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Abstract 

Memory impairment in schizophrenia (SCZ) is robust and associated with poor functional 

outcome. However, these correlations are only moderate in magnitude, leading some 

researchers to propose that metamemory deficits may also underpin poor memory 

performance and related functional deficits in this population. The purpose of this 

dissertation was to assess various aspects of metamemory performance among persons with 

SCZ. The studies are organized along a temporal continuum of metamemory processes, 

operating from retrieval to output. Study 1 evaluated whether persons with SCZ control 

retrieval by re-instating the processing mode employed at encoding (i.e., source-constrained 

retrieval). Participants studied words under deep or shallow conditions and then completed 

two recognition tests – a standard test followed by the memory-for-foils test (i.e., foils from 

the first test become targets on the second test). Only HCs in the deep encoding condition 

exhibited superior memory for foils, suggesting diminished source-constrained retrieval 

among persons with SCZ. In study 2, criterion setting and adjusting was investigated by 

altering the relative distinctiveness between lures and targets on two separate recognition 

tests. Persons with SCZ set a stricter criterion but adjusted it appropriately in response to lure 

distinctiveness (i.e., difficulty). In study 3, the strategic regulation of response granularity 
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(i.e., from fine [e.g., 1:20 pm] to coarse [e.g. afternoon] was investigated by manipulating 

monetary incentives and penalties. Results show that persons with SCZ are overconfident in 

their memories and impaired in modulating granularity. Collectively these studies suggest a 

pattern of both intact and deficient metamemory skills characterize persons with SCZ. 

Possible underlying mechanisms and functional implications of this pattern are discussed. 
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CHAPTER 1: Introduction 

Humans possess the unique ability to think about their thoughts. This awareness, known 

as metacognition, allows us to use cognition strategically, in the service of behavioural goals. 

When applied specifically to memory, these skills are collectively referred to as metamemory 

(Dunlosky & Bjork, 2008a). Metamemory research suggests that memory performance 

encompasses more than simply remembering bits of information or representations of past events 

– it also involves decisions about how and when to use certain memories and how the products 

of memory should be packaged, stored and utilized. As such, metamemory skills are important 

determinants of both memory performance and a host of real-world outcomes such as academic 

achievement, social competence, and community functioning. These skills are especially 

important when one considers the extensive research literature demonstrating that the fidelity of 

human memory representations is poor relative to the perceptual experiences that created them, 

and the many ways in which memory representations themselves are frequently corrupted. 

Therefore, a key aspect of metamemory performance is the ability to evaluate the precision (or 

imprecision) of one’s memory in relation to current goals and strategically gauge whether it 

meets the demands of the situation. In this context, the rememberer is constantly challenged to 

evaluate to-be-remembered events against their future importance or remembered events relative 

to their adequacy given the task at hand. 

As an example, consider that you attend a local fund raising event in your community, at 

which several hundred socialites are in attendance. The next day, your favourite gossipy friend 

asks you about the attendees and you rattle off a list of names, commenting if some were alone 

or accompanied. Later that afternoon, a police constable comes to your home and reports that a 

crime was committed at the event. They are canvassing attendees in order to establish who was 
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actually present. You give the constable a list of names, but it is considerably shorter than the list 

you provided to your friend. Presumably, the actual representation (i.e., your memory for the 

event) has not changed; rather, the decisions about whether a given memory is adequate, 

considering the goals of the task at hand, have changed. It is easy to understand how impaired 

decisions of this nature (i.e., impaired metamemory) result in altered memory performance, 

independent of the fidelity of the actual memory itself.  

The capacity and characteristics of metamemory among persons with schizophrenia 

(SCZ) is the central topic of this thesis. In this introductory chapter, I will introduce the reader to 

the clinical features of the disorder and provide a brief inventory of general memory performance 

in this patient population. This chapter will also discuss some of the fundamental concepts of 

memory and metamemory and survey some of the research findings that support the latter’s 

existence and impact. In addition, the handful of extant studies examining metamemory among 

persons with SCZ will be reviewed. Before embarking on these objectives, however, it will be 

beneficial to review conventional models of memory architecture. These models may introduce 

unfamiliar terms and a glossary can be found in Appendix 1 as an aide to the reader. 

Memory Architecture  

Drawing on empirical memory evidence at the time, Tulving (1985) speculated on the 

relationship between memory and consciousness. He identified three levels of consciousness and 

a corresponding tripartite memory system. One form of consciousness, autonoetic consciousness, 

can be described as self-awareness – that is, the ability to imagine oneself in the past, present and 

future. The episodic memory system is associated with autonoetic consciousness. Accordingly, 

episodic memory is, by definition, conscious recollection, or recollection with awareness. 

Another way to think about episodic recall is that it is contextualized by place, time, and other 
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detailed characteristics. Tulving has suggested that episodic events require the rememberer to 

engage in mental time travel in order to transport themselves back to the remembered event. 

Tulving (1985) classified semantic memory as falling under noetic consciousness, which 

affords the use of symbolic representation and manipulation. Semantic memory can be described 

as memory for facts and other forms of “symbolically representable knowledge” (p. 2; Tulving, 

1985). Both noetic consciousness and semantic memory allow us to be aware of material objects 

and events, as well as the associations and relationships between them. Furthermore, even in 

their physical absence, noetic consciousness affords us the ability to imagine objects and events 

and subject them to mental operations. 

Procedural memory is the third memory system under Tulving’s framework. Procedural 

memory is concerned with skills and the sequence of steps in performing skills. Skills are not 

confined to the motor domain (e.g. tying shoe laces) but also extend to the cognitive (e.g., mental 

arithmetic) and perceptual (e.g., analyzing and interpreting hue) domains. Procedural memory is 

not consciously recollected and, therefore, considered anoetic. Anoetic consciousness is 

temporally and spatially bound to the immediate (Tulving, 1985). For instance, tying shoelaces 

in the dark is a procedural memory operating anoetically as one is responding to tactile 

sensations. 

While Tulving was motivated to theoretically reconcile the architecture of memory with 

consciousness, Squire and Zola-Morgan (1991) sought to integrate memory systems with 

neuropsychological findings. Table 1 summarizes the similarities and differences in the two 

nomenclatures. In contrast to Tulving’s categorization, Squire and Zola-Morgan collapse 

semantic and episodic memory under the common rubric of declarative or explicit memory, as 

semantic and episodic memory were viewed as more dependent on hippocampal function than 



Metamemory in Schizophrenia  4 

procedural memory (Squire & Zola-Morgan, 1991). Declarative, or explicit, memory is 

accessible to conscious recollection and its content can be brought to mind and thereby 

“declared” or made “explicit” (Squire, 1992). Importantly, explicit memory is traditionally 

examined through psychological tests such as free-recall, cued recall, and recognition memory 

tasks (Graf & Schacter, 1985). 

Squire and Zola-Morgan’s non-declarative category is similar to Tulving’s anoetic 

consciousness and includes actions and mnemonic mechanisms that are implicitly learned or 

incidentally executed without conscious recollection. Implicit memory can be defined as 

unintentional learning and remembering (Schacter, 1987) and is synonymous with 

nondeclarative memory (Squire, 1992). Instead of the term, procedural memory, Squire and 

Zola-Morgan used “skills and habits” to describe this category of memory. The implicit category 

also contains other phenomena that lack declarative memory involvement, such as priming, 

nonassociative learning, and simple classical conditioning. Priming occurs when exposure to a 

stimulus incidentally impacts the response to a later stimulus. Priming can confer a reaction time 

advantage when a semantically or associatively related item is presented at some time before the 

target. Nonassociative learning includes phenomenon such as habituation and sensitization. 

Habituation is the gradual attenuation of a response to a novel stimulus with repeated exposure to 

that stimulus. In contrast, sensitization occurs when repeated exposure to a stimulus produces 

progressive amplification of a response. 

These two nomenclatures agree on a distinction between explicit and implicit memory, 

and differ regarding the categorization of semantic and episodic memory. While these models 

and terms have achieved general consensus amongst memory researchers, it is noteworthy that 

debate continues and has prompted others to propose alternative architectural frameworks for 
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memory (Neath, 1998), including more complex nomenclatures such as the 25 memory-system 

model put forward by Roediger (1984). Regardless of the disagreements on what constitutes a 

memory system or subsystem, memory researchers agree that memory is not a unitary construct 

and that various forms of memory exist. 

Table 1. 

A Comparison of Similarities and Differences between the Memory Classification Systems of 

Squire and Zola-Morgan (1991) and Tulving (1985). 

 

Tulving’s Classification  Memory System 
Squire & Zola-Morgan’s 

Classification 

AUTONOETIC Episodic 
DECLARATIVE 

(EXPLICIT) NOETIC 
Semantic 

 

ANOETIC 

 

 

Procedural (Tulving) 

Skills & Habits 

Priming 

Simple Classical Conditioning 

Nonassociative Learning 

 

NONDECLARITIVE 

(IMPLICIT)* 

* Squire and Zola-Morgan expanded the Nondeclarative category to include learning that is unintentional or not 

under conscious control 

 

Clinical Features of Schizophrenia 

Typically, the onset of SCZ occurs in late adolescence or young adulthood. It affects .5 – 

1% of the population globally and is equally distributed between sexes (American Psychiatric 

Association, 2000). The signs and symptoms of the disorder include delusions and/or 

hallucinations, which are referred to as “positive symptoms” to denote that these symptoms are 

present in persons with SCZ but not typical in most people. The other symptoms of the disorder, 

alogia, avolition, anhedonia, asociality, and blunted affect, are referred to as “negative 

symptoms” because they represent deficits among persons with SCZ.  
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Memory impairment has long been recognized as a prototypical feature of SCZ. In the 

mid-1800s, the Austrian-French psychiatrist Benedict Morel coined the term démence précoce to 

describe what he considered a premature cognitive deterioration among these patients, including 

pronounced memory loss (e.g., Hull, 1917). More recently cognitive deficits in SCZ have been 

recognized as a distinct symptom of SCZ, independent of symptom manifestation (Gold, 2004). 

A meta-analysis of 1275 studies examining SCZ-related cognitive deficits found that healthy 

controls (HCs) consistently outperformed patients across five domains including global 

intelligence, attention, executive function, language and memory (Fioravanti, Carlone, Vitale, 

Cinti, & Clare, 2005). Accordingly, many reviews have characterized the cognitive impairment 

associated with SCZ as generalized (i.e., broad and pervasive). However, against this backdrop 

of generalized cognitive impairment, several studies have demonstrated disproportionate 

impairment across select domains including episodic memory and executive control processes 

(Reichenberg & Harvey, 2007). Indeed, SCZ-related cognitive impairment is so common and 

impactful that some investigators have advocated that it be considered part of the diagnostic 

criteria (Bora, Yücel, & Pantelis, 2010; Keefe & Fenton, 2007) while others have argued that it is 

a distinct phenotype (Andreasen et al., 1999).  

Memory Impairment in SCZ 

As noted above, memory is one of the cognitive domains considered to be impaired 

beyond those deficits accounted for strictly by a generalized cognitive impairment (Dickinson, 

Ragland, Gold, & Gur, 2008; Heinrichs & Zakzanis, 1998; Mesholam-Gately, Giuliano, Goff, 

Faraone, & Seidman, 2009). In some studies, the impairment is as much as two to three standard 

deviations below the mean of  HC’s performance (Paulsen et al., 1995; Saykin, Gur, Gur, 

Mozley, Mozley, Resnick, Kester, & Stafiniak, 1991b). Even amongst newly diagnosed patients 
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with SCZ, most studies report memory and other cognitive deficits regardless of duration of 

illness prior to treatment and these deficits persist following treatment (Addington, Saeedi, & 

Addington, 2005; Barnes et al., 2008; Goldberg et al., 2007).  

Moreover, the severity of memory deficits is unlikely due to confounding factors such as 

duration or severity of clinical symptoms, medication, institutionalization, or age (e.g., Saykin, et 

al, 1994; Mesholam-Gately, et al, 2009). Meta-analytic reviews have failed to find significant 

associations between severity of memory impairment in SCZ and other moderator variables such 

as medication status, duration of illness, or severity of psychopathology (Aleman, Hijman, de 

Haan, & Kahn, 1999; Dickinson et al., 2008; Heinrichs & Zakzanis, 1998).  Furthermore, 

research has consistently demonstrated that the episodic memory deficit amongst persons with 

SCZ is independent of intelligence and executive functioning. For example, a study that matched 

650 patients and controls on IQ and executive functioning found that episodic memory deficits 

persisted (Kopald, Mirra, Egan, Weinberger, & Goldberg, 2012). The independence of IQ and 

memory deficits has also been found amongst first episode psychosis patients (O'Connor et al., 

2012). 

It is important to realize, however, that memory impairment in SCZ is uneven, as some 

forms of memory are notably impaired while others are relatively spared (Aleman et al., 1999; 

Heinrichs & Zakzanis, 1998). Meta-analyses consistently report severe impairments in 

immediate and delayed verbal and nonverbal memory in SCZ (Aleman et al., 1999; Heinrichs & 

Zakzanis, 1998, Dickinson et al, 2008), while nondeclarative memory remains mostly intact 

(Perry, Light, Davis, & Braff, 2000; Saykin, Gur, Gur, Mozley, Mozley, Resnick, Kester, & 

Stafiniak, 1991a). Among patients with SCZ, impaired episodic memory predicts a variety of 

aspects of poor functional outcome, including community living skills, social problem solving, 
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social skill acquisition, and employment success (Green, 1996; Green, Kern, Braff, & Mintz, 

2000). Even in studies that have found an association between symptom severity and generalized 

cognitive impairment, verbal memory and fluency accounted for the most variance in 

functioning (e.g., Sponheim, Surerus-Johnson, Dieperink, & Spoont, 2003). Similarly, verbal 

memory impairment predicted worse social functioning in SCZ even after the effects of 

generalized cognitive dysfunction were considered using multiple regression analysis (Laes & 

Sponheim, 2006). In the following sections, the literature related to relatively less affected 

nondeclarative memory and more impaired declarative memory will be reviewed in more detail.  

Episodic Memory in SCZ. Episodic memory research in SCZ has drawn on 

experimental methods that use recall, recognition, and associative-memory paradigms. Under 

Squire and Zola-Morgan’s classification (see Table 1), episodic and semantic memory are forms 

of declarative or explicit memory. SCZ researchers have found that the impairment in declarative 

memory is observed in both episodic (Cirillo & Seidman, 2003) and semantic memory (McKay 

et al., 1996). As the experiments presented in this thesis involve episodic memory, the literature 

review will be confined to studies of episodic memory in SCZ. However, it is noteworthy that 

the semantic memory deficit in SCZ is also variable as categorization seems better preserved 

than word-picture matching, association, naming, and verbal fluency (Doughty & Done, 2009). 

A typical episodic memory experiment involves a study phase, during which participants 

are exposed to stimuli, such as words, sounds, or images and a subsequent testing phase, during 

which they are asked to remember the presented items. The testing phase is often presented in 

one of two formats. On a recognition test, participants are instructed to identify studied items 

(targets) from items that were not presented at study (distractors) from a mix of both targets and 

distractors. In contrast, a recall test asks participants to recall as many studied items either in the 
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presence of a cue (cued-recall) or in the absence of a cue and in any order (free-recall). Deficits 

in episodic memory amongst persons with SCZ have been found across recognition, cued-recall, 

and free-recall tasks (for a review see Aleman, et al., 1999). Early SCZ memory research 

suggested that the impairment in episodic memory in SCZ was differential as recognition 

memory was believed to be better preserved than recall memory (Bauman & Murray, 1968; 

Goldberg, Weinberger, Pliskin, Berman, & Podd, 1989; M. R. Johnson, Mitchell, Raye, 

D'Esposito, & Johnson, 2007; Koh, 1978). Researchers speculated that, since recognition 

memory is less taxing on retrieval, these results suggested a selective retrieval deficit. This 

speculation was also fuelled by the hypothesis that episodic memory recognition is based on two 

independent processes - familiarity and conscious recollection (Yonelinas & Jacoby, 1994).  SCZ 

researchers hypothesized that familiarity was relatively spared compared to conscious 

recollection (Danion, Rizzo, & Bruant, 1999; Ragland, Valdez, Loughead, Gur, & Gur, 2006).  

