenhaus, Leiman, & Seidenberg, 1979). When there is no guiding 

context, the extent and speed of activation of meaning alternatives is dependent only on the 

meaning dominance, such that “pen” as a writing implement would be more readily available to 

a listener/reader than “pen” as an animal enclosure (Simpson & Burgess, 1985). In the absence 

of context, meaning alternatives are maintained in working memory for more time, for 500 ms or 

longer (Hudson & Tanenhaus, 1984).

Resolution of semantic ambiguities involves both bottom-up processes, such as the 

automatic spreading of activation among semantically related concepts, and top-down processes, 

such as the maintenance of meaning-alternative activations and the inhibition of irrelevant 

meaning alternatives when an interpretation is chosen (Lee & Federmeier, 2009; Paul, Kellas, 

Martin, & Clark, 1992; Simpson & Kang, 1994). Although resolution of semantic ambiguities 

appears to go largely unnoticed by the listener (Rodd, Davis, & Johnsrude, 2005), the results of 

neuroimaging experiments suggest that the process is still cognitively demanding. When 

participants are asked to listen and attend to sentence materials, sentences that contain semantic 

ambiguities such as homophones elicit greater activation of inferior frontal and posterior 
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temporal cortical areas compared to matched sentences that do not contain ambiguities (Rodd et 

al., 2005; Rodd, Johnsrude, & Davis, 2012). The left inferior frontal gyrus, for example, plays a 

central role in the selection of homophone meanings and the reinterpretation of homophones 

when an initial interpretation is called into question (e.g., when disambiguating context is heard 

only after the homophone; Rodd et al., 2012). This finding supports the perspective that the left 

inferior frontal gyrus performs a working-memory function, perhaps allowing verbal information 

to be maintained and integrated over the duration of a sentence (Caplan, Alpert, Waters, & 

Olivieri, 2000; Fiebach, Schlesewsky, Lohmann, von Cramon, & Friedirici, 2005).

Several behavioural experiments with healthy participants have evaluated the importance 

of WM for ambiguity resolution through the comparison of individuals with high and low WM 

capacities. High-capacity individuals are able to maintain alternative meaning responses longer 

(Mason & Just, 2007; Miyake, Just, & Carpenter, 1994) and use inhibition more flexibly 

(Gadsby, Arnott, & Copland, 2008; Gunter, Wagner, & Friederici, 2003) than low-capacity 

individuals. Similarly, the N400, an ERP component responsive to semantic incongruities, has 

also been linked to WM capacity & flexibility (Gunter, Jackson, & Mulder, 1995; Salisbury, 

2004). 

The importance of WM for semantic disambiguation has also been investigated using 

paradigms that elicit garden-path effects, i.e., that promote initial misinterpretation and 

necessitate reinterpretation. In healthy individuals, meaning selection occurs very quickly and 

reinterpretation can be cognitively demanding. Rayner and Duffy (1986) showed that gaze 

durations on disambiguating context that follows an ambiguous word are longer when context 

supports the subordinate versus dominant meaning. Using a similar paradigm, Miyake and 

colleagues (1994) presented sentences containing a homograph in the first clause and 
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disambiguating contextual cues in the second clause. They found that individuals with low-WM 

spans spent more time reading the disambiguating context when it supported a subordinate 

interpretation than individuals with high-WM spans, whereas no group difference was observed 

when the dominant meaning was supported. This finding implies that low-span participants 

failed to maintain both meanings, settled on the dominant meaning faster, and as a consequence,

needed to reinterpret the homograph, which prolonged reading time.

Given that the resolution of semantic ambiguities relies heavily on frontal-executive 

processes such as working memory, it is not surprising that individuals with schizophrenia, who 

are often impaired on working memory and other frontal processes, have difficulty resolving 

semantic ambiguities. The influence of working-memory deficits and other cognitive deficits in 

schizophrenia on semantic disambiguation was investigated in the current study.

Schizophrenia

Schizophrenia is a psychiatric condition characterized by delusions (false beliefs that are 

resistant to contradictory evidence), hallucinations (perceptual experiences with no external 

stimulus), and/or disorganized speech (a.k.a. formal thought disorder). It may also include 

grossly disorganized or catatonic behaviour, and negative symptoms (absence of normal 

behaviours e.g., decreased emotional expression, motivation, speech output, ability to experience 

pleasure, interest in social interactions; APA, 2013). The lifetime prevalence of schizophrenia is 

just under 1%, whereas the class of disorders to which schizophrenia belongs, psychotic 

disorders, affects about 3% of the population (Perälä et al., 2007). Cognitive impairment is a 

common feature of schizophrenia and may involve a number of different domains including 

executive functioning, working memory, explicit memory, and language skills (Bowie & 

Harvey, 2005). Not surprisingly, cognitive impairment in schizophrenia has been linked with 
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deficits in social and vocational functioning (Bowie & Harvey, 2005; Green, 1996). Research 

into cognitive deficits and their relationship with neurological and behavioural signs of 

schizophrenia has important implications for the assessment and treatment of this debilitating 

disorder.

Semantic Ambiguity Resolution in Schizophrenia

In schizophrenia, semantic ambiguity resolution appears to follow similar mechanisms to 

those in healthy individuals. The results of Andreou and colleagues (2009) support exhaustive 

access in schizophrenia; balanced homonyms presented in a context that was unbiased toward 

either meaning caused speeded reaction times for both meaning responses in participants with 

schizophrenia and healthy controls (compared to reaction times following unrelated control 

sentences that did not contain the homonym). Reports of abnormalities in semantic activation 

(e.g., hyperactivation of the semantic network) often focus on thought-disordered patients (see 

below).  Past the initial, automatic spreading of activation, deficits in semantic disambiguation in 

schizophrenia are largely attributed to the faulty use of contextual information. 

Context-processing deficits are central to cognitive theories of schizophrenia. Context 

refers to “information that … can be used to mediate task appropriate behavior” (Cohen, Barch, 

Carter, & Servan-Schreiber, 1999, p. 120). These deficits have been attributed to reduced 

dopaminergic activity in the prefrontal cortex, an area thought to underlie the mental 

representation and maintenance of contextual information (Cohen & Servan-Schreiber, 1992)

While context-processing and integration deficits in schizophrenia extend beyond the verbal 

modality (e.g., Horton & Silverstein, 2011), research tends to focus on language abnormalities, 

such as difficulty using task instructions (Cohen et al., 1999; Cohen & Servan-Schreiber, 1992), 

filling in a missing word using the available context (the cloze procedure; Deckner & Blanton, 
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1969; Rutter, Wishner, & Callaghan, 1975; Silva & Hemsley, 1977), and interpreting ambiguous 

words based on the available context (main findings summarized below).

A possible explanation for context-integration deficits in schizophrenia as they relate to 

homonym disambiguation may lie in an over-reliance on the dominant meaning of homonyms. 

Chapman, Chapman, and Miller (1964) showed that individuals with schizophrenia tend to rely 

on the dominant meaning of a homonym regardless of contextual cues that oppose this 

interpretation. Benjamin and Watt (1969) found that individuals with schizophrenia tend to make 

more dominant interpretation errors than healthy controls, although this difference was not 

statistically significant. Deckner and Blanton (1969) presented participants with an 

(unambiguous) stimulus word followed by two response words that were related to the stimulus, 

one strongly related and one weakly related (analogous to the dominant and subordinate 

meanings of a homonym). Participants were instructed to choose a response and were selectively 

rewarded for the strongly related word or the weakly related word. Individuals with 

schizophrenia were more resistant to reinforcement than control participants but only when the 

weakly related word was reinforced. That is, they were more likely than control participants to 

select the strongly related word despite losing the 5-cent reward that the weakly related word 

would have earned them. These studies support the possibility of an “accentuated expression, in 

schizophrenia, of normal response biases.” (Chapman et al., 1964, p. 50).

Building Estimates of Meaning Dominance

Meaning dominance is a personal construct representing our own estimates of the relative 

frequency of alternative homonym interpretations, built up from our experience with language. 

The process by which individuals use their experiences to build their personal estimates of 

meaning dominance is not well understood. Recently, Rodd and colleagues (2013) demonstrated 
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that these estimates may be more fluid than was originally thought. Participants were exposed to 

biased homophones presented in context that supported the subordinate meaning of the 

homophones (the priming sentence). After a 20-minute delay, they heard a list of homophones 

(some from the earlier task, some novel) and were asked to provide the first word that came to 

mind. They found that homophones that were primed in the earlier task produced significantly 

more word associates consistent with the subordinate meaning of the homophone (supported in 

the priming sentence) than did novel homophones, proving that a single exposure to a 

homophone in context can alter interpretation biases after a 20-minute delay. 

The same research group found that when the disambiguating context was presented 

before the homophone in the priming sentence (e.g., “In order to make it funnier, the man altered 

the gag.”), participants reported more subordinate-consistent words for the homophone after the 

20-minute delay (e.g., heard “gag” and responded “prank”) than they did for unprimed 

homophones. However, this priming effect (the increase in subordinate-consistent responses 

compared to the unprimed condition) was not observed when the context was presented after the 

homophone in the priming sentence (e.g., “The man altered the gag in order to make it funnier.” 

Lighter, 2013). The author attributes these long-term priming effects to an implicit learning 

process (retrieval without awareness of the learning event) that affects lexical-semantic 

associations and operates at an optimal level when context is presented before the ambiguity. 

They also suggest that the same obstacles that make late-disambiguated sentences less suitable 

for priming may make them more memorable. That is, episodic memory (retrieval with 

awareness of the learning event) may play a larger role in shifting meaning preferences when 

context is presented after the homophone due to the salience of having to reinterpret the 
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ambiguity (Lighter, 2013; Rodd et al., 2013). However, they did not test this hypothesis: their 

protocol did not incorporate an explicit memory task.

If we consider that individuals with schizophrenia may show an exaggerated reliance on 

the dominant interpretation of homophones, we would expect to find differences in the way that 

individuals with schizophrenia develop and/or access dominance estimates. As yet, no studies 

have investigated the mechanisms by which individuals with schizophrenia build dominance 

estimates and whether these mechanisms differ from those in unaffected individuals. This issue 

will be addressed in the present investigation.

Individual Differences Affecting Ambiguity Resolution

Thought Disorder

Within the population of individuals with schizophrenia, certain individual factors are 

thought to mediate ambiguity resolution. Thought disorder describes aberrant thought processes 

that are considered strange, inappropriate, or lack cohesion. One manifestation of thought 

disorder is the disorganization of speech processes at a conceptual-linguistic level, affecting the 

intelligibility and coherence of speech (Lanin-Kettering & Harrow, 1985). The presence of 

thought disorder has also been associated with context processing deficits (Bazin, Perruchet, 

Hardy-Bayle, & Feline, 2000; Kuperberg, McGuire, & David, 1998) and “hyperpriming” of 

semantic networks, which allows for the intrusion of contextually irrelevant material (Pomarol-

Clotet, Oh, Laws, & McKenna, 2008). 

Working Memory

Working memory (WM) abilities may also be expected to influence semantic 

disambiguation in schizophrenia, as they have been demonstrated to influence semantic 

disambiguation in neurotypical individuals. WM deficits are well-documented in schizophrenia 
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(for a review, see Lee & Park, 2005) and have been linked to aberrant speech-production 

(Docherty et al., 1996) and speech-comprehension processes (Bagner, Melinder, & Barch, 2003)

including semantic-ambiguity resolution. Andreou and colleagues (2009) found that their 

measure of WM (backwards digit span) was correlated with semantic priming at their longer 

inter-stimulus interval (ISI; 750 ms) and not at their shorter ISI (0 ms). That is, WM appears to 

facilitate maintenance of activated meaning alternatives long enough to resolve conflicts and this 

explains why individuals with schizophrenia, who show WM deficits, fail to show priming at the 

longer ISI.

In the context of ambiguity resolution, individuals with schizophrenia resemble those 

with low WM capacities, including in their difficulty inhibiting irrelevant material (Titone et al., 

2000) and difficulty maintaining activations of alternative meanings (Andreou et al., 2009). 

Salisbury (2010) asked participants to judge the comprehensibility of  sentences of the form “the 

[noun] was [adjective/verb phrase].” For some sentences, the noun was ambiguous and the 

adjective/verb phrase supported either the dominant or subordinate meaning of the homonym 

(e.g., “The suit was gray,” or “The suit was hearts”). When the noun was unambiguous, the 

adjective/verb phrase was semantically congruent or incongruent (e.g., “The dog was barking,” 

or “The hammer was cloudy”). They found that participants with schizophrenia made more 

comprehension errors in both conditions in which it was likely that the initial interpretation of 

the noun would be called into question by later information (subordinate and incongruent 

sentence endings) compared with conditions in which the initial interpretation was likely to be 

correct (dominant and congruent sentence endings). Furthermore, they found that participants 

with schizophrenia showed larger N400 responses (reflective of perception of semantic 

incongruities) for subordinate- and incongruent-ending sentences than for dominant-ending 
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sentences. Taken together, these results suggest that individuals with schizophrenia settle too 

quickly on a dominant interpretation due to a failure of WM to maintain activations of meaning 

alternatives to readily resolve comprehension errors. 

If individuals with schizophrenia have difficulty interpreting homonyms when context 

supporting the subordinate meaning is presented late, we might expect that the WM demands 

would lessen, and consequently performance by individuals with schizophrenia would improve, 

if the context was presented prior to the homonym. That way, when the participant encounters 

the homonym, they have both the contextual information and the meaning-dominance 

information available to guide interpretation. The only study to directly compare early and late 

disambiguation of homonyms in schizophrenia arrived at a different conclusion. Cohen, Targ, 

Servan-Schreiber, & Spiegel (1992) presented sentences composed of two clauses, one 

containing the homonym and one containing the disambiguating context, and varied their order 

of presentation as well as the meaning that the context supported (dominant or subordinate). 

Participants were then asked to interpret the homonym by selecting from three options, one 

related to the dominant meaning, one to the subordinate meaning, and one unrelated. When the 

sentence supported the subordinate meaning, individuals with schizophrenia made more 

dominant interpretation errors but only when the clause containing disambiguating context 

preceded the clause with the homonym. They attributed this result to a failure to maintain 

contextual information in WM long enough to interpret the homonym. In other words, the WM 

capacity required to maintain contextual information on-line may be greater than that required to 

maintain homonym-meaning alternatives.

Several limitations of this investigation may be noted. The authors conclude that the 

distance from the contextual information to the target determines ease of integration. However, 
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they also impose an artificial pause between the two clauses that would be expected to affect 

their results but does not occur in natural language. Secondly, interpretation of the ambiguous 

word was performed in a multiple-choice format in which the dominant meaning was included as 

a response option. When the sentence stimulus supported the subordinate meaning, this design 

imposed the additional cognitive burden of inhibiting the salient, although irrelevant, dominant 

meaning, which is particularly challenging for individuals with schizophrenia (Deckner et al., 

1971). Further research varying the position of contextual information relative to the homonym 

is necessary in order to clarify the role of WM in the resolution of semantic ambiguities in 

schizophrenia. The present investigation will contribute to this line of research.

