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ABSTRACT OF THE DISSERTATION 

 

Pupillary Response Measures of Processing Resource Allocation  
during Theory of Mind Task Performance in Schizophrenia 

 

by  

 

Scott Christopher Fish 

 

Doctor of Philosophy in Clinical Psychology 

 

University of California, San Diego, 2009 
San Diego State University, 2009 

 

Professor Eric Granholm, Chair 

 

Theory of Mind (ToM) refers to the ability to understand the mental states (i.e., 

thoughts and intentions) of self and others. Numerous studies have found that people with 

schizophrenia are impaired on ToM tasks. The nature of this deficit, however, remains 

elusive given the potential affective and cognitive processing demands of these tasks and 

the reduced availability of cognitive resources in schizophrenia. The primary aim of the 

present study was to examine the extent to which affective processing and availability of 

general cognitive resources contribute to ToM deficits in schizophrenia. Pupillary 
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responses were recorded as an index of processing resource allocation (greater dilation 

indicates greater allocation) during performance of a modified ToM task in 

nonpsychiatric controls (n = 47) and age- and IQ-comparable outpatients with 

schizophrenia (n = 49). The Hinting Task was used to assess ToM, and was modified to 

include an affective (high load) and neutral (medium load) condition, in which affective 

prosody during the hint was removed. The relationship between neurocognitive 

functioning and Hinting Task performance was also investigated for patients. 

Consistent with numerous studies, patients performed significantly worse than 

controls on the Hinting Task. Several findings, contrary to predictions, indicated that 

affective processing deficits in schizophrenia did not contribute to this impaired 

performance. Most importantly, patients did not demonstrate a differential deficit in the 

affective condition. Instead, they showed similar level of performance impairment 

relative to controls across conditions. Resource-limitations also cannot account for this 

deficit, as patients showed similar level of impairment relative to controls in the high and 

medium load conditions. Additionally, both groups showed significantly larger pupillary 

responses in the affective relative to neutral condition. These findings suggest that 

patients had sufficient resources available and appropriately increased resource allocation 

in the affective condition. Despite available resources, patients showed performance 

deficits in both conditions. Lastly, verbal memory, but not attention or executive 

functioning, was found to significantly predict Hinting Task performance for patients. In 

summary, while Hinting Task deficits in schizophrenia may be, at least partly, associated 

with neuropsychological impairment, they cannot be accounted for by affective 

processing deficits or reduced general cognitive resources. 
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INTRODUCTION 

Theory of Mind (ToM) refers to the cognitive ability to attribute independent 

mental states to self and others in order to predict and explain behavior (Premack & 

Woodruff, 1978). Having a ToM implies that we believe that other people share minds 

similar to ours and we understand their behavior in terms of the contents of their minds, 

which includes knowledge, beliefs and intentions. To successfully communicate, for 

example, we must extract the relevant meaning from speech. This requires one to often 

go beyond the literal meaning of words and use the available contextual information, 

which includes the speaker’s intention (Sperber & Wilson, 2002). This is particularly 

salient when there is a discrepancy between the literal and intended meanings of words 

(e.g., metaphor, sarcasm, irony). ToM is also necessary for a variety of social abilities, 

including pretending, deception, imagining, understanding jokes, and empathy (Corcoran, 

2001; Shamay-Tsoory, Shur, Harari & Levkovitz, 2007).   

While ToM may play an important role in social success, it has a cost. Brune 

(2001) has suggested that our ToM is permanently “online”, such that other persons – 

and, sometimes, even nonliving objects – are constantly evaluated for their putative 

intentions. A negative consequence of this is that we risk making false conjectures about 

other person’s intentions, for instance, by inferring too much information. It is, thus, 

imperative that we are able to validate our inferences against reality by interpreting 

signals from the social environment that support or refute our assumptions. Any 

disruption in this ability, therefore, may have devastating implications.  

Frith (1992) proposed that schizophrenia can be understood as a disorder of 

representation of mental states. He postulated that an impaired awareness of one’s own
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 and others’ beliefs, thoughts, and intentions leads to symptoms such as delusions of 

reference and auditory hallucinations. Since his seminal paper, numerous studies have 

examined ToM in schizophrenia and produced several important findings. First, patients 

with schizophrenia tend to perform worse on ToM tasks than nonpsychiatric and 

psychiatric (anxiety, mood, learning, and personality disorders) controls (Garety & 

Freeman, 1999). Second, ToM deficits have been found in remitted patients with 

schizophrenia, first-degree relatives, and subclinical schizotypal samples (Harrington, 

Siergert & McClure, 2005), suggesting they may represent a stable trait found across the 

schizophrenia spectrum. Third, patients with paranoid, negative and disorganized 

symptoms tend to be most impaired on ToM tasks (Harrington, Siergert & McClure, 

2005). 

Measures of ToM  

While ToM has been measured using a number of paradigms, the tasks can be 

broadly grouped into two major categories according to their underlying constructs: (1) 

false-belief/deception and (2) comprehension of indirect speech. Wimmer and Perner 

(1983) developed the prototype false-belief/deception task, called the “Sally-Anne” test, 

to examine ToM ability in normally developing preschool-aged children. In this task, 

participants are presented a story (pictorially) about two characters, Sally and Anne. In 

this story, Sally leaves an object (chocolate) in her basket, before departing the scene. In 

Sally’s absence and, thus, unbeknownst to her, Anne removes the object from the basket 

and places it in a box somewhere in the same scene. Participants are asked to predict, on 

Sally’s return, where Sally thinks the object is located. Success on this task requires the 

attribution of a false belief to Sally, that is, the assertion she thinks the object is in the 
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basket. This success rests upon the cognitive capacity to represent Sally’s mental state – 

in other words, to know that Sally does not know where the object really is.  

Some researchers have commented on the logic underlying this task in the effort 

to demonstrate that participants are indeed attributing mental states (beliefs) to others. 

German and Bloom (2000), for example, note that it is insufficient to demonstrate that 

individual A can predict the actions of individual B, because in many cases individual A 

can accomplish this without any understanding of B’s beliefs by simply observing the 

actual state of the world. For example, suppose the participant knows that chocolate is in 

the basket and observes Sally looking for food. The participant might expect Sally to look 

in the basket because the chocolate is actually in the basket, not because the participant 

attributed a belief to Sally. So that a participant understands Sally’s behavior as resulting 

from her beliefs, rather than the state of the world, her predicted behavior must be based 

upon an inferred state that differs from reality, that is, a false belief.  

This type of task is considered to index first order ToM ability—the 

understanding that others can act on the basis of beliefs that differ from reality (e.g., Sally 

thinks her chocolate is in the basket). Normally developing four-year-old children tend to 

succeed at this task (Wimmer & Perner, 1983). The finding that younger children 

typically fail this task has led researchers to conclude that most children around the age 

of four experience a radical developmental shift to a representational model of the mind 

(Gopnik, 1993).  

This task has been used extensively in autism and schizophrenia research. Across 

a wide range of tasks varying in presentation format (e.g., pictorial v. aural), children and 

adults with autism (for a review, see Baron-Cohen, 2000) as well as children with 
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schizophrenia (e.g., Pilowsky, Yirmiya, Arbelle & Mozes, 2000) fail this task. In 

contrast, adults with schizophrenia typically perform normally on these tasks (for a 

review, see Harrington, Siergert & McClure, 2005). To prevent ceiling effects with 

adults, more complicated second- and third-order ToM tasks have been developed. These 

tasks assess the understanding of the beliefs of a story character about one or two other 

story characters’ thoughts (e.g., Anne thinks that Sally thinks her chocolate is in the 

basket and John thinks that Anne thinks that Sally thinks that…, respectively). Numerous 

studies have found that patients with schizophrenia show deficits on second- and third-

order false belief/deception tasks (for a review, see Sprong et al., 2007).  

The second type of ToM task measures the ability to understand indirect speech, 

such as in irony, metaphor and hints. These tasks are thought to assess ToM, because it is 

assumed that an understanding of another person’s mental state (intentions, beliefs) is 

required to understand their indirect speech (e.g., Sperber & Wilson, 2002). While 

patients with schizophrenia show deficits on tasks indexing comprehension of each these 

types of indirect speech (for a review, see Sprong et al., 2007), hinting tasks are the most 

commonly used. The original Hinting Task (Corcoran, Mercer & Frith, 1995) consists of 

10 vignettes describing an interaction between two characters that ends with one 

character hinting to the other. After each vignette is read aloud by the examiner, the 

participant is asked to explain what the character “really meant” by their hint. For 

example, one item is as follows: “Melissa goes to the bathroom to take a shower. Anne 

has just had a bath. Melissa notices that the bathtub is dirty so she calls upstairs to Anne, 

‘Couldn’t you find the Ajax, Anne?’” The participant is then asked, “What does Melissa 

really mean when she says this?”.  
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This study will focus on the Hinting Task for several reasons. First, the Hinting 

Task requires fewer demands for cognitive abilities (especially working memory and 

inhibitory control) than second- and third-order false-belief/deception tasks. For example, 

in false-belief/deception tasks, but not in the Hinting Task, participants are required to 

hold multiple perspectives in mind (working memory) and resist interference from their 

own knowledge (inhibitory control). The participant’s knowledge in the “Sally-Anne” 

task refers to their awareness of the actual location of the chocolate (i.e., the box). 