However, when tasks were matched according to difficulty, the difference between recall and 

recognition memory was reduced or eliminated (Calev, Korin, Kugelmass, & Lerer, 1987; 

Huron, Danion, Giacomoni, & Grangé, 1995). Nevertheless, although there is little difference 

between recognition and recall performance amongst patients, evidence of relatively spared 

familiarity compared to conscious recollection persists (Achim & Lepage, 2003) and will be 

reviewed later. 

SCZ-related impairment in storage or retention of episodic information has been 

operationalized by many studies as accelerated memory decay (Cirillo & Seidman, 2003). 

Forgetting rates on a word list for example, can be measured by examining the percentage of the 

items recalled from the initial presentation. On story recall tasks, bits of information, such as 

ideas, events, or parts of speech are recalled twice and a proportion of forgetting is calculated by 
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dividing the number of bits of information recalled at second recall by the bits of information 

recalled at initial testing (Butters et al., 1988). Cirillo and Seidman (2003) concluded from their 

meta-analysis that persons with SCZ display a mild but significantly accelerated rate of 

forgetting compared to HCs. Furthermore, studies that compare patients with SCZ to other 

clinical groups have found that SCZ patients show similar rates of forgetting to patients with 

temporal lobe epilepsy but better retention rates compared to patients with Alzheimer’s Disease 

(Cirillo & Seidman, 2003). 

SCZ-related impairment in recall is characterized by both lower production of target 

items (McKenna, Tamlyn, Lund, Mortimer, & Baddeley, 1990) and differing rates of intrusions 

(i.e., words that were not presented at study), depending on the semantic relatedness of study 

words. Similarly, SCZ participants tend to have higher rates of false alarms on recognition tests. 

The rates of false alarms also vary depending on semantic relatedness of study and test items. 

When presented a list of semantically related words at study, patients recall fewer targets and 

fewer falsely remembered semantically related words compared to HCs. However when the 

study list consists of semantically unrelated words, participants with SCZ falsely recalled more 

intrusions and falsely recognize more distractors than HCs (Lee, Iao, & Lin, 2007). The same 

pattern (i.e., more intrusions for semantically unrelated compared to semantically related study 

lists) has been observed on recognition tests (Elvevag, Fisher, Weickert, Weinberger, & 

Goldberg, 2004; Huron et al., 1995; Huron & Danion, 2002;. Lee et al., 2007; Moritz & 

Woodward, 2006). Huron and colleagues (1995, 2002) explain the results as a failure in explicit 

memory processes, specifically conscious recollection. This conclusion is based on results from 

the Remember-Know-Guess paradigm. In such tasks, participants indicate whether each 

remembered item was recalled on the basis of an episodic recollection (i.e., Remember), a sense 
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of familiarity (i.e., Know) or conjecture (i.e., Guess) (Gardiner, Java, & Richardson-Klavehn, 

1996). Patients with SCZ produced fewer Remember responses, but equivalent Know and Guess 

responses, suggesting impairment in conscious recollection (or episodic memory). Other 

investigators, such as Lee and colleagues (2007), explain these results from a Fuzzy-trace Theory 

(FTT) perspective; that is, a failure in both verbatim and gist processes (Brainerd & Reyna, 

2002). Intact verbatim processes facilitate veridical memory and would improve rate of accurate 

recall of studied words and suppress intrusions for semantically unrelated words. Gist processes 

are engaged by semantic relatedness of studies words with related lures and thereby increase the 

occurrence of semantically related intrusions (Brainerd, Reyna, & Ceci, 2008). Given the rate of 

unrelated intrusions and lower rates of both related intrusions and targets, Lee and colleagues 

argue that persons with SCZ have impairment in both gist and verbatim processes. 

However, the author’s master’s thesis investigated whether patients with SCZ can employ 

gist versus verbatim memory processes under recall conditions that emphasize one or the other 

and the results suggested that impairment in gist processes can be impacted by conditions at 

point of recall (McAnanama, 2005). All participants were verbally told the title of a brief prose 

passage that they read aloud. The passage was written to conform equally well to two different 

titles (e.g., The Hunter or The Escaped Prisoner). Following a 90-min delay, half the participants 

were asked to recall the story using the title that they were provided at encoding (same-title 

condition). The remaining participants were instructed to recall the passage using the plausible 

alterative title (switch-title condition). Healthy controls in the switch-title condition produced 

more verbatim memory and fewer gist intrusions than their counterparts in the same-title 

condition. In contrast, the rate of gist intrusions was similar across conditions for patients but 

verbatim memory was poorer in the switch-title condition. Furthermore, the quality of gist 
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intrusion differed across conditions; switch-title patients produced more idiosyncratic and 

irrelevant intrusions than patients in the same-title condition. 

Implicit Memory in SCZ. Although there have been fewer studies of nondeclarative 

memory among SCZ patients, most have found that implicit memory is better preserved than 

explicit memory (Perry et al., 2000; Reichenberg & Harvey, 2007). For example, SCZ patients 

demonstrate almost perfect performance on procedural learning tasks such as the Tower of Hanoi 

(Goldberg, Saint-Cyr, & Weinberger, 1990) or only mild impairment on the Mirror-Drawing task 

(Schérer, Stip, Paquet, & Bédard, 2003). Similarly, on tasks evaluating probabilistic 

classification (Knowlton & Squire, 1996) and artificial grammar learning (Reber, Martinez, & 

Weintraub, 2003), SCZ patients perform normally. In probabilistic classification tasks, 

participants gradually learn to predict a dichotomous outcome based on associations between 

stimuli (e.g., geometric shapes) that are independently and probabilistically related to one of the 

outcomes. Feedback following each trial is limited to informing the participants of their response 

accuracy only. Implicit learning is manifested by greater-than-chance correct classification based 

on the probabilistic associations without having extracted an explicit classification rule. In 

probabilistic classification studies, healthy individuals typically demonstrate improved 

performance across trials but are unable to explicate the rules that govern the predictions 

(Knowlton & Squire, 1994). Similar to probabilistic classification, artificial grammar learning 

relies on participants implicitly recognizing grammatical contingencies across novel letter 

strings. These letter strings are based on a complex, finite-state grammar system. In the testing 

phase participants are instructed to categorize a new set of letter strings as either ungrammatical 

or grammatical without feedback regarding accuracy. Healthy participants perform above chance 

but cannot explicate the grammatical rules underlying their successful classification. 
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Three studies have found that HCs outperform participants with SCZ on the probabilistic 

classification task in overall accuracy, although learning rates across trials did not differ 

significantly between groups (Horan et al., 2008; Kéri et al., 2005; Weickert et al., 2002). One 

study found intact SCZ performance, although HCs, unlike patients, were able to correctly 

arrange symbols to predict outcome (Kéri et al., 2000). Other studies have expanded on this 

fundamental finding. For example, patients receiving an atypical antipsychotic performed better 

than patients receiving a typical antipsychotic (Beninger et al., 2003) and, overall, SCZ 

participants are less flexible in unlearning or relearning implicitly acquired material (Weiler, 

Bellebaum, Brüne, Juckel, & Daum, 2009). Healthy controls in this study were able to explicate 

the associational rule leading Weiler and colleagues (2009) to speculate that HCs employ both 

explicit and implicit processes to learn the original rules and relearn new rules governing 

contingencies. In other words, HCs’ performance was potentially confounded by explicit 

memory processes operating alongside implicit processes. 

Similar to the results from probabilistic classification studies, patients with SCZ have 

consistently demonstrated preserved implicit learning on artificial grammar tasks (Danion, 

Gokalsing, Robert, Massin-Krauss, & Bacon, 2001; Horan et al., 2008). Horan and colleagues 

(2008) found preserved SCZ performance on an artificial grammar task but impaired 

performance on a probabilistic classification task. They speculate that administration differences 

between the two tasks account for impaired performance on the probabilistic classification task. 

Feedback on each trial is provided in probabilistic classification tasks and learning is, therefore, 

gradual. In contrast, the artificial grammar task has distinct study and testing phases. Persons 

with SCZ may have more difficulty with gradual learning or accurately recalling feedback. 
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In sum, the preponderance of evidence regarding implicit memory in persons with SCZ 

suggests that this skill is relatively spared. This said, there are some studies demonstrating 

impaired facets of implicit memory. However, if, as suggested by Weiler and colleagues (Weiler 

et al., 2009), that probabilistic classification is not a purely implicit task, then poor performance 

by patients can be accounted for by a deficit in explicit memory. Alternatively, in support of 

spared implicit processes, persons with SCZ can learn through implicit processes when the task 

involves repeated exposure in the absence of explicit trial-by-trial feedback. The relative sparing 

of implicit memory may partially explain why persons with SCZ can function at levels above 

those predicted by explicit impairment (Danion et al., 2001). 

Underlying Causes of SCZ Memory Deficits 

In this section, specific memorial sub-processes or related cognitive functions that may 

account for SCZ memory deficits will be discussed. Cirillo and Seidman’s (2003) extensive 

review of the neuropsychological evidence for memory deficits in SCZ found that impaired 

memory strategies contribute substantially to a noticable encoding deficit in SCZ. Many studies 

demonstrate that patients with SCZ are impaired at strategically organizing to-be-learned 

information in order to improve recall (e.g., Brébion, David, Jones, & Pilowsky, 2004; Calev, 

Venables, & Monk, 1983; Harvey, Earle-Boyer, Wielgus, & Levinson, 1986; Kareken, Moberg, 

& Gur, 1996). Even when semantic cues are presented at recall, patients continue to demonstrate 

attenuated performance compared to HCs (Brebion, Amador, Smith, & Gorman, 1997; Chan et 

al., 2000; Koh, 1978). Similarly, deficits in semantic organization are evident even on tasks 

where difficulty confounds are eliminated or minimized (Christensen, Girard, Benjamin, & 

Vidailhet, 2006). A possible explanation for the intransigence of this deficit to remediation is that 

persons with SCZ form overinclusive or idiosyncratic associations that thereby interfere with 
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efficient encoding (Cirillo & Seidman, 2003). However, while attempts to remediate encoding 

through explicit strategies have failed, patients with SCZ have consistently responded to many 

implicit encoding strategies such as demonstrating better recall of deeply versus shallowly 

processed items (e.g., Bonner-Jackson, Haut, Csernansky, & Barch, 2005; Kubicki et al., 2003).  

Impaired working memory (i.e., the ability to maintain and manipulate information over a 

very brief period of time) has also been identified as contributing to poor memory acquisition in 

SCZ (Cirillo & Seidman, 2003;  Lee & Park, 2005). Working memory can be subdivided into 

three components; two buffers that act as short-term holding areas for visual information (the 

visual-spatial scratch pad) and verbal information (the phonological loop) and a central executive 

that oversees the manipulation and transformation of information contained within the storage 

buffers as well as protects working memory manipulations from distractions and interference 

(Baddeley, Della Sala, Robbins, & Baddeley, 1996). Barch (2003) in her review of the SCZ 

working memory literature concluded that working memory deficits were due to impairment in 

the central executive rather than the storage buffers. This conclusion was based on research 

studies that found patients performed normatively on memory tasks when demands are limited to 

a small number of items, the delay to recall is brief, and there are no competing tasks or 

distractions (e.g., Cohen, Barch, Carter, & Servan-Schreiber, 1999). In contrast, memory 

performance in persons with SCZ declines when patients are required to remember many items 

over a longer delay or when asked to perform another task simultaneously (e.g., Kim, Glahn, 

Nuechterlein, & Cannon, 2004). Barch (2003) argues that these task demands are specifically 

related to the central executive. In particular, she posits that the central executive is responsible 

for the representation and maintenance of context. 
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Explanations for SCZ related impairment in retrieval have pointed to a deficit in 

conscious recollection rather than familiarity. This conclusion is drawn from the hypothesis that 

episodic memory recognition is based on two independent processes - familiarity and conscious 

recollection (Yonelinas & Jacoby, 1994). Familiarity assessment is automatic and quick while 

conscious recollection is a slower, effortful process that yields retrieval of the original episode. 

As reported earlier, some researchers using the Remember-Know and Remember-Know-Guess 

paradigms had found evidence of impaired conscious recollection in SCZ (Gardiner et al., 1996; 

Huron et al., 1995; Huron & Danion, 2002). Achim and Lepage (2003) conducted a meta-

analysis that compared item memory recognition to word-pair associative recognition. They 

argue that associative recognition judgements rely more on conscious recognition than 

familiarity while item recognition would rely on both. Therefore, the associative memory studies 

should show a stronger effect size than the item memory studies. The meta-analytic results 

supported their hypothesis in that the associative recognition deficit was 20% greater compared 

to item recognition. These data support the suggestion that the episodic memory impairment in 

SCZ is, at least partially, the result of impaired conscious recollection. 

Barch (2003) observed that that given the pattern of correlations between working 

memory, inhibition, selective attention, problem solving, and episodic memory in SCZ, there is 

possibly a common upstream deficit in a core cognitive function (or set of functions) that 

accounts for the impairment across domains. Barch and Ceasar (2011) suggest that a good 

candidate core function in this regard is proactive control; that is the ability to dynamically 

maintain the goal of a task and anticipate and thereby prevent interference. Proactive control is 

the dynamic maintenance of goal relevant information that obligates attention, perception and 

action towards the achievement of that goal. Furthermore, proactive control anticipates and 



Metamemory in Schizophrenia  17 

prevents interference which could explain findings regarding impaired functioning of the central 

executive of working memory in persons with SCZ (Barch, 2003).  Raganath and colleagues 

(2008) had earlier proposed a similar idea to Barch (2003) that cognitive control was a 

superordinate flaw explaining memory deficits in SCZ. At this point it is worth noting that in 

contrast to Raganath et al.’s description of the role of cognitive control, proactive control is more 

specific and dynamic in that goal relevant information is continually being updated and revised 

by task performance. The concept of a dynamic cognitive process that is updating the 

representation of the goal is compatible with the metamemory theory of Koriat, Goldsmith and 

Halamash (2008) presented later in this chapter. 

Support for proactive control as a core cognitive deficit that underpins memory deficits in 

SCZ is derived from the finding that proactive control is dependent on intact functioning of 

dopamine in the lateral prefrontal cortex and dysfunction in this system is responsible for a range 

of seemingly unrelated cognitive deficits such as inhibition, attention, and working memory 

(Braver, Barch, & Cohen, 1999; Cohen et al., 1999). In addition, neuroimaging data suggests that 

proactive control is resource demanding in the prefrontal cortex and reliant on temporally 

sensitive dopamine-prefrontal interactions (Lesh, Niendam, Minzenberg, & Carter, 2011). 

According to some investigators, SCZ is characterized by disordered prefrontal circuitry and 

underlying dopamine signaling. Accordingly, persons with SCZ are expected to display poor 

proactive control and may rely more on reactive control as a means of compensating for the 

deficit in prefrontal neurotransmitter dysfunction (Barch & Ceaser, 2011). Reactive control 

recruits attention and other cognitive resources as late correction. In contrast to the interference 

anticipatory function of proactive control, reactive control is engaged to correct for unanticipated 

interference that has interrupted the achievement of the goal. 
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In sum, several specific memory sub-processes (e.g., organization of to be learned 

material, conscious recollection) as well as related cognitive functions (e.g., working memory, 

inhibition) have been posited to underpin the robust episodic memory deficit observed in persons 

with SCZ. More recently researchers have proposed a more central core cognitive limitation (i.e., 

proactive control) disrupts not only memory but other cognitive domains such as attention and 

inhibition. 

As noted earlier, among patients with SCZ, impaired episodic memory and working 

memory predict an array of poor functional outcomes, including community living skills, social 

problem solving, social skill acquisition, and employment success (Green, 1996; Green et al., 

2000; Laes & Sponheim, 2006; Sponheim et al., 2003). Furthermore, structural equation 

modeling revealed that impaired functioning is also related to domains that require proactive 

control (Bowie et al., 2008). However, the correlations between functioning and accuracy-based 

measures of memory are only modest and some investigators have suggested that impairment in 

metamemory could facilitate a better understanding of how memory impacts functioning (Koren, 

Seidman, Goldsmith, & Harvey, 2006).  