Present Investigation

The present investigation sought to clarify the semantic-disambiguation deficits observed 

in schizophrenia. Specifically, in the current study we attempted to vary working memory load 

by changing the position of disambiguating context relative to the homophone in a sentence. We 

also investigated whether a dominant-meaning bias could be observed in participants with 

schizophrenia, and if it could, was it reflective of differences in the way that clinical participants

and control participants build personal estimates of meaning dominance.

The study was composed of two parts. In one part, participants heard sentences and were 

required to provide a definition for the ambiguous word in the sentence. The WM demands were 

varied by setting the position of the disambiguating contextual information either before (PRE) 

or after (POST) the homophone in the sentence. The contextual information supported what was 

thought to be the subordinate meaning of the homophone in each case. Therefore, in the POST 

condition, the participant must rely on meaning-dominance information and is likely to initially 

misinterpret the homophone according to its dominant meaning. Upon hearing the context, the 



12

participant must reinterpret the homophone, necessitating the maintenance and manipulation of 

information in working memory, including the suppression of the dominant meaning activation. 

Conversely, in the PRE condition, the participant has both the meaning frequency and contextual 

information at their disposal to facilitate interpretation, largely obviating reinterpretation. 

We expected to find an interaction between group and context position. Specifically, we 

anticipated that clinical participants (individuals with schizophrenia and related disorders; see 

“Participants” below) would show working-memory deficits (as assessed by the Letter-Number 

Sequencing subtest of the Wechsler Adult Intelligence Scale) and, therefore, greater difficulty in 

the POST condition than in the PRE condition due to higher WM demands. Conversely, control 

participants were not expected to show an effect of context position. Clinical and control groups 

may show comparable performance in the PRE condition since this task has lower cognitive 

demands. Our expected results are contrary to those observed by Cohen and colleagues (1992), 

however, there are important methodological differences between the two investigations. In the 

present study, the sentence stimuli were presented as continuous speech rather than as discrete 

clauses, and the participant performed a definition task to assess homophone interpretation.

Another focus of the present experiment was to evaluate the effects of exposure to a 

particular meaning on later semantic disambiguation in schizophrenia. The possible over-reliance 

on dominant meaning interpretations in schizophrenia that has been proposed in the literature 

may be attributed to a faulty mechanism by which encounters with homonyms in disambiguating 

context are incorporated into the individual’s estimates of relative meaning frequency. The 

protocol used was adapted from similar investigations with healthy participants (Lighter, 2013; 

Rodd et al., 2013). Participants were exposed to homophones embedded in PRE and POST 

sentences. Following a 20-minute delay, a word association task was performed for primed 
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words (primed in PRE or POST sentences 20 minutes earlier) and unprimed words. The word 

associates were coded for their affiliation with the different meanings of the homophone.

Several hypotheses were tested. First, in the absence of context, clinical participants were 

expected to show an exaggerated reliance on the dominant homophone meaning. Baseline 

meaning preferences for homophones (reflected by word associates in the unprimed condition)

were compared between clinical and control participants to evaluate the presence of this response 

bias. Second, clinical participants were expected to show less priming (i.e., a smaller shift in 

meaning preferences towards the primed homophone meaning) following the delay compared to 

control participants. In general, individuals with schizophrenia tend to show intact verbal implicit 

memory (Bazin & Perruchet, 1996; Clare, McKenna, Mortimer, & Baddeley, 1993; Danion, 

Meulemans, Kauffmann-Muller, & Vermaat, 2001; Gras-Vincendon et al., 1994; Sponheim, 

Steele, & McGuire, 2004), thought to be responsible for shifts in meaning preferences following 

a 20-minute delay (Rodd et al., 2013). However, if clinical participants have difficulty with the 

initial interpretation of homophones in context, we would expect to see less of a shift towards the 

primed homophone meaning after a delay. As well, if meaning priming after a 20-minute delay 

relates to mechanisms responsible for the building of meaning-dominance estimates (which is, as 

yet, unclear), less priming may reflect a disturbance of these mechanisms that can help to explain 

a dominant-meaning bias in schizophrenia. Finally, we anticipated that the position of context in 

the priming sentence would influence the strength of long-term priming effects in both groups. 

Specifically, both groups were expected to show a stronger effect of priming for PRE sentences 

than for POST sentences, consistent with previous findings (Lighter, 2013). 

Furthermore, clinical participants were expected to show explicit memory deficits (Bazin 

& Perruchet, 1996; Clare et al., 1993; Danion et al., 2001; Gras-Vincendon et al., 1994; 
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Sponheim et al., 2004). Explicit memory was measured using two tasks: the California Verbal 

Learning Test, a standardized measure of verbal memory, and a recognition task measuring 

episodic memory for the original priming sentences. Recall that Lighter (2013) suggested that 

episodic memory may have a greater influence on POST sentences than PRE sentences, due to 

the salience of having to reinterpret the homophone. From this supposition, we would expect to 

find better performance on the recognition memory task in POST sentences compared to PRE 

sentences. Furthermore, if explicit memory were to influence choice of word associates, then the 

deficits in explicit memory expected for clinical participants may lead to a reduced priming 

effect for homophones in POST sentences. These hypotheses were tested in the current protocol.
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Chapter 2: Methods

Participants

Forty-five participants gave informed consent to participate in this study. Twenty-one 

individuals who reported a history of psychosis (schizophrenia, schizoaffective disorder, or a 

mood disorder with psychotic features) and who were receiving medication for psychotic 

symptoms were recruited for the clinical group and 24 individuals who reported no history of 

psychiatric illness were recruited for the control group. All participants were native English 

speakers who reported no history of hearing impairment or neurological illness. Clinical 

participants were recruited through an existing participant database and outpatient clinics in 

Kingston, Ontario, whereas control participants were recruited through community flyers and 

online advertisements. The groups were matched on age, years of education, and verbal 

intelligence [as measured by the Vocabulary subtest of the Wechsler Adult Intelligence Scale –

Fourth Edition (WAIS)]. More information about study participants can be found in Table 1. 

Additional information regarding the severity of symptoms associated with schizophrenia and 

related disorders for each clinical participant can be found in Appendix A. Participation was 

completed in two visits. Three participants (1 clinical, 2 control) failed to complete the second 

visit of the study and were excluded from the relevant analyses. The reasons for attrition were 

difficulties in scheduling (control participants) and fatigue due to medication (clinical 

participant).
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Table 1
Participant Demographics and Diagnoses

Clinical Group Control Group

n 21 24

Age 
(M ± SD)

43.38 ± 12.04 43.42 ± 11.31

Sex 
(M; F)

18; 3 17; 7

Education, in years 
(M ± SD)

13.60 ± 1.69 12.88 ± 1.26

Psychiatric diagnoses 
(n)

Schizophrenia (11)
with Anxiety Disorder (1)
with Substance Abuse (1)

Schizoaffective Disorder (8)
with Substance Abuse (1)

Mood Disorder with Psychotic 
Features (2)

Major Depression (1)
Bipolar Disorder (1)

Mood Disorder (2)
Major Depression (2)

Anxiety Disorder (3)
Generalized Anxiety Disorder (1)
PTSD with Alcohol Dependence 
(1)
PTSD with Panic Disorder (1)

Duration of Illness, in 
years (M ± SD)

19.71 ± 16.73 .

Longest stay in 
hospital, in months 
(M ± SD)

6.90 ± 10.66 .

Note. Clinical group diagnoses are self-report; control group diagnoses are based on results of the Mini-
International Neuropsychiatric Interview. M = male; F = female; PTSD = Post-Traumatic Stress Disorder.



17

Stimuli

Three sentence types were used; examples are given in Table 2. Two of the three types 

contained a homophone and the sentential context supported the subordinate meaning of the 

homophone. In one set, referred to as PRE sentences, the homophone preceded the 

disambiguating context in the sentence. In the second set, referred to as POST sentences, the 

homophone was heard following the disambiguating context in the sentence. Matched PRE and 

POST sentences contained the same homophone and subject matter. The third and final sentence 

set did not contain a homophone and was matched on syntactic structure to the POST sentences, 

referred to as low ambiguity (LA) sentences. All 3 sentences in each triplet were matched on 

length (both length of audio recording and number of words). Appendix B contains the complete 

list of stimuli. In total, 120 sets of 3 sentences were used. For the purposes of counterbalancing, 

5 versions of the speech tasks were constructed so that each participant was only exposed to a 

single sentence in each triplet (with the exception of the Definition task; see below) and all 

sentences had similar frequencies of presentation across participants.

Table 2
Example of Each Sentence Type

PRE POST LA

The old man had a long way 
to swim as he headed for the 
bank.

The old man headed for the 
bank, but he had a long way 
to swim.

The old man headed for the 
exit, but he had a long way to 
walk.

Note. The homophone (and its low ambiguity homologue) is shown in italics. PRE = sentence with 
disambiguating context preceding the homophone; POST = sentence with disambiguating context 
following the homophone; LA = low ambiguity sentence containing no homophone.
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The homophones that were used had at least two commonly known meanings (both 

nouns), one dominant and one subordinate. Balanced homophones (with no clear dominant and 

subordinate meaning) and polysemous words (with multiple related word senses) were avoided 

when possible. The dominant meaning of the homophone was decided based on several sources, 

including published Canadian word association norms (Twilley, Dixon, Taylor, & Clark, 1994)

and unpublished regional norms. Since word association norms were expected to change 

somewhat as a function of region and age cohort, the present study included a measure of 

baseline meaning dominance in the study sample. For the purposes of meaning dominance 

estimation, homophones were recorded preceded by "the" to constrain participant responses to 

the noun form of the word.

All materials were recorded by the same female Canadian English speaker, at a sampling 

rate of 44 100 Hz and a bit depth of 16, and were amplitude normalized across recordings. 

Speech tasks were presented using E-Prime 2.0 software (http://www.eprime2.eu/).

Procedure

Study participation was completed over two 1.5-hour visits. On the first visit, participants 

performed three speech tasks: a relatedness judgment task, a word association task, and an 

explicit memory task. Participants also completed a short battery of cognitive tests. Those 

cognitive tests with low verbal demands – WAIS Letter-Number Sequencing, CANTAB Spatial 

Working Memory, and WAIS Coding – were administered between the relatedness judgement

and word association tasks to impose a 20-minute delay.  Participants were also asked to 

complete demographics and psychiatric history questionnaires (clinical group only) and 

answered questions regarding their experience with the speech tasks to survey their insights and 

strategies. Additional cognitive tasks – Verbal Fluency and WAIS Vocabulary – were 
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administered at the end of the first visit. On the second visit, participants were asked to perform 

one final speech task – a definition task – as well as a memory task (the California Verbal 

Learning Test) and a clinical interview (Scales for the Assessment of Positive and Negative 

Symptoms for the clinical group and the Mini Neuropsychiatric Inventory for the control group). 

All tasks are described below in more detail. See Figure 1 for a schematic of the study procedure.

Figure 1. Temporal sequence of study tasks. LNS = Letter-Number Sequencing; SWM = Spatial Working 
Memory; CVLT = California Verbal Learning Test; SAPS = Scale for the Assessment of Positive 
Symptoms; SANS = Scale for the Assessment of Negative Symptoms; MINI = Mini-International 
Neuropsychiatric Inventory.
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Speech Tasks

I. Relatedness Judgment (RJ). In each trial, the participant heard a sentence presented 

over headphones, then immediately saw a word in capital letters appear on a computer screen. 

The participant was asked to indicate whether the visually presented word was related or 

unrelated to the overall meaning of the auditorily presented sentence (indicated by ‘R’ or ‘U’ on 

the keyboard). Fifty sentences were presented in total: 25 PRE sentences and 25 POST 

sentences. Of these, 20 were presented with related probes and 30 with unrelated probes, equally 

divided among PRE and POST sentences. Related probes were designed to be related to the 

overall meaning of the sentence but unrelated to the homophone. This was done to avoid drawing 

undue attention to the ambiguity present in the sentence and to minimize the chances of the 

participant explicitly remembering the homophone while still requiring that the participant 

process the sentence at a semantic level. Unrelated probes were matched to related probes on 

word length and frequency of usage, as indexed by WebCelex (http://celex.mpi.nl). Assignment 

of the related or unrelated probe to a given sentence was varied based on protocol version. The 

total number of correct relatedness judgments was scored. 

The purpose of the RJ task was to ensure that the participant was attending to and 

comprehending the sentence. RJ stimuli served as the priming sentences for half of the word 

association stimuli (see below). Individuals with accuracy below 75% on this task were excluded 

from analysis. This cut-off was chosen as a reasonable indication of attention and comprehension 

and is consistent with previous use of these and similar materials (Lighter, 2013; Rodd et al., 

2013).

II. Word Association (WA). The WA task was administered 20 minutes after the 

completion of the relatedness judgement task. In each trial, the participant heard “the”, followed 
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by a homophone. The participant was asked to type the word that they heard (to ensure it was 

heard correctly) and then type the first word that came to mind that was related in meaning to 

this word. One hundred homophones were presented in total; all 50 homophones they had 

previously heard embedded in sentences of the relatedness judgement task (primed homophones) 

as well as 50 novel (unprimed) homophones. Word associates were scored as either semantically 

related to the (primed) subordinate meaning, related to the dominant meaning, related to an 

alternative meaning of the homophone (e.g., a meaning consistent with the verb or adjective 

form of the homophone), ambiguous (similar degree of relatedness to more than one meaning), 

or unrelated (no discernable relationship to any meaning). The primary outcome measure was the 

proportion of the total number of responses that were semantically related to the subordinate 

meaning of the homophones, referred to as consistency scores. WA consistency scores were 

calculated for each participant as well as each item. The mean consistency scores were computed 

separately for novel homophones, homophones primed in PRE sentences, and homophones 

primed in POST sentences. Consistency scores for the novel homophones reflect baseline 

meaning dominance for these homophones in the study sample. Discrepancies between the 

consistency scores for primed conditions (homophones primed in PRE or POST sentences) and 

the unprimed condition (novel homophones) were used to calculate the priming effects.