Second, the Hinting Task involves real-world speech that includes prosody and other 

aspects of social communication, instead of artificial cartoons (when presented in a 

pictorial format). Third, the author was interested in the role of affective prosody 

recognition in ToM. Last, the Hinting Task was developed specifically for adults with 

schizophrenia to address the relationship between impaired ToM (problems inferring the 

intentions of others) and social competence.  

Factors Contributing to ToM  

While it is well established that patients with schizophrenia perform worse on 

these ToM measures relative to nonpsychiatric participants (for a review, see Harrington, 

Siergert & McClure, 2005), the nature of such impairment remains controversial. 

Fundamental to this controversy concerns whether poor ToM task performance reflects a 

specific ToM deficit or the impairment in other social cognitive (e.g., affect recognition) 

and/or basic neurocognitive abilities required for performance of ToM tasks.  

Affective recognition deficits may play a role in the Hinting Task, for example, 

because it is read aloud to participants in order to convey “appropriate prosodic 

information” (Corcoran et al., 1995, p. 7). Two general types of prosodic information are 
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included in each vignette: non-affective and affective prosody. Non-affective prosody 

elements such as pitch, rhythm, volume and intonation function to remove syntactic 

ambiguities, e.g., to clarify whether the sentence is a question, command or neutral 

statement. In contrast, affective prosody conveys the emotional tone of speech. This tone 

serves as an important piece of contextual information that may be used to aid a 

participant’s understanding of the hint. This important contextual information will not be 

available for hint decoding, however, if the emotional tone is not recognized.  

The above hint, “Couldn’t you find the Ajax, Anne?” for example, simply 

suggests that Melissa asked Anne a literal question when understood without emotional 

tone. This same hint with emotional tone, however, suggests that Melissa is frustrated or 

angry with Anne. This tone may further prompt the participant to utilize other available 

information in the vignette (e.g., events in the narrative) to contextualize Melissa’s 

frustration and, ultimately, understand her hint. Patients with schizophrenia have fairly 

profound disturbances in emotion recognition (Penn, Bentall, Corrigan & Racenstein, 

1997). While most research has focused on deficits in facial affect recognition, there is 

some literature documenting impaired emotion recognition via affective prosody (for a 

review, see Edwards, Jackson & Pattison, 2002). Therefore, it is unclear whether Hinting 

Task impairment in schizophrenia reflects a specific ToM deficit, impaired emotion 

recognition, or a combination of both.  

Deficits in neurocognitive abilities may also contribute to ToM task impairment. 

The Hinting Task, for instance, requires a number of cognitive functions in addition to 

ToM, including attention, verbal comprehension, memory and executive functions (e.g., 

reasoning). These incidental processing demands make it difficult to determine whether 
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errors reflect deficits in ToM per se or deficits in memory, executive functions and so 

forth. As a consequence, some researchers have attempted to reduce the incidental 

demands of the Hinting Task to address this concern. In a study by Marjoram and 

colleagues (2005), for example, vignettes were printed on a sheet and repeated (when 

necessary) for participants to reduce the potential encoding and memory loads of the task 

(Marjoram, Gardner, Burns, Miller, Lawrie et al., 2005). They found that impairment 

remained after this manipulation and interpreted their findings to indicate a specific ToM 

deficit in schizophrenia not attributable to the general processing demands of the task. 

While this manipulation likely reduced verbal learning/memory demands, it is possible 

that other general cognitive demands such as attention and executive functions (e.g., 

reasoning ability) remained and contributed to this impairment.  

To establish a specific deficit in ToM, the possibility that ToM task deficits are 

due to more generalized cognitive impairment must be ruled out. People with 

schizophrenia perform worse than nonpsychiatric comparisons on most cognitive tasks, 

regardless of the cognitive ability tapped by such tasks (Chapman & Chapman, 1973). 

Indeed, general cognitive impairment is a well-established feature of schizophrenia (for a 

review, see Heinrichs & Zakzanis, 1998). This broad compromise of cognitive function 

has consistently been reported on the order of 1.0 – 1.75 standard deviations below the 

normal mean, with minor variability in the degree of impairment across cognitive 

domains (Censits, Ragland, Gur, & Gur, 1997). Moreover, this cognitive impairment is 

stable (Heaton, Gladsjo, Palmer, Kuck, Marcotte et al., 2001), independent of positive 

symptom severity (Asarnow, Nuechterlein, Subotnik, Fogelson, Torquato et al., 2002), 

and found to a lesser extent in first-degree relatives with no evidence of psychotic 
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symptoms (Cannon, Eyler-Zorilla, Shtasel, Gur, Marco et al., 1994; Green, Nuechterlein 

& Breitmeyer, 1997). These findings suggest that cognitive impairment in schizophrenia 

represents a vulnerability trait that is a core feature of the illness (Braff, 1993; 

Nuechterlein & Dawson, 1984). Considering the above as well as the occurrence of ToM 

deficits in the context of a task with multiple cognitive demands, impaired performance 

on the Hinting Task is not sufficient evidence of a specific deficit of ToM ability.  

Research has typically addressed the contribution of general cognitive impairment 

to ToM task deficits by examining the correlations between the Hinting Task and various 

intelligence and/or neuropsychological measures. In the first study to employ the Hinting 

Task, Corcoran and colleagues (1995) found that patients with schizophrenia had 

performance deficits relative to a nonpsychiatric comparison group with significantly 

higher IQs. They also found that IQ and ToM performance were significantly correlated 

for patients with schizophrenia (r = 0.49, p < 0.001), but not significantly correlated for 

nonpsychiatric comparisons (r = 0.08, p = ns). These results suggest a relationship 

between general cognitive ability and ToM performance in patients with schizophrenia. It 

is unknown whether this relationship exists for normal participants, because the controls 

in this study had a restricted range of performance on the Hinting Task and IQ measure.  

Several studies have since examined the relationship between ToM and cognitive 

abilities in schizophrenia. Some have found that significant deficits on the Hinting Task 

remain after statistically controlling for neuropsychological domains, including attention, 

verbal memory and executive functions (Janssen, Krabbendam, Jolles, & van Os, 2003), 

whereas others have found that group differences disappear after controlling for IQ (e.g., 

Marjoram, Miller, McIntosh, Owens, Johnstone et al., 2006). Corcoran and Frith (2003) 
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found a significant relationship between autobiographical memory and Hinting Task 

performance for patients and nonpsychiatric participants combined. They were unable, 

however, to assess the extent to which memory contributed to patient impairment, 

because controls’ scores were at ceiling on both the ToM and memory measures. Studies 

without a healthy comparison group have also reported significant relationships between 

Hinting Task performance and neuropsychological domains such as verbal memory, 

working memory, processing speed and executive functions (Bora, Eryavuz, Kayahan, 

Sungu & Veznedaroglu, 2006; Greig, Bryson & Bell, 2004).  

The inferences that can be drawn from these inconsistent findings are 

unfortunately limited due to the many differences between studies, which include 

discrepancies in sample sizes, Hinting Tasks (4 items vs. 10 items), neuropsychological 

and IQ measures, patient characteristics and control groups. In general, these findings 

suggest that there is, at least, some relationship between Hinting Task performance and 

neuropsychological and/or intellectual functioning in schizophrenia. This implies that 

general cognitive impairment might contribute to Hinting Task deficits in schizophrenia. 

Reduced availability of information-processing resources has been suggested to 

account for general cognitive impairment in schizophrenia (Gjerde, 1983; Nuechterlein & 

Dawson, 1984), and may similarly contribute to deficits on the Hinting Task. The 

resource-limitations hypothesis postulates that patients with schizophrenia have 

insufficient information processing resources available to cope with higher task 

processing demands, regardless of the particular cognitive abilities tapped by such tasks. 

Specifically, it predicts that patients will perform poorly when processing loads (i.e., 

resource demands) are high, but not low, on cognitive tasks. 
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Psychophysiological measures can be used to examine the resource limitations 

hypothesis. Pupillary responses, for example, have been shown to be a reliable and 

sensitive psychophysiological index of processing resource allocation in response to task 

processing load. In numerous studies (for reviews, see Beatty, 1982; Steinhauer & 

Hakerem, 1992), pupil size recorded during a task has been found to increase in response 

to increased processing demands, regardless of the putative cognitive (e.g., sensory, 

attention, memory, language or complex reasoning) or emotional (e.g., affective 

intensity) domains examined. For example, pupillary responses recorded during digit 

span recall tasks systematically increased in normal participants with the addition of each 

to-be-recalled digit, returning to resting baseline following recall (Granholm, Asarnow, 

Sarkin & Dykes, 1996; Peavler, 1974). In these studies, larger pupillary responses 

indicated greater allocation of processing resources, until resource limits were reached, 

when pupil size reached an asymptote and then decreased once resource pools were 

overloaded (Granholm et al., 1996; Peavler, 1974). While pupillary responses provide a 

direct index of processing resource allocation by the individual in response to task 

processing load, they can also provide an estimate of task processing load itself. 

Averaging pupillary responses across nonpsychiatric participants provides a reasonable 

estimate of task processing load, because the typical healthy individual responds to 

increased task demands by allocating additional processing resources.  