The purpose of the current and previous sections was to introduce the prominent memory 

deficit in SCZ and summarize the evidence documenting its pervasiveness. As a reminder, the 

intent of this thesis is to explore aspects of metamemory that might contribute to SCZ-related 

impairment in memory performance. That is, memory performance is undoubtedly the result of 

two broad, independent, yet coordinated, cognitive systems. One system operates encoding, 

storing and retrieving memory representations, or traces, with optimal fidelity. These operations 

represent the memory system per se. Unfortunately, the fidelity of human memory is grossly 

imperfect and virtually every representation is degraded or corrupted in some fashion. Thus, a 
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second system is required that (a) evaluates memory performance and judges the appropriateness 

of memory output and (b) makes strategic decisions about changing the memory operations if 

performance is unsatisfactory and whether a given memory trace is appropriate. As noted earlier, 

this second system is generally referred to as metamemory. Clearly, people with SCZ, as a 

group, have impaired memory. However, deficits in accuracy-based memory are only a part of 

the larger picture and may be further compounded by deficits in metamemory. The next section 

will provide an overview of metamemory including a brief historical perspective and the 

theoretical model of metamemory that informs this dissertation.  

Metamemory 

Definition and Historical Background. Metamemory is not memory per se, but 

judgements, introspections and reflections about remembering and memory output (Metcalfe & 

Dunlosky, 2008) as well those decisions made based on these judgements and reflections 

(Dunlosky & Bjork, 2008b). As noted above, metamemory is a subdomain within the broader 

category of metacognition, a field that owes its origin to developmental research. Early 

metacognitive researchers, such as Flavell, were interested in how elementary school children 

judge and monitor their learning. In particular, they were curious about the processes that give 

rise to the judgment that one has learned new information well enough to use it later. Eventually, 

these developmental studies spawned more general investigations of metacognition, which 

through the 1980s were frequently described as examining “thinking about thinking” and/or 

“knowing about knowing” (Metcalfe & Shimamura, 1994). Following Tulving’s (1985) 

classification of consciousness, researchers who were interested in awareness (i.e., Tulving’s 

autonoetic consciousness) also adopted the term metacognition to refer to phenomena such as 

insight and conscious awareness of mental operations (Nelson, 1996).  
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As the field developed, a distinction was made between metacognition and metamemory. 

The former addressed self-awareness of operations related to problem-solving, reasoning and 

executive functioning, while the latter was confined to mental operations involved in memory 

(Dunlosky & Bjork, 2008). Early research activity yielded a variety of experimental paradigms 

such as Feeling-of-Knowing Judgements, Tip-of-the-Tongue States, Judgements-of-Learning, 

Source Judgements, and Remember-Know Judgements. A common underlying theme running 

throughout metamemory paradigms of this period was an interest in how people monitor 

consciously accessible memory. But on the whole, metamemory research from the 70s and 80s 

was characterized by heterogeneity and minimal integration across research efforts. Accordingly, 

these various paradigms differed with regards to the specific memorial epoch (i.e., acquisition, 

retention, or retrieval) that each was targeting. Some also differed with regard to the type of 

memory being investigated. For example, while some employed recognition memory formats, 

others examined implicit learning. In addition, these paradigms were often used in isolation, and 

even in competition, until a seminal paper by Nelson and Narens (1990), which arguably 

provided the first unifying model of metamemory. 

Nelson & Narens (1990) offered a taxonomy that classified the existing metamemory 

paradigms according to memory stage (i.e., acquisition, retention, or retrieval) and added the 

concepts of monitoring and control processes. Moreover, Nelson and Narens proposed that 

metamemory consists of two levels - an object level and a meta-level. The meta-level consists of 

a dynamic representation of the rememberer’s current goal and mechanisms to monitor and 

control the various processes occurring at the object level. In contrast, the object level is where 

these processes are executed. Object level output is monitored by the meta-level in order that 

control processes can be adjusted to achieve the desired goal. Accordingly, the meta-level must 
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also maintain a dynamic representation of the goal. The representation is considered dynamic as 

it is adjusted according to its output and factors such as the effort needed to improve output. For 

example, when learning new material, the amount of information recalled (object level) is 

monitored for accuracy and quantity by the meta-level relative to the representation of the goal. 

The results of this evaluation are then used by the meta-level to allocate additional learning 

resources. To draw on a manufacturing analogy, the object level is akin to the factory floor of an 

automated high-tech manufacturing plant and the meta-level is the computer program that 

monitors and controls the robots and machines relative to important production parameters that 

reflect quantity and quality. Nelson and Narens’ (1990) conceptualization of metacognitive 

monitoring and control processes provided a theoretical vocabulary that greatly facilitated 

communication in the literature. In the following section a metamemory model for memory 

retrieval that has evolved from Nelson and Naren’s (1990) concepts is discussed. After which, a 

summary of the metamemory literature in SCZ will be presented. 

Controlled Retrieval Model. Koriat, Goldsmith, and Halamish (2008) provided a useful 

theoretical framework for metamemory that specifies two phases following a memory query: 

search and output (see Table 2). The query is something the rememberer recognizes as needing 

information. The query can be initiated by another person or by rememberer themselves and 

generally takes the general form of a question. As an illustration, imagine someone completing 

his shopping at a busy mall and is about to return to his parked car when he realizes that he had 

not taken a mental note of where he parked. His self-generated query could be: “Where did I 

park the car?” At this point, our hypothetical rememberer must decide first whether the query 

actually requires a memorial response (e.g., one does not respond to rhetorical questions despite 

their interrogative format). If the decision is affirmative, a series of steps or processes are at the 
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disposal of the rememberer as they progress through the two stages of memory search and 

output. These processes are reviewed in more detail below and summarized in Table 2. 

Table 2. 

Summary of Phases and Metamemory Processes Involved in Controlled Retrieval (Adapted from 

Koriat et al, 2008). 

Phase Processes 

QUERY {  Cognitive processes (e.g. attention, perception) that recognize a 

query 

 

 

 
 

 

SEARCH 

 { 
 

Pre-Retrieval Processes 

 Monitor accessibility/familiarity of memory 

 Control whether to initiate or forgo memory search 

 Control (select) search strategy 

 Control (select) retrieval probes 

 

Retrieved Information* 

 

Post-Retrieval Processes 

 Monitor retrieved information for compatibility with task demands 

 If needed, revise/control retrieval probes and search strategy 

 Control (inhibit) incorrect or irrelevant traces 

 Monitor probability of success against additional effort and 

deciding (control) whether to cease or continue search 

  

 Best Candidate Trace* 

 

{ 
 

 

OUTPUT 

 Withhold or offer response based on report criterion 

 Monitor and control the informativeness/accuracy of answer 

*Retrieved information and Best Candidate Trace are greyed to emphasise that they are not part of the search phase 

but search products. The retrieved information is subjected to post-retrieval processes before being presented as 

“revised” best candidate trace for the report stage processes consideration. 
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Before reviewing detailed aspects of these the two retrieval phases (i.e., search and 

output), it is important to note that two fundamental processes, monitoring (i.e., judgements 

about accuracy) and control (i.e., decisions about if and how to output the memory), operate 

throughout the unfolding of memory retrieval – that is, from the memory query right up to the 

rememberer’s output (or withholding of that output). Monitoring processes judge and evaluate 

the search and its results (e.g., Is this memory trace likely to be accurate?) while control 

processes respond to these appraisals by making decisions that impact the search’s progress and 

final product(s) (e.g., Should I output this memory trace as my best candidate answer given the 

task at hand?). Key to Koriat and colleagues' model is the assumption that the search phase is an 

“automatic, ballistic operation” (p. 310); in other words, the search process is obligatory and 

achieves momentum quickly. The search phase starts with pre-retrieval decisions about whether 

to search, how to search, and with which probes (see Table 2). Pre-retrieval processes typically 

yield multiple pieces of retrieved information and it is the function of post-retrieval processes to 

cull this information in order to produce the best candidate trace. This chain of metacognitive 

events is iterative and ceases when the rememberer decides that the best candidate trace has been 

obtained or when further effort is deemed inappropriate. During the output phase the rememberer 

makes decisions about whether the best candidate trace should be reported by evaluating its 

appropriateness for the goal at hand. If it is to be reported, further decisions are then necessary 

regarding how the information should be reported; for example, should the information be vague 

or precise, broad or detailed. In the following sections, the specific processes operating under the 

search and output phases, respectively, will be further explicated.  

Pre-Retrieval Processes When Searching. According to the model, four processes are 

employed in the pre-retrieval memory search following a query: (a) monitoring memory 
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accessibility/familiarity; (b) deciding whether to search or infer; (c) selecting a search strategy; 

and, (d) selecting/controlling retrieval probes. The end-product of these processes is retrieved 

information (Table 2).  

Monitoring Memory Accessibility/Familiarity. If the rememberer opts to initiate the 

search, he must then judge the accessibility of target memory. For example, for our absent-

minded driver, he will judge his familiarity for events surrounding the parking of the car as well 

as with the mall and its parking lot. The driver will be very motivated to initiate a memory 

search. However, imagine a lost stranger requesting directions; the rememberer will likely 

evaluate their familiarity with the neighbourhood and the destination. If she is unfamiliar with 

the neighbourhood or the destination, and thereby concerned that her directions might be 

inaccurate, she might still forgo a search and opt for a non-response (e.g., “Sorry, I don’t know”). 

In metamemory parlance, the evaluation of familiarity is often referred to as Feeling-of-Knowing 

(FOK) (Dunlosky & Bjork, 2008).  

Deciding Whether to Initiate or Forgo a Search. Forgoing a memory search, however, 

does not immediately default the rememberer to a claim of ignorance as the answer might be 

generated by inference (Benjamin, 2008). This is particularly common with semantic memory 

where plausibility and general knowledge can provide a response. For instance, if you are asked 

if the Beatles made music videos for MTV, you can respond without searching memory based on 

your historical knowledge of popular music and related technology. Koriat and colleagues (2008) 

have characterized decisions of this nature as invoking either reconstructive or reproductive 

processes. Reconstructive processes rely on plausible inference and semantic knowledge, while 

reproductive processes attempt to replicate the event with optimal veracity. Furthermore, 

Benjamin (2008) argues that metamemory decisions, and the selection of strategy, serve to 
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improve memory efficiency - i.e., fewer memory resources are expensed in the service of task 

goals. In this context, the more remote an event the more likely one relies on reconstructive 

memory and plausible inference (Ross, 1989). In addition, context will play a role in determining 

whether one uses reconstructive versus reproductive processes. For example, reproducing 

accurate memories is not a priority when sentimentally reminiscing at a pleasant Thanksgiving 

dinner about past holiday family gatherings. In contrast, reproducing accurate memories is 

essential if being canvassed by police for eye-witness testimony or finding one’s parked vehicle.  

Alternatively, a technological solution to the query may exist that redirects the search 

process. Not recalling where a car is parked with low FOK for its location can be solved if the 

vehicle is equipped with a sophisticated GPS tracker. In this scenario, the rememberer would use 

memory to retrieve how to activate and operate the GPS service. On the other hand, personal 

standards, such as a perception that forgetting the location of a parked car is a sign of weakness, 

or a harbinger of cognitive decline, may motivate a memory search for the car’s location. 

Selecting a Search Strategy. Once a rememberer decides that a search is necessary, 

metamemory operations select the most efficient search strategy while simultaneously selecting 

retrieval probes. Koriat and colleagues (2008) note that by selecting a search strategy, the 

rememberer maintains control over the course and direction of the search and ultimately the 

yield. Benjamin (2008) adds that the strategy selection balances effort against task demands and 

goals. In this way, choosing retrieval probes catalyzes search by cuing memory in a direction that 

will yield the best information. For simplicity I will first discuss search strategies and then probe 

selection, but please note that these processes operate simultaneously and rapidly concatenate 

with each other and downstream processes. 
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Search strategies can be categorized as those involving matching or direct retrieval 

(Benjamin, 2008). Koriat and colleagues (2008) use a similar classification but emphasize a two 

stage process of accessing memory and monitoring the retrieved products. This metamemory 

process has been referred to as generate-and-match, in that one generates a trace and monitors 

the trace for suitability (Higham & Tam, 2005: Higham & Gerrard, 2005). Selecting a search 

strategy can depend on whether the rememberer is relying on recognizing the target or 

recollecting information in the absence of external cues. Some combination of both search 

strategies is likely employed when remembering, but for ease of description, matching and 

direct-retrieval will be described separately.  

A matching strategy involves generating plausible candidate traces based on category or 

feature similarities with the target. Metamemory refines the generated list by rejecting or 

accepting candidates based on memory strength. For example, in the case of our driver looking 

for his car, he might decide to draw on his idiosyncratic expertise in recognizing landmarks, 

generate potential candidate landmarks from his semantic memory of the parking lot and any 

fragments of recollection when parking. FOK judgements are used to evaluate the familiarity of 

these fragments. He then scans the parking lot, matching his generated best candidate landmarks 

to parking lot landmarks. Our driver also has the option to abort this strategy if metamemory 

monitoring deems the yield of traces to be inadequate. Alternatively, he could stop the search at 

the point he judges memory traces of landmarks as the relatively strongest, and walk to the most 

familiar landmark while activating his automated locking device and let the sound of his car horn 

direct him.  

In contrast, direct retrieval starts with a partial memory trace, one that yields “a noisy 

pattern-completed full trace” (Benjamin, 2008). Koriat and colleagues (2008) contend that the 
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pre-retrieval metamemory operations involved in direct retrieval are more likely employed when 

contextual information is encoded with the target information. The contextual information is 

used by metamemory operations to guide the search to the target. Benjamin (2008) concurs and 

adds that contextual information is also used to employ semantic memory to refine the search. 

Using direct retrieval, our driver would rely on episodic memory such as retracing his steps in 

order to recall traces that can be used as cues (e.g. “I entered the mall at the tool department of 

the big box store.”). He now has a partial memory trace of his car’s location at his disposal, for 

which a memory strength can be evaluated. 

Operating simultaneously with the cue are Judgement-of-Learning (JOL) mechanisms, 

which evaluate how well target information has been learned, either during the course of learning 

or afterwards (Narens, Nelson, & Scheck, 2008). In this example, JOL mechanisms evaluate the 

credibility of retrieved information, such as where our driver entered the mall, by monitoring if 

he adequately studied his environment when parking the car. If other episodic contextual-

congruent fragments spring to mind, like recalling a sale on cordless drills in the tool department, 

the veracity of the mall entry point is strengthened. Semantic memory could also be recruited to 

contextualize the retrieval-probe (e.g. “The tool department is on the lower level.”). The probe of 

entering at the lower level retrieves additional pieces of information that are again monitored for 

memory strength. 

The memory search continues and if adequate information is found that yields new 

probes (the process of probe selection will be discussed below) they can be used to direct 

memory search. Alternatively, the search is aborted if information is deemed inadequate or 

probes yield little information. The search strategies described so far largely rely on conscious or 

partially-conscious control of metamemory processes. However some strategies appear to be 
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solely unconscious. Source-constrained retrieval, the topic of the second chapter of this 

dissertation, is an example of a highly directed, controlled mode of retrieval that appears to 

operate outside conscious awareness (Jacoby, Shimizu, Daniels, & Rhodes, 2005b). In this 

paradigm, level of processing is manipulated during the study phase. Next two recognition tests 

are conducted: first a standard recognition test followed by a recognition test where the targets 

are the foils from the first recognition test. Participants randomized to deep-processing condition 

demonstrated superior memory on both recognition tests. In other words, foils were incidentally 

encoded more deeply by the participants who also encoded the initial items deeply at study. 

Jacoby and colleagues (2005a) suggest that the results demonstrated source-constrained retrieval; 

that, an unconscious metamemory mechanism that selects high-potential memory traces by 

reinstating encoding operations at retrieval. 

Selecting/Controlling Retrieval Probes. Context also plays an important role in selecting 

retrieval probes as recall is more efficient when the retrieval and encoding contexts are similar 

(Koriat, Goldsmith, & Halamish, 2008). For example, it has been thoroughly demonstrated that 

participants who study categorized word lists recall more items when provided category cues 

compared to uncued free recall (Tulving & Pearlstone, 1966). Memory search can be controlled 

by stipulating certain contextual traits of the queried information as retrieval probes. For 

example, when asked about the weather the previous morning, participants could potentially 

guide their search by recalling their attire (Burgess, Alderman, Evans, Emslie, & Wilson, 1998). 