III. Explicit Memory (EM). In each trial, the participants heard a sentence and were asked 

to (a) decide whether they had heard the sentence earlier in the session (indicated by “Y” for yes 

or “N” for no), and (b) rate their confidence in their decision on a 4-point scale from very 

unconfident to very confident. One hundred sentences were presented in total, all 50 sentences 

they had heard during the relatedness judgement task and 50 LA sentences that corresponded to 

PRE and POST sentences that were not previously presented to the participant. The purpose of 
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this task was to evaluate whether participants were able to recognize relatedness judgement

stimuli after the 20-minute delay to investigate the possible influence of explicit memory of 

stimulus sentences on word associate choices. If an effect of priming is observed on word 

association responses (i.e., more responses consistent with the primed meaning in the primed 

versus unprimed condition), the EM scores will inform whether explicit memory for stimuli may 

be a contributing factor or if explicit memory is poor and implicit memory is a more 

parsimonious explanation. EM performance was quantified according to standard signal 

detection theory metrics with an overall d' score as the primary outcome measure and sensitivity 

scores calculated for both PRE and POST sentence conditions (equations available in Appendix 

C).

IV. Definition (DEF). In each trial the participants heard a sentence and immediately 

following the sentence, heard a word that was in the sentence. They were then asked to provide a 

brief definition of the word (always a homophone) as it was used in the sentence out loud, which 

the experimenter recorded. The experimenter asked the participant to elaborate by saying, “Tell 

me more” if one of the following occurred: (a) the participant’s response did not elaborate on 

information available in the sentence (e.g. Stimulus: “The woman commented that it had not 

been very easy to consult the sage. The sage.” Response: “Someone you would consult”), (b) the 

participant’s response could be aligned to more than one meaning of the homophone (e.g., 

Stimulus: “She quickly recognized her friend when she spotted a wave in the distance. The 

wave.” Response: “Motion”), or (c) the participant’s response was too vague to be scored 

appropriately (e.g., Stimulus: “He went to the cellar for his old hockey uniform and to the attic 

for his skates. The cellar.” Response: “Place”). 
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Definitions were scored based on their accuracy (the correctness of the definition) and 

valence (whether it was semantically related or unrelated to the subordinate meaning). For 

example, for the stimulus: “Kim believed that the most important part of the shoe was the sole. 

The sole”, a response that describes the bottom of the shoe would be accurate whereas a response 

that describes another part of the shoe is inaccurate but affiliated with the intended meaning.

Accuracy is thought to reflect prior knowledge of the word meaning. Appropriate valence may 

suggest weaker knowledge and/or use of semantic context to infer meaning but has two 

advantages: it is more analogous to the word association task for which one word can imply 

correct interpretation, and it is more resistant to difficulties with definition formulation (as 

opposed to semantic knowledge). Ninety sentence-homophone pairs were presented in total. 

Fifty of these sentences contained homophones that were previously presented as unprimed 

homophones in the word association task (i.e., the word and not the sentence was presented). To 

mitigate the potential effect of previous exposure to the homophone, the second visit was always 

scheduled a minimum of 48 hours after the first. In addition, of the remaining 40 sentence-

homophone pairs, 20 were completely novel and 20 were presented during the relatedness 

judgement task. Therefore, the effect of previous exposure could be tested by comparing the 

DEF scores of novel items to reused relatedness judgement items (homophones presented in 

context) to reused word association items (homophones presented alone).

The purpose of the DEF task was to assess the influence of working memory on “online” 

semantic disambiguation by varying the position of contextual information (using PRE and 

POST sentences). Knowledge of this ability was used to reflect on our analysis of the delayed 

effects of ambiguity resolution (word association outcome measures). For example, if clinical 

participants showed lower word association consistency scores than control participants for 
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primed homophones, it would be important to know whether the clinical participants also had 

difficulty with initial interpretation (measured by the DEF task) or if disruption of normative 

processes happened later on.

Insight Questions

Following completion of the explicit memory task, participants were asked to answer 

questions about the three speech tasks they performed. The complete list of questions can be 

found in Appendix D. The questions addressed whether there were any salient task features that 

may have influenced participant performance in a way that was not intended by the 

experimenter. The main purpose of this interview was to investigate whether participants were 

using explicit memory strategies to perform the word association task. To this end, participants 

were asked about their strategy on the word association task, whether they were aware of their 

previous exposure to the word association stimuli, and whether they were aware of the ambiguity 

in the relatedness judgement and word association stimuli. 

Cognitive Tasks

I. Letter-Number Sequencing (LNS) subtest of the WAIS (Wechsler, 2008). The 

participant was read a series of numbers and letters and was required to reorder and report them 

according to specified rules. The number of trials reported correctly was tabulated. LNS is a 

measure of auditory working memory (Wechsler, 2008). Since we anticipate that correct 

interpretation of the homophones in POST sentences will rely on working memory to maintain 

the necessary contextual information on-line, this task was administered to investigate the 

relationship between this standardized measure and performance outcomes related to the POST 

sentences as well as to quantify group difference in working memory abilities.
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II. Spatial working memory (SWM) task of the Cambridge Neuropsychological Test 

Automated Battery (CANTAB; http://www.camcog.com). The participant was shown an array of 

coloured boxes and opened them one at a time to reveal hidden tokens. The participant was 

instructed not to return to boxes that have previously concealed a token; therefore, SWM 

measured working memory in the visuospatial domain. The two outcome measures of interest 

were search errors (revisiting a used box) and strategy use (starting a new search on a different 

box; a lower score denotes better strategy). This task was included as a secondary measure of 

working memory (Robbins et al., 1994) and is sensitive to the pattern of executive dysfunction 

observed in schizophrenia (Pantelis et al., 1997). The difference in modality between the SWM 

and LNS tasks (visual versus verbal) may provide greater insight into the cognitive mechanisms 

underlying speech task performance.

III. Coding subtest of the WAIS. Participants were shown a key in which a unique symbol

was assigned to each number from 1 to 9. They were then instructed to use this key to complete 

an array in which the numbers were given but the symbols were missing. The importance of 

speed and accuracy was emphasized. The number of correctly copied symbols in 120 sec was 

recorded. The Coding task is a measure of short-term memory, visuomotor integration, and 

processing speed (Wechsler, 2008). This task was expected to be impaired in the clinical group

(Dickinson, Ramsey, & Gold, 2007) but was not expected to show a strong relationship with 

speech task performance and was therefore used as a control comparison task.

IV. Verbal Fluency test (VF; Strauss, Sherman, & Spreen, 2006). The participant was 

asked to generate as many words as they could in one minute that begin with a particular letter 

(F, A, and S; phonemic fluency) or belong to a particular category (animals; semantic fluency). 

The number of correctly reported words was tabulated and averaged across trials for phonemic 
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fluency. Both tasks assess word knowledge; phonemic fluency is a frontal-executive task with 

emphasis on strategy and planning whereas semantic fluency is more reliant on semantic 

memory and successful retrieval of stored knowledge. In schizophrenia, VF impairment is 

thought to be indicative of a global intellectual impairment affecting different component 

processes (Henry & Crawford, 2005). Therefore, VF was included as a proxy for global 

cognitive abilities.

V. Vocabulary subtest of the WAIS. The participant was asked to provide definitions for 

words of increasing rarity. The total number of correctly defined words was scored. This task, 

which measures crystallized verbal knowledge, was used to compare the clinical and control 

groups on previous exposure to and knowledge of word meanings.

VI. California Verbal Learning Test – 2nd edition (CVLT; Delis, Kaplan, Kramer, & Ober, 

2000). The participant was read a list of 16 words and asked to recall as many as they could over 

5 learning trials, after a distractor list, and after a 20-minute delay. The primary outcome 

measures of interest were immediate free recall (total number of words recalled over the 5 

learning trials) and delayed free recall (total number of words recalled in one trial following a 

20-minute delay). This task measures long-term memory for verbal material and follows the 

same delay schedule as the speech tasks. If an effect of priming on word association scores is 

observed over the 20-minute delay between the relatedness judgement and word association

tasks, the potential influence of explicit memory processes will be investigated using the explicit 

memory task, the insight questions and the CVLT, our standardized measure of long-term 

memory.

For some tasks, small deviations from the standard administration procedure were 

necessary. For example, during the 20-minute delay between CVLT immediate and delayed 
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recall trials, participants underwent a clinical interview, which is a more verbally demanding task 

than the CVLT administration manual would recommend. These deviations were consistent 

across study participants. For this reason, the raw scores and not norm-referenced scores for 

cognitive measures were used in analyses.

Clinical Measures

Clinical participants were asked to complete a psychiatric history questionnaire which 

included items related to current psychiatric diagnoses, current psychiatric medications, and past 

hospitalizations. The questionnaire can be found in Appendix E. Clinical participants were also 

administered a semi-structured clinical interview using the Scale for the Assessment of Positive 

Symptoms (SAPS; Andreasen, 1984b) and the companion Scale for the Assessment of Negative 

Symptoms (SANS; Andreasen, 1984a). The Mini-International Neuropsychiatric Interview – 5th

edition (MINI; Sheehan et al., 1998) was used to characterize mental illness in the control group. 

Individuals who met criteria for a diagnostic label were noted in Table 1 but were not excluded 

from analyses. Finally, an audiogram was performed for individuals over age 60 to identify and 

exclude individuals with moderate to severe hearing impairment, defined as hearing loss below 

60 dB averaged across 0.5, 1, 2, and 4 kHz (WHO, 2014).



28

Chapter 3: Results

Relatedness Judgment (RJ)

Overall, participants performed well on the RJ task, suggesting that they were 

successfully processing the meaning of the stimulus sentences. Four participants (3 clinical and 1 

control) fell below the 75% accuracy criterion. In order to compare results across speech tasks 

and with cognitive and symptom measures, these individuals were excluded from further 

analysis (not just RJ and word association analyses). However, they were included in 

correlational analyses for which greater variability in data can improve the statistical power of 

the analysis. After removal of the 4 individuals, 18 clinical and 23 control participants remained.

The clinical participants responded correctly to 91% of RJ trials on average (SD = 7%) whereas

control participants responded correctly to 94% (SD = 4%), exhibiting a non-significant group 

difference (p = .180). 

Word Association (WA)

The primary outcome of interest was the proportion of WA responses consistent with the 

primed, subordinate meaning of the homophones (referred to as WA consistency scores). WA 

consistency scores were computed for each participant and stimulus item (i.e., homophone). The 

mean consistency scores for stimuli in the unprimed condition revealed the baseline preferences

for homophone meanings in the study sample. Overall mean consistency scores for unprimed 

stimuli were low (M = .28, SD = .07), confirming that the primed homophone meaning was, on 

average, the subordinate meaning, as intended. Examining individual item consistency scores in 

the unprimed condition, 76% of homophones were subordinate (consistency scores from 0 to 

0.4), 13% were not biased toward either meaning (from 0.4 to 0.6), and 11% were dominant 

(from 0.6 to 1). A priming effect would be present if participants were significantly more likely 
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to provide word associates consistent with the primed meaning when they heard the priming 

sentence compared to when they had no prior exposure to the homophone (reflecting baseline 

meaning preferences). If the dominant meaning were primed, it would be difficult to detect a 

distinction between the primed and unprimed conditions since the dominant meaning, by 

definition, is more frequent at baseline.  Therefore, homophone stimuli for which the dominant 

meaning was primed (defined as unprimed consistency scores above 0.6) were omitted from WA 

analyses, leaving 107 of the original 120 stimulus sets.

Ninety-one percent of responses could be coded as either consistent with the subordinate 

or the dominant meaning of the homophone. The remaining 9% of responses were composed of 

words consistent with other meanings of the homophone (4.5%), words that were related to both 

meanings of the homophone about equally (2%), words that appeared unrelated to either 

meaning (1.5%), and missing responses (1%). WA responses that were words that occurred in 

the priming sentences for those homophones (as well as morphological variants thereof) were 

flagged, but were not observed more frequently for primed versus unprimed homophones (p = 

.151). In other words, participants were no more likely to report words from the priming sentence 

when they heard the sentence (for primed homophones) than when they had not heard the 

sentence (for unprimed homophones).

WA consistency scores are displayed graphically in Figure 2. To evaluate the effects of 

group, priming, and position of contextual information in the priming sentence on WA 

consistency scores (subject-based, Fs, and item-based, Fi), a mixed-model analysis of variance 

(ANOVA) was performed with group (clinical or control) as the between-subjects factor and 

stimulus condition (unprimed, primed in a PRE sentence, primed in a POST sentence) as the 

within-subjects factor. For all ANOVAs reported, except item-based analyses, the test version 
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has been included to improve the precision of the error term (Pollatsek & Well, 1995). A 

significant effect of stimulus condition was observed (Fs(2,62) = 7.35, p = .001, ηp
2 = .19; Fi = 

8.54, p < .001, ηp
2 = .08). Helmert contrasts revealed an effect of priming, with significantly 

lower consistency scores in the unprimed condition compared to the primed conditions (Fs(1,31) 

= 13.74, p = .001, ηp
2 = .31; Fi = 21.67, p < .001, ηp

2 = .17). The effect of context position in the 

priming sentence was nonsignificant (ps = .086; pi = .142) but showed a trend in the expected 

direction, with higher consistency scores for homophones primed in PRE sentences versus POST 

sentences. There was also a significant effect of group (Fs(1,31) = 4.86, p = .035, ηp
2 = .14; Fi = 

8.38. p = .005, ηp
2 = .07), with clinical participants producing lower consistency scores, but no 

interaction of group and stimulus condition (ps = .294; pi = .294) on WA consistency scores. 

Figure 2. Word Association consistency scores by group and stimulus condition. Unprimed = novel 
homophones; Primed PRE = homophones that were primed in PRE sentences (disambiguating context 
preceding homophone); Primed POST = homophones that were primed in POST sentences 
(disambiguating context following homophone). Error bars represent standard errors of the mean.
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Although an interaction between group and condition was not observed, it was predicted, 

and the failure to detect it may be due to a lack of power in the study sample. To investigate the a 

priori hypothesis that control participants would be influenced by previous exposure more so 

than clinical participants, a series of t-tests were conducted in which the dependent variable was 

priming: operationally defined as the difference between consistency scores in each primed 

condition (PRE and POST) and the consistency score in the unprimed condition (i.e., PRE minus 

unprimed, POST minus unprimed). These difference scores were computed across items and 

across subjects. One sample t-tests were performed to evaluate whether there was significant 

priming by PRE and POST context in each group. Control participants showed significant 

priming for both PRE and POST sentence conditions (PRE: ts(22) = 3.84, p = .001; ti(106) = 

4.00, p < .001; POST: ts(22) = 2.53, p = .019; ti(106) = 3.09, p = .003). Clinical participants 

showed priming in the PRE sentence condition (ts(17) = 2.46, p = .025; ti(106) = 2.44, p = .016) 

but not in the POST sentence condition (ps = .985; pi = .298). Two-sample t-tests to evaluate 

group differences in the priming obtained from context revealed no differences when PRE and 

POST context were considered separately (PRE: ps = .206; pi = .168; POST: ps = .122; pi = .143). 