The primary aim of the present study was to examine the extent to which affective 

processing and/or availability of general cognitive resources contribute to ToM task 

deficits in schizophrenia. Pupillary responses were recorded as a direct index of 

processing resource allocation (greater dilation indicates greater allocation) during 
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performance of a modified ToM task in nonpsychiatric participants and age- and IQ -

comparable outpatients with schizophrenia. The North American version of the Hinting 

Task (Greig, Bryson & Bell, 2004) was used to assess ToM. To examine the contribution 

of affective processing, this task was modified to include an affective and neutral 

condition, in which the affective prosody during the hint in standard vignettes was 

removed. If emotion recognition impairment contributes to ToM task deficits, for 

patients, but not controls, understanding of the hint should not be aided by the emotion 

information conveyed in affective prosody. Specifically, it was predicted that patients 

would perform worse than controls in both conditions, but would show significantly 

greater impairment in the affective condition.  

Before concluding that a specific deficit in affective processing produced this 

pattern of results, however, generalized resource limitations must be ruled out. Task 

processing loads require consideration when addressing the potential contribution of 

resource-limitations to task performance. Relative to the narrative component in the 

Hinting Task, the hint requires additional processing resources to successfully infer the 

pragmatic meaning of the indirect utterance. The processing load of the affective 

condition should also be greater than the neutral condition, because additional resources 

are required for processing emotion-laden stimuli (Pessoa, 2005). This affective task 

manipulation, therefore, should result in three levels of increasing processing demands: 

Narrative, hint in neutral condition, and hint in affective condition, respectively. These 

differences across conditions in assumed processing load should be reflected in pupillary 

responses, such that both groups should show significantly greater pupillary dilation 

(resource allocation) to the hint relative to narrative information and significantly greater 
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dilation to affective relative to neutral hints. Performance should be better in the affective 

relative to neutral condition, provided the participant has sufficient resources available 

for the additional processing demands in the affective condition. It was hypothesized that,  

if processing resource-limitations contribute to ToM task deficits, patients would show 

significantly greater impairment and smaller pupillary responses relative to controls in 

the affective (highest load) condition. If patients do not show significantly smaller 

pupillary responses in the affective condition relative to controls, then, greater 

performance impairment in the affective than neutral condition cannot be attributed to 

resource limitations, which would indicate that affective processing deficits contribute to 

ToM performance. Similarly, if patients do not show significantly smaller pupillary 

responses in the affective condition relative to controls but do show performance that is 

impaired equivalently across neutral and affective conditions, this would suggest a ToM 

deficit not attributable to affective processing or general cognitive resources. 

A secondary analysis using pupillary responses (resource allocation) as a 

covariate in a group comparison was computed to examine the extent to which 

information-processing resources (cognitive or emotion domain) contribute to ToM 

performance in schizophrenia. This statistical control was hypothesized to significantly, if 

not entirely, reduce the group effect for Hinting Task performance if affective processing 

or availability of general processing resources contributed to ToM task deficits.  

Additionally, a secondary aim of the study was to examine the relationship 

between neurocognitive functioning and ToM task performance in schizophrenia. 

Specifically, three cognitive domains relevant to ToM performance (Bora et al., 2006; 

Greig et al., 2004; Corcoran, 2003), including attention/speed of information processing, 
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verbal learning/memory and executive functioning were assessed. If general cognitive 

impairment contributes to ToM deficits, it was hypothesized that global 

neuropsychological performance would significantly correlate with Hinting Task 

performance in patients with schizophrenia.
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METHOD 

Participants 

Nonpsychiatric sample. Nonpsychiatric comparison participants with no 

Diagnostic and Statistical Manual (Fourth Edition [DSM-IV]; American Psychiatric 

Association, 1994) diagnoses of past or current mood or psychotic disorders based on a 

clinical interview were recruited through local newspaper and Internet advertisements. 

An InCup (American Bio Medica Corporation) urine toxicology screen was administered 

to detect 12 drugs of abuse. Forty-seven nonpsychiatric participants were included.  

Patient sample. Existing baseline data were used from outpatients with 

schizophrenia or schizoaffective disorder participating in a larger randomized clinical 

trial of a cognitive behavioral therapy intervention (for details, see Granholm et al., 

2005). Patients had a DSM-IV diagnosis of schizophrenia or schizoaffective disorder and 

were recruited from the VA San Diego Healthcare System, University of California, San 

Diego, Outpatient Psychiatry Services, San Diego County Mental Health Services, local 

supported housing facilities and private physicians. The Structured Clinical Interview for 

DSM-IV (SCID; First, Spitzer, Gibbon, & Williams, 1995) was administered by trained 

bachelor’s-level technicians and a final diagnosis was reached by a single licensed 

doctoral-level clinical psychologist based on the SCID and medical record review, when 

available. Symptom severity ratings were obtained by trained technicians using the 

Positive and Negative Syndrome Scale (PANSS; Kay, Opler & Fizbein, 1986). Inter-rater 

reliability (mean kappa = .88) for each technician was based upon ratings of 10 PANSS 

training tapes of people with schizophrenia or schizoaffective disorder.
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Forty-nine people with schizophrenia or schizoaffective disorder were included. 

Forty-four patients were known to be taking antipsychotic medications (8 typical, 31 

atypical, 5 both, 1 type unknown, and 5 unknown), 18 were taking anticholinergic 

medications (26 none; 5 unknown), and 31 were taking antidepressant or mood 

stabilizing medications (18 none). The American National Adult Reading Test (ANART; 

Grober & Sliwinski, 1991) was administered to all nonpsychiatric participants and people 

with schizophrenia to estimate pre-morbid verbal intelligence. People with schizophrenia 

with age or IQ scores outside the range on these variables for the nonpsychiatric sample 

were excluded. Participants in both groups were excluded for: (1) Neurologic disorders 

(e.g., seizure disorder; head injury with loss of consciousness > 30 min), (2) alcohol or 

substance dependence diagnoses (DSM-IV criteria) other than nicotine or caffeine in the 

past year, (3) ocular medications, diseases or surgery that might affect pupil function, and 

(4) abnormal pupil measurements (resting diameter and/or pupillary response outliers 

greater than two standard deviations in both conditions or excessive artifacts in 

recording). Nonpsychiatric participants were also excluded for a positive urine toxicology 

screen. Clinical and demographic data for both groups are presented in Table 1. 

Procedure 

This study was approved by the Institutional Review Board of the University of 

California, San Diego and San Diego State University. Written informed consent was 

obtained from all participants (or their legal guardians) before participating in the study. 

Pupillary responses were recorded as an index of processing resource allocation during 

the performance of a modified North American version of the Hinting Task (Greig et al., 

2004). Patients with schizophrenia were administered this task within the context of a 
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larger two-day evaluation, which included comprehensive neuropsychological, social 

cognitive, symptom and functional outcome measures. The present study utilized patient 

data from a symptom measure and select neuropsychological measures from this larger, 

longitudinal study. A trained research technician or the lead author administered and 

scored the test battery in accordance with standardized procedures. The entire testing 

session took, on average, approximately 2 hours, depending on the participant. 

Participants were paid for their participation.  

Instruments  

 Hinting Task assessment. A North American version of the Hinting Task (Greig et 

al., 2004; Appendix A) was used to assess theory of mind. This version is virtually 

identical to Corcoran et al.’s (1995) Hinting Task, with the exception that the language is 

more appropriate for American, as opposed to British, participants. For example, the 

original item reads: “Gordon goes to the supermarket with his mum. They arrive at the 

sweetie aisle. Gordon says, ‘Cor! Those treacle toffees look delicious!’” The revised item 

reads: “Gordon goes to the supermarket with his mother. They arrive at the cookie aisle. 

Gordon says, ‘Wow! Those Twinkies look delicious!’” The participant is then asked, 

“What does Gordon really mean when he says this?” A correct response (e.g., “he wants 

Twinkies”) at this stage receives a score of 2 and the next vignette is read aloud. If the 

participant does not answer correctly the examiner gives a prompt (e.g., “Gordon goes on 

to say: 'I’m hungry Mom'”) and the participant has a second opportunity to answer the 

question. A correct response after the prompt receives a score of 1, while an incorrect 

response at this stage receives a score of 0. Therefore, the highest attainable score is 20 (2 

points per 10 items).  
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As mentioned above, the task was modified in this study to examine the 

contribution of affective processing and availability of general cognitive resources to 

ToM impairment in schizophrenia. When read aloud, vignettes convey both non-affective 

and affective prosody information to the participant. While only non-affective prosody is 

present in the narrative portion of the vignette, both non-affective and affective prosody 

are present in the hint. All else equal, the hint requires greater processing resources than 

the narrative portion of the vignette because it includes linguistic and affective 

processing. The hint portion also requires additional processing resources to successfully 

infer the pragmatic meaning of the indirect utterance. Therefore, the hint has at least two 

more processing demands than the narrative: emotion and inferential reasoning.  

Task processing demands were controlled by experimentally manipulating the 

type of prosodic information conveyed to participants. To accomplish this aim, a 

professional actor read the vignettes with and without affective prosody. These readings 

were digitally recorded to create two conditions: affective and neutral. The items were 

identical with the exception that non-affective, but not affective, prosody was present in 

the neutral condition. To ensure that conditions were matched for the narrative portion of 

each vignette, Cool Edit 2000 audio-software was used to replace the digital recording of 

the hint in the affective condition with the recording of the hint in the neutral condition. 