Consistent with the assumption that memory is energy efficient, the goal of selecting 

retrieval probes is to restrict the memory search’s yield to the most useful and relevant traces, but 

no further (Benjamin, 2008). Woven into the example of our absent-minded driver is the process 

of selecting retrieval probes. For example, once semantic knowledge of the mall focused the 
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driver’s memory search to the lower parking level, he would be able to use the context of the 

lower parking level to reproduce or reconstruct, depending on memory strength, other episodic 

events as cues (e.g., trying to recall how long it took him to walk to the mall entrance). A myriad 

of related context probes are possible, such as habitual patterns and preferences, like seeking a 

parking spot as close as possible to the mall entrance and preferring to back the car into a parking 

space. 

Retrieved Information. The pre-retrieval phase yields preliminary output that must be 

processed by post-retrieval mechanisms (Table 2). Control over memory at this stage is achieved 

by the rememberer regulating the input to the retrieval operation through the above-reviewed 

pre-retrieval processes (e.g., opting for inference, selecting search strategies, and generating 

retrieval probes). As suggested in the previous section, pre-retrieval processes can have a 

sizeable effect on retrieved information via the search process itself. Once retrieved, however, 

memory traces are subject to more regulation by post-retrieval mechanisms, whose parameters 

are also defined and controlled by the rememberer. These post-retrieval processes are discussed 

next. 

Post-Retrieval Processes. According to the model, three processes are activated once 

suitable candidate traces has been retrieved (see Table 1): (a) evaluating retrieved information; 

(b) inhibiting incorrect or irrelevant traces; and (c) judging the likelihood of success in deciding 

whether to terminate or continue a search. The end product of these processes are a fully vetted 

best candidate memory trace, which is then passed along to report mechanisms for consideration 

of whether and how to output the memory in the context of the goals at hand, environmental 

contingencies (e.g., risks and rewards) and personal standards and biases. In the proceeding 

section, the three post-retrieval processes are described in more detail. Like pre-retrieval 
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processes, post-retrieval procedures are iterative and concatenated with some processes 

occurring simultaneously or in parallel. 

Evaluating Retrieved Information. The retrieved information is scrutinized at this point 

for accuracy and relevance, as well as for its adherence to search goal. If retrieved traces satisfy 

the quality check, the search is ceased and report processes are enacted. If the quality check 

deems the retrieved information to be deficient, the processes related to revising retrieval probes 

and search strategy are enacted, or the search is aborted (Koriat et al., 2008) In addition, part of 

monitoring retrieved information is maintaining control of the search by revising retrieval probes 

and, if necessary, changing the search strategy (see Table 2). 

According to Koriat and Sadot-Levy (1999), quality monitoring of retrieved information 

fall into two categories: information-based and experience-based. Drawing on semantic 

knowledge, information-based processes employ conscious analysis in making data-informed 

appraisals of retrieved traces. In contrast, the vividness of a retrieved trace or the ease with which 

it springs to mind, are examples of cues that implicitly contribute to the subjective confidence in 

the correctness of the trace. While conceptualized as two distinct types of quality checks, 

information- and experience-based evaluations work together to accomplish checking functions. 

In the example of the absent-minded driver, traces such as remembering that he entered at the 

tool department are inspected from the perspective of their vividness (experienced-based 

evaluation) and consistency with semantic knowledge (information-based evaluation) and, on 

these bases, adopted or rejected.  

Source monitoring (Mitchell & Johnson, 2000) is an extensively researched metamemory 

mechanism that helps evaluate memory traces for accuracy by identifying their origin by 

drawing on both information- and experienced-based evaluations. Remembering the origins or 
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source of a given memory can help to bolster assessments of its veracity, but it can also serve to 

confound a memory with others derived from similar sources. In such cases, memory will be 

highly confusable and the resultant source attribution will be more difficult and error prone. In 

our example, if the mall parking lot is frequented often, then our absent-minded driver must be 

vigilant that any reconstruction of today’s parking is not confused with recent parking at the 

mall. As source monitoring has been more extensively investigated among persons with SCZ, a 

more detailed discussion of this important operation will be presented later in this chapter.  

Inhibiting Incorrect or Irrelevant Traces. The pre-retrieval phase can generate a great 

deal of information, and not all of it relevant. Metamemory mechanisms are involved in filtering 

this information by inhibiting irrelevant and incorrect candidate answers. Koriat and colleagues’ 

(2008) note that the consequence of faulty inhibition can be observed in the tip-of-the-tongue 

(TOT) phenomenon. In TOT, an incorrect, but closely related candidate trace, repeatedly comes 

to mind despite being rejected (Burke, MacKay, Worthley, & Wade, 1991). Retrieval failure of 

the correct trace and the interference of the close approximate, but incorrect trace, is attributed to 

faulty inhibition (Schwartz, 2002).  

More direct evidence of a role for inhibition in metamemory comes from experiments on 

controlled inhibition (e.g., Hasher, Chung, May, & Foong, 2002; Healey, Campbell, Hasher, & 

Ossher, 2010) and directed forgetting (Johnson, 1994). Controlled inhibition studies have found 

that inhibitory mechanisms are employed in two ways. First, to preclude instant reporting of 

candidate traces that come to mind initially so that other candidates can also be retrieved and 

considered. Next, to limit any close approximations to the target which were activated by 

working memory. In directed forgetting experiments, healthy participants typically demonstrate 

diminished recall of information they were instructed to forget (Hogge, Adam, & Collette, 2008). 
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However, the to-be-forgotten information can still be retrieved under conditions such as a 

recognition test, suggesting that the causal mechanism in directed forgetting is the inhibition of 

remembering the to-be-forgotten information. For our driver, there could be competing traces 

such as mall entrances that were previously entered and these memories would need to be 

inhibited.  

Judging Likelihood of Success in Deciding Whether to Terminate or Continue a 

Search. Confidence in the accuracy of the retrieved trace serves as one reason to cease or persist 

with a search (Koriat et al., 2008). This decision is seen as volitional. Higher confidence in a 

response likely terminates a search, while low confidence, depending on motivational factors 

such as the importance of a response, can spur more searching. In the case of a misplaced 

vehicle, our driver would be very motivated to continue searching his memory. Alternatively, if 

retrieving information is relatively unimportant, the rememberer could opt against expending any 

further effort, especially when confidence in the remembered items is low. In the example of our 

driver, if the retrieved information on the location of his parked car is of poor quality, our driver 

may opt against further memory searching in favour of using his car’s GPS tracker, an option he 

had rejected at the pre-retrieval phase due to personal standards. 

As noted earlier, FOK judgements, the subjective confidence in something remembered 

or yet-to-be-remembered (Dunlosky & Bjork, 2008b), also play a role in the decision to cease or 

continue searching. The phenomenon that items not-yet-recalled could influence search 

processes can be demonstrated empirically by asking participants, in situations where they 

cannot recall an answer to a question, whether they might be able to recognize the correct 

answer. In this situation, study participants can accurately predict whether they will recognize 

the answer despite having an insufficient representation of that answer (Hart, 1967). In other 
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words, the metamemory system is able to predict what will be remembered in the future, despite 

the memory system being unable to recall the information in the present. Similarly, Nelson and 

Narens (1990) report that participants are more likely to persist with a search when FOK is high 

for yet-to-be-retrieved traces compared to when it is low.  

Output Stage. Once the rememberer decides to terminate a search, he/she must 

determine whether to report the best candidate trace and how to report it. Importantly, report 

processes are subject to strategic control, individual differences, social conventions, situational 

contingencies, and task demands. In the following section, the processes involved in the decision 

to output a response are reviewed. Key to the report decision is the concept of report criterion, 

which will be described briefly here and expanded on in more detail in Chapter 4 of this 

dissertation. Next, the processes involved in how rememberers regulate the accuracy and 

informativeness of an answer through manipulation of grain size are discussed. Put simply, grain 

size is the level of precision provided in an answer (e.g., “Monday, January 4
th

” versus 

“Sometime last week.”). 

Deciding to Report or Not Report. Typically memory research has focused on memory 

under forced report conditions; in other words, the participant is instructed to give definite 

answers. However, free-report is more common in our day-to-day interactions. Under these 

circumstances, we can choose not to respond or claim forgetfulness (i.e., “I don’t know” or “I 

can’t remember”) (Koriat & Goldsmith, 1996a). Several experiments using free-report formats, 

with varying penalty schedules for errors and incentives for accuracy, have consistently found 

increased report accuracy in comparison to forced-report testing (Koriat & Goldsmith, 1996b: 

Experiments 1 & 3). However, overall accuracy is improved by withholding best-candidate 
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responses with lower confidence ratings. In other words, participants strategically improved 

accuracy by modulating the quantity of their responses. 

The competing agendas of quantity versus accuracy compel rememberers to strike a 

balance in order to regulate reporting. The control of report option is achieved by setting a report 

criterion (Koriat & Goldsmith, 1996b). An answer is offered if confidence in the accuracy of the 

retrieved information exceeds the criterion, otherwise it is withheld. Criterion setting is based on 

the perceived benefit of giving a correct answer relative to the cost of offering an incorrect 

answer. In general, as the criterion level increases, report accuracy should increase, but the 

quantity of correct answers will necessarily decrease. Under circumstances where the costs 

outweigh the benefits of offering an inaccurate response, the model predicts that criterion will be 

stricter and fewer responses will be offered. 

Experimental evidence supports the quantity-accuracy model as well as the anticipated 

impact of incentives and penalties on report criterion and output quantity (Koriat & Goldsmith, 

1996a, Experiment 1; Kelley & Sahakyan, 2003, Experiment 1). Research has also found that 

report option is of little benefit to clinical populations, such as older persons, who demonstrate 

impaired ability to monitor accuracy and, therefore, fail to yoke memory confidence to accuracy 

(Bacon, Huet, & Danion, 2011; Rhodes & Kelley, 2005). This finding speaks to the 

synchronized relationship between monitoring and control processes in impacting overall 

memory performance. 

In the situation of remembering the location of a parked car, environment and 

circumstances can adjust criterion. Report criterion might be low if the parking lot is relatively 

empty or the weather pleasant and there are many hours of day light remaining. On the other 

hand, report criterion would likely be higher in a busy mall with a parking lot at capacity as error 
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costs are higher (e.g., error will likely result in more walking). Multiple answers are inefficient, 

particularly when weighed against other potential factors that increase error costs such as lot 

size, inclement weather, limited daylight, parcels and so forth. The report criterion will be high 

in this instance, but not so high as to exclude all answers. As discussed below the driver is likely 

to initiate looking for the car at a remembered location when the confidence level in the best 

candidate trace equals or exceeds the established report criterion, such as the mall entrance at the 

tool department. 

Regulation of Grain Size (Informativeness). Responses can also run along a continuum 

from being precise to general or vague. The coarseness of an answer (i.e., specific to general) is 

referred to as its grain size, or granularity, and is governed by another trade-off; that is, the trade-

off between informativeness and accuracy (Yaniv & Foster, 1995; Yaniv & Foster, 1997). 

Coarse-grain responses are utilized under conditions when fidelity is demanded and precision 

can be sacrificed (i.e., low informativeness, high accuracy). In contrast, more precise, fine-grain 

responses are offered when both accuracy and precision are demanded. However, by virtue of 

their exactness, fine-grain memories are monitored as having lower confidence and outputted 

with lower probability of accuracy. As such, report processes are fundamentally guided by this 

accuracy-informativeness compromise. Output a fine-grain response and risk error or opt for a 

coarser grain response and jeopardize informativeness. Experimental evidence has found support 

for the accuracy-informativeness trade-off as incentives and penalties impacted output of fine 

and coarse grain responses as anticipated by the model, under high penalty conditions 

participants opted for coarser grain responses (Goldsmith, Koriat, & Weinberg-Eliezer, 2002). 

The driver in our example faces the accuracy-informativeness dilemma: needing precise 

information when confidence is low. One solution for the driver is to start looking for the car 
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from a location that satisfies report criterion but is also of satisfactory informativeness (grain-

size). The place where the mall was entered might meet both of these conditions – i.e., strong 

memory strength and precise enough from where a systematic physical search can be launched. 

The driver can also draw on inferences such as parking habits. The driver also sets a limit on the 

coarseness of the acceptable memory trace for the nearest location to the misplaced vehicle. The 

idea that people place a coarseness limit to volunteered answers is a fairly recent topic of 

metamemory research (Ackerman & Goldsmith, 2008).  

Goldsmith and Koriat (2007) noted that participants seemed to put a limit on coarseness 

of a response by opting to be incorrect and incur penalty rather than provide overly broad and, 

therefore, uninformative responses. As a result, Ackerman and Goldsmith (2008) proposed an 

additional criterion (i.e., a minimal informativeness criterion), which can override the 

confidence-in-response report criterion. Under experimental manipulation, the option to withhold 

a response was denied and participants outputted a coarse response that was relatively 

informative but likely incorrect. In other words, they violated the report criterion based on 

confidence in favour of a minimal informativeness criterion (Ackerman & Goldsmith, 2008). 

However, the minimal informativeness criterion took precedence only for items drawn from 

areas of general knowledge, with which the participants had low levels of familiarity. 

Conventional report criterion was paramount when reporting memories on a topic of greater 

familiarity. Ackerman and Goldsmith (2008) speculate that for certain special populations who 

operate with diminished memory retention, such as older persons (and persons with SCZ), 

withholding a response (“I don’t know” option) is strategic in that it circumvents giving an 

overly coarse response or an incorrect but informative coarse response. A minimally informative 

response is an unlikely option for either examples of the driver or the person responding to a 
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query for directions, intuitively supporting the claim that this type of response is more likely to 

occur in situations where error is perceived as relatively inconsequential.  

In concluding this review of metamemory processes it is important to re-emphasize that 

monitoring and control processes are operating from the point of the query. Metamemory works 

with memory in the service of behavioural goals. Personal standards, task demands, and context, 

including social norms will influence monitoring and control of retrieval and output. In the next 

section the rather limited schizophrenia metamemory research will be reviewed and discussed.  

Schizophrenia Metamemory Research. 

In this section, the literature investigating metamemory and metacognitive performance 

of persons with SCZ will be reviewed. In recent years there has been some application of Koriat 

and colleagues’ scheme of monitoring and control processes to SCZ research. However, this 

literature is not extensive and is primarily confined to the work of Dr. Jean-Marie Danion and 

colleagues in Strasburg, France. Moreover, the Strasburg researchers have been largely 

motivated to investigate the role of consciousness in SCZ and, as such, employed metamemory 

tasks as a means to investigate patient’s conscious awareness of memory performance. Some of 

these investigators have employed other metamemory paradigms such as FOK, JOL and directed 

forgetting. In such cases, most SCZ metamemory research has employed older paradigms and 

this body of literature has been predominantly directed at studying monitoring rather than control 

processes. The proceeding review of this research will begin with the limited research that has 

used the Koriat and colleagues’ model, followed by a review of studies on source monitoring in 

SCZ and a survey of studies using FOK, JOL, and directed forgetting paradigms.  

Monitoring and Control Processes Research with SCZ. Koren and colleagues (2006) 

have called for the systematic examination of how metacognitive processes impact cognitive 
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performance and functioning of persons with SCZ. As in the current thesis, they suggested that 

the well-established relationship between cognitive deficits and poor functional outcome is only 

modest and may be further explained by impairment in metacognition. Moreover, they criticize 

the dominant neuropsychological research for its emphasis on evaluating specific cognitive skills 

rather than addressing processes that transfer learning between cognitive domains and from 

cognition to behaviour. They further argue that more ecologically valid measurements of 

cognition are needed to capture real-world limitations amongst persons with SCZ (Koren et al., 

2006). Ecological validity has been conceptualized as involving two dimensions: verisimilitude 

and veridicality (Franzen & Wilhelm, 1996). Verisimilitude is the extent to which the cognitive 

requirements of a particular test simulate real-world cognitive demands. Veridicality refers to the 

extent to which a test is empirically related to measures of functioning, such as employment or 

assistance needed to perform instrumental activities of daily living (IADL). In other words, 

verisimilitude identifies performance problems or strengths on a simulated real-world task while 

veridicality predicts performance on real-world tasks (Chaytor & Schmitter-Edgecombe, 2003). 