However, when overall priming was evaluated (collapsed across conditions), control participants 

showed a significantly larger shift towards the subordinate meaning (i.e., more priming) than 

clinical participants (clinical M±SD = .02±.07; control M±SD = .08±.09; ts(39) = 2.24, p = .031; 

approaching significance in the item analysis, pi = .084). 

Priming is operationally defined as a subtraction between two consistency scores (WA 

consistency for primed homophones and WA consistency for unprimed homophones). The fact 

that control participants appear to be showing greater overall priming could be due to group 

differences in the baseline consistency scores, or to differences in the PRE and POST scores. A 
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simple-effect analysis (under Sidak correction for multiple comparisons) was undertaken to 

evaluate such potential group differences. There was no effect of group on unprimed consistency 

scores (ps = .688; pi = .434). In the PRE and POST conditions, consistency scores were lower for 

clinical participants than for control participants. This group effect was significant in the item 

analysis (PRE: Fi = 4.74, p = .032, ηp
2 = .04; POST: Fi = 4.44, p = .038, ηp

2 = .04) and 

approached significance in the subject analysis (PRE: ps = .073; POST: ps = .076). This result 

suggests that the difference in priming effect magnitude observed between the two groups can be 

explained by differences in the primed conditions and not in the baseline preferences of the 

groups.

This tendency for the clinical group to exhibit less priming could be due to consistently 

less priming across participants in that group compared to the control group, or it could be an 

artifact of fewer individuals exhibiting priming in the clinical, compared to the control, group. 

The data of individual participants were reviewed to discern the proportion of participants who 

exhibited some priming – defined as anyone showing consistency scores that were higher  (i.e., 

any difference greater than zero) in the primed conditions (overall) versus unprimed condition. 

The box-and-whisker plot in Figure 3 depicts the extent of priming in each group and condition. 

The participants considered for the following analyses are those with priming scores above the y 

= 0 axis line in the figure. Approximately 60% of participants had larger consistency scores for 

primed homophones as compared to unprimed homophones. The number of individuals who 

showed priming in each group and condition is displayed in Table 3. By group, 17 of 23 control 

participants and 8 of 18 clinical participants showed an effect of priming. This group difference 

was significant (χ2 (1, N = 18) = 8.09, p = .004) and was largely driven by a group difference in 

the PRE condition (χ2(1, N = 18) = 9.36, p = .002) with a group difference approaching 
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significance observed in the POST condition (p = .073). Importantly, in the subset of participants 

that showed some degree of priming, the difference in priming between clinical and control 

groups could not be replicated (clinical M±SD = .09±.05; control M±SD = .12±.07); ps = .285; pi

= .221), suggesting that the group effect on priming in the larger group was driven by the relative 

paucity of clinical participants who showed priming and not a group-wide difference in the 

magnitude of priming.

Figure 3. Priming strength by group and condition. Priming strength was quantified by subtracting WA 
consistency scores for unprimed homophones from WA consistency for primed homophones. The box 
represents the interquartile range bisected by the median. The whiskers terminate at the minimum and 
maximum data points. PRE = priming sentence stimuli with disambiguating context preceding the 
homophone; POST = priming sentence stimuli with disambiguating context following the homophone.
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Table 3
Number of Participants who Showed Priming by Group and Stimulus Condition

Group Overall Priming Priming for PRE 
sentences

Priming for POST 
sentences

Control (N = 23) 17 (74%) 19 (83%) 16 (70%)

Clinical (N = 18) 8 (44%) 10 (56%) 9 (50%)

Note. Individuals were considered to show priming if their WA consistency scores were arithmetically 
higher for primed homophones than for unprimed homophones. Overall priming reflects higher 
consistency scores for primed conditions (average of PRE and POST) over the unprimed condition. PRE 
= priming sentence stimuli with disambiguating context preceding the homophone; POST = priming 
sentence stimuli with disambiguating context following the homophone.

The difference between clinical participants who showed priming and those who did not 

could be attributable to differences in WA consistency scores for unprimed homophones or in 

WA consistency scores for the primed homophones. In other words, is the larger priming effect 

in the participants who showed priming a result of something they brought to the task (i.e., lower 

unprimed scores reflecting baseline meaning preferences) or a differential response to the task 

(i.e., higher primed scores)? Pairwise t-tests were used to compare clinical participants who 

showed priming to those who did not on the three stimulus conditions. Notably, clinical 

participants who showed priming had significantly lower unprimed consistency scores (t(16) = 

6.02, p = .027) but comparable primed consistency scores (PRE: p = 118, POST: p = .443) 

compared to clinical participants who did not show priming. This finding, displayed graphically 

in Figure 4, suggests that the individuals who show priming are more reliant on the dominant 

meaning of homophones in the absence of context. Since this distinction in unprimed consistency 
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scores was observed among clinical subgroups, the possibility of a dominant-meaning response 

bias was investigated by comparing each clinical subgroup to the control group on unprimed 

consistency scores. The clinical participants who failed to show priming were not significantly 

different from control participants (p = .426). A marginally significant group difference was 

observed for the clinical subgroup that showed priming (p = .054), whereby the clinical 

participants used the subordinate meaning less (and therefore the dominant meaning more) in the 

absence of context, representing a deviation from normal tendencies.

Figure 4. Word Association consistency scores by clinical subgroup and stimulus condition. Unprimed = 
novel homophones; Primed PRE = homophones that were primed in PRE sentences (disambiguating 
context preceding homophone); Primed POST = homophones that were primed in POST sentences 
(disambiguating context following homophone). Error bars represent standard errors of the mean.

Explicit Memory (EM)

Recognition memory for priming sentences (from the relatedness judgement task) was 

assessed immediately following the word association task. Sensitivity scores, calculated for each 
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group for each sentence type (PRE or POST) are displayed in Figure 5. The overall mean d' 

across groups was 1.83 (SD = .72). Control participants performed significantly better than 

clinical participants (control M = 2.12; clinical M = 1.46; t(39) = -3.24, p = .002). There was no 

effect of group on confidence ratings, p = .116.  Participants had comparable success recognizing 

PRE and POST primed sentences, p = .147. 

In addition, a 2 (group: clinical, control) by 2 (word association response affiliation: 

subordinate, non-subordinate) mixed-model ANOVA was conducted to evaluate the 

correspondence between EM and word association responses. An effect of word association

response affiliation on EM true positives was observed whereby participants were significantly 

more likely to correctly recognize the priming sentences (in the EM task) that corresponded to 

word association items for which they gave subordinate-consistent responses, F(1,39) = 4.20, p = 

.047, ηp
2 = .10. For example, if participants heard the priming sentence, “The young woman 

noticed that her pupils had high reading scores,” during the relatedness judgement task and then 

heard “the pupils” during the word association task, participants who responded with subordinate 

associates such as “students” were significantly better at remembering the priming sentence 

during the EM task than were participants who responded with non-subordinate associates such 

as “eyes.”  The interaction of group and word association response affiliation was not 

statistically significant (p = .104). Figure 6 shows a graphic representation of these data.
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Figure 5. Explicit Memory sensitivity scores by group and stimulus condition. PRE = sentence stimuli with 
disambiguating context preceding the homophone; POST = sentence stimuli with disambiguating context 
following the homophone. Error bars represent standard errors of the mean.

Figure 6. Explicit Memory true positive scores by group and Word Association response. The true positive 
scores were used since, for the purpose of this graph (and related analysis), only sentences that were 
presented in the RJ task were considered (and not distractor sentences that were novel in the EM task). 
Subordinate = EM sentence stimuli that contained a homophone for which the participant provided a 
subordinate-meaning affiliate during the WA task. Other = a non-subordinate-meaning affiliate was 
provided. Error bars represent standard errors of the mean.
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Insight Questions

Participants were first asked about their awareness of ambiguous words in the stimuli. 

Twelve percent of participants (2 of 18 clinical participants, 3 of 23 control participants) noticed, 

during the RJ task, that RJ sentence stimuli contained ambiguous words. On average, these 

participants estimated that 41% of stimuli contained ambiguous words, when the correct 

proportion was 100%. Sixty five percent of participants (10 of 18 clinical participants, 16 of 23 

control participants) noticed, during the word association task, that the word association stimuli 

could have more than one meaning. Again, the average estimate of ambiguous words, 54%, was 

well below the actual proportion, 100%. Finally, 21% of participants (4 of 18 clinical 

participants, 5 of 23 control participants) noticed that the word stimuli they received in the word 

association task were previously presented to them in sentences of the relatedness judgement

task. On average, these individuals guessed that 36% of words had been previously presented 

when the true proportion was 50%.

Participants were also asked about their strategy in completing the speech tasks. All 

participants except one reported choosing the first response that came to mind or described their 

responding as “automatic” on the majority of trials (in line with the task instructions). Of the 

participants that noticed the ambiguity of word association stimuli, 18% (5 participants) reported 

thinking of more than one meaning of the word; 3 participants entered the meaning they thought 

of first and 2 entered the meaning of greater personal relevance. Of the participants that noticed 

that the word association word stimuli were embedded in relatedness judgement sentence 

stimuli, 1 participant thought that their knowledge of this relationship might have had an effect 

on their choice for word associate with the remaining 25 participants reporting the belief that this 

knowledge did not have an effect.
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The above observations suggest that although some participants were aware of the 

ambiguity of materials presented, the extent of ambiguity was consistently underestimated. In 

addition, exposure to word association stimuli during the relatedness judgement task was either 

unnoticed or was not, based on participant report, explicitly recalled well enough to influence 

WA responses.

Definition Task (DEF)

The DEF task was used to evaluate the ability of participants to interpret homophones 

immediately after they were presented in context. Sentence stimuli in which the dominant 

meaning of the homophone was primed were removed from DEF task analyses. On average, 

participants were able to correctly give the (subordinate) meaning of homophones immediately 

after hearing those homophones in disambiguating sentences. The mean accuracy scores were 

89.25% (SD = 8.97%) for the control group and 82.95% (SD = 14.83%) for the clinical group. In 

addition to the accuracy (the correctness of the definition), the valence of definitions (whether 

they were semantically related or unrelated to the subordinate meaning) was scored. Examining 

the valence of definitions, the mean performance in each group rose by approximately 7% 

(control M ± SD = 95.73% ± 6.16%, clinical M ± SD = 89.97% ± 10.69%). Figure 7 shows the 

DEF valence scores by group and condition. High overall accuracy and valence scores indicate 

that the intended meaning of the homophone was well supported by sentence context. In 

addition, high accuracy scores suggest that both groups were (a) aware of the subordinate 

meaning of the homophone, and (b) able to use contextual information to correctly interpret the 

homophone.
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Figure 7. Definition valence scores by group and stimulus condition. PRE = sentence stimuli with 
disambiguating context preceding the homophone; POST = sentence stimuli with disambiguating context 
following the homophone. Error bars represent standard errors of the mean.

Using the valence scores as the dependent variable, a 2 (group: clinical, control) by 2 

(sentence type: PRE, POST) ANOVA was performed. Valence scores are analogous to word 

associates in that the allegiance to a particular homophone meaning is evaluated. In order to be 

used in this parametric test, the negatively skewed DEF scores were normalized using an arcsine 

transformation. There was no effect of group (p = .096); however, in light of numerous studies 

that document ambiguity-processing deficits in schizophrenia, a one-tailed significance test may 

be justified, which would yield a significant group difference with control participants 

outperforming clinical participants (p = .048). There was no effect of sentence type (p = .868) 

and no sentence type by group interaction (p = .673). A second ANOVA was performed to 

evaluate whether the source of the stimuli (novel, reused from the word association task, reused 

from the relatedness judgement task) had an effect on valence scores. The results showed a 
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marginally significant effect of source (p = .052 with Greenhouse-Geisser correction due to 

violation of sphericity). Based on follow-up contrasts, items reused from the word association 

task had lower DEF valence scores than novel items (F(1,21) = 9.89, p = .005) whereas items 

reused from the relatedness judgement task did not (p = .978). The source by group interaction 

was not significant (p = .191), so the effect of source was not thought to contribute to the 

marginal group difference in DEF valence scores.

One reason for the inclusion of the DEF task was to better understand how patterns of 

priming related to initial processing of an ambiguity in context. Since priming effects appear to 

be explained by factors at the individual level, the individual scores of participants on the DEF 

task were evaluated. The valence scores for the clinical participants were converted to standard 

scores using the control group as the normative sample. Only two participants had scores that 

were abnormally low (i.e., more than two standard deviations from the control group mean). 

These individuals were among the participants that did show some degree of priming on the WA 

task. There was no systematic correspondence between a lack of priming, and poor performance 

on the DEF task – in fact, performance on the DEF task was uniformly very good, even in the 

clinical group. This indicates that the lack of priming cannot simply be explained by initially 

poor comprehension of the sentences.  

Clinical Measures

None of the participants above the age of 60 were excluded on the basis of a moderate or 

severe hearing impairment. Table 4 shows the frequency distribution of clinical-participant 

scores on the SANS and SAPS symptom subscales. The mode for all subscales, with the 

exception of two negative-symptom scales (Avolition-Apathy and Attention) was 0, which 

signifies the absence of the symptom. Therefore, the study sample was largely asymptomatic 
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and/or symptoms of schizophrenia and other psychotic disorders were well managed by 

medication. There were no significant correlations between SANS/SAPS subscales and speech 

tasks in the clinical group. 

Table 4
Frequency Distribution Showing the Severity of Positive and Negative Symptoms

Symptom Rating

0 1 2 3 4 5

Hallucinations 12 (71%) 0 0 1 2 2

Delusions 5 (29%) 3 3 3 3 0

Bizarre Behaviour 9 (53%) 3 5 0 0 0

Thought Disorder 11 (65%) 1 3 2 0 0

Affective Flattening 7 (41%) 1 5 3 1 0

Inappropriate Affect 17 (100%) 0 0 0 0 0

Alogia 11 (65%) 1 4 0 1 0

Avolition-Apathy 4 0 6 (35%) 5 2 0

Anhedonia-
Asociality

5 (29%) 1 3 2 5 1

Attention 2 2 3 8 (47%) 1 1

Note. Rating labels differ for each subscale but typically 0 denotes the absence of a symptom and 5 
denotes frequent, pervasive, and troubling symptoms. The mode for each subscale is shown in bold. 