Therefore, the task was comprised of 10 items with high (affective condition) and 

medium (neutral condition) processing load demands.  

Two forms were created and administered in counterbalanced order across 

participants. In Form 1, five vignettes were randomly selected for presentation as neutral 

items, while the remaining 5 vignettes served as affective items. In Form 2, the affective 
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and neutral items in Form 1 were reversed. Each participant was administered only one 

form, the order of which alternated between consecutive participants. The task was 

presented to the participant on a computer as a PowerPoint presentation. Task 

instructions (Appendix B) were visually displayed on the monitor. Pre-recorded vignettes 

were presented aurally to the participant at approximately 70 dB (+/- 10 dB) using a PC-

compatible microcomputer equipped with a SoundBlaster Pro multimedia card and 

standard speakers.  

Several steps were taken to ensure task comprehension and optimal performance. 

First, the examiner paraphrased task instructions and answered any participant questions 

before proceeding to task presentation. Second, two practice items (Appendix C), also 

counterbalanced, were included to familiarize the participant to the task. The form of 

practice items was identical to that of test items described above. Third, the participant 

was oriented to the task by a “ready” prompt, which preceded the start of the vignette by 

500 ms. Using the identical set of test questions posed by Greig and colleagues (2004), 

the participant was asked what the character really meant following vignette presentation. 

Participant responses were recorded by the examiner. Employing the aforementioned 

scoring procedure resulted in a total possible score (interpretation accuracy) of 10 points 

per condition. Note that practice items were not scored. The entire task was completed in 

less than 20 minutes.  

Apparatus and pupillary response recording. While performing the Hinting Task, 

participants sat comfortably in a height adjustable chair with their chin/head stabilized in 

a chin rest to minimize movement artifact. Pupillary responses were recorded from the 

left eye using a Micromeasurements System 1200 infrared corneal-reflection 
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pupillometer. A video camera sensitive to infrared light was situated 24 cm from the 

participant below their field of view. Throughout the task, participants were instructed to 

stare at a blue fixation square (2.0 X 2.0 cm) centered on a white background on a 20-

inch color monitor placed 77 cm directly in front of their field of view. Pupil recordings 

were time-locked to begin at the “ready” prompt initiating each vignette and ended at 

vignette termination.  

Data reduction 

Pupil area was digitized at a 60-Hz sampling rate (approximately every 17 ms) 

and saved for later analysis off-line. Pupil area was converted to diameter for all analyses 

to remain consistent with the literature. The resolution of the pupillometer, based on our 

previous research, was approximately 0.05-mm diameter. A computer algorithm removed 

blinks and other artifacts from pupil recordings by linear interpolation. Artifacts (e.g., 

blinks) were defined as large changes in dilation beyond the possible rate of change in 

pupil diameter. Trials in each condition were discarded if more than 50% of the trial 

waveform was comprised of artifacts. A two-pass five-point digital smoothing filter (3.7 

Hz) was applied to the data, and valid trials were averaged for each condition. 

Participants with less than two valid trials in each condition were excluded because visual 

inspection of the waveforms revealed instability with fewer than two trials averaged. The 

Hinting Task was originally administered to 140 people with schizophrenia in the larger 

longitudinal study and 55 nonpsychiatric participants. Forty-five (32%) of these people 

with schizophrenia and 8 (15%) nonpsychiatric participants were excluded for having 

fewer than two valid pupil trials in both conditions, leaving 95 people with schizophrenia 

and 47 nonpsychiatric participants with valid pupil data. Frequencies and percentages of 
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valid pupil trials for both groups in each condition are presented in Appendix D. For 

people with schizophrenia, excluded participants performed significantly worse than 

included participants on the neutral (t = -2.88, p < .01, d = .53) and affective (t = -2.67, p 

< .01, d = .49) conditions of the Hinting Task as well as executive functioning domain (t 

= -2.53, p < .05, d = .41), but these groups did not differ significantly on demographic, 

clinical, or other performance variables. For nonpsychiatric participants, excluded 

participants did not differ significantly from those included on any demographic, clinical 

or performance variables. Age- and ANART-comparable people with schizophrenia were 

then consecutively selected from this sample, leaving 49 people with schizophrenia and 

47 nonpsychiatric participants in the final sample.  

The following variables were derived from the averaged waveforms in the neutral 

and affective conditions: (1) Baseline pupil diameter (average of 30 samples recorded 

500 ms second prior to narrative pupillary response); (2) narrative pupillary response 

(difference between baseline pupil diameter and average pupil diameter during the 3000 

ms [180 samples] of each vignette before hint onset); and (3) hint pupillary response 

(difference between baseline pupil diameter and average pupil diameter during the 3000 

ms [180 samples] of each vignette following hint onset).  

Neuropsychological assessment 

Participants with schizophrenia were administered a brief yet robust 

neuropsychological assessment of specific cognitive domains relevant to ToM (Bora et 

al., 2006; Greig et al., 2004; Corcoran, 2003), including attention/speed of information 

processing, verbal learning/memory and executive functioning. The neuropsychological 

tests (within 3 cognitive domains) and references to normative data used to convert raw 
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scores to demographically-corrected T-scores are as follows: (1) attention/speed of 

information processing, Wechsler Adult Intelligence Scale - III Digit Symbol-Coding 

subtest (WAIS-III; Psychological Corporation, 1997; Heaton, Taylor, & Manly, 2002) 

and Trail Making Test Part A (TMT; Reitan, 1979; Heaton, Grant & Matthews, 1991); 

(2) verbal learning/memory, Hopkins Verbal Learning Test – Revised: Trials 1-3 total 

recall and delayed recall (HVLT-R; Benedict, Schretlen, Groninger, & Brandt, 1998) and 

WAIS-III Letter-Number Sequencing subtest (Psychological Corporation, 1997; Heaton, 

Taylor, & Manly, 2002); (3) executive functions, TMT Part B (TMT; Reitan, 1979; 

Heaton, Grant & Matthews, 1991) and Delis-Kaplan Executive Function System Card 

Sorting – total free sorts, Twenty Questions – total initial abstraction, and Word Context 

Tests – total consecutive correct (D-KEFS; Delis, Kaplan & Kramer, 2001). The mean T-

score within each neurocognitive domain was computed, and a global impairment T-

score was calculated as the average of all available T-scores. Participants with available 

T-scores for at least two neuropsychological tests in a domain were included in the 

sample for that domain, and global T-scores were calculated for participants with 

available data for at least six (two per cognitive domain) of the neuropsychological tests.  

Data Analyses 

To examine Aim 1, a split-plot 2 x 2 analysis of variance (ANOVA), with 

diagnostic group (schizophrenia v. nonpsychiatric) as a between-subjects factor and 

condition (neutral and affective) as a repeated-measures factor, was computed for hinting 

task performance. Additionally, a split-plot 2 x 2 x 2 ANOVA, with diagnostic group 

(schizophrenia v. nonpsychiatric) as a between-subjects factor and condition (neutral and 

affective) and time (narrative and hint pupillary response) as repeated-measures factors, 
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was computed for pupillary responses. The above 2 x 2 ANOVA was also repeated as an 

analysis of covariance (ANCOVA) with pupillary responses during the hint in the 

affective minus neutral condition as a covariate. 

To examine Aim 2, Pearson’s r correlations were computed to examine the 

relationship between neurocognitive functioning (mean impairment T-scores and global 

impairment T-score) and ToM performance. Additionally, a multiple regression analysis 

was computed for ToM performance as a dependent variable and mean T-scores within 

each neurocognitive domain entered simultaneously as independent variables.
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RESULTS 

ToM performance  

 Performance on the Hinting Task in neutral and affective conditions for 

participants with schizophrenia and nonpsychiatric participants is depicted in Figure 1.  

The 2 x 2 (group x condition) ANOVA indicated a significant main effect for group, F(1, 

94) = 18.67, p < .001, partial η2 = .17. Participants with schizophrenia (M = 7.54, SD = 

1.54) provided significantly fewer correct interpretations compared to nonpsychiatric (M 

= 8.92, SD = 1.57) participants. The number of correct interpretations did not differ 

significantly between the affective (M = 8.32, SD = 1.99) and neutral (M = 8.10, SD = 

2.23) conditions, F(1, 94) = 0.73, p = .40, partial η2 = .01, and the group x condition 

interaction was not statistically significant, F(1, 94) = 0.02, p = .89, partial η2 = .0002.  

Pupillary responses 

The 2 x 2 (group x condition) ANOVA for baseline pupil diameter resulted in a 

significant group effect, F(1, 94) = 7.96, p < .01, partial η2 = .08, which indicated that 

baseline pupillary responses were significantly smaller in participants with schizophrenia 

(M = 3.38, SD = 0.64) relative to nonpsychiatric (M = 3.75, SD = 0.64) participants. 