These dimensions of ecological validity are not mutually exclusive and some tests can combine 

both.  

Koren and colleagues (2006) argue that the ecological veridicality of cognitive tests and 

SCZ research can be enhanced by adding measures that evaluate metacognitive monitoring and 

thereby “bridge the gap between laboratory measures of cognitive deficits or biases and real-

world information processing difficulties” (p. 310; Koren et al., 2006). Their claim is grounded 

in the view that monitoring and control processes capture self-management of one’s mental 

actions and performance. Conscious judgements (monitoring) of one’s confidence in an answer 

and controlling response options are aspects of self-management and considered by Koren and 



Metamemory in Schizophrenia  39 

colleagues to be an inherent facet of real-world functioning. They note that self-management has 

generally been disregarded in SCZ research as it is considered a methodological confound that 

compromises experimental control. However, a patient’s ability to judge personal capacity 

regarding performance and from that appraisal decide whether to proceed, desist, or seek 

assistance are essential metacognitive processes that can help better understand the relationship 

between cognitive deficit and functional performance. In the next subsection, experimental 

support for Koren and colleagues’ (2006) perspective is presented.  

To study monitoring and control functions in SCZ, Koren and colleagues’(2008) 

modified the Wisconsin Card Sorting Test (WCST), a widely used neuropsychological measure 

of executive functioning (Heaton, Chelune, Talley, Kay, & Curtiss, 1993). It tests flexibility in 

shifting mental sets under conditions where the schedules of accuracy change without warning. 

Koren and colleagues included a monetary incentive for accurate responses and an equal penalty 

for errors. Participants were also instructed to rate their confidence in each response on a 0-100% 

scale (100 representing completely confident) and they were given control over response options 

with permission to include or exclude any answer without penalty.  

One of the main purposes of the Koren et al. (2006) study was to investigate whether 

metacognitive measures would predict unique variance in real-world functioning, over that 

predicted by cognition per se. Real-world functioning was operationalized as patients’ insight 

into their illness and competence with regard to providing consent to treatment. Aside from the 

WCST’s typical scores (i.e., number of categories obtained, trials to first category, number of 

correct sorts, number of perseverative responses and errors), six metacognitive variables were 

also generated. The results indicated that insight and treatment-decisions, but not competence, 

were less related to conventional WCST measures as compared to metacognitive measures of 
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performance. Although intriguing, the results from this initial pilot study are also associated with 

a number of limitations. First, using scores from surveys regarding treatment decisions and 

awareness of illness only partially captures the tasks essential to community functioning, such as 

money management. For example, from a medico-legal perspective, one can be competent to 

make treatment decisions but not competent to manage one’s finances (Capacity Assessment 

Office Ontario Ministry of the Attorney General, 2005). Second, the monitoring and control 

measures were entered together into the regression formula with no specifications of which 

measures differentially impacted the outcome variable. Therefore the results did not reveal which 

of the metacognitive variables improved the predictive power of the WCST. 

Using a similar methodology Danion and colleagues (2001) presented participants with 

SCZ (n = 18) and an equal number of HCs a 120-item general knowledge test. In the first phase 

of the experiment, the forced-report phase, participants were instructed to answer every question, 

even if they had to guess. Each answer was rated for confidence in accuracy on a 0-100 point 

scale. In the second phase, the free-report phase, the same test was re-administered with the 

option of not responding. The questions on the first half of the test lacked rewards and penalties, 

but the remaining items carried a monetary reward for correct responses and a penalty of equal 

value for incorrect responses. Aside from the standard quantity-based dependent variable of 

proportion of correct answers, three dependent variables related to metamemory were generated: 

monitoring resolution, control sensitivity, and report criterion. The third variable, report 

criterion, estimated the confidence level (set individually by each participant) necessary for 

volunteering an answer. The investigators anticipated that report criterion would be stricter (i.e., 

needing higher confidence) among patients with SCZ (Danion et al., 2001). 
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Danion and collaborators’ study, as noted above, was motivated to understand self-

reflection and consciousness in SCZ. They argue that poor self-reflection amongst patients with 

SCZ was responsible for “behavioural abnormalities” (p. 2064, Danion et al, 2001), but a 

definition of said abnormalities is absent. Two exploratory hypotheses were tendered: (a) 

impaired accuracy monitoring amongst patients with SCZ would be related to behavioural 

abnormalities and (b) subjective experience would not guide decision-making amongst patients 

with SCZ to the degree it would among HCs and/or incentives would have less impact on control 

sensitivity in the SCZ group. 

Monitoring resolution was found to be poorer in participants with SCZ compared to HCs. 

In other words patients did not discriminate correct from incorrect answers as their accuracy 

judgements were incongruent with correctness. Patients were particularly overconfident for 

incorrect responses compared to HCs. Moreover, as anticipated, patients’ report criterion was 

more conservative than HCs. However, patients adjusted report criterion normally in response to 

the incentive condition, setting a stricter criterion for items that carried rewards and penalties. In 

sum, monitoring resolution and control sensitivity were altered among participants with SCZ, but 

they adjusted report criterion normatively. 

Taken together these findings suggest that some metamemory processes are impaired in 

persons with SCZ, while others are relatively intact. Furthermore, these studies suggest that by 

investigating metamemory in persons with SCZ a better understanding of their behaviour, 

including ADL and other aspects of functioning can be realized. In the following section 

metamemory research in SCZ using slightly different paradigms and methodologies will be 

presented. The majority of this research can be characterized as focusing on monitoring 

mechanisms, such as source monitoring, JOL, and FOK. The review of this literature will start 
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with source monitoring; the most researched metamemory area in SCZ, followed by JOL, FOK, 

and directed forgetting. These paradigms also conform to processes identified in Koriat and 

colleagues’ (2008) model of controlled retrieval processes. 

Source Monitoring. Source monitoring helps to evaluate memory traces for accuracy by 

identifying their origin (Mitchell & Johnson, 2000). Models of source monitoring generally view 

memory as being constructed (Mitchell & Johnson, 2000). Therefore, in the post-retrieval stage, 

monitoring the origin of the retrieved trace would be an important verification check, particularly 

when retrieved information is the result of the rememberer relying partially or wholly on 

reconstructing past information. Source monitoring is consistent with Koriat and colleagues’ 

(2008) model in that they share the idea of an experienced- and information-based assessor. 

Within the SCZ literature, source monitoring has been put forward as an explanation for 

perceptual disturbances, such as hallucinations (Bentall, 1990; Waters, Woodward, Allen, 

Aleman, & Sommer, 2012). 

Source monitoring theory identifies three different cognitive operations underpinning 

attributions of source (Lindsay et al, 1993). First, internal source monitoring discriminates 

between events generated by one's own cognitive activity (thoughts, intentions) and verbal and 

motor behaviour (e.g., “Did I lock the front door or did I just think about doing it?”). Second, 

external source monitoring discriminates between events that occur in the environment, such as 

whether an event happened at the bookstore or at the library. The third mechanism, reality 

monitoring, is broader than the other two as it discriminates between self-generated events (e.g., 

dreams, thoughts, and imagined events) and events that occurred in the environment (Johnson, 

Hashtroudi, & Lindsay, 1993; Lindsay, 2008). Source monitoring can be an important adjunctive 
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mechanism in the armamentarium of the post-retrieval processes by identifying the source and 

leveraging the source to judge the authenticity of traces outputted by the pre-retrieval stage.  

Difficulty recognizing the source of an item on memory tests has been consistently 

demonstrated in persons with SCZ (Danion et al., 1999; Harvey et al., 1986; Waters et al., 2012). 

When compared to healthy participants, persons with SCZ demonstrate impairments in all three 

source monitoring subdomains: internal monitoring (e.g., Henquet, Krabbendam, Dautzenberg, 

Jolles, & Merckelbach, 2005), external monitoring (e.g., Vinogradov et al., 1997), and reality 

monitoring (e.g., Keefe, Arnold, Bayen, McEvoy & Wilson, 2002). Impaired source monitoring 

was also identified in healthy siblings of persons with SCZ (Brunelin et al., 2007), suggesting 

that source monitoring is a possible trait vulnerability marker. However, source monitoring 

impairment in SCZ is not quite ubiquitous, as there is evidence that internal source monitoring is 

relatively spared amongst non-hallucinating patients compared to their hallucinating counterparts 

(Brunelin et al., 2006). As noted in the previous section, source monitoring can be employed 

when evaluating retrieved information, and is particularly useful when memory is reconstructed. 

Furthermore, studies have found that patients reported greater confidence in their misattribution 

errors compared to healthy participants (e.g., Moritz, Woodward, & Ruff, 2003). Source-

monitoring error overconfidence may result in failure to validate memory with a reliable external 

source, and thereby potentially compromise functional performance.  

While the focus of this dissertation is on metamemory in persons with SCZ, it is 

worthwhile to note that the source monitoring paradigm has been applied to understanding 

hallucinations. Bentall (1990) proposed that a failure of reality monitoring may explain 

hallucinations. Narrative literature reviews have supported this proposition (Ditman & 

Kuperberg, 2005; Woodward, Menon, & Whitman, 2007) as well as a recent meta-analysis by 
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Waters and colleagues (2012). Aleman and Larøi (2008) note that the purpose of this line of 

inquiry is not just to demonstrate that hallucinations are related to a source monitoring deficit, as 

this would amount to a tautology. In their view, the benefit of applying source monitoring 

paradigm to understanding hallucinations in persons with SCZ is that it offers a window into a 

metacognitive impairment and its contribution in a chain of perceptual, cognitive, metacognitive 

and neurological process with the ultimate goal of symptom amelioration (Aleman & Larøi, 

2008). However, the relationship between hallucinations and source monitoring and other 

metacognitive mechanisms, such as metacognitive beliefs, has come into doubt by another meta-

analysis (Varese & Bentall, 2011). In addition, there is very little association between 

metacognitive beliefs and hallucination-proneness, at least in clinical samples (Varese & Bentall, 

2011). Furthermore, after controlling for the effect of comorbid symptoms, Varese & Bentall 

(2011) found that hallucination-proneness was only weakly associated with metacognitive 

beliefs, which could explain previously observed large associations as due to the failure to 

consider the covariation between different symptoms. These authors criticize the source 

monitoring and hallucinations narrative reviews (Ditman & Kuperberg, 2005; Woodward et al., 

2007) for failing to integrate relevant quantitative findings. Waters et al. (2012) did integrate 

quantitative findings in their meta-analysis regarding the relationship between auditory 

hallucinations and self-recognition (reality monitoring) in patients with SCZ. However, their 

analysis did not include covariation between comorbid symptoms. In conclusion, the research on 

how and if source monitoring deficits contribute to auditory hallucinations is inconclusive. 

Feeling of Knowing (FOK). As a reminder, FOK is the subjective confidence in being 

able to recognize an answer on a future recognition test when one cannot recall the answer in the 

present (Dunlosky & Bjork, 2008). Under Koriat and colleagues’ (2008) model, FOK is a 
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mechanism that manifests during the pre-retrieval process that monitors the 

accessibility/familiarity of memory for the query’s topic. A FOK explanation that has gained 

increasing credibility is Koriat’s accessibility model, which proposes that FOK is driven by the 

overall accessibility of partial information regarding the query’s domain that comes to mind 

during pre-retrieval memory search (Koriat, 1993; Koriat, 1995). This information is considered 

partial as fragments associated with the query’s target, such as semantic attributes and episodic 

information also come to mind during pre-retrieval search. If large amounts of partial 

information are readily accessible, the query’s domain is presumed familiar and subsequent 

recognition is inferred as probable, thus increasing FOK. In addition, the accessibility model also 

notes that the accuracy of FOK judgements, in other words their predictive validity, depends on 

the correctness of this partial information. Thus, a high FOK based on incorrect partial 

information would be discordant with subsequent accuracy. To use a military analogy, the 

accessibility process is akin to an initial reconnaissance mission scouting out the enemy’s 

resources, military strategy and confidence will be based on the scouts’ report, but victory will in 

part be dependent on reconnaissance accuracy. In this section the three studies that have explored 

FOK in SCZ will be reviewed. 

Given the known memory deficits in SCZ, Bacon, Danion, Kauffmann-Muller, and 

Bruant (2001) found that, on a semantic memory task, HCs’ FOK was higher than patients’ 

FOK, presumably because patients retrieved less partial information. Furthermore, the proportion 

of correct responses associated with low FOK was significantly higher for patients; in other 

words, participants with SCZ reported that they did not know the answer at the recall phase of 

the test but were able to recognize the correct answer on the multiple-choice phase (Danion, 

Meulemans, Kauffmann-Muller, & Vermaat, 2001). These results were not fully replicated on an 



Metamemory in Schizophrenia  46 

episodic memory task that employed a cued-recall task using sentences whose last word was 

removed at test (Souchay, Bacon, & Danion, 2006). Souchay and co-investigators (2006) found 

no statistical difference between patients and HCs on either FOK judgements or FOK accuracy. 

However, gamma correlations used to measure the correspondence between FOK and future 

recognition accuracy, suggested that HCs demonstrated stronger FOK accuracy than the patients. 

To explain the negative results, Souchay and colleagues (2006) noted possible methodological 

limitations in the use of their sentence completion task. 

In a later FOK study, nonsensical tetragrams (4 letter consonant strings) were presented 

at study, in part to compensate for the methodological limitations noted with the sentence 

completion task (Bacon & Izaute, 2009). The use of tetragrams allowed the researchers to 

investigate the relationship between the amount of partial information retrieved (i.e., number of 

recalled consonants in a string) and FOK accuracy. The results indicated that patients’ FOK 

judgements and FOK accuracy were generally similar to HCs and that both groups relied on 

accessibility of partial information (i.e., number of letters recalled) in making FOK judgements. 

The only significant difference found between the two groups was in the recall of a single letter 

of the tetragram. Unlike HCs, patients’ FOK judgements were not significantly different between 

zero and one letter recalled; in other words, participants with SCZ believed they were just as 

unlikely to recognize a tetragram when they recalled one letter as when they recalled nothing. 

In sum, the type of task appears to mediate the FOK performance of persons with SCZ. 

Patients do as well as HCs on episodic tasks in monitoring their memory but less so on semantic 

tasks. Although the studies are reasonably rigorous in methodology with adequate sample sizes 

they all hail from one laboratory and would benefit from replication by external research groups. 

Understanding FOK in persons with SCZ is important as this judgement forms an essential part 
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of the pre-retrieval processes that are monitoring the accessibility of memory in deciding 

whether to forgo or initiate a search. Furthermore, if the results of these initial studies are 

replicated then rehabilitation efforts could be better tailored depending on whether the ADL 

relies on semantic or episodic memory. In the next section the literature related to another pre-

retrieval process, judgment of learning, will be reviewed. 

Judgement of Learning. As reported earlier, JOL mechanisms evaluate how well target 

information has been learned, either during the course of learning or afterwards (Naren et al., 

2008). In Koriat and colleagues’ (2008) model JOL operates in the pre-retrieval phase, 

monitoring how well information has been learned. The SCZ literature has focused on JOL 

during the course of learning by examining how much time is allocated to studying new 

information (Bacon, Izaute, & Danion, 2007; Thuaire, Izaute, & Bacon, 2012). This area of 

research has been motivated by different goals than this dissertation; specifically, to investigate 

how conscious awareness of JOL (monitoring) influences study time allocation (control 

mechanism). These studies have investigated acquisition, or learning, rather than the current 

thesis’ focus on retrieval. However, this limited body of literature is consistent with 

dissertation’s methodological approach (i.e., QAP) used by Koriat and colleagues’ as well as 

Koren and colleagues’.  

Bacon and colleagues (2007) used a word-association procedure and manipulated the 

frequency of word-pair presentation to investigate the relative contributions of metamemory 

monitoring and control. They hypothesized that patients would have lower JOL evaluations and 

poorer JOL accuracy compared to HCs. More importantly, they predicted that unlike HCs whose 

JOL was expected to increase with presentation frequency, participants with SCZ would remain 

invariant. Similarly, patients’ study time allocation would also remain invariant to presentation 
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frequency while HCs’ would modify study time as a function of presentation frequency. 