Cognitive Tasks

The performance of each group on the cognitive tasks is displayed in Table 5. Control 

participants showed superior performance to clinical participants on SWM measures (errors and 

strategy use), VF measures (FAS and Animals) and Delayed Recall on the CVLT with other 

cognitive measures (Coding, CVLT Immediate Recall) approaching significance. LNS, a 
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measure of auditory verbal working memory, was not significantly impaired in the clinical 

group. Since this is an atypical result (i.e., spared verbal working memory abilities in 

schizophrenia), the individuals who were previously excluded from analysis (due to 

unsatisfactory relatedness judgement scores) were re-included to determine whether the study 

sample itself was atypical in their performance or whether the absence of a working-memory 

deficit could be attributed to removal of the more pathological participants. When these 

participants (3 clinical and 1 control) were included, clinical participants did demonstrate a 

working-memory impairment (t(43) = 2.06, p = .046). 

Table 5
Clinical and Control Group Comparisons on Cognitive Tasks

Clinical Control

M SD M SD Test Statistic p-value

Vocabulary .20 1.00 .45 .91 t(39) = .86 .397

LNS -.41 .87 -.03 .80 t(39) = 1.56 .127

SWM

Errors -.87 .93 .36 1.14 U = 75.5 .001

Strategy -.68 .81 .61 1.53 t(39) = 3.26 .002

Coding -.70 .89 -.14 .90 U = 134.5 .057

VF

FAS -.42 1.17 .24 1.36 U = 128.5 .039

Animals -.56 1.43 .28 1.13 t(39) = 2.10 .042

CVLT

Immediate Recall -.56 1.08 .07 1.13 t(39) = 1.71 .096

Delayed Recall -.53 1.22 .29 1.17 U = 110.5 .045

Note. Standard scores are reported however all analyses are performed using raw scores. T-Tests were 
performed when parametric assumptions were met; otherwise, Mann-Whitney U Tests were performed. 
LNS = Letter-Number Sequencing; SWM = Spatial Working Memory; VF = Verbal Fluency; CVLT = 
California Verbal Learning Test.
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Bivariate correlations among the cognitive measures are shown in Table 6. All 

participants (clinical and control) were included to improve the statistical power of the analyses. 

There was high concordance among the tasks, which is not surprising given that many of the 

tasks evaluate language and/or frontal-executive functions. For example, SWM outcome 

measures showed moderate to high correlations with LNS, both of which are thought to reflect 

working memory. Vocabulary, a measure of crystallized verbal knowledge, was highly 

correlated with CVLT measures (verbal short- and long-term memory) and VF FAS (lexical 

knowledge and retrieval strategies). Coding was found to correlate with all of the cognitive 

measures, suggesting that processing speed may be involved across tasks.
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Table 6
Correlations Among Cognitive Tasks

LNS SWM Errors
SWM 

Strategy
Coding VF FAS VF Animals

CVLT 
Immediate 

Recall

CVLT 
Delayed 
Recall

SWM Errors rs = -.55*

SWM 
Strategy

rs = -.33* rs = .67*

Coding r = .64* rs = -.55* rs = -.32*

VF FAS rs = .51* rs = -.30 rs = -.22 rs = .34*

VF Animals r = .48* rs = -.45* rs = -.19 r = .55* rs = .58*

CVLT 
Immediate 
Recall

r = .52* rs = -.39* rs = -.24 r = .55* rs = .47* r = .37*

CVLT 
Delayed 
Recall

rs = .45* rs = -.31 rs = -.09 rs = .43* rs = .46* rs = .36* rs = .85*

Vocabulary r = .60* rs = -.27 rs = -.01 r = .32* rs = .49* r = .20 r = .53* rs = .55*

Note. Correlations include clinical and control participants. LNS = Letter-Number Sequencing; SWM = Spatial Working Memory; VF = Verbal 
Fluency; CVLT = California Verbal Learning Test.

*: p ≤ αadjusted (Benjamini-Hochberg correction for false discovery rate)
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Relationship among Speech Tasks and Other Measures

First, the relationship between word association performance and other measures was 

investigated. Individuals who showed a priming effect (i.e., any increase in consistency scores 

for primed compared to unprimed homophones) were compared to those who did not on 

demographics (age, years of education), cognitive measures (LNS, SWM errors and strategy, VF

FAS and Animals, and CVLT immediate and delayed recall), and speech task performance 

(specifically, the relatedness judgement task during which the priming sentences were 

presented). A series of t-tests revealed that individuals who showed a priming effect had 

significantly better strategy on the SWM task (U = 98.5, p = .007) and were significantly older

(U = 124, p = .042) than those who did not show priming. All other measures were comparable 

between these groups. However, when the analyses were corrected using the Benjamini-

Hochberg (BH) procedure for controlling the false discovery rate (Benjamini & Hochberg, 

1995), no significant differences were found (p > αadjusted). The same t-tests were performed in 

the clinical group alone to elucidate whether certain individual factors could explain why some 

participants (n = 8) showed priming that was comparable to control participants while others (n = 

10) did not. In addition to demographic, cognitive, and speech-task measures, clinical variables 

(age at diagnosis, duration of illness, number of hospitalizations, longest stay in hospital) were 

evaluated. Clinical participants who showed priming had better strategy on the SWM task (t(16) 

= 2.16, p = .047) and worse delayed recall on the CVLT (t(16) = 2.33, p = .035). However, these 

group effects did not survive correction, suggesting either that the findings are spurious or that

the analyses are underpowered.

Bivariate correlations were conducted to elucidate the relationship between cognitive 

measures and performance on the speech tasks. Table 7 shows the correlations between the 
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standardized measures of working memory – LNS and SWM – and the performance on 

relatedness judgement and word association tasks for PRE and POST sentences. LNS showed 

larger and more consistent correlations with speech task performance than did SWM, suggesting 

that the working memory abilities engaged in the tasks were, for the most part, specific to the 

verbal modality. Importantly, recall that the primary manipulation in the definition task was the 

use of sentences in which context preceded the homophone (PRE sentences) and sentences in 

which context followed the homophone (POST sentences). It was assumed that the effect of 

stimulus type (PRE or POST) reflected an effect of WM, since WM demands were thought to be 

greater in the POST condition. However, we observed auditory verbal working memory (as 

measured by LNS) to correlate similarly with accuracy on the PRE and POST conditions of the 

definition task.

Table 7
Correlations of Working Memory Measures and Speech Tasks

RJ accuracy WA consistency EM sensitivity DEF accuracy

PRE POST PRE POST PRE POST PRE POST

LNS rs = .41** rs = .42** r = .21 r = .40** r = .41** rs = .38* rs = .53** rs = .47**

SWM 
errors

rs = -.37* rs = -.33* rs = -.05 rs = -.22 rs = -.22 rs = -.31* rs = -.18 rs = -.20

SWM 
strategy

rs = -.02 rs = -.14 rs = -.15 rs = -.29 rs = -.04 rs = -.11 rs = .06 rs = .10

Note. RJ = relatedness judgment task; WA = word association task; EM = explicit memory task; DEF = 
definition task; PRE = sentence stimuli with disambiguating context preceding the homophone; POST = 
sentence stimuli with disambiguating context following the homophone; LNS = Letter-Number 
Sequencing; SWM = Spatial Working Memory.

*: p ≤ .05, **: p ≤ .01
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Another set of correlations was evaluated to investigate the relationship between delayed 

recall on the CVLT (a standardized measure of explicit memory) and on the speech tasks that 

required delayed processing (word association, explicit memory). The CVLT was found to 

correlate moderately with the sensitivity measures in both the PRE and POST conditions of the

explicit memory task (PRE: rs = .40, p = .013; POST: rs = .40, p = .013) but was uncorrelated 

with consistency scores of the word association task in any condition (Unprimed: p = .694; PRE: 

p = .491; POST: p = .450). This finding suggests (a) the explicit memory speech task shows 

convergent validity with a standardized measure of explicit memory, and (b) explicit memory 

strategies were not central to completion of the word association task.

Finally, the relationship between the remaining cognitive measures (WAIS Coding and 

Vocabulary, VF FAS and Animals) and the speech tasks was investigated. This analysis was 

exploratory in nature so the BH procedure was used to control the false-discovery rate. 

Vocabulary was found to correlate with overall relatedness judgement accuracy scores (rs = .68, 

p < .001), overall d' on the explicit memory task (r = .54, p < .001), and overall definition 

valence scores (rs = .59, p < .001). Coding was correlated with overall d' on the explicit memory

task, r = .42, p = .006. VF FAS and Animals were correlated with overall valence scores on the 

definition task (FAS: rs = .43, p = .005; Animals: rs = .38, p = .014). 
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Chapter 4: Discussion

Individuals with schizophrenia are known to exhibit deficits in the resolution of semantic 

ambiguities. The goal of this experiment was to clarify the nature of these deficits, as well as 

their relationship to underlying cognitive processes. Interpretation of ambiguous words was 

evaluated at two time points. Immediate disambiguation using contextual cues that were 

presented before or after the homophone revealed the influence of working memory on success 

of disambiguation (definition task).  A delayed meaning-selection task evaluated how exposure 

to a particular meaning can bias listeners towards that meaning after 20 minutes (word 

association task).

Immediate Interpretation

Participants were asked to provide definitions for homophones presented with 

disambiguating context that was heard either before the homophone (in a PRE sentence) or after 

the homophone (in a POST sentence). It was hypothesized that the additional burden of 

reinterpreting the homophone imposed by the POST sentences (and the need to maintain 

multiple homophone meanings to facilitate this reinterpretation) would be facilitated by working 

memory and therefore, would selectively disadvantage clinical participants. That is, clinical 

participants were expected to have greater difficulty with POST sentences than PRE sentences 

whereas control participants would have little or no increased difficulty with POST sentences. 

This interaction of group and stimulus condition was not observed. One reason may be that 

verbal working-memory abilities (assessed by Letter-Number Sequencing) were similarly 

correlated with PRE and POST sentence conditions. Based on this finding, any disadvantage 

imposed by a verbal working-memory deficit would be expected to arise in both stimulus 

conditions. 
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To our knowledge, only one previous study in schizophrenia has compared the effect of 

context appearing before versus after the homonym. Cohen and colleagues (1992) found that 

participants with schizophrenia were more likely to incorrectly select the dominant meaning 

interpretation for a homonym (over the correct subordinate meaning or an unrelated meaning in 

multiple-choice format) when context was presented before the homonym and not when it was 

presented after the homonym, compared to control participants. This result was thought to reflect 

a difficulty maintaining contextual information to facilitate homonym interpretation. 

Understanding these results is complicated, however, by the use of the dominant meaning as a 

distractor response in the multiple-choice answer format, which may have predisposed 

participants with schizophrenia to make dominant interpretation errors. In the present study, 

participants were asked to provide a brief definition of the homophone, which was thought to be 

a more naturalistic performance metric. The absence of a context-position effect in our findings 

suggests that maintaining contextual information (thought to be more demanding in the PRE 

condition) and maintaining homophone-meaning alternatives (thought to be more demanding in 

the POST condition) over the duration of the sentence, are similarly difficult: both of these 

processes may rely on working memory (Andreou et al., 2009; Salisbury, 2008).

Both groups successfully chose the supported (subordinate) meaning and provided an 

accurate definition on over 80% of trials. A trend was detected whereby control participants were 

better able to provide responses consistent with the supported (subordinate) meaning than 

clinical participants. One reason that this group difference was not more pronounced may be that 

the participants with schizophrenia were not significantly impaired on verbal working memory 

(as measured by the Letter-Number Sequencing task), which was related to definition task 

performance. Verbal working-memory impairment is frequently observed in schizophrenia (for a 
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review, see Lee & Park, 2005). The absence of a working-memory impairment in the study 

sample, which can be attributed to the exclusion of the more pathological participants from 

analyses, suggests that the present findings may not generalize to all individuals with 

schizophrenia.  

An alternative explanation for the above null findings and a limitation of the definition

task was the ceiling effect observed on task performance. Both groups performed well overall 

and many individuals correctly responded on 95% of trials or more (24% of participants based 

on the correctness of definitions, 63% based on semantic relatedness to the correct 

interpretation). This ceiling may have truncated control participants scores, resulting in a weak 

effect of group. As well, high definition scores indicate that the majority of sentence stimuli 

strongly and unequivocally supported a single homophone meaning. Perhaps increasing task 

demands would elicit an effect of context position; for example, using weaker contextual cues or 

making sentences longer such that in POST sentences, the listener must maintain the meaning 

alternatives for longer to facilitate accurate interpretation.

Delayed Interpretation

Effect of Priming

In the long-term priming task, participants were exposed to homophones in a 

disambiguating context and, after a 20-minute delay, were asked for the first word that came to 

mind related to the homophone. The participants replicated the priming effect observed by Rodd 

and colleagues (2013) whereby individuals who were exposed to the homophone 20 minutes 

prior to word association task were more likely to select the primed (subordinate) meaning of the 

homophone than individuals who had no previous exposure. 
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Consistent with our hypothesis, the clinical group showed less priming than the control 

group. Individual participants who showed priming (described as any increase in word 

association consistency scores from the unprimed to the primed conditions) were identified in 

each group. It was determined that fewer clinical participants showed priming, compared to 

control participants (contrast 44% in the clinical group to 74% in the control group). When only 

the individuals who showed an effect of priming were analyzed, the clinical and control groups 

showed comparable priming effects. That is, any difference in priming observed between groups 

can be attributed to fewer clinical participants showing a priming effect rather than the clinical 

group showing a reduced priming effect compared to control participants. 

Furthermore, clinical participants who showed priming did not generate more 

subordinate-consistent associates for primed homophones in the word association task but rather 

generated fewer subordinate-consistent associates for unprimed homophones. That is, their 

baseline meaning preferences – which were informed by their personal estimates of meaning 

dominance – were more weighted towards the dominant-meaning interpretation over the 

subordinate-meaning interpretation than the clinical participants who did not show priming. The 

possible over-reliance on the dominant meaning in schizophrenia is discussed in more detail 

below. Clinical participants who showed priming were also compared to those who did not on 

demographic, clinical, cognitive, and speech-task measures but no robust differences were 

observed (likely as a result of small sample sizes).

For participants who failed to show priming after the 20-minute delay, we may be 

tempted to investigate whether their initial interpretation of the homophones in the priming 

sentences was somehow unsuccessful. If this were the case, the weaker priming effect would 

reflect lower word association consistency scores for primed homophones (i.e., homophones for 
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which there was an opportunity to interpret them in context). As previously stated, clinical 

participants who showed priming and those who did not had comparable word association 

consistency scores for primed homophones. Furthermore, direct comparisons of priming and 

initial interpretation of homophones in context (as measured by the relatedness judgement and 

definition tasks) fail to demonstrate a relationship among them. First, the two clinical 

participants who showed extremely low performance on the definition task showed some degree 

of priming on the word association task. Second, accuracy scores on the relatedness judgement

task could not distinguish between clinical participants who showed priming and those who did 

not. Therefore, failure to show a priming effect is not well-explained by a difficulty with the 

initial interpretation of the homophone.