Importantly, the effect for condition, F(1, 94) = 0.98, p = .33, partial η2 = .01, and group 

x condition interaction, F(1, 94) = 0.05, p = .83, partial η2 = .001, were not significant for 

baseline pupil diameter. Figure 2 shows pupillary responses (processing resource 

allocation) across time points (average of 1000 ms intervals 3 s pre- and post-hint) for 

both groups in each condition. The 2 x 2 x 2 (group x condition x time) ANOVA for 

pupillary responses (Table 2 and Figure 3) showed a significant group effect, F(1, 94) = 
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4.20, p < .05, partial η2 = .04, indicating that pupillary responses were significantly 

smaller in the schizophrenia cohort (M = .01, SD = .01) relative to nonpsychiatric (M = 

.02, SD = .01) participants (Figure 1). Pupillary responses were also significantly smaller 

in the neutral (M = .01, SD = .02) relative to affective (M = .02, SD = .02) condition 

(Figure 1), as indicated by a significant condition effect, F(1, 94) = 5.42, p < .05, partial 

η
2 = .06. A significant time effect was also found, F(1, 94) = 78.46, p < .001, partial η2 = 

.46, which indicated that pupillary responses were significantly smaller in the narrative 

(M = .01, SD = .01) relative to hint (M = .02, SD = .02) portion of each vignette. These 

main effects were qualified by a significant condition x time interaction, F(1, 94) = 8.85, 

p < .01, partial η2 = .09, which revealed that pupillary responses were significantly 

smaller in the neutral condition, particularly during the hint portion of the vignette. The 

group x condition, F(1, 94) = 0.73, p = .40, partial η2 = .01, group x time, F(1, 94) = 

1.92, p = .17, partial η2 = .02, and group x condition x time, F(1, 94) = 0.82, p = .37, 

partial η2 = .01, interactions were not statistically significant.  

To examine group, condition and group x condition interaction effects at each 

second, a 2 x 2 x 6 (group x condition x time) ANOVA for pupillary responses was 

computed. A significant group effect, F(1, 94) = 4.20, p < .05, partial η2 = .04, indicated 

that pupillary responses were significantly smaller in participants with schizophrenia (M 

= .01, SD = .01) relative to nonpsychiatric (M = .02, SD = .01) participants. Pupillary 

responses were also significantly smaller in the neutral (M = .01, SD = .02) relative to 

affective (M = .02, SD = .02) condition, as indicated by a significant condition effect, 

F(1, 94) = 5.42, p < .05, partial η2 = .06. A significant time effect was also found, F(5, 
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470) = 69.23, p < .001, partial η2 = .42. These main effects were qualified by a significant 

condition x time interaction, F(5,470) = 4.87, p < .001, partial η2 = .05. Pupillary 

response means (and standard deviations) in each condition at each second are presented 

in Table 3. As shown in Table 3, pupillary responses were significantly smaller in the 

neutral condition, particularly during second 5 and 6 of the hint. The group x condition, 

F(1, 94) = 0.73, p = .40, partial η2 = .01, group x time, F(5, 470) = 1.70, p = .13, partial 

η
2 = .02, and group x condition x time, F(5, 470) = 0.98, p = .43, partial η2 = .01, 

interactions were not statistically significant. 

Relationship between ToM performance and pupillary responses. To determine 

whether resource-limitations contributed to the significant group effect for Hinting Task 

performance, the 2 x 2 (group x condition) ANOVA with interpretation accuracy as the 

dependent variable was repeated as an ANCOVA with pupillary responses during the hint 

in the affective minus neutral condition as a covariate. Contrary to predictions, this 

ANCOVA yielded an identical pattern of results to the 2 x 2 ANOVA above-mentioned. 

Specifically, the groups still differed significantly, F(1, 93) = 18.04, p < .001, partial η2 = 

.16, and the condition effect, F(1, 93) = 1.31, p = .26, partial η2 = .01, and group x 

condition interaction, F(1, 93) = 0.07, p = .80, partial η2 = .001, remained not statistically 

significant. Additionally, Pearson’s r correlations were computed to further explore the 

relationship between pupillary responses and performance. Given the absence of a 

significant condition effect, total performance (mean performance collapsing across 

condition) was used for this analysis, and was used to reflect Hinting Task performance 

in the analyses below. Pupillary response difference scores were used to explore the 
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significant effects for condition (mean affective – mean neutral; affect allocation), time 

(mean hint – mean narrative; hint allocation), and condition x time (mean affective hint – 

mean neutral hint; affective hint allocation) interaction. As shown in Table 4, no 

significant correlations were found between total performance and these pupillary 

response difference score variables for either group.  

Neuropsychological functioning. Pearson’s r correlations and regression analyses 

were computed to examine the relationship between neurocognitive functioning (i.e., 

mean impairment T-scores) and Hinting Task performance for participants with 

schizophrenia. Significant correlations were found for verbal memory (r = .41, p < .01), 

executive functions (r = .33, p < .05), and global neuropsychological functioning (r = .40, 

p < .01), but not for attention/speed of information processing (r = .11, p = .48). The 

combined model for the regression of attention/speed of information processing, verbal 

memory and executive functions onto Hinting Task performance explained a significant 

amount of variance, R2 = .21, F(3, 43) = 3.84, p < .05. Significant variance was 

accounted for by verbal memory, β = .31, t = 2.08, p < .05, suggesting that greater verbal 

memory impairment predicted greater ToM performance deficits.  Executive functions 

and attention/speed of information processing were not significant predictors, β = .25, t = 

1.60, p = .12 and β = -.05, t = -0.37, p = .71, respectively.  

Symptoms. Pearson’s r correlations and regression analyses were computed to 

explore the relationship between symptoms and Hinting Task performance and pupillary 

responses for people with schizophrenia. No significant correlations were detected 

between symptoms and total performance (Table 4). A trend (r = -.23, p = .07), however, 

was found between PANSS general total and one of the pupillary response difference 
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scores (i.e., mean hint – mean narrative), suggesting that greater general symptoms were 

associated with reduced attentional allocation to the hint relative to narrative portion of 

the vignette. No significant correlations were found between positive or negative 

symptoms and pupillary responses (Table 4). 

Medications. Comparisons (two-tailed t-tests) between patients receiving and not 

receiving anticholinergic medications and between patients receiving and not receiving 

mood medications showed no significant group differences for mean Hinting Task 

performance, mean baseline pupil diameter, mean pupillary responses, or any 

neuropsychological domain.   

 Relationship between gender and ToM performance and pupillary responses.  

Given that the groups differed significantly in gender, 2 x 2 x 2 (gender x group x 

condition) ANOVAs for performance and pupillary responses during the hint were 

performed. Main and interaction effects of interest included gender, gender x condition, 

and gender x group x condition. For performance, a significant effect was found for 

gender, F(1, 92) = 10.34, p < .01, partial η2 = .10, whereby male participants (M = 7.74, 

SD = 1.54) provided significantly fewer correct interpretations compared to female 

participants (M = 8.73, SD = 1.50). Additionally, a trend was found for the gender x 

condition interaction, F(1, 92) = 3.74, p = .06, partial η2 = .04, which indicated that male 

participants provided marginally fewer correct interpretations relative to female 

participants, particularly in the affective condition. Importantly, the gender x group x 

condition interaction, F(1, 92) = 0.91, p = .34, partial η2 = .01, was not statistically 

significant. 
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 For pupillary responses, the effect for gender was not statistically significant, F(1, 

92) = 0.14, p = .71, partial η2 = .001. Additionally, the gender x condition, F(1, 92) = 

2.32, p = .13, partial η2 = .03, and gender x group x condition, F(1, 92) = 1.95, p = .17, 

partial η2 = .02, interactions were not statistically significant. These findings, taken 

together, suggest that group differences in gender did not significantly impact the pattern 

of results for performance or pupillary responses.   
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DISCUSSION 

 This study examined the extent to which affective processing and availability of 

general cognitive resources contribute to ToM deficits in schizophrenia. Pupillary 

responses were recorded as an index of processing resource allocation during 

performance of the Hinting Task with affective and neutral conditions in nonpsychiatric 

participants and age- and IQ-comparable people with schizophrenia. The relationship 

between neurocognitive functioning and Hinting Task performance in schizophrenia was 

also investigated.  

Consistent with numerous studies (for a review, see Beatty, 1982a), task 

manipulations designed to increase processing load evoked an increase in pupil dilation.  

For nonpsychiatric participants, pupillary responses increased systematically with 

increased processing demands on the Hinting Task. For example, pupillary responses 

were greater in the vignette when inferential reasoning was required (i.e., hint) than when 

it was not required (i.e., narrative). Additionally, pupillary responses were greater in the 

affective condition, which required cognitive and affective processing, than in the neutral 

condition, which only required cognitive processing.  

It was hypothesized that the additional resources allocated to affective processing 

would aid hint understanding by directing attention to relevant hint information and/or 

contextualizing this information with emotional valence. Contrary to predictions, 

nonpsychiatric participants showed comparable near-perfect performance across neutral 

and affective conditions. This comparable level of performance in both conditions may 

suggest that hint understanding was not improved by affective prosody. Alternatively, a 

ceiling effect may have obscured the extent to which affective prosody contributed to hint 
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understanding. That is, affective prosody may have aided hint understanding, but this 

contribution was not reflected in improved performance because of the ceiling effect. To 

address this possibility, the nonpsychiatric participant (NP) sample was divided into high 

and low subgroups based on a median split of performance (mean performance across 

conditions). The split-plot 3 x 2 (group: schizophrenia v. high performance NP v. low 

performance NP x condition) ANOVA for performance revealed identical results to the 2 

x 2 ANOVA above-mentioned; that is, a significant main effect for group, F(1, 93) = 

15.44, p < .001, partial η2 = .25, but no significant main effect for condition, F(1, 93) = 

0.77, p = .38, partial η2 = .01, or group x condition interaction, F(2, 93) = 0.10, p = .91, 

partial η2 = .002, was found. Importantly, nonpsychiatric participants in the low 

performance (n = 26) subgroup showed comparable performance across neutral (M = 

8.35, SD = 1.26) and affective (M = 8.23, SD = 1.86) conditions. This finding suggests 

that the failure of affective prosody to improve hint understanding was not fully 

attributable to ceiling effects. Taken together, these performance and pupillary findings 

for nonpsychiatric participants suggest that, while greater processing resources were 

demanded by the affective condition, these additional resources did not facilitate hint 

understanding.  