Consistent with their hypothesis, patient’s JOLs were lower than those of HCs. However, 

contrary to the investigators’ prediction, JOL accuracy was not significantly different between 

the two groups. On the other hand, despite relatively spared monitoring, the time patients 

dedicated to studying was invariant to presentation frequency compared to HCs who allocated 

significantly less study time as presentation frequency increased. The investigators concluded 

that while encoding episodic memory, patients demonstrate relatively spared monitoring but 

impaired control (Bacon et al., 2007).  

In Bacon and colleagues’ (2007) study, JOL and study time allocation occurred almost 

simultaneously and Thuaire et al. (2012) wondered if patients could improve control mechanisms 

if monitoring preceded control, thereby allowing greater self-reflection on performance that 

would in turn enhance decision making regarding time spent studying. In other words, could 

control be improved by manipulating the temporal sequence of monitoring and control 

processes? A second purpose of this study was to investigate if SCZ patients adapt memory 

strategies as a function of the relative difficulty of to-be-remembered material. To that end, 

participants were presented with word-pairs that were either easy to learn (i.e., pairs with strong-

association) or more difficult to learn (i.e., unrelated pairs). The experiment consisted of two 

study-test periods. In the first study phase, pairs were presented for 5s, and before administering 

the first test the pairs were re-presented and JOL rated. At test, the first word of each pair was 

presented and participants were instructed to recall its associate or provide a non-response (“I 

don’t know”). In the second study phase, learning was more self-paced as participants were 

offered up to 20s to re-study the word pairs. The second test was administered in the same way 

as the first. Thuaire and co-investigators (2012) correctly predicted that both groups would spend 
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more time studying harder-to-recall pairs and that these no-association pairs would have lower 

JOLs. Also consistent with their hypothesis, both groups dedicated more time re-learning 

unrecalled pairs of the first test. In sum, patients responded normatively by controlling their 

study time according to their evaluation of item-difficulty and previous performance. 

The JOL studies suggest that this monitoring function is relatively spared in patients, at 

least at acquisition. However, metamemory control is impaired and does not abate when 

monitoring is made explicit and activated in advance of control decisions. The potential to 

improve control of learning through more explicit monitoring has intriguing possibilities for 

skills acquisition in ADL, employment training, and social skills teaching in persons with SCZ. 

However, the same caveats apply to the JOL literature as those levied at the FOK literature - 

these studies would benefit from replication in other labs. Furthermore, the JOL studies have 

been limited to acquisition and their application to retrieval must be made with caution. 

Directed Forgetting. Directed forgetting is an experimental procedure that evaluates 

memory inhibition. In Koriat and colleagues’ (2008) model, inhibition of irrelevant information 

is a pre-retrieval process. In a directed forgetting experiment, participants are instructed at study 

which items are to be remembered (TBR) or to be forgotten (TBF). Subsequently, memory is 

tested by either recognition or recall test. At test, participants better remember items that were 

cued as TBR. The option of test format depends on whether TBR and TBF are cued at study 

using the item or list method (Basden, Basden, & Gargano, 1993; MacLeod, 1999). Participants 

are cued following each word in the item method. The list method involves presenting half the 

study list and then instructing participants to forget (TBF) all previous items, and then the 

remaining list is presented with instructions to remember them. Research has demonstrated that 

both methods yield the directed forgetting effect on the recall test but the effect is attenuated with 
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the list method. Moreover, only the item method reliably demonstrates the directed forgetting 

effect on the recognition test and there is little TBR-TBF difference with the list method at 

recognition (Basden, et al., 1993; MacLeod, 1999). Other investigators have suggested that the 

different effects obtained with the two methods are due to differences in processes employed at 

acquisition (Conway, Harries, Noyes, Racsma'ny, & Frankish, 2000). TBF words are not 

encoded as well as TBR words under the item method, as the former are not rehearsed as much 

as the latter – the selective rehearsal hypothesis (Johnson, 1994). In contrast most of the on-line 

processing has already occurred for items on the first half of the list before the TBF instructions 

and therefore the directed forgetting effect is more likely due to post-processing restructuring of 

the information in memory – the selective inhibition hypothesis (Johnson, 1994). 

The directed forgetting literature in SCZ is relatively sparse, rather contradictory, and 

reflects the differences in methodology discussed above. Using an item version procedure two 

studies found no difference between participants with SCZ and HCs with regards to directed 

forgetting on the recognition test (Menon, Pomarol-Clotet, McKenna, & McCarthy, 2004; 

Sonntag et al., 2003). However, another study that also employed item version procedure but 

administered an immediate recall test and a recognition test following a 10 min delay, found 

impaired directed forgetting in the patient sample compared to the HCs (Müller, Ullsperger, 

Hammerstein, Sachweh, & Becker, 2005). Müller and colleagues (2005) speculate that patients 

misunderstood Sonntag et al. (2003) study’s instructions. Sonntag and co-investigator’s 

experiment also explored autonoetic-noetic consciousness (Tulving, 1985) with a Remember-

Know-Guess paradigm, which necessitated more complex instructions than the standard directed 

forgetting method. Similarly, Menon and co-investigators’ (2004) study had a dual purpose; 

specifically, to explore source monitoring using the directed forgetting paradigm. Another 
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limitation of the latter study is that the sample size was not reported and only an abstract is 

communicated in the literature. However, consistent with Müller and colleagues’ (2005) 

findings, two studies that both employed list method with a recall test found impaired directed 

forgetting amongst participants with SCZ (Racsmány et al., 2008; Soriano, Jiménez, Román, & 

Bajo, 2009). 

To summarize, the existing literature on directed forgetting in SCZ is not definitive. The 

two studies that found normative performance in patients had methodological issues that could 

have compromised the results. Studies with the sole goal of investigating directed forgetting have 

consistently demonstrated impaired inhibition in persons with SCZ regardless of whether item or 

list procedures were utilized. Furthermore, the finding of defective directed forgetting in SCZ is 

consistent with the finding of impaired inhibition that predominates the SCZ literature and has 

been demonstrated using Stroop test (Barch, Carter, Hachten, Usher, & Cohen, 1999; Cohen & 

Servan-Schreiber, 1992) and memory tasks with distractors (Elvevåg, Egan, & Goldberg, 2000; 

Weiss, Dodson, Goff, Schacter, & Heckers, 2002). While not conclusive evidence, it would not 

be unreasonable to favour the finding of impaired directed forgetting in persons with SCZ.  

Summary of SCZ Metamemory Literature. While the literature is rather limited, some 

preliminary trends are manifesting. Monitoring processes display a pattern of deficits that are 

sensitive to whether the memory task is semantic or episodic and whether monitoring is 

retrospective (FOK) or prospective (JOL). Source-monitoring deficits in episodic memory have 

been found in SCZ with overconfidence emerging as the primary problem. FOK experiments 

suggest that patients do as well as HCs on episodic tasks in monitoring their memory but less so 

on semantic tasks. As noted by Koren and colleagues’s (2006), the essential metacognitive 

processes that can help better understand the relationship between SCZ cognitive deficit and 
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functional performance is a patient’s ability to self-monitor their performance and from that 

appraisal decide whether to proceed, desist, or seek assistance. In this regard, the FOK and 

source monitoring literature that suggests SCZ impairment in monitoring episodic memory does 

not bode well for patients’ functioning. However the JOL research, which focused on acquisition 

rather than retrieval, was more optimistic as those studies suggested that patients demonstrate 

relatively spared monitoring. In addition SCZ impaired control processes were amenable to a 

temporal order manipulation that made JOL explicit. Finally, the directed forgetting literature 

seems to suggest deficits in the ability to inhibit unwanted or unnecessary information at retrieval 

but there are contradictory findings and methodological concerns with some of these studies. 

Somewhat similar to the SCZ memory (i.e., spared in some domains and more impaired 

in other areas), the SCZ metamemory also suggests a pattern of spared and impaired facets that 

may depend on the task used. As noted previously, much of the SCZ metamemory research has 

been chiefly motivated by curiosity regarding conscious awareness in SCZ and utilized 

metamemory as a vehicle to that end. Furthermore, most of this literature hails from Danion’s 

laboratory in Strasburg, France. In addition to the value of other laboratories replicating the 

studies from the Danion and colleagues, there is also a need for a more systematic and 

comprehensive investigation of metamemory in SCZ and its link to functional limitations. To 

this end, the studies in this dissertation represent two novel paradigms investigating aspects of 

metamemory not previously examined with SCZ (i.e. Jacoby et al, 2005a; and Benjamin & 

Bawa, 2004). In addition, another experiment in this dissertation uses a methodology, similar to 

Danion et al. (2001) Koren and colleagues’ (2006), but in its full complement (i.e., the Quality 

Accuracy Profile (QAP) methodology of Goldsmith & Koriat, 2007). Importantly, the full QAP 

methodology allows the detection and measurement of differential deficits across various 
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metamemory processes. Utilizing the QAP also allows for a more direct comparison of the 

current results to past research findings. That is, to the extent that our results mirror those 

obtained by Danion and colleagues from select aspects of the QAP, a first step in replication is 

achieved. Such replication will bolster the reliability of the findings and the generalizability of 

our sample. Furthermore, unlike the motivation of previous researchers that used metamemory as 

a means to investigate consciousness, this dissertation acknowledges that not all metamemory is 

conscious or falls under conscious control - e.g., Jacoby and colleagues’ (2005a) source-

constrained retrieval. Similarly, the mechanisms that determine report criterion are likely a 

combination of conscious and unconscious processes.  

Chapter 1 Conclusion and Outline of Subsequent Thesis Chapters 

As noted above, our representations of past events are flawed. In this context, 

metamemory processes attempt to strategically regulate memory  in order to achieve our goals. 

Koren and colleagues’ (2006) have argued that metamemory may be an important link between 

SCZ-related memory impairment and poor functioning. Accordingly, these authors have called 

for the systematic examination of metamemory performance among persons with SCZ. The three 

studies in this dissertation share these perspectives. They are organized into separate chapters 

and sequenced in accordance with Koriat and colleagues’ (2008) model. The chapters are also 

arranged to comply with the “sandwich thesis” format of three stand-alone papers bookended by 

a general introduction and discussion chapters. Each chapter had been formatted for submission 

to a particular journal which accounts for minor formatting differences and inevitable 

redundancies in the introductions of Chapters 2-4. Chapter 2 and 3 share the same sample, with 

the exception of one participant with SCZ. A brand new sample was recruited for the study in 

Chapter 4. In Chapter 2, we report on a study using the memory-for-foils paradigm (Jacoby et al., 
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2005a; 2005b) to investigate source-constrained retrieval. Most experiments investigating 

metamemory control of retrieval has been directed at post-retrieval monitoring of quantitative 

differences in memory, such as differences in confidence judgements (e.g., Koriat & Goldsmith, 

1996b) or JOL that direct study time and effort (e.g., Dunlosky & Nelson, 1992; Dunlosky & 

Nelson, 1994). Deficits on recognition memory tasks among persons with SCZ have been taken 

to indicate failures of post-retrieval monitoring. However, cognitive control of recognition also 

includes a role for pre-retrieval selection (Jacoby, Kelley, & McElree, 1999). That is, early 

selection of information can improve recognition accuracy by submitting more incisive queries 

to memory, rather than strictly relying on post-retrieval monitoring. The memory-for-foils 

paradigm explores the role of this pre-retrieval selection. 

Chapter 3 presents the results of a study that investigated how criterion is set and adjusted 

as a function of lure features (Benjamin & Bawa, 2004). When making a recognition judgment, 

one must confront the question of how much evidence is enough to endorse a stimulus as 

previously seen. Because memory is imperfect—we neither remember all our experiences nor 

are we absolutely sure of everything we have not experienced—this task is accomplished by 

setting a criterion for how much evidence is needed to accept a stimulus under evaluation. Such 

recognition criteria can be strategically adjusted in response to factors that affect memory (e.g., 

distinctiveness) and other task demands (e.g., incentives). An underexplored, but important, 

aspect of memory impairment in persons with SCZ is inefficient or misguided criterion setting 

and adjustment. Such research promises to shed light on current conceptions of SCZ-related 

memory performance because inappropriate criteria can dramatically increase or decrease output 

quantity and accuracy. In this vein, it is possible that the typically diminished output and 

accuracy associated with SCZ recall may be, at least in part, the result of conservative and/or 
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inflexible criterion setting. The purpose of the study in Chapter 3 is to examine whether persons 

with SCZ adequately modulate their criterion as a function of target distinctiveness. 

Chapter 4 uses the QAP methodology, a paradigm similar to that employed by Koren and 

colleagues’ (2006) and Danion and co-investigators (2001), to evaluate how well persons with 

SCZ monitor and control memory in deciding whether and how to output retrieved information. 

As rememberers, we have the option of providing a precise, informative response or a less 

informative more general reply that is more likely to be correct. This choice of reporting is 

referred to as regulating grain size and is governed by a trade-off between informativeness and 

accuracy. Most SCZ memory research has focused on precise memory rather than more general 

representations such as intervals (e.g. between noon and 2) or thematic descriptors (e.g. after 

lunch). The experiment in chapter 4 focuses on whether individuals with SCZ regulate memory 

reporting options in an optimal fashion and in the same manner as HCs. In addition, as the full 

complement of the QAP methodology is applied in this study the results can elucidate the 

differential strengths and deficits across various metamemory processes in patients with SCZ. 

Finally, Chapter 5 will conclude the dissertation with an integrative review of the 

findings from these three studies, followed by comparisons with the existing metamemory 

literature. Speculation regarding clinical implications, particularly for rehabilitation, will be 

discussed before proposing future research.  
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CHAPTER 2: Persons with Schizophrenia Query Memory Differently During Recognition: 

Evidence from the Memory-for-Foils Paradigm 

Abstract 

Background: Deficits on recognition memory tasks among persons with schizophrenia have 

been taken to indicate failures of post-retrieval monitoring. However, cognitive control of 

recognition also includes a role for the construction of memory queries—a form of early 

selection, rather than late correction, over recognition (Jacoby et al., 1999). That is, early 

selection of candidate memories improves recognition accuracy by submitting more incisive 

queries to memory, rather than strictly relying on post-retrieval monitoring. Objective: We used 

the memory-for-foils (Jacoby, Shimizu, Daniels et al., 2005b) paradigm to evaluate the quality of 

early selection processes in healthy controls and participants with schizophrenia. Design: 

Subjects were randomized to study words under deep or shallow processing conditions and their 

memory was tested twice. First, a standard recognition memory test composed of targets from 

the study list and foils was administered followed by the memory-for-foils test in which foils 

from the first test were targets intermixed with brand new foils. Participants: Fifty-seven 

clinically stable outpatients with schizophrenia and 54 healthy community-recruited controls. 

Results: On the standard recognition test, both healthy controls and participants with SCZ in the 

deep condition outperformed their shallow processing counterparts. However, only healthy 

participants exhibited superior later memory for foils from the deep, compared to the shallow, 

suggesting that persons with schizophrenia exhibit diminished source-constrained retrieval. 

Conclusion: This research highlights the importance of drawing conceptual and empirical 

distinctions between memory control processes that operate in early selection versus late 

correction modes and has implications for ameliorating schizophrenia -related memory deficits. 
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Background and Hypotheses 

Memory impairment is a hallmark of schizophrenia (SCZ) and cannot be accounted for 

by confounding factors such as duration or severity of clinical symptoms, institutionalization, 

medication, or age (Mesholam-Gately, Giuliano, Goff, Faraone, Seidman, 2009). Furthermore, 

memory impairment is highly predictive of functional outcomes (Milev, Ho, Arndt, Andreasen, 

2005). However, comparatively little is known about whether the processes used to strategically 

control memory are also affected by SCZ. One possibility that we pursue here, is that memory 

impairment in SCZ reflects inefficient cognitive control over the input to and output from 

memory. There is some evidence that memory performance in SCZ patients is negatively 

impacted by increased demands for cognitive control (Ranganath, Minzenberg, Ragland, 2008), 

and this claim is consistent with the observation that control processes in general are impaired in 

this patient group (Barch & Ceaser, 2011).  