The ability to use recent experience with homonyms to shift meaning preferences is 

adaptive. In general, if a homonym is heard more than once in the same environmental context 

over a 20-minute period, it is likely that the same meaning of the homonym is intended. So for an 

individual who is able to benefit from previous exposure, the subsequent encounters with the 

homonym will be less effortful than if they had no previous exposure. If certain individuals with 

schizophrenia are not able to benefit from previous exposure, they may be expected to expend 

greater cognitive effort during subsequent encounters with the same homonym than healthy 

individuals or individuals with schizophrenia who show priming effects. Future research may 

seek to identify factors that predispose certain individuals to have greater difficulty with this task 

over others.

Implicit versus Explicit Memory

The mechanism thought to explain long-term priming of homophone meanings is an 

implicit learning process that strengthens the association between the phonological word-form 
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and the primed meaning in semantic space. By this connectionist model, hearing an ambiguous 

word simultaneously activates representations of multiple homophone meanings. The meaning 

that is ultimately selected has forged a stronger connection with the word-form through repeated 

activation. In this way, recent exposure biases later interpretation (Rodd et al., 2013). 

Although the argument for implicit learning is compelling, the role of explicit memory 

has not been systematically investigated. Individuals with schizophrenia commonly show severe 

explicit memory deficits (replicated in our analysis using the CVLT) but spared performance on 

implicit memory tasks (Bazin & Perruchet, 1996; Clare et al., 1993; Danion et al., 2001; Gras-

Vincendon et al., 1994; Sponheim et al., 2004). Several tasks were incorporated into the present 

study to understand whether explicit memory for the priming sentence may have contributed to 

the increased preference for the primed meaning in both groups, and whether group differences 

in meaning priming (i.e., the decreased likelihood of priming among individuals with 

schizophrenia) may be partly explained by explicit-memory involvement. 

If participants were using their memory of the priming sentence to select a word associate

on the word association task, we would expect that specific words used in the priming sentence 

would be generated as word associates more frequently in the primed condition (when the 

participant heard the sentence) than in the unprimed condition (when the participant did not hear 

the sentence). For example, if participants heard the priming sentence, “The young woman 

noticed that her pupils had high reading scores,” and then encountered “the pupils” in the word 

association task, we might expect them to respond with “reading” more often than participants 

that were encountering “the pupils” for the first time in the word association task. This 

discrepancy between word associates for primed and unprimed homophones was not observed, 
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suggesting that episodic memory for the priming sentences is not entirely responsible for the 

priming effect.

Performance on the explicit memory task was generally good. Furthermore, participants 

correctly recognized priming sentences more often when they had produced a word association

response consistent with the correct subordinate meaning of the homophone in the sentence. It is 

unclear whether this finding indicates that participants were using their explicit memory of the 

related relatedness judgement priming sentence to select word associates, or if hearing the 

homophone during the word association task provided a memory cue to facilitate recognition 

during the explicit memory task (recall that the explicit memory task was administered 

immediately after the word association task). This suggests that explicit memory and the implicit 

processes that shift meaning preference are somehow related.

Examining the responses to insight questions, participants did not endorse an explicit 

memory strategy. One fifth of participants were aware of their previous exposure to the 

ambiguous words in context but still tended to underestimate the proportion of words they had 

previously heard. These participants described their approach to the word association task as 

automatic, typing the first word that came to mind. Here, we must consider the possibility of 

demand characteristics since participant reports are in line with study instructions. Participants 

did not feel that their responses were influenced by previous exposure to the word. Here too, 

demand characteristics may introduce an artifact; however, participants were not able to discern 

the purpose of the experiment so it is unlikely participants had a directional hypothesis about the 

effect of previous exposure on later interpretation.

The CVLT, a word-list learning task with a 20-minute delay analogous to the delay 

between the relatedness judgement and word association tasks, was found to significantly 
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correlate with overall performance on the explicit memory task but not on the word association

task, suggesting that performance on the word association task is dissociable from that on the 

explicit memory task, consistent with independent mechanisms. Furthermore, the CVLT 

outcome variables did not distinguish between clinical participants who showed priming and 

those who did not, suggesting that explicit memory deficits did not predispose certain individuals 

to be resistant to priming over others.

Reviewing the evidence, it does not appear as though explicit memory contributed to the 

observed priming effect (or the discrepancy between groups) in any substantial way.

If implicit learning is the primary mechanism underlying the priming effect and 

individuals with schizophrenia are thought to have spared implicit memory for verbal material, 

then we would expect priming to be successful in our clinical group. Our finding that only 44% 

of clinical participants show priming suggests one of two possibilities: either there is another 

unaccounted for process to explain long-term priming in healthy individuals and those with 

schizophrenia, or the type of implicit learning involved in long-term priming is impaired in 

schizophrenia. These explanations cannot be dissociated in the present study. 

Effect of Context Position on Priming

The position of context in the priming sentence, either before or after the homophone, did 

not significantly influence performance on the word association task. Still, both groups showed a 

trend whereby sentences that provided context before the homophone were more likely to elicit 

subordinate-consistent word associates after the 20-minute delay than sentences that provided 

context after the homophone. The direction of this trend was consistent with the findings of 

Lighter (2013) using a very similar paradigm with healthy, English-speaking participants. The 

effect that Lighter (2013) observed was substantially stronger for two possible reasons. First, 
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Lighter asked participants to code their own word associates for consistency with homophone 

meanings to minimize the amount of missing data. This precaution was difficult to implement in 

the present study due to an already demanding battery of tasks. In addition, the inclusion of the 

clinical sample in our investigation introduced greater variance in the performance of speech 

tasks, which may have obscured a more robust context-position effect.

Lighter (2013) interpreted the effect of context position as arising from associative 

learning processes (in this case, implicit associative learning). Associative learning theory 

describes the strengthening of synaptic connections (or long-term potentiation; Hebb, 1949)

between responses to stimuli that are paired during learning. In the PRE sentences, the listener 

hears the ambiguity after the disambiguating context and is therefore able to select the correct 

interpretation quite quickly. In the POST sentences, the listener encounters the homophone in the 

absence of disambiguating context and is likely to initially select the dominant meaning. Upon 

hearing the homophone, the listener must change their interpretation to match the context 

(consistent with the subordinate meaning). In this latter scenario, the associative link between the 

homophone and its subordinate meaning is not as strong. 

Lighter (2013) also suggested that POST sentences may be remembered better than PRE 

sentences if they were more salient due to the demand for reinterpretation. However, she did not 

incorporate an explicit memory task into the study protocol to confirm this suspicion. We did not 

observe this difference; episodic memory was comparable for PRE and POST sentences 

(assessed by the explicit memory task). Therefore, the reinterpretation required for POST 

sentences does not increase their salience such that they are more memorable later on.

Building Meaning Dominance and the Dominant-Meaning Bias
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The demonstration of long-term priming over a 20-minute delay in this study was 

expected to reflect a possible mechanism by which individuals use experience with homonyms to 

build their estimates of meaning dominance. In the clinical group, those who showed priming 

could be distinguished from those who did not on unprimed word association consistency scores 

and not on primed word association consistency scores. In other words, both groups were equally 

likely to select the primed (subordinate) meaning on the delayed exposure to the homophone, 

implying that they derived a similar benefit from previous exposure (based on the end result of 

selecting the more likely meaning in the environmental context), despite differences in their 

meaning-dominance estimates. It is unclear whether lower consistency scores at baseline in 

participants who showed priming compared to those who did not (a) facilitates priming since 

they have more opportunity to shift their meaning preferences than someone who is more 

inclined than they are to select the subordinate meaning at baseline, or (b) challenges priming 

since they must overcome a dominant-meaning bias to select a subordinate-meaning 

interpretation (a challenge which they met). 

An alternative explanation is that the process by which a recent exposure is used for 

subsequent encounters is distinct from the process by which all previous exposures are 

incorporated into a personal estimate of meaning dominance. This theory may better explain why 

clinical participants who did not show priming still have comparable meaning-dominance 

estimates to control participants. Future research should further investigate how healthy 

individuals and those with schizophrenia build meaning-dominance estimates. For example, the 

strength of the meaning priming effect should be evaluated at longer intervals between initial and 

subsequent exposure and for multiple priming exposures.
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Clinical participants who showed priming were not only less likely to select the 

subordinate meaning for unprimed homophones compared to clinical participants who did not 

show priming, but were also less likely than control participants. This latter comparison in 

particular suggests that this subgroup of clinical participants have an exaggerated bias towards 

the dominant meaning of homophones in the absence of biasing context. 

The presence of a dominant-meaning response bias when homophones are presented in 

disambiguating context seems unlikely based on the present investigation. First, the effect of 

group on definition valence scores was marginal at best. If a dominant-meaning bias were 

present in schizophrenia, we would expect to see greater difficulty in the clinical compared to 

control group with suppressing the dominant-meaning response for the (correct) subordinate 

meaning definition. Our results are consistent with a study performed by Titone, Levy, & 

Holzman (2000). Titone and colleagues found that strong contextual cues were sufficient to 

suppress activation of the dominant meaning and facilitate selection of the (correct) subordinate 

meaning whereas weak contextual cues were not. High overall scores on our definition task 

suggest that the intended meaning of the homophones was clearly laid out in the stimulus 

sentence. If the sentence stimuli used in the present investigation are analogous to the strongly 

biasing materials employed by Titone and colleagues, then the possibility of a dominant-meaning 

response bias in the presence of context would likely be restricted to weak context. This 

observation would be on the same continuum as our finding that certain individuals show a 

meaning-dominance bias in the absence of context. 

Previous investigations that observed a dominant-response bias in individuals with 

schizophrenia (Benjamin & Watt, 1969; Chapman et al., 1964; Deckner & Blanton, 1969) 

employed a multiple choice answer format and included the dominant/strongly related associate 
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as a distractor. Exposure to the dominant meaning as a response option may have interfered with 

interpretation in the patient group who are known to have difficulties with inhibition (Deckner et 

al., 1971). Future research should use sentence stimuli with weak and strong contextual cues 

(similar to those of Titone and colleagues) and a definition task (similar to the one presented 

here) to further investigate a possible bias towards the dominant meaning of homophones in 

schizophrenia. 

Limitations

Several limitations of the present study should be considered, beyond those already 

mentioned. First, participant groups were relatively heterogeneous. Control participants who met 

criteria for psychiatric diagnoses were not excluded from analyses to improve the ecological 

validity of the experiment, especially since several diagnoses discovered for control participants 

were paralleled in comorbid diagnoses of clinical participants (see Table 1). Similarly, diagnostic 

inclusion criteria for the clinical group were lax (e.g., two participants had mood disorders with 

psychotic features) and diagnoses were based on self-report. However, diagnoses could be 

corroborated based on self-reported use of psychiatric medications as well, to some degree, by 

scores on the scales of positive and negative symptoms. The use of heterogeneous groups may 

have introduced noise in the data, particularly since the samples were relatively small, making 

the expected effects more difficult to detect. In addition, the use of a diagnostically 

heterogeneous clinical group limits our comparison of the present study sample to previous 

studies that only employed participants with schizophrenia.

A limitation of study materials was the absence of regional pilot data to evaluate the 

salience of ambiguity in study materials (i.e., how noticeable the presence of homophones were 

in sentence and word stimuli sets) and the naturalness of sentence materials. These data may 
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have been used to revise study materials and/or more appropriately match stimuli versions to

ultimately improve internal validity and statistical power.

Conclusion

Language impairment represents a core feature of psychotic disorders (DeLisi, 2001), 

with obvious consequences for functioning and well-being. In particular, difficulty resolving 

semantic ambiguities (e.g., interpreting homophones) is a widely recognized deficit in 

schizophrenia that is poorly understood. Insight into the mechanisms that underlie this deficit can 

shed light on general semantic processing in schizophrenia. When asked to select a homophone 

meaning after hearing the homophone in disambiguating context, both clinical and control 

participants succeed in selecting the intended meaning on average. Working memory appears to 

be integral in the disambiguation process; it is necessary for maintaining contextual information 

and homophone-meaning alternatives on-line to facilitate interpretation of the homophone. When 

participants were exposed to a homophone in context, and after 20 minutes, were asked to 

provide a word associate for that homophone, significantly more individuals with schizophrenia 

and related disorders failed to benefit from previous exposure, even though their meaning-

dominance estimates did not differ from those of controls in the absence of previous exposure. In 

summary, individuals with schizophrenia and related disorders were able to interpret 

homophones in context but a subset of these individuals were not able to use a recent encounter 

with a homophone to facilitate a subsequent encounter. This deficit may be attributed to 

mechanisms involved in the building of personal estimates of meaning dominance for 

homophones or more short-lived effects of recent exposure. This question remains to be 

resolved. 
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Appendices

Appendix A. Symptom Severity of Clinical Participants

Part 1. Positive Symptoms

Participant 
ID

Hallucinations Delusions Bizarre Behaviour Thought Disorder

01 0 0 0 0

02 0 0 0 0

03 0 0 1 0

04 0 1 0 2

05 0 1 0 1

06 * 4 3 1 3

07 . . . .

08 * 0 0 0 0

09 4 2 0 0

10 0 2 0 0

11 0 3 2 0

12 4 4 2 0

13 5 4 2 0

14 0 2 2 2

15 5 3 1 3

16 0 0 0 0

17 3 0 0 3

18 0 1 1 0

19 0 4 0 0

20 0 3 2 2

21 * 1 2 0 0
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Part 2. Negative Symptoms

Participant 
ID

Affective 
Flattening

Inappropriate 
Affect

Alogia
Avolition/
Apathy

Anhedonia/
Asociality

Attention

01 4 0 0 0 0 3

02 0 0 4 0 4 0

03 1 0 0 2 4 3

04 2 0 1 3 2 1

05 2 0 0 2 1 5

06 * 2 0 2 2 4 3

07 . . . . . .

08 * 3 0 4 4 5 4

09 2 0 0 3 0 3

10 3 0 0 3 2 2

11 2 0 0 2 4 1

12 2 0 0 4 4 3

13 3 0 0 0 4 3

14 0 0 0 2 5 4

15 0 0 2 3 3 3

16 0 0 0 0 0 0

17 0 0 2 2 2 3

18 3 0 2 2 3 2

19 0 0 0 3 0 2

20 0 0 2 4 0 3

21 * 2 0 0 2 0 3

Note. Rating labels differ for each subscale but typically 0 denotes the absence of a symptom and 5 
denotes frequent, pervasive, and troubling symptoms.
*: participant removed from analyses because he/she did not meet the 75% accuracy criterion on the 
relatedness judgement task
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Appendix B. Complete List of Stimuli

Homophone PRE Sentence POST Sentence
Related 

Probe (RJ 
Task)

Unrelated
Probe (RJ 

Task)
LA Sentence

ant * He concluded that 
the wasp's closest 
relative in nature 
is the ant.