Participants with schizophrenia performed worse than nonpsychiatric participants 

on the Hinting Task, even after experimentally controlling for differences in verbal IQ. 

While this performance deficit has been found in both studies controlling for IQ (e.g., 

Corcoran, Mercer & Frith, 1995) and not (for a review, see Harrington, Siergert & 

McClure, 2005), the nature of such impairment in schizophrenia has remained elusive. 

One explanation for this deficit posited in the current study was impaired affective 
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processing. This account was based on the assumption that emotional information 

(affective prosody) imbedded in each hint aids hint understanding. Given the disturbances 

in affective prosody recognition in schizophrenia (for a review, see Edwards, Jackson & 

Pattison, 2002), patients were predicted to perform poorly on the task because they, 

unlike their nonpsychiatric counterparts, do not benefit from this relevant information. 

The results of this study, however, provided three pieces of evidence that were 

inconsistent with the notion that deficits in emotion processing account for Hinting Task 

performance deficits in schizophrenia. First, as indicated above, affective prosody did not 

significantly improve performance in the affective relative to neutral condition for 

nonpsychiatric participants. Affective prosody, therefore, did not appear to benefit ToM 

ability as indexed by the Hinting Task. Second, participants with schizophrenia did not 

demonstrate a differential deficit in the affective condition; instead, they showed similar 

level of performance impairment relative to nonpsychiatric participants across conditions. 

Third, as discussed below, participants with schizophrenia also allocated a similar 

amount of additional processing resources to affective relative to neutral hints as 

nonpsychiatric participants, suggesting they processed affect to the same extent as 

controls. This deficit on the Hinting Task, therefore, may suggest a specific deficit of 

ToM that cannot be explained by impaired affective processing.  

Before concluding that a specific deficit in ToM contributed to this impaired 

performance, a generalized resource limitations account of the deficit must be ruled out. 

In this context, the resource-limitations hypothesis predicts that participants with 

schizophrenia will perform worse in the affective (high load) relative to neutral (medium 

load) condition because of reduced availability of information-processing resources. Two 
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findings in the present study were inconsistent with this hypothesis. First, participants 

with schizophrenia showed similar level of impairment relative to controls in affective 

and neutral conditions. Participants with schizophrenia, thus, did not show greater 

impairment in the higher processing load (affective) condition. Second, participants with 

schizophrenia, like nonpsychiatric participants, showed significantly larger pupillary 

responses in the affective relative to neutral condition. This finding suggests that 

participants with schizophrenia had sufficient resources available for processing at lower 

and higher load conditions and appropriately increased resource allocation in the 

affective cue condition. Despite these available resources, participants with schizophrenia 

showed significant performance deficits in both conditions. Therefore, the ToM 

performance deficits found in this study cannot be accounted for by affective processing 

deficits or resource limitations.  

It is important to note that the affect manipulation was striking and did attract 

significant attention to the hint, but did not improve performance. There are at least two 

plausible explanations for this finding. First, pupillary responses showed that participants 

were already paying attention to the relevant hint, irrespective of the presence of affect, 

as evidenced by their larger pupillary responses in the hint relative to narrative portion in 

both neutral and affect conditions. Affect, therefore, was not needed and did not add any 

benefit in terms of directing attention to the hint. Second, while affective prosody does 

add information (emotional valence) consistent with the hint content, it may be redundant 

information that is not necessary for accurate interpretation of the character’s intention. 

That is, affect did not appear to contextualize an ambiguous hint. Instead, the hint may 

have been sufficiently contextualized by content in the narrative and hint itself. 
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Therefore, affect was not needed to further clarify the hint, because it was redundant with 

information available in the vignette. 

Neuropsychological performance was significantly associated with Hinting Task 

performance in participants with schizophrenia, even after experimentally controlling for 

IQ. This finding is consistent with studies that have statistically controlled for IQ (e.g., 

Janssen, Krabbendam, Jolles, & van Os, 2003). Specifically, verbal memory and 

executive functioning were significantly correlated with Hinting Task performance, 

which is consistent with the findings of several studies (e.g., Bora, Eryavuz, Kayahan, 

Sungu & Veznedaroglu, 2006; Greig, Bryson & Bell, 2004). Similar to Greig and 

colleagues (2004), the present study found that only verbal memory significantly 

predicted Hinting Task performance when controlling for other neuropsychological 

domains. The present study did not find a significant association between attention and 

Hinting Task performance. This non-significant association may be due to the attention 

domain employed, which was comprised of measures indexing visual attention and 

psychomotor speed. Given the aural nature of the Hinting Task, a more appropriate 

attention construct perhaps should have included measures of auditory attention, such as 

the WAIS-III Digits Forward subtest (Psychological Corporation, 1997). These findings 

suggest that neuropsychological impairment accounts for some, but far from all, of the 

variance in ToM performance in schizophrenia. Nevertheless, this significant association 

and absence of a test to determine whether group differences in ToM remain significant 

after controlling for neuropsychological functioning precludes conclusions regarding the 

specificity of ToM impairment in schizophrenia. To conclude that Hinting Task 

performance deficits in schizophrenia reflect a specific deficit in ToM, future studies 
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should aim to control for both resource limitations and deficits in neuropsychological 

domains related to ToM performance. Taken together, the results of the present study 

suggest that ToM performance deficits in schizophrenia cannot be fully accounted for by 

reduced cognitive resources, affective processing deficits and/or neuropsychological 

impairment.  

This study had several limitations. A large proportion of participants with 

schizophrenia were excluded for below average verbal IQ scores. While this 

characteristic of the patient sample might limit the generalizability of the study’s 

findings, identical results for Hinting Task performance, pupillary responses and 

neuropsychological performance were found in post-hoc analyses employing all patients 

(n = 95) with valid pupil data. Furthermore, the finding that patients with average to 

above-average verbal IQs showed significant Hinting Task deficits is strong evidence for 

the independence of IQ from ToM impairment in schizophrenia. Lastly, although the 

groups differed significantly in gender, this did not appear to significantly impact the 

pattern of results. 

The ceiling effect for nonpsychiatric participants on the Hinting Task reduced the 

interpretability of whether affective prosody contributed to successful task performance. 

Corcoran and colleagues (1995) have reported similar ceiling effects for nonpsychiatric 

participants on the Hinting Task. It may be the case that most adult nonpsychiatric 

participants have directly or indirectly experienced social situations analogous to those 

involved in the task vignettes. Nonpsychiatric participants, therefore, may have the 

advantage of drawing heavily from previous exemplars in episodic memory to aid 

performance. To prevent this strategy and ensure a greater range of performance for 
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nonpsychiatric participants, future studies may consider using items with and without 

affective prosody that involve less common (more ambiguous) social interactions while 

maintaining similar inferential reasoning demands.  

While the affective manipulation was quite striking at face value and evoked 

larger pupil dilations in the affective relative neutral condition, future studies should use 

an independent measure to quantify affective prosody recognition. Additionally, future 

studies should screen for hearing acuity to rule-out deficits in basic perceptual abilities. 

Although the present study examined several relevant neuropsychological domains, 

future studies should consider using measures of auditory attention (as discussed above) 

and verbal comprehension. While a measure of verbal comprehension is desirable, is it 

important to note that the present study made several attempts to ensure adequate task 

comprehension (e.g., experimenters repeated task directions when requested, practice 

items were included).
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APPENDIX A 

Hinting Task 

1.  “George arrives in Angela’s office after a long and hot journey down the highway. 

Angela immediately begins to talk about some business idea. George interrupts Angela 

saying: ‘My, My! It was a long, hot journey down the highway.’”  

Question: “What does George really mean when he says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “George goes on to say, ‘I’m parched!’”  

Question: “What does George want Angela to do?”  

Participant response: ___________________________________________________ 

Correct Answer: George is tired and he doesn’t want to talk business immediately – OR – 

He’d like a little rest and something to drink.  

Score: ____________ 

 

2.  “Melissa goes to the bathroom to take a shower. Anne has just had a bath. Melissa 

notices that the bathtub is dirty so she calls upstairs to Anne, ‘Couldn’t you find the Ajax, 

Anne?’”  

Question: “What does Melissa really mean when she says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “Melissa goes on to say, ‘You’re very lazy sometimes Anne.’”  

Question: “What does Melissa want Anne to do?” 

Participant response: ___________________________________________________ 

Correct Answer: Why didn’t you clean the bathtub? – OR – Please clean the bathtub.
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Score: ____________ 

3. “Gordon goes to the supermarket with his mother. They arrive at the cookie aisle. 

Gordon says, Wow! Those Twinkies look delicious.’” 