One characterization of memory control proposes that retrieval is regulated via two 

separate, but interrelated, mechanisms: an early process that constrains the selection of retrieved 

memories and a late process dedicated to post-retrieval monitoring (Jacoby, Shimizu, Daniels, & 

Rhodes, 2005a). Memory research has focused primarily on late monitoring processes, including 

criteria setting (Benjamin, 2003) and source monitoring (Johnson et al, 2003). In contrast, less 

attention has been directed towards investigating source-constrained retrieval – that is, processes 

that control the selection of memory traces by constructing incisive and relevant memory 

queries. One way that such queries can be used is to identify aspects of memory traces that reveal 

a particular mode of encoding, such as whether something was learned at a particular location or 

in a particular manner.  
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The memory-for-foils paradigm was developed to investigate source-constrained retrieval 

(Jacoby et al, 2005a). A standard level of processing (LOP) (Craik & Lockhart, 1972; Lockhart 

& Craik, 1990) manipulation is used at study before two memory tests are administered—a 

standard recognition test followed by a recognition test for the foils from the first test. As 

expected, healthy college students in the deep LOP condition better discriminated targets from 

foils on the first recognition test. Importantly, however, they also recognized more foils as 

targets during the second recognition test. The difference between conditions suggests that, on 

the first test, participants mentally reinstated encoding operations in order to constrain retrieval 

to those candidate targets that matched the particular LOP mode. In turn, the reinstated encoding 

operations were also applied to foils in that condition, which led to superior encoding of and 

memory for those foils on the second test.  

The memory-for-foils paradigm has been used to examine whether source-constrained 

retrieval underlies, at least in part, the memory deficits associated with aging (Jacoby, Shimizu, 

Velanova, Rhodes, 2005b). The findings revealed that older adults, unlike their younger 

counterparts, did not benefit from deep encoding on the memory-for-foils test. This failure is not 

due to inefficient encoding operations — i.e., they still showed the typical advantage for deeply 

processed words — but is rather attributable to a failure to reinstate encoding operations at the 

time of retrieval.  

Recently, others have investigated whether claims that the LOP effects manifest on the 

memory-for-foils test accurately imply source-constrained retrieval. Source-constrained retrieval 

was found with visual images demonstrating that the effect is not stimulus specific (Danckert, 

MacLeod, & Fernandes, 2011).  In order to investigate whether context cuing could account for 

the source-constraining effect, Alban and Kelly (2011, Experiment 1) had participants process 
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both deep and shallow items at study before manipulating context at retrieval (i.e., critical foils 

were presented either immediately following an old word or after two foils). They found that 

deeply processed items were better recognized than shallow-processed items on the subsequent 

memory-for-foils test regardless of the lag between items. Evidence that subjects do reinstate the 

original encoding operations in the memory-for-foils paradigm comes from a study by Halamish, 

Goldsmith, and Jacoby (2011) who applied the memory-for-foils paradigm with cued-recall 

procedure and demonstrated that when participants were informed about what source-encoding 

depth was used on test items (i.e., whether the item was deeply or shallowly encoded) they 

subsequently constrained recall to the demanded targets, thus suggesting that they reinstated the 

original encoding operations. Collectively, these studies bolster initial claims that the variance in 

memory-for-foils as a function of LOP can be ascribed to differences in source constraint. 

Despite previous evidence of dysfunctional control processes among SCZ patients and 

early suggestions that these deficits deleteriously impact memory, few studies have evaluated the 

specific ways in which deficits in control may impact memory performance in this clinical 

group. The current experiment asks whether memory limitations in patients with SCZ are 

associated with irregular source-constrained retrieval, similar to those deficits seen among aged 

adults. We hypothesized that the deep encoding condition would confer a significant advantage 

for remembering foils among healthy participants, but fail to enhance memory-for-foils among 

SCZ participants.  

Method 

Participants 

Participants with SCZ and healthy controls (HCs) were included if they reported English 

as their primary language before the age of 5, achieved a grade 8 reading level as measured by 
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the reading subtest of the Wide Range Achievement Test (Wilkinson, 1993) and were between 

18 – 60 years of age. Participants who reported a history of learning disability, previous loss of 

consciousness for more than one half-hour, neurological disease/injury (including epilepsy), or 

medical conditions with deleterious cognitive effects (e.g. insulin-dependent diabetes) were 

excluded. Also excluded were persons who met criteria for a lifetime history of substance 

dependence or substance abuse within the preceding 6 months. Healthy controls were recruited 

though advertisements in community newspapers, on local web-based forums, and via word-of-

mouth. Following screening that included the administration of the SCID Non-Patient Edition 

(SCID-N/P: First, Spitzer, Gibbon, Williams, 2002a) (First, Spitzer, Gibbon, & Williams, 2002a) 

to exclude any HCs with a current or past Axis I mental disorder, 54 HCs were accepted into the 

study. Healthy controls who reported a first-order relative with any psychotic disorder were also 

excluded. Fifty-seven patients with SCZ were recruited through institutional advertisements 

posted in an academic psychiatric hospital and through the recommendation of individual 

clinicians. SCID-I interviews (First, Spitzer, Gibbon, & Williams, 2002b) were conducted by a 

trained senior graduate student with extensive clinical experience, indicated that most of the 

patients met criteria for Schizophrenia, except for 12% who met criteria for Schizoaffective 

disorder.  

The SCZ participants were all clinically stable outpatients and the majority (n = 49) were 

receiving a single second-generation antipsychotic medication. One participant was 

unmedicated, another was prescribed a single first-generation antipsychotic medication and the 

remaining patients were taking a combination of first and second generation antipsychotic 

medications. On average patients had been diagnosed for ten years (M = 9.75, SD = 12; range =1 

month to 40 years). Amongst those patients who had been previously hospitalized (89%), the 



Metamemory in Schizophrenia  61 

average length of time since hospitalization was 4 years (SD = 0.81). Healthy controls had 

significantly higher scores on the Global Assessment of Functioning (GAF), F = 248.08, p < 

.001, and a measure of employment tenure, F = 85.76, p < .001. Employment tenure was 

conceived by the author of this thesis and serves as a rough estimate of employment rather than 

years employed which will vary with age. It is a ratio of years employed and years eligible for 

employment and is a rough estimate of functioning.  

Table 3 summarizes the demographic and clinical characteristics of the sample. The 

majority of participants were single (66% for both patients with SCZ and HCs). About half the 

sample was of European ancestry (SCZ: 46%; HC: 53%). Males accounted for 70% of the 

patient group and 50% of HC group. Chi-squared tests revealed no significant between-group 

differences across categorical demographic variables. Age differences trended to significance, 

with SCZ participants being older, F (1, 107) = 3.89, p = .053. Healthy controls were more 

educated than patients, F = 45.75, p < .001, but on average SCZ patients had achieved one year 

of post-secondary education. 
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Table 3 

Demographic and Neuropsychological Data of the Participants  

  

Schizophrenia

 

 

Healthy Controls

 
Condition

 
 Shallow 

n = 27

 

Deep 

n = 30

 

Shallow 

n = 27

 

Deep 

n = 27

 
Categorical Demographic  

Variables 
      

 

Male/Female 19/8 21/9 12/15 13/14 

Single/Relationship 24/3 28/2 25/2 21/6 

Euro/Afr/ESE/SA/Other 10/11/2/3/1 16/4/4/2/4 13/1/6/5/2 16/2/5/2/2 

         

Continuous Demographic  

Variables 

 

      

 M SD M SD M SD M SD 

Age (years) 33 10.08 35 12.17 27 9.61 32 11.20 

Years of Education 14 2.75 13 2.17 16 1.77 18 3.03 

GAF 50 14.56 50 11.28 82 9.97 83 6.98 

Employment Tenure .47 .30 .47 .36 .97 .05 .91 .23 

         

Neuropsychological  

Variables 

 

  

    

Estimated FSIQ 110 9.02 103 15.27 117 11.47 120 11.17 

WRAT-3 Reading Level 104 10.12 102 8.26 109 8.03 114 5.97 

RBANS List Learning 93 17.61 82 17.21 103 14.00 103 13.65 

RBANS Story Memory 93 20.24 81 22.28 106 15.49 109 8.73 

RBANS List Recognition 86 26.77 84 27.91 98 13.20 103 9.74 

RBANS List Recall 91 19.54 84 21.37 102 15.20 103 13.43 

RBANS Story Recall 100 14.31 87 21.76 107 9.39 113 13.98 

RBANS Word Fluency 93 23.38 81 20.54 107 17.35 110 23.69 

RBANS Digit Span 96 12.40 
91 15.34 

105 13.81 103 11.89 

 

Euro: European, Afr: African and/or African-Caribbean; ESE: East & South-East Asian, SA: 

South Asian GAF: Global Assessment of Functioning. Employment Tenure: Years 

employed/years eligible for employment – lower values suggest interruption due to disability 

FSIQ: Full Scale IQ. WRAT-3: Third Edition of the Wide Range Achievement Test; RBANS: 

Repeatable Battery for the Assessment of Neuropsychological Status 
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Neuropsychological Characteristics of the Sample. Missing data due to procedural 

errors were confined to the neuropsychological data of a single patient in the shallow condition. 

Neuropsychological performance was evaluated with the Repeatable Battery for the Assessment 

of Neuropsychological Status (Randolph, 1998). Full scale IQ was estimated with the Wechsler 

Adult Intelligence Scale – 3
rd

 edition (WAIS-III) Information and Matrix Reasoning subscales of 

the (Wechsler, 1997). RBANS raw scores were converted to Deviation IQ scores (i.e. M = 100, 

SD = 15) for ease of comparison and consistency with IQ data (Strauss, Sherman, & Spreen, 

2006). As anticipated, HCs outperformed patients with SCZ on all neuropsychological variables. 

Importantly, however, there were no significant differences between HCs in the deep versus 

shallow processing conditions. In contrast, SCZ participants in the shallow condition 

outperformed their counterparts in the deep condition in 5 of the 9 neuropsychological tasks: 

estimated full scale Story Immediate Recall, F = 7.60, p = .007 and Delay Recall, F = 8.76, p = 

.004, IQ (EFSIQ), F(1, 105) = 4.71, p = .03, List Learning, F(1, 105) = 7.20, p = .008, and 

Semantic fluency F = 5.59, p = .02. Consequently, the data analyses below included tests using 

the entire sample and, when the results were significant, samples of neuropsychologically 

matched participants.  
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Table 4 

Participants’ Personality and Schizophrenia Symptom Variables (T-scores) 

 

 Schizophrenia

 

Healthy Controls

 
Condition

 
 Shallow 

n = 28

 

Deep 

n = 29

 

Shallow 

n = 27

 

Deep 

n = 27

 
PAI Scales M SD M SD M SD M SD 

Negative Impression 

Management 
58 10.92 53 9.12 46 2.19 47 3.75 

Positive Impression 

Management 
52 6.91 51 10.57 52 10.56 55 11.91 

Anxiety and Tension 

Level 
58 13.15 56 11.81 45 7.32 43 6.45 

Anxiety Related 

Disorders Symptoms 
57 9.53 56 13.25 43 8.49 41 8.52 

Depressive 

 Symptoms 
61 14.56 59 12.97 45 8.44 43 6.30 

Mania or Hypomania 

Symptoms 
54 13.54 49 12.42 46 11.35 42 7.37 

Vigilance and  

 Paranoia 
59 14.60 59 12.89 45 8.13 43 7.41 

Schizophrenia and 

Psychosis 
62 20.83 57 12.46 44 7.24 42 6.13 

Borderline Personality 

Features 
56 9.16 53 9.70 46 9.39 45 7.72 

Antisocial Features 53 10.97 50 7.39 47 6.65 45 4.59 

Alcohol Problems 51 9.75 47 7.03 48 7.19 45 2.01 

Drug Problems 53 12.66 53 10.04 49 9.32 47 5.88 

PANSS         

Positive 41 8.91 42 9.75     

Negative 37 8.50 42 10.55     

Psychopathology 38 5.90 40 7.56     

Thought Disorder 43 8.49 45 9.66     
PAI: Personality Assessment Inventory. PANSS: Positive and Negative Symptoms Scale 
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Personality and Psychopathological Characteristics of the Sample. Missing data due 

to procedural errors were confined to the short version of the Personality Assessment Inventory 

(PAI) (Morey, 1991) 
 
results for two patients, one in each condition. Table 4 summarizes the 

results from the PAI and the Positive and Negative Symptoms Scale (PANSS) (Kay, Fiszbein, & 

Opfer, 1987). Participants with SCZ in the shallow condition scored significantly higher than 

their counterparts in the deep condition, F = 4.50, p = .04 on Alcohol problems, but no score fell 

above the clinical cut-off range, indicating the absence of a clinically significant problem. 

PANSS scores, a schizophrenia symptom severity scale, fell between a half and one standard 

deviation below average in severity also indicated that symptoms were well controlled. 

Participants with SCZ in the deep condition had significantly higher negative symptoms; 

however, the scores fell well within an acceptable level for symptom control. 

Experimental Measures  

Word list stimuli were obtained from L. Jacoby and modified slightly to avoid item 

duplication with neuropsychological tests or other concurrent memory experiments. The test 

items were 272 words (216 critical and 56 buffers), matched in frequency (1 – 104 million, M = 

22.23, Kucera & Francis, 1967), length (3 – 10 letters, M = 6.45), syllables (1 – 3, M = 2.01), 

concreteness (58 – 644, M = 520.92), imagibility (48 – 627, M = 529.47), and the presence of the 

letters O or U (University of Western Australia, 2012). Items were counterbalanced across 

conditions and participants. 

Procedure 

The study received university and institutional ethics approval and all participants 

provided written, informed consent. Participants were provided $15 towards public 

transportation and a meal allowance and remunerated with a $10 per hour honorarium. 
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Participants were tested individually in one of four different sites of the institution. The 

experiment was conducted using either a Dell laptop (Latitude D600) or a Dell desktop 

(Dimension 4700) computer running E-Prime software (Psychology Software Tools, Pittsburgh, 

PA). All participants were instructed to read the material presented on the computer monitor 

aloud to ensure adequate comprehension and compensate for the known attentional deficits 

among patients with SCZ. Words were presented centrally at a 1.5-s rate in 72 point sans-serif 

font and judgements were made as self-paced key strikes. To orient participants to the study 

phase, they were provided instructions that included an eight-item practice list. Eighty words 

were presented in the study phase. To minimize primacy and recency effects, the first and last 4 

items of the study phase served as buffers, leaving 72 target items. In the Shallow processing 

condition participants were instructed to press a yellow key on the keyboard if the item included 

either the letter O or U. If the item lacked either of these vowels they were instructed to press a 

red key. In the Deep processing condition, participants made pleasantness judgements by 

pressing the yellow key for pleasant and red key for unpleasant. 

A standard recognition test was administered immediately after the study phase. 

Participants were instructed to press the key marked “old” if the item was presented in the study 

phase and the key marked “new” if the word had not appeared in the study phase. Practice 

consisted of the same 8 items that were presented during the practice of the study phase. 

Seventy-two new words (foils) were intermixed with the 72 study items (targets). To control for 

primacy and recency effects an additional 4 targets and 4 foils served as buffers. Immediately 

following the standard recognition test, a second recognition test (i.e., the memory-for-foils test) 

was administered. The 72 new items that were foils on the first recognition test now served as 

targets and 72 new words were introduced as foils. The instructions emphasized that any word 
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that had been presented in the experiment was considered “old”, including items that were new 

words in the preceding test. 

Results 

All data were analyzed using SPSS version 18. The data were examined for compliance 

with parametric statistical assumptions. No significant outliers were revealed and data fell within 

acceptable levels of skewness and kurtosis and normality was confirmed using the Kolmogorov-

Smirnov test.  

To test whether participants in the deep processing condition outperformed their shallow 

condition counterparts on the standard recognition test, a 2 (group) × 2 (LOP) Analysis of 

Variance (ANOVA) was conducted with d′ as the dependent variable (DV). Main effects for 

both group, F(1, 107) = 19.22, p < .001, p
2
 = .15, and LOP, F = 57.68, p < .001, p

2
 = .35, were 

significant. Healthy controls performed better than SCZ patients and both groups of participants 

in the deep processing condition outperformed their shallow processing counterparts. A 

significant group by LOP interaction was also revealed, F(1, 107) = 7.80, p = .006, p
2
 = .07 (see 

Figure 1). Simple effects testing demonstrated equivalent between-group performance in the 

shallow condition, F = 1.23, p = .27, p
2
 = .01, and higher HC performance in the deep 

condition, F = 11.81, p = .001, p
2
 = .10 (see figure 1). 