He concluded that 
the ant's closest 
relative in nature 
is the wasp.

similar protective He concluded 
that the girl's 
closest friend at 
school was a 
bully.

ball Because it might 
be too crowded, 
Sally worried 
about the ball.

Sally worried that 
the ball was going 
to be too crowded.

busy moral Sally worried that 
the choice was 
going to be too 
challenging.

band The young girl 
thought that her 
hat still needed 
the perfect band.

The young girl 
thought that the 
band was just 
perfect for the hat.

ideal endless The young girl 
thought that the 
gift was just 
perfect for her 
friend.

bank The old man had 
a long way to 
swim as he 
headed for the 
bank.

The old man 
headed for the 
bank, but he had 
a long way to 
swim.

distance housing The old man 
headed for the 
market but he 
had a long way to 
jog.

bar It was small and 
very rusty, but the 
man still found the 
bar.

The man found 
the bar, but it was 
small and very 
rusty.

weathered filtered The man found a 
dog, but it was 
small and very 
friendly.

bark The teacher 
explained how 
damp the bark 
would be.

The teacher 
explained that the 
bark was going to 
be damp.

wet clean The teacher 
explained that the 
steam was going 
to be hot.

boxer His grandmother 
thought that a pet 
should not be as 
vicious as that 
boxer was.

His grandmother 
thought that the 
boxer was too 
vicious for a pet.

opinion importance His grandmother 
thought that the 
brandy was too 
expensive for a 
gift.

branch Because it was 
too busy, the 
young woman 
couldn't use that 
branch.

The young woman 
couldn't use that 
branch because it 
was too busy.

full best The young 
woman couldn't 
use that seat 
because it was 
too narrow.

bugs The prisoner knew 
to stay silent as 
there were bugs in 
the office.

The prisoner knew 
that there were 
bugs in the office 
so he was silent.

confession devotion The prisoner 
knew that there 
were thieves in 
the building so he 
was careful.

bulbs He was not sure 
how to fertilize the 
bulbs he had 
bought.

Although he had 
bought the bulbs, 
he was not sure 
how to fertilize 
them.

unable regular Although he had 
noticed the slugs 
he was not sure 
how to remove 
them .

cabinet They thought that They thought that helper joker They thought that 
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a much better 
advisor was 
needed for the 
new cabinet.

the new cabinet 
needed a much 
better advisor.

the new 
policeman 
needed a much 
better salary.

calves Anne thought that 
her thighs were in 
better condition 
than her calves.

Anne thought that 
her calves were in 
better condition 
than her thighs.

fitness brightness Anne thought that 
her shrubs were 
in better condition 
than her lawn.

cap It was the 
student's favourite 
highlighter before 
she lost the cap.

The student lost 
the cap that went 
with her favourite 
highlighter.

missing charming The student 
visited her uncle 
who lived in her 
favourite city.

case The old man 
wanted it to be 
judged, as it was 
his only case.

It was the old 
man's only case 
and he wanted it 
to be judged.

impatient magical It was the old 
man's only 
sweater and he 
wanted it to be 
warm.

cast The man was told 
that the 
experienced 
director will 
choose the cast.

The man was told 
that the cast 
would be chosen 
by an experienced 
director.

expert basket The man was told 
that the bath 
would be chosen 
by an 
experienced 
designer.

cellar * He went to the 
attic for his old 
hockey uniform 
and to the cellar 
for his skates.

He went to the 
cellar for his old 
hockey uniform 
and to the attic for 
his skates.

searching cooking He went to the 
market for some 
fresh apple pie 
and to the diner 
for a coffee

change * Simon preferred 
his coins and 
disliked foreign 
change.

Simon disliked the 
change and 
preferred foreign 
coins.

collector conductor Simon disliked 
the flag and 
preferred the old 
design.

chest The passenger 
noticed the rust 
when he looked at 
the fisherman’s 
chest.

The passenger 
looked at the 
fisherman's chest 
and noticed it was 
rusty.

worn gone The passenger 
looked at the 
fisherman's rope 
and noticed it was 
tangled.

chord The man worried 
that his melody 
would be ruined 
by the chord.

The man worried 
that the chord 
would not fit the 
melody.

inconsistent incurable The man hoped 
that the scar 
would not affect 
his confidence.

clause The teacher 
explained that 
translating the 
clause would not 
be easy.

The teacher 
explained that the 
clause could not 
easily be 
translated.

challenge signal The teacher 
explained that the 
horse could not 
easily be tamed.

clip The mother knew 
that her daughter 
would like the 
movie when she 
saw the clip.

When the mother 
saw the clip, she 
knew that her 
daughter would 
like the movie.

certain final When the mother 
finished the scarf, 
she hoped that 
her daughter 
would like the 
colour.

coat The man hoped The man hoped speed list The man hoped 
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that it would not 
take long to paint 
the new coat.

that the new coat 
would not take 
long to paint.

that the new truck 
would not take 
long to load.

company He worried that 
dinner would not 
be ready before 
his company 
arrived.

He worried that 
his company 
would arrive 
before dinner was 
ready.

timing blessing He worried that 
his family would 
arrive before 
lunch was ready.

corn Their grandfather 
explained that he 
had always been 
in discomfort from 
the corn.

Their grandfather 
explained that the 
corn had always 
been very 
uncomfortable.

constant friendly His grandchildren 
thought that the 
mask had always 
been very scary.

course She wanted to 
savour every bite 
as it was her last 
course.

It was her last 
course and she 
wanted to savour 
every bite.

appreciate communicat
e

It was her last 
test and she 
wanted to answer 
every question.

court The couple hoped 
they had chosen 
the right sneakers 
on the way to the 
court.

On the way to the 
court, the couple 
hoped they had 
chosen the right 
sneakers.

suitable internal On the way to the 
farm, the couple 
hoped they had 
chosen the right 
chickens.

crane The boys were by 
the river and 
watched the 
injured crane.

The boys watched 
the crane by the 
river and saw that 
it was injured.

observe declare The boys 
watched the nest 
by the river and 
saw that it was 
vacant.

creek * They rejoiced that 
fresh water was 
nearby when they 
heard the creek.

They could hear 
the creek and 
rejoiced that fresh 
water was nearby.

celebrate recommend They could hear 
the crowd and 
rejoiced that the 
parade was 
nearby.

crown His dental 
insurance covered 
the full cost of the 
crown.

The full cost of the 
crown was 
covered by his 
dental insurance.

bill trip The full cost of 
the trip was 
covered by his 
last paycheck.

cue His friend argued 
that billiards 
requires a longer 
cue.

His friend argued 
that the cue was 
too short for 
billiards.

small far His friend argued 
that the tent was 
too flimsy for 
camping.

cymbals Right at the back 
of the orchestra, 
the boy found the 
cymbals.

The boy found the 
cymbals right at 
the back of the 
orchestra.

discovery introduction The boy found his 
binder right at the 
back of the 
library.

deck Sue forgot that 
she needed to 
shuffle before she 
could use the 
deck.

Sue forgot that 
before the deck 
could be used, it 
needed to be 
shuffled. 

prepare refuse Sue forgot that 
before the motor 
could be used it 
needed to be 
repaired.

deed * John wondered 
whether it had 
been a forgery 
when he thought 

John thought 
about the deed 
and wondered 
whether it had 

fake bland John thought 
about the peach 
and wondered 
whether it had 
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about the deed. been a forgery. been ripe.
drill The students 

thought there was 
too much 
marching involved 
in the drill.

The students tried 
the drill but 
thought it involved 
too much 
marching.

excessive destructive The students tried 
the bet but 
thought it 
involved too 
much danger.

earth The report stated 
that a lot more 
compost was 
needed in the 
earth

The report stated 
that the earth 
needed to have a 
lot more compost 
in it.

lacking shining The report stated 
that the town 
needed to have a 
lot more tourists 
visit.

fans * The woman 
hoped that soon 
after the concert, 
the fans would 
leave.

The woman 
hoped that the 
fans would leave 
soon after the 
concert.

disperse debate The woman 
hoped that the 
snow would clear 
soon after the 
storm.

ferry * The girl wondered 
if the cruise ship 
would be faster 
than the ferry.

The girl wondered 
if the ferry would 
be faster than the 
cruise ship.

superior creative The girl wondered 
if the berries 
would be sweeter 
than the 
grapefruit.

file The man had 
never worked with 
metal so he found 
the file difficult to 
use.

The man found 
the file difficult to 
use as he had 
never worked with 
metal.

novice donor The man found 
the lake difficult to 
locate as he had 
never used a 
compass.

film The scientist 
thought that the 
pollution in the 
water created a 
film on it.

The scientist 
thought that the 
film on the water 
was from the 
pollution.

impure itchy The scientist 
thought that the 
trash on the 
mountain was 
from the climbers.

flour The student knew 
what to bake with 
that type of flour.

The student knew 
which flour to use 
for that type of 
baking.

choice cost The student knew 
which weapon to 
use for that type 
of fighting.

fork They decided that 
the hikers' 
meeting place 
would be at the 
fork.

They decided that 
the fork would 
serve as the 
hikers' meeting 
place.

plan cause They decided that 
the area would 
serve as the 
actor's rehearsal 
space.

genes The girl 
understood that 
her ancestors 
were the source of 
her genes.

The girl 
understood that 
her genes had 
come from her 
ancestors.

history evening The girl believed 
that her brains 
had come from 
her mother.

grains The texture of the 
sand was 
determined by the 
size of the grains.

The size of the 
grains determined 
the texture of the 
sand.

feel keep The size of the 
hounds 
determined the 
height of the 
cage.

hare The teacher told 
the young girl not 
to make a pet of 

The teacher told 
the young girl that 
the hare was not a 

warning passion The teacher told 
the young girl that 
the town was not 
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the hare. pet. a city.
hood The car was 

surrounded by fog 
so she couldn't 
see past her 
hood.

She couldn't see 
past her hood as 
the car was 
surrounded by 
fog.

conditions examples She couldn't get 
past her friend as 
the hall was filled 
with people.

horn The girl had never 
seen a rhinoceros 
and was 
frightened by the 
horn.

The girl was 
frightened by the 
horn as she had 
never seen a 
rhinoceros.

inexperience
d

underdevelo
ped

The girl was 
excited by the trip 
as she had never 
ridden a 
rollercoaster.

interest The man 
expected to invest 
the money if he 
received any 
interest.

The man 
expected that any 
interest he 
received would be 
invested.

assumption affection The man 
expected that any 
results he 
received would 
be terrific.

iron He would need to 
know the length of 
the railway before 
he purchased the 
iron.

Before he 
purchased the 
iron, he would 
need to know the 
length of the 
railway.

measure provoke Before he 
purchased the 
ticket, he would 
need to know the 
length of concert.

issue Everyone agreed 
that they needed 
to publish the 
issue.

Everyone agreed 
that the issue 
needed to be 
published.

printing shipping Everyone agreed 
that the window 
needed to be 
replaced.

jam The couple 
thought that the 
highway had a 
worse jam than 
this one. 

The couple 
thought that this 
jam was worse 
than the one on 
the highway.

comparison category The couple 
thought that this 
storm was worse 
than the one on 
the mountain.

kids The mother knew 
by the sound of 
their hooves that 
the kids were 
getting closer.

The mother knew 
that the kids were 
getting closer by 
the sound of their 
hooves. 

noisy clumsy The mother knew 
that the youths 
were getting 
closer by the 
sound of their 
bikes. 

knight The teacher 
explained that the 
book was about a 
brave knight.

The teacher 
explained that the 
knight in the book 
was very brave.

adventure compromise The teacher 
explained that the 
girl in the book 
was very 
stubborn.

lace The woman knew 
that her old 
running shoes had 
lost a lace.

The woman knew 
that the lace had 
come from her old 
running shoes.

misplace scribble The woman knew 
that the thread 
had come from
her old sewing kit.

lap The girl was 
delighted when 
the time for her 
lap was a record-
breaker.

The girl was 
delighted when 
her lap turned out 
to have a record-
breaking time.

achievement arrangement The girl was 
upset when her 
dog turned out to 
have a life-
threatening 
illness.

letters * The boy was The boy was requirement opponent The boy was 
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taught that stamps 
would be needed 
to send the letters.

taught that the 
letters would need 
stamps to be sent.

taught that the 
laws would need 
support to be 
passed.

litter The teenager 
decided to take 
one of the kittens 
from the litter.

The teenager 
looked at the litter 
and decided to 
take one kitten.

companion instrument The teenager 
went to the 
wedding and 
decided to take 
many photos.

lock She took her 
daughter to the 
barber and asked 
to keep a lock.

She asked to 
keep a lock when 
she took her 
daughter to the 
barber.

souvenir allergy She asked to 
keep the keys 
when she took 
her truck to the 
carwash.

log It was so well 
written that they 
were surprised 
about how old the 
log was.

They were 
surprised that the 
old log they found 
had been so well 
written.

relic sewage They were 
surprised that the 
old elms they 
found had been 
so well watered.

mail * The woman was 
annoyed that 
nobody had 
delivered the mail.

The woman was 
annoyed that the 
mail had not been 
delivered.

delay applause The woman was 
annoyed that the 
store had not 
been advertised.

marble Dan thought that 
he could win the 
game with the 
grey marble.

Dan thought that 
the grey marble 
would win the 
game for him.

competition literature Dan thought that 
the old sergeant 
would have a 
drink with him.

match The mother did 
not know why the 
coach planned the 
match.

The mother did 
not know why the 
match had been 
planned by the 
coach.

confusion emotion The mother did 
not know why the 
event had been 
canceled by the 
school.

miner Although the coal 
made Fred ill, he 
was still a miner.

Fred was still a 
miner although 
the coal made him 
ill.

disease captain Fred was still a 
farmer although 
the drought made 
him worry.

mint The woman was 
told that coins 
were made at the 
mint.

The woman was 
told that the mint 
was used for 
making coins.

production committee The woman was 
told that the crate 
was used for 
storing goods.

model The designer 
thought that he 
had constructed 
an accurate 
model.

The designer 
thought that the 
model that he 
constructed was 
accurate.

successful powerful The designer 
thought that the 
coffee that he 
purchased was 
bitter.

mole The woman called 
animal control as 
soon as she 
noticed the mole.

As soon as the 
woman noticed 
the mole, she 
called animal 
control.

remove prefer As soon as the 
woman noticed 
the drip, she 
called a plumber.

mould She was happy 
that she could 
make statues with 

She was happy 
that the mould 
could be used for 

art law She was happy 
that the soap 
could be used for 
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the mould. making statues. washing clothing.
mouse Because of the 

noise it made 
when it clicked, 
the woman 
disliked the 
mouse.