Question: “What does Gordon really mean when he says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “Gordon goes on to say, ‘I’m hungry Mom.’”  

Question: “What does Gordon want his mother to do?”  

Participant response: ___________________________________________________ 

Correct Answer: Can you buy me some Twinkies? – OR – I want Twinkies. 

Score: ____________ 

 

4.  “Paul has to go to an interview and he’s running late. While he is cleaning his shoes, 

he says to his wife, ‘Jane, I want to wear that blue shirt but it’s very wrinkled.’”  

Question: “What does Paul really mean when he says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “Paul goes on to say, ‘It’s in the ironing basket.’”  

Question: “What does Paul want Jane to do?”  

Participant response: ___________________________________________________ 

Correct Answer: Would you iron my shirt for me? 

Score: ____________ 
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5.  “Lucy is broke but she wants to go out in the evening. She knows that David has just 

been paid. She says to him, ‘I’m flat broke! Things are so expensive these days.’” 

Question: “What does Lucy really mean when she says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “Lucy goes on to say, ‘Oh well, I suppose I’ll have to miss my night 

out.’”  

Question: “What does Lucy want David to do?”  

Participant response: ___________________________________________________ 

Correct Answer: Could you lend me some money? – OR – Would you take me out 

tonight? 

Score: ____________ 

 

6.  “Donald wants to run a project at work but Richard, his boss, has asked someone else 

to run it. Donald says, ‘What a pity, I’m not too busy at the moment.’” 

Question: “What does Donald really mean when he says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “Donald goes on to say, ‘That project is right up my alley.’”  

Question: “What does Donald want Richard to do?”  

Participant response: ___________________________________________________ 

Correct Answer: Will you change your mind and give the project to me? – OR – I’d like 

to do that project. 

Score: ____________ 
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7.  “Rebecca’s birthday is approaching. She says to her dad, ‘I love animals, especially 

dogs.’”  

Question: “What does Rebecca really mean when she says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “Rebecca goes on to say, ‘Will the pet shop be open on my birthday, 

Dad?’”  

Question: “What does Rebecca want her dad to do?”  

Participant response: ___________________________________________________ 

Correct Answer: Would you buy me a puppy for my birthday? – OR – I want a puppy for 

my birthday. 

Score: ____________ 

 

8.  “Betty and Michael moved into their new house a week ago. Betty has been unpacking 

glassware. She says to Michael, ‘Have you unpacked those shelves we bought, 

Michael?’”  

Question: “What does Betty really mean when she says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “Betty goes on to say, ‘If you want something done you have to do it 

yourself!’”  

Question: “What does Betty want Michael to do?”  

Participant response: ___________________________________________________ 

Correct Answer: Could you put the shelves up? 

Score: ____________ 
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9.  “Jessica and Max are playing with a train set. Jessica has the blue train and Max has 

the red one. Jessica says to Max, ‘I don’t like this train.” 

Question: “What does Jessica really mean when she says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: Jessica goes on to say, “Red is my favorite color!” 

Question: “What does Jessica want Max to do?” 

Participant response: ___________________________________________________ 

Correct Answer: Can we trade trains? – OR – I want the red train.  

Score: ____________ 

 

10.  “Patsy is getting off the train with three heavy suitcases. John is standing behind 

her. Patsy says to John, ‘Gosh! These suitcases are a nuisance.’”  

Question: “What does Patsy really mean when she says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “Patsy goes on to say, ‘I don’t know if I can manage all three.’”  

Question: “What does Patsy want John to do?”  

Participant response: ___________________________________________________ 

Correct Answer: Could you help me with these suitcases? 

Score: ____________ 

 

 

Total Score: ____________ 
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APPENDIX B 

Hinting Task—Instructions 

General Instructions: “You are going to be read a set of ten stories involving two 

people. Each story ends with one of the characters saying something. After you have 

heard each story, you will be asked some questions about what the character meant. 

Listen carefully to the story.”  

aPractice and Pupillary Recording Instructions: “Before you are presented with 

the set of 10 stories, you will be read two practice stories. These practice stories will help 

to familiarize you with the task. Remember to listen carefully to each of these practice 

stories as you will be asked some questions about what one of the characters meant.”  

 “Once a story begins, a blue square will be presented in the center of the screen, 

where it will remain throughout the procedure. As you listen to each story, please look at 

this blue square. Please try not to move your eyes away from the square or blink during 

the story. Feel free to blink your eyes after the entire story has been presented.” 

 “If you are ready to proceed to the set of 10 stories, tell experimenter now.” 

aFinal Instructions: “If you have any questions regarding the task, please ask the 

experimenter before continuing. Remember, please keep your eyes on the blue square and 

try your best not to blink throughout the entire story. If you are ready to proceed to the 

set of 10 stories, please tell the experimenter now.” 

 

Note: aInstructions added to accommodate pupillary recording.   
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APPENDIX C 

Hinting Task—Practice Items 

1.  “Scott and Eric are coworkers who enter the elevator at the same time. Scott’s arms 

are filled with paperwork. He says to Eric, ‘Sixth floor please, I’m late for a meeting.’”    

Question: “What does Scott really mean when he says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “Scott goes on to say, ‘I can’t reach the buttons because my arms are 

filled with papers.’”  

Question: “What does Scott want Eric to do?”  

Participant response: ___________________________________________________ 

Correct Answer: Would you press the 6th floor button? – OR – Scott want to go the 6th 

floor. 

 
2.  “Evan is eating ice cream as his grandmother, Tamie, paints a fence in her front yard. 

It is a hot summer day and Tamie is exhausted. Tamie says to Evan, ‘It sure would be 

nice to have someone help me paint the rest of the fence.”  

Question: “What does Tamie really mean when she says this?”  

Participant response: ___________________________________________________ 

Additional Prompt: “Tamie goes on to say, ‘I sure do wish I had the help of a strong boy 

to help me paint.’”  

Question: “What does Tamie want Evan to do?”  

Participant response: ___________________________________________________ 

Correct Answer: Would you help me paint? – OR – Tamie wants Evan to help her paint. 
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APPENDIX D 

Table D1 

Valid pupil trials in each condition for both groups 

  Condition  

Pupil trials Neutral  Affective 

 Schizophrenia (n = 140) 

  0 21 (15.0)  15 (10.7) 

  1 16 (11.4)  21 (15.0) 

  2 22 (15.7)  18 (12.9) 

  3 41 (29.3)  43 (30.7) 

  4 25 (17.9)  34 (24.3) 

  5 15 (10.7)  9 (6.4) 

 Nonpsychiatric (n = 55) 

  0 3 (5.4)  3 (5.4)  

  1 1 (1.8)  4 (7.1)  

  2 9 (16.1)  12 (21.4) 

  3 22 (39.3)  18 (32.1) 

  4 13 (23.2)  12 (21.4) 

  5 7 (12.5)  6 (10.7) 

 
Note. Values represent frequencies (with percentages). Participants in both  
 
groups were excluded for having fewer than two valid pupil trials in both  
 
conditions. 
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APPENDIX E 

Item Analyses 

 Post-hoc analyses were performed for Hinting Task performance to determine 

whether specific items contributed to or obscured effects of interest, given that some 

items appeared, at face value, to differ in difficulty. Specifically, a split-plot 2 x 2 x 10 

(group x form x item) ANOVA, with diagnostic group and form as between-subjects 

factors and item as a repeated-measures factor, was computed for hinting task 

performance. As described above, two forms were created and administered in 

counterbalanced order across participants. In Form 1, five vignettes (i.e., 2, 3, 7, 9 and 

10) were randomly selected for presentation as neutral items, while the remaining 5 

vignettes (i.e., 1, 4, 5, 6, and 8) served as affective items. In Form 2, the affective and 

neutral items in Form 1 were reversed. Each participant was administered only one form, 

the order of which alternated between consecutive participants. The internal consistency 

(Cronbach’s α) of each of these four blocks of items was also examined. Fisher’s r-to-z 

transformations were then used to assess whether correlation coefficients within each 

block of identical items differed significantly between conditions.  

Means and standard deviations for the 2 x 2 x 10 (group x form x item) ANOVA 

are presented in Table E1. As reported above, participants with schizophrenia (M = 1.51, 

SD = 0.32) provided significantly fewer correct interpretations compared to 

nonpsychiatric (M = 1.78, SD = 0.32) participants, F(1, 92) = 18.37, p < .001, partial η2 = 

.17. Additionally, a significant effect for item was found, F(9, 829) = 48.39, p < .001, 

partial η2 = .35. Means (with standard deviations in parentheses) for items 1 through 10 

were 1.45 (0.72), 1.90 (0.34), 1.82 (0.52), 1.83 (0.43), 1.78 (0.53), 1.60 (0.72), 1.84 
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(0.44), 0.67 (0.90), 1.72 (0.63) and 1.81 (0.51), respectively. Inspection of all pairwise 

comparisons for item, as shown in Table E2, indicates that participants provided 

significantly fewer accurate interpretations on item 8 relative to all other items, and 

significantly fewer accurate interpretations on item 1 relative to most other items. The 

effect for form, F(1, 92) = 0.94, p = .76, partial η2 = .001, was not statistically significant, 

suggesting that interpretation accuracy was comparable between form 1 (M = 1.66, SD = 

0.32) and form 2 (M = 1.64, SD = 0.32). Importantly, the group x form, F(1, 92) = 0.003, 

p = .95, partial η2 = .0001, item x form, F(9, 829) = 0.77, p = .65, partial η2 = .01, item x 

group, F(9, 829) = 1.45, p = .16, partial η2 = .02, and item x form x group, F(9, 829) = 

0.21, p = .99, partial η2 = .002, interactions were not statistically significant. The reader 

should note that item x form and item x form x group interactions reflect the relationship 

between item and condition because condition is nested within form. Consequently, these 

findings suggest that while items 1 and 8 were significantly more difficult than other 

items, they were similarly difficult in each condition and for both groups. 