The woman 
disliked the 
mouse because of 
the noise it made 
when it clicked.

sound space The woman 
disliked the lid 
because of the 
noise it made 
when it slammed.

mousse Ted wondered if 
the bakery had 
the same type of 
mousse he had 
seen.

Ted wondered if 
the mousse was 
the same type 
he'd seen in the 
bakery. 

identical continuous Ted wondered if 
the harp was the 
same type he'd 
seen in the 
recital. 

mussels Jan was surprised 
with how fresh the 
shopkeeper’s 
mussels looked.

Jan was surprised 
that the 
shopkeeper's 
mussels did not 
look fresh.

appearance insurance Jan was 
surprised that the 
shopkeeper's 
kitchen did not 
look clean.

nail The employees 
were told that they 
needed to trim 
every nail.

The employees 
were told that 
every nail needed 
to be trimmed.

careful awful The employees 
were told that 
every display 
needed to be 
perfect.

note The girl was 
surprised by how 
high the note was.

The girl was 
surprised by the 
note because it 
was so high.

startle gamble The girl was 
surprised by the 
sign because it 
was so large.

nut The boy wasn't 
paying attention to 
the bolt when the 
nut fell.

The boy wasn't 
paying attention to 
the nut when it fell 
off the bolt.

unaware furious The boy wasn't 
paying attention 
to the bottle when 
it fell off the 
counter.

organ The expert knew 
that it would be 
difficult to tune the 
damaged organ.

The expert knew 
that the damaged 
organ would be 
difficult to tune.

broken equal The expert knew 
that the damaged 
leather would be 
difficult to sew.

pack * He thought that 
there were 
between five and 
ten wolves in the 
pack.

He thought that 
the pack 
contained 
between five and 
ten wolves.

guess share He thought that 
the fridge 
contained 
between four and 
six beers.

pair As soon as Tim 
entered the 
shoestore, he 
could see the pair 
he wanted.

Tim could see the 
pair he wanted as 
soon as he 
entered the 
shoestore.

purchase infect Tim could see the 
cake he wanted 
as soon as he 
entered the 
bakery.

pane The man 
explained that an 
older window had 
supplied the pane.

The man 
explained that the 
pane came from 
an older window.

reuse chuckle The man 
explained that the 
team came from 
a different league.

passage The student found 
a quote he could 
use for his essay 
in the passage.

The student found 
a passage that he 
could quote for his 
essay.

assignment boundary The student 
found a novel that 
he could read for 
his report.
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peace When he 
commanded the 
troops to advance, 
he broke the 
peace.

He broke the 
peace when he 
commanded the 
troops to advance.

action centre He broke the 
rules when he 
permitted the 
twins to date.

pen The man 
explained that the 
chickens usually 
slept in the pen.

The man 
explained that the 
pen was mainly 
used for the 
chickens.

poultry glamour The man 
explained that the 
hut was mainly 
used by the 
climbers.

pilot The group agreed 
that the funniest 
episode they had 
seen was the 
pilot.

The group agreed 
that the pilot was 
the funniest 
episode they had 
seen.

amusing disgusting The group agreed 
that the mime 
was the funniest 
comedian they 
had seen.

pipe The man would 
have to stop 
smoking if he did 
not replace the 
pipe.

The man would 
need to replace 
the pipe or he 
would have to 
stop smoking.

quit trim The man would 
need to replace 
the engine or he 
would have to 
stop driving.

pitcher She liked the new 
team captain but 
was unsure about 
the pitcher.

She liked the new 
pitcher but was 
unsure about the 
team captain.

doubt shake She liked the new 
mattress but was 
unsure about the 
bed frame.

plant The students 
believed that the 
building of the 
plant was a 
mistake.

The students 
believed that the 
plant should never 
have been built.

error focus The students 
believed that the 
hill could never 
have been 
climbed.

plot The woman 
explained that the 
housing would not 
be built on the 
plot.

The woman 
explained that the 
plot would not be 
used for housing.

purpose science The woman 
explained that the 
bread would not 
be eaten for 
lunch.

poll Sue reported that 
the new one was 
much more 
representative as 
it was a larger 
poll.

Sue reported that 
the new poll was 
larger and much 
more 
representative.

better private Sue reported that 
the new van was 
larger and much 
more practical.

present * The man feared 
that the future 
would be as tragic 
as the present.

The man feared 
that the present 
would be as tragic 
as the past.

dread mix The man feared 
that the movie 
would be as 
boring as the 
show.

prophet * The bible gave all 
the information 
about the prophet.

All the information 
about the prophet 
was given in the 
bible.

book week All the information 
about the battle 
was given in the 
textbook.

punch Because it had 
turned out to be 
far too sweet, 
Tom was upset 

Tom was upset 
that his punch had 
turned out to be 
far too sweet.

disappointm
ent

uncertainty Tom was upset 
that his roast had 
turned out to be 
far too tough.
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about his punch.
pupils The young woman 

noticed the high 
reading scores of 
her pupils.

The young woman 
noticed that her 
pupils had high 
reading scores.

accomplishm
ent

complication The young 
woman noticed 
that her 
basement had 
low hanging 
wires.

race Her reply showed 
a lack of prejudice 
when told about 
her new 
colleague’s race.

When told about 
her new 
colleague's race, 
her reply showed 
a lack of 
prejudice.

coworker eraser When told about 
her new 
colleague's 
health, her reply 
showed a lack of 
sympathy.

racket The parents 
thought that the 
school dance was 
the source of the 
racket.

The parents 
thought that the 
racket was 
coming from the 
school dance.

party country The parents 
thought that the 
cherries were 
coming from the 
school cafeteria.

reign The reporter 
announced that 
the king had 
begun his reign.

The reporter 
announced that 
the reign of the 
king had begun.

start bring The reporter 
announced that 
the journey of the 
ship had begun.

room Frank took three 
more boxes since 
he had the extra 
room in the car.

Since he had the 
extra room, Frank 
put three more 
boxes into the car.

moving playing Since he had the 
extra wood, Frank 
built three more 
shelves for the 
closet.

route Bill looked at the 
map and found 
the shortest route.

Bill found the 
route that looked 
shortest on the 
map.

efficient opposite Bill found the 
paint that looked 
best on the car.

rows When the seats 
were not filled, 
they removed the 
rows at the back.

They removed the 
rows at the back 
when the seats 
were not filled.

empty royal They removed 
the snow on the 
road when the 
cars could not 
pass.

ruler The man hoped 
that there would 
be a lot more 
compassion from 
the new ruler.

The man hoped 
that the new ruler 
would have a lot 
more compassion.

kindness bargain The man hoped 
that the new 
brochure would 
be a lot more 
informative.

sage The woman 
commented that it 
had not been very 
easy to consult 
the sage.

The woman 
commented that 
the sage had not 
been very easy to 
consult.

difficult national The women 
commented that 
the yawn had not 
been very easy to 
suppress.

sail The girl was 
disappointed 
when she found 
the torn sail.

When the girl 
found the sail, she 
was disappointed 
because it was 
torn.

rip roast When the girl 
found the fruit she 
was disappointed 
because it was 
soft.

scales The boy refused 
to eat the fish 

The boy saw the 
scales and 

picky stretchy The boy saw the 
toys and refused
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when he saw the 
scales.

refused to eat the 
fish.

to leave the store.

sole Kim believed that 
the most 
important part of 
the shoe was the 
sole.

Kim believed that 
the sole was the 
most important 
part of the shoe.

components elections Kim believed that 
the end was the 
most important 
part of the movie.

solution Jim found the 
stain and quickly 
spilled the solution 
over it.

Jim found the 
solution and 
quickly spilled it 
over the stain.

counteract disapprove Jim found the 
frisbee and gently 
threw it over the 
fence.

son Following 
graduation, the 
parents came out 
to greet their son.

The son came out 
to greet his 
parents following 
graduation.

ceremony recovery The man went out 
to greet his 
patient following 
the procedure.

spare Kate only hit one 
pin but she was 
trying to get a 
spare.

Kate tried to get a 
spare but she only 
hit one pin.

lose walk Kate tried to buy 
a hat but she only 
brought one 
dollar.

speaker * The man was 
surprised that no 
one would be 
introducing the 
speaker.

The man was 
surprised that the 
speaker was not 
going to be 
introduced.

announce collapse The man was 
surprised that the 
apple was not 
going to be 
washed.

spring Her neighbour 
was worried that 
he might uncoil 
the spring.

Her neighbour 
was worried that 
the spring might 
become uncoiled.

malfunction vaccinate Her neighbour 
was worried that 
the burn might 
become infected.

staff The man worried 
that it would be 
difficult to carry a 
bigger staff.

The man worried 
that a bigger staff 
would be difficult 
to carry.

heavy ready The man worried 
that a bigger 
team would be 
difficult to control.

stake To secure the sign 
on their lawn, the 
couple took the 
stake with them.

The couple took 
the stake with 
them to secure 
the sign on their 
lawn.

steady healthy The couple took 
the pin with them 
to secure the sign 
on their door.

star The article 
included a lot of 
gossip about the 
star.

The article on the 
star included a lot 
of gossip.

magazine furniture The article on the 
king included a lot 
of facts.

storey She decided to 
stop climbing, as 
she couldn't 
manage the third 
storey.

She couldn't 
manage the third
storey and 
decided to stop 
climbing.

tired silent She couldn't 
manage the third 
picture and 
decided to stop 
painting.

strain The report said 
that he was 
suffering from the 
most contagious 
strain of influenza.

The report said 
that the strain he 
was suffering  
from was the most 
contagious form of 
influenza.

spread hide The report said 
that the stone he 
was building with 
was the most 
expensive type of 
granite.

straw David checked David checked ensure suffer David checked 
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that the barn was 
where he had left 
the straw.

that the straw was 
where he had left 
it in the barn. 

that the coin was 
where he had left 
it in the purse.

suit If Tom wanted to 
win the card 
game, he would 
need a different 
suit.

Tom would need a 
different suit if he 
wanted to win the 
card game.

victory factory Tom would need 
a different spice if 
he wanted to 
learn the soup 
recipe.

table The professor 
thought that there 
was not enough 
information in the 
table.

The professor 
disliked the table 
because he 
thought it didn't 
contain enough 
information.

detail season The professor 
disliked the music 
because he 
thought it didn’t 
contain enough 
piano.

tale Their mother read 
them a long but 
very exciting tale.

Their mother told 
them that the tale 
was long but very 
exciting.

thrill oath Their mother told 
them that the 
meat was tough 
but very tasty.

temple She noticed the 
bad bruise when 
she examined the 
temple.

She examined the 
temple and 
noticed it was 
badly bruised.

injury genius She examined 
the drawing and 
noticed it was 
badly copied.

tip Mike was 
surprised by the 
customer's 
generosity when 
he saw the tip.

Mike saw the tip 
and was surprised 
by the customer's 
generosity.

pleasant anxious Mike saw the play 
and was 
surprised by the 
director's 
arrogance.

toast The woman had 
to use a very old 
microphone to 
make the toast.

The woman had 
to make the toast 
with a very old 
microphone.

equipment exercise The woman had 
to wrap the wrist 
with a very old 
handkerchief.

volume The man 
explained why the 
book series would 
not include the 
volume.

The man 
explained why the 
volume would not 
be included in the 
book series.

omit accuse The man 
explained why the 
chapter would not 
be included in the 
final exam.

wave She quickly 
recognized her 
friend when she 
spotted a wave in 
the distance.

She spotted a 
wave in the 
distance and 
quickly recognized 
her friend.

notice argue She spotted a 
bus in the 
distance and 
quickly prepared 
her bags.

yard The girl was told 
that she should 
use the metre 
instead of the 
yard.

The girl was told 
that she shouldn't 
use the yard 
instead of the 
metre.

substitute recognize The girl was told 
that she shouldn't 
use the paper 
instead of the 
fabric.

*: item removed from analyses because the dominant meaning of the homophone was inadvertently 
supported
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Appendix C. Equations for EM Outcome Variables

? ′ = ? ? ? ? +? ?
? ? +? ? ? + ? ? ? ? +? ?

? ? +? ? ?               ??? ????? ??? = ? ?
? ? +? ?

where z = inverse of the standard normal cumulative distribution;

TP = true positives;

FP = false positives;

TN = true negatives; 

FN = false negatives.
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Appendix D. Insight Questions

1. What do you think the study is about?

2. We did 3 computer tasks today. In the first one, you listened to a sentence, then a word and you 
had to decide if the word was related to the sentence. 
a) Did you notice anything about these sentences?

i. (If “Yes”) What did you notice? When did you notice? 

3. In the second computer task, you listened to a word and then had to think of a related word. 
a) Did you notice anything about these words? 

i. (If “Yes”) What did you notice? When did you notice?
b) How did you choose the related word?

i. (if they noticed the ambiguity) Do you think your knowledge of the ambiguity 
influenced your performance?

c) Was there any relationship between the words that you responded to and the sentences you 
heard earlier? 

i. (If “Yes”) What relationship did you notice? When did you notice? 
ii. (If they noticed the relationship) How do you think your previous experience with 

these words affected the word association task?

4. In the third computer task, you were asked if the sentences were ones you had heard before or 
new ones. 
a) Did you use a particular strategy to make this decision?

5. The first task, the relatedness judgment, used sentences that contained words from the second 
task, the word association. 
a) Does that surprise you?
b) (If they noticed relationship) When did you notice?
c) What proportion of words had you heard before in the sentences? 

6. The second task, when you were asked for a related word, contained words that have more than 
one meaning in English. 
a) Does that surprise you? 
b) (If they noticed ambiguity) When did you notice?
c) What proportion of the words do you think had more than one meaning?

7. The first task, when you had to decide if the word was related to the sentence, contained 
sentences with words that have more than one meaning in English. 
a) Does that surprise you?
b) (If they noticed ambiguous words) When did you notice? 
c) What proportion of sentences do you think contained these words?
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Appendix E. Psychiatric History Questionnaire

Please answer the following questions to the best of your abilities. You can use the back of 

the page if you need more space.

1) Do you have a psychiatric disorder diagnosis?  Yes    No

If Yes, write down the name of the diagnosis and how old you were when you were first 

diagnosed.

Disorder Age when you were diagnosed

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

2) Are you currently taking medication for a psychiatric condition?   Yes     No

If Yes, indicate the drug(s) and dosage(s) below.

Name Daily Dosage

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

3) Have you ever been hospitalized due to psychiatric concerns?  Yes    No

If Yes, please answer the following questions. If you are unsure, please do your best.

a) Age at first hospitalization? ______________________________________________

b) Age at most recent hospitalization? ________________________________________

c) Total number of hospitalizations? _________________________________________

d) Longest stay in hospital? ________________________________________________
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Appendix F. Research Ethics Board Approval Letter