In terms of internal consistency, for the first block of items (i.e., 1, 4, 5, 6 and 8), 

neutral (α = .64) items did not differ significantly (p = .87) from affective (α = .62) 

items. Similarly, for the second block of items (i.e., 2, 3, 7, 9 and 10), neutral (α = .72) 

items did not differ significantly (p = .43) from affective (α = .63) items. These findings 

indicate acceptable levels of internal consistency for each block of items, which are 

comparable for the same items in different conditions. Taken together, these results 

suggest that, while some items were significantly more difficult than others, item 

difficulty did not impact the pattern of findings in the present study.
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Table E1          

Means (and standard deviations) for Hinting Task items in both forms for each group 

    Item     

Form  1 2 3 4 5 6 7 8 9 10 

    Schizophrenia (n = 49)     

1 
1.36 

(0.81) 
1.88 

(0.33) 
1.68 

(0.63) 
1.80 

(0.50) 
1.60 

(0.65) 
1.48 

(0.82) 
1.76 

(0.52) 
0.48 

(0.77) 
1.48 

(0.82) 
1.64 

(0.64) 

2 
1.42 

(0.88) 
1.83 

(0.48) 
1.75 

(0.68) 
1.62 

(0.58) 
1.62 

(0.71) 
1.25 

(0.90) 
1.75 

(0.53) 
0.50 

(0.89) 
1.58 

(0.72) 
1.67 

(0.70) 

    Nonpsychiatric (n = 47)     

1 
1.55 

(0.51) 
1.91 

(0.29) 
1.91 

(0.43) 
2.00 

(0.00) 
2.00 

(0.00) 
1.95 

(0.21) 
2.00 

(0.00) 
0.77 

(0.97) 
1.91 

(0.43) 
1.95 

(0.21) 

2 
1.48 

(0.65) 
1.96 

(0.20) 
1.96 

(0.20) 
1.92 

(0.28) 
1.92 

(0.28) 
1.76 

(0.52) 
1.88 

(0.44) 
0.92 

(0.95) 
1.92 

(0.28) 
1.98 

(0.15) 
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Table E2          

Pairwise comparisons between Hinting Task items  

Items 1 2 3 4 5 6 7 8 9 10 

    Total sample (N = 96)     

1 – Long Journey – -0.45* -0.36* -0.39* -0.33* -0.16 -0.40* 0.78* -0.27 -0.37* 

2 – Dirty Bath  – 0.73 0.62 0.12 0.29* 0.05 1.23* 0.18 0.83 

3 – Twinkies   – -0.10 0.04 0.22 -0.02 1.16* 0.10 0.01 

4 – Wrinkled Shirt    – 0.05 0.23* -0.01 1.12* 0.12 0.02 

5 – Flat Broke     – 0.18 -0.06 1.12* 0.06 -0.03 

6 – Work Project      – -0.24 0.94* -0.12 -0.21 

7 – Birthday Present       – 1.18* 0.13 0.03 

8 – Glassware        – -1.05* -1.15* 

9 – Train Set         – -0.09 

10 – Heavy Suitcases          – 

Note. Values represent mean differences. *p < .05 in the Tukey honestly significantly difference comparison.  
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Table 1      

Participant Characteristics 
    

  
 

Nonpsychiatric (n = 47) 
  

 

Schizophrenia (n = 49) 

 

Variable 
 

 

M 
 

SD  
 

M 
 

SD 

 
Age (years) 

 
42.46 

 
16.89 

 
 

48.16 
 

11.80 

 
Gender (% male)  

 
36a 

  
 

57a 
 

 
Race (% Caucasian) 

 
72 

  
 

71 
 

 
ANART 

 
112.49 

 
8.04 

 
 

109.83 
 

6.13 

 
PANSS Positive (total) 

   
 

19.55 
 

 
7.23 

 

PANSS Negative (total)    
15.14 

 
5.60 

 

PANSS General (total) 
 

   
34.02 

 
8.97 

 
 

 

Note. ANART = American National Adult Reading Test. PANSS = Positive and  
 
Negative Syndrome Scale. aParticipants with schizophrenia had a small but  
 
statistically significant difference (p < .05) in gender relative to nonpsychiatric  
 
participants.  
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Table 2    

Performance and pupillary response measures for each group 

 Condition 

Dependent Measure  Neutral  Affective 

 Schizophrenia (n = 49) 

Interpretation accuracy (total) 7.45 (2.25)  7.63 (2.32) 

Baseline pupil diameter (mm) 3.39 (0.67)  3.36 (0.63) 

Narration pupillary response (mm) 0.01 (0.01)  0.01 (0.02) 

Hint pupillary response (mm) 0.02 (0.02)  0.02 (0.02) 

 Nonpsychiatric (n = 47) 

Interpretation accuracy (total) 8.79 (1.55)  9.04 (1.23) 

Baseline pupil diameter (mm) 3.75 (0.67)  3.74 (0.65) 

Narration pupillary response (mm) 0.01 (0.02)  0.01 (0.02) 

Hint pupillary response (mm) 0.02 (0.02)  0.03 (0.02) 
 

Note. Values represent means (with SD).    

 

 



 
 

 

Table 3       

Pupillary responses in each condition at each second 

  Time   

Condition 1 2 3 4 5 6 

  Total sample (N = 96)   

Neutral (N) 0.005 (0.01) 0.01 (0.02) 0.014 (0.02) 0.15 (0.02) 0.018 (0.02) 0.021 (0.02) 

Affect (A)  0.006 (0.01) 0.012 (0.02) 0.016 (0.02) 0.019 (0.02) 0.024 (0.02) 0.027 (0.02) 

A - N  0.001 (0.01) 0.001 (0.02) 0.002 (0.02) 0.005 (0.02) 0.006 (0.02)* 0.007 (0.02)* 

  Schizophrenia (n = 49)   

Neutral (N) 0.005 (0.01) 0.009 (0.01) 0.011 (0.02) 0.012 (0.02) 0.015 (0.02) 0.018 (0.02) 

Affect (A) 0.004 (0.02) 0.01 (0.01) 0.012 (0.02) 0.015 (0.02) 0.019 (0.02) 0.022 (0.02) 

A - N  0.0001 (0.01) 0.002 (0.01) 0.001 (0.02) 0.003 (0.02) 0.004 (0.02) 0.004 (0.02) 

  Nonpsychiatric (n = 47)   

Neutral (N) 0.006 (0.01) 0.014 (0.02) 0.016 (0.02) 0.018 (0.02) 0.021 (0.02) 0.024 (0.02) 

Affect (A) 0.008 (0.01) 0.014 (0.02) 0.020 (0.02) 0.024 (0.02) 0.028 (0.02) 0.033 (0.02) 

A - N  0.002 (0.01) 0.0002 (0.02) 0.003 (0.02) 0.006 (0.02) 0.007 (0.02) 0.010 (0.02) 
 

Note. Values represent means (and standard deviations). *p < .05 in the Bonferroni-corrected, paired samples,  
 
two-tailed t-tests (p < .05/6 = .008).  
 54 
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Table 4        

Correlations between performance, pupillary responses and symptoms for each group 

Variables    1    2    3    4    5    6    7 

   Schizophrenia (n = 49)   

Interpretation accuracy (total) – .03 .05 .02 -.20 -.21 -.12 

Affect allocationa (mm)   – -.11 .93*** -.11 -.01 -.09 

Hint allocationb (mm)    – -.03 -.19 .08 -.26 

Affect hint allocationc (mm)    – -.11 -.06 -.07 

PANSS Positive (total)     – .32* .65*** 

PANSS Negative (total)      – .52*** 

PANSS General (total)       – 

  Nonpsychiatric (n = 47)  

Interpretation accuracy (total) – .01 .02 .07    

Affect allocationa (mm)   – -.07 .95***    

Hint allocationb (mm)    – -.02    

Affect hint allocationc (mm)    –    
 

Note. aPupillary responses in mean affective minus mean neutral condition.  bPupillary  
 
responses in mean hint minus mean narrative condition. cPupillary responses in mean  
 
affective hint minus mean neutral hint condition. *p < .05. **p < .01. ***p < .001.   
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Figure 1. Interpretation accuracy in the neutral and affective conditions 

for participants with schizophrenia and nonpsychiatric participants. 

Error bars are + 2 SE. 
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Figure 2. Pupillary responses across time points (average of 1000 ms 

intervals 3 s pre- and post-hint) in the affective and neutral conditions 

for each group. NP = nonpsychiatric participants; SZ = participants with 

schizophrenia. Error bars are ± 1 SE.   
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Figure 3. Pupillary response during narrative and hint in the 

affective and neutral condition for each group.  

Error bars are + 2 SE.  

 