 

To test whether HCs outperformed SCZ in the deep processing condition on the memory-

for-foils test, a similar 2 (group) × 2 (LOP) ANOVA was conducted. In this analysis, d′ from the 

memory-for foils tests served as the DV. Again, main effects for group, F = 29.60, p < .001, p
2 

= .21, and LOP, F = 4.62, p = .03, p
2 

= .04, were shown. Importantly, a significant group by 

LOP interaction was also revealed, F = 4.87, p = .03, p
2 

= .04. In line with our hypothesis, 

simple effects testing demonstrated equivalent performance between LOP conditions for SCZ, F 
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< 1. In contrast, HCs in the deep condition discriminated between targets and foils significantly 

better than their shallow condition counterparts, F = 9.25, p = .003, p
2 

= .08 (see Figure 1). 

 

Figure 1. Mean Discrimination Index with SE bars for both diagnostic groups and both 

conditions. 

 

 

To control for the neuropsychological differences found between participants with SCZ 

in the deep and shallow conditions, we re-analyzed the data using two different methods. In the 

first re-analysis we conducted a 2 (group) × 2 (LOP) Analysis of Covariance (ANCOVA). In 

light of the well-recognize pitfalls of attempting to equate confounding differences between 

groups using this method (Miller & Chapman, 2001), a second analysis was conducted by 

matching (Chapman & Chapman, 1977) the LOP groups via the removal of select participants 

based on their RBANS Story Memory test scores, as these scores correlated most strongly with 

SCZ Shallow, SCZ                       
HC, 1.521 

SCZ Shallow, SCZ                          
HC, 1.794 

SCZ Deep, SCZ                       
HC, 2.377 

SCZ Deep, SCZ                          
HC, 1.786 
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the DV. Significant between-condition differences across all neuropsychological variables were 

eliminated as a result of matching.  

The ANCOVA on the standard recognition test revealed significant main effects of both 

group, F = 6.42, p = .01, ηp
2

 = .06, and LOP condition, F = 61.98, p < .001, ηp
2

 = .37 and a 

significant group × condition interaction, F (1, 107) = 5.22, p = .02, ηp
2

 = .05. Simple effects 

testing revealed between-group differences in the deep condition but not in the shallow 

condition. 

The ANCOVA from the memory-for-foils test produced significant main effects for both 

group, F = 10.06, p = .002, ηp
2

 = .09, and LOP condition, F = 5.85, p = .02, ηp
2

 = .05. Moreover, 

the group × condition interaction was significant at trend levels, F = 3.02, p = .08, ηp
2
 = .03. 

Simple effects testing revealed a similar pattern to the results from the ANOVA - no significant 

difference, F < 1, between patients in the shallow (M = 1.84, SD = .93) and deep (M = 1.79, SD = 

.58) conditions.  

Matching participants in each LOP condition along the RBANS Story Memory test 

scores resulted in the removal of two participants from the deep condition (leaving n = 25) and 

five from the shallow condition (leaving a matched set of n = 25). The pattern of results for the 

standard recognition test remained unchanged. The interaction was significant, F (1, 100) = 4.95, 

p = .03, ηp
2
 = .05, as were the main effects for group, F = 14.944, p < .001, ηp

2
 = .13, and 

condition, F = 62.30, p < .001, ηp
2

 = .38. Similarly, results for the memory-for-foils tests also 

mirrored the results obtained in the initial ANOVA; the interaction, F = .3.81, p = .05, ηp
2
 = .04, 

and main effect for group, F = 23.72, p < .001, ηp
2

 = .19, and condition, F = 5.23, p = .02, ηp
2
 = 

.05, were all reliable. Simple effects testing revealed a similar pattern, with no significant 
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difference, F < 1, between patients in the shallow (M = 1.83, SD = .95) and deep (M = .1.88, SD 

= .56) conditions.   

Discussion 

This study is the first to investigate memory control mechanisms using the memory-for-

foils test in patients with SCZ. Consistent with our hypothesis, memory performance in patients 

with SCZ was associated with impaired source-constrained retrieval, similar to those deficits 

seen among aged adults (Jacoby, et al., 2005b). Although participants with SCZ benefitted from 

the LOP manipulation on the standard recognition test, this benefit did not transfer to the 

memory-for-foils test. In contrast, deep encoding conferred a significant advantage for 

remembering foils among HCs. Amid shallowly processed test items, HCs’ source constraint was 

presumably directed by superficial features (vowels), which served as a predictably poor means 

of encoding those foils. However, when targets were deeply processed at study, both targets and 

foils were deeply processed on the standard recognition test. In contrast, participants with SCZ 

did not demonstrate an effect of the initial LOP on their subsequent recall of foils. The re-

analysis of the data using ANCOVA and matching techniques to correct for the disparity in 

neuropsychological performance between LOP conditions amongst participants with SCZ 

retained these effects and support the initial hypothesis.  

The performance of our community-recruited HCs replicate other studies  (Alban & 

Kelley, 2012; Danckert et al., 2011; Jacoby, et al, 2005a & 2005b). Jacoby and colleagues have 

proposed that memory draws on qualitative assessment of traces. In this way, our memory 

system achieves a degree of efficiency by delineating a smaller subset of potential traces, 

“tagged” based on encoding practices that have a higher probability of being a target. Also, 

source constrained retrieval appears to minimize false alarms. Similar to our results, Jacoby and 
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colleagues (2005b) found that the correct rejection of foils, more than correct identification of 

targets, fuelled discrimination of targets from foils. These authors speculated that, for deep 

processors, source constraint renders it easier to correctly reject a brand new foil (i.e., on the 

second test) as its pleasantness was not evaluated in the earlier test. Rather than drawing on more 

efficient encoding practices that “tag” possible traces and exclude false alarms, the participants 

with SCZ are likely defaulting to familiarity as a means to judge a memory during post-retrieval 

monitoring. 

While there is no direct support that source-constrained retrieval is associated with 

specific brain circuitry or regions, there is neuroimaging evidence that the rejection of lures and 

identification of targets is associated with specific neural activity. The “old-new” effect is 

associated with increased parietal and prefrontal cortical activity when patients with SCZ 

correctly identify hits compared to correctly rejecting foils (Kapur, 2003). In an experiment that 

investigated the “old/new” effect using event-related fMRI (Velanova, Lustig, Jacoby, & 

Buckner, 2007), both HCs and participants with SCZ performed equally well on the recognition 

test. In addition, both displayed bilateral neural activity in the precuneus and dorsolateral 

prefrontal region when accurately recognizing hits compared to the correctly rejecting 

distractors. However, HCs also displayed higher activity in the dorsal left parietal cortex, an area 

the investigators note as associated with top-down modulation of memory retrieval, search, and 

monitoring. The functions of  the dorsal left parietal cortex might indicate that it has a role in 

source-constrained retrieval.  

Rehabilitation Implications  

Source-constrained retrieval demonstrates that the mode of processing employed at 

encoding, and reinstated during retrieval, impacts the encoding of new information. Persons with 
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SCZ do not demonstrate the same ability as HCs to reinstate the processes used at encoding. 

Given the importance of episodic memory to instrumental activities of daily living and 

vocational functioning, rehabilitation efforts that address efficient mnemonic retrieval are 

important. However, source-constrained retrieval would appear to normally operate outside the 

realm of conscious, strategic control. Perhaps in a similar fashion to transfer appropriate 

processing, source-constrained retrieval is executed in an automatic or implicit fashion. From 

this perspective, therefore, rehabilitation efforts would require making an implicit process 

explicit. Although not impossible, for example, errorless learning (Wilson, Baddeley, Evans, 

Shiel, 1994), this has proven difficult across many rehabilitative efforts. 

Alternatively, accommodation that adheres to principles such as transfer appropriate 

processing (Morris, Bransford, Franks, 1977 and encoding specificity (Tulving & Thomson, 

1973) is perhaps more efficient. For example, by maintaining similarity between context and 

cognitive processes deployed at both encoding and recall one might minimize the need for 

cognitive control mechanisms such as source-constrained retrieval. If new material at retrieval 

must be learned, for example at work, then environmental accommodations such as additional 

instructions or rehearsal with a job-coach could consolidate learning. 

Strengths and Limitations 

Excluding SCZ patients with previous substance dependence/abuse and those taking 

medications with known cognitive deficits may compromise the external validity of our results. 

However, internal validity was likely improved by these measures as these factors are known to 

have a negative effect on cognition and could confound results. Completion of the 

tests/questionnaires and the experimental protocol demanded motivation and may have excluded 

more avolitional patients with SCZ. On the other hand, generalizability is supported by the 
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ethnically diverse sample and the fact that HCs were drawn from the community rather than 

confined to undergraduate university students. Group differences between LOP conditions 

amongst SCZ participants were found on cognitive measures correlated with the dependent 

variable despite random assignment, but ANCOVA and matching re-analyses revealed similar 

results suggesting that the effect cannot be accounted for by differences in neuropsychological 

status.  However, this approach is known to have difficulties as well (Miller and Chapman, 

2001). 

Conclusion 

The memory-for-foils paradigm was employed to investigate source-constrained 

retrieval. As noted in Chapter 1, source-constrained retrieval is an example of a highly directed, 

controlled mode of retrieval that appears to operate outside conscious awareness. In Koriat and 

Goldsmith’s (2008) model, source-constrained retrieval is a pre-retrieval process such as 

selecting a search strategy and controlling retrieval probes. The results of this study suggests that 

participants with SCZ were impaired compared to HCs in this pre-retrieval process and this 

impairment would likely reduce the efficiency of their memory search yielding a smaller pool of 

retrieved information for post-retrieval processes. 
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CHAPTER 3: Persons with Schizophrenia Set a Conservative Recognition Memory 

Criterion But Adjust it Normally  

Abstract 

Background: Because memory is imperfect — we neither remember all experiences nor are we 

absolutely sure of everything we have not experienced — we set a criterion for how much 

evidence is needed to accept a memory as veridical. Importantly, such recognition criteria can 

also be strategically adjusted in response to task demands. As inappropriate recognition criteria 

can influence memory quantity and accuracy, impaired criterion management may explain some 

aspects of memory performance in schizophrenia. Objective: We investigated whether persons 

with schizophrenia (SCZ) appropriately set and adjust criterion as a function of target 

plausibility. Participants Fifty-four healthy controls and 56 outpatients with SCZ. Design: 

Participants studied a list of semantically categorized words. At test, two recognition tests were 

administered that differed in lure plausibility based on category membership. Participants were 

randomized into two conditions that differed by test order. Half received the more-plausible lures 

test first followed by the less-plausible lures test, and the order was reversed in the other 

condition. We hypothesized that participants with SCZ would set a more conservative criterion 

and adjust their criterion less dynamically as a function of lure plausibility and test order. 

Results: Participants with SCZ were less accurate and set a more conservative criterion, but 

qualitatively adjusted criterion in a similar manner as healthy controls. Moreover, test order had 

similar effects on each group; criterion was adjusted in the conservative direction when the more 

plausible-test followed the less plausible test, but remained consistently conservative on both 

tests when the more-plausible test was presented first. Conclusion: Although participants with 
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SCZ set a relatively conservative criterion, they retain a normative degree of flexibility when 

adjusting it. 

Background and Hypotheses 

As reported in Chapter 1 of this thesis, the author’s MSc thesis made a rather surprising 

finding that a manipulation that changed the task demands at recall enhanced accuracy in HCs 

but had the opposite effect in SCZ, i.e. reducing accuracy and even introducing fictitious and 

irrelevant material (McAnanama, 2005). There are three possible explanations for the 

performance of the participants with SCZ in the MSc results: a) patients failed to encode the 

details of the story; b) patients failed to enact appropriate strategic retrieval processes; or, (c) 

patients failed to recognize that the manipulation at point of recall signalled a need to change 

their response pattern, i.e., adjust criterion to either a more conservative or liberal position. 

Failure to encode the details of the story appears unlikely as participants with SCZ in the same-

title condition outputted more details than the switch-title participants. Chapter 1 investigated the 

second potential explanation regarding retrieval process and found that patients are impaired. 

Failure to adjust criterion is the focus of the current study. 

If patients with SCZ are generally more likely to retrieve poor-quality memory traces 

there is greater demand on metamemory processes at the output phase to appropriately meet task 

demands for accuracy. Criterion setting is an important process mediating the relationship 

between task demands and memory output. Rememberers must decide how much evidence is 

sufficient to report a positive recognition based, in part, on factors other than the strength of the 

memory trace. Factors that influence criterion setting include: (a) qualities of the stimuli, such as 

word frequency; (b) previous encoding characteristics, such as rehearsal; and (c) test features, 

such as lure plausibility (Benjamin & Bawa, 2004). Stimulus qualities and encoding conditions 
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involve metamemory mechanisms that adjust criterion during study and do not bear on how 

criterion setting might be employed as a control process at output. By holding stimulus 

(Benjamin, 2003;  Tullis & Benjamin, 2012) and encoding (Hirshman, 1995) factors constant 

and manipulating test features at recognition, one excludes explanations that criterion placement 

was established before the output phase. My MSc experiment also held encoding conditions 

constant but manipulated the output phase. 

A task introduced by Benjamin and Bawa (2004) also holds encoding conditions constant 

by investigating the impact of lure plausibility (a test feature) on criterion setting and adjustment 

in the context of Signal Detection Theory (see Appendix 2 for further explanation). Study lists 

consisted of concrete nouns, block-presented by semantic category. Two types of recognition 

tests were administered: one with more plausible (MP) lures, drawn from the same semantic 

categories as studied items, and the other with less plausible (LP) lures, drawn from semantically 

unrelated categories (see Figure 2). Test order was manipulated and a more conservative 

criterion was set for MP lures relative to LP lures. Interestingly, when first presented with the 

LP-lure test followed by MP-lure test, subjects modulated criterion in the conservative direction; 

but when tests were presented in reverse order, criterion was initially set conservatively and 

remained so. 

To explain the differential impact of test order, the Neyman-Pearson decision process has 

been suggested (Benjamin, 2008). Rather than behaving like the ideal decision maker who 

attempts to maximize accuracy, rememberers seek to achieve the highest percent correct while 

maintaining false alarms at an acceptable level. In this context, participants administered the MP 

test first set a strict criterion that forced them to carefully consider each item for its 

memorability, before subsequently transferring this cautious strategy to the easier LP test. 



Metamemory in Schizophrenia  77 

Maintaining the strict criterion on the easier test has limited disadvantages if the aim is to resist 

false alarms. 

Among persons with SCZ, response bias has been shown to be more conservative 

compared to healthy subjects (Gold, Randolph, Carpenter, Goldberg, & Weinberger, 1992). 

Patients are more likely to respond new/no to test items, thereby producing more misses than 

false alarms. However, to our knowledge, previous research has not specifically investigated 

recognition criterion setting and adjustment in SCZ with tasks that (a) isolate criterion control to 

the retrieval phase or (b) perturb criterion control via manipulations of test features. One 

previous study found that the application of penalties  yielded stricter criterion on recall memory 

tasks among participants with SCZ (Danion et al., 2001). Moreover, patients also adjusted their 

criteria appropriately to the incentive schedule. However, the manipulation of criterion by 

incentives has several limitations. First, from an ecological validity viewpoint, such 

circumstances (i.e., well defined monetary pay-offs for specific performance outcomes) are rare. 

Instead, human rememberers are more often confronted with decisions about memory quality in 

the face behavioural goals and in the context of more subtle task demands, such as task 

difficulty. Second, research with healthy rememberers has demonstrated that incentive schedules 

produce mixed results on criterion setting and adjustment (Benjamin, 2008; Danion et al., 2001; 

Koriat & Goldsmith, 1996b). Third, as noted above, the use of incentive schedules in the Danion 

et al. (2001) study did not permit the isolation of criterion setting and adjustment to the output 

phase. Therefore, the current study utilized the lure-plausibility task to investigate criterion 

setting and adjustment among patients with SCZ, thereby mitigating some of the limitations 

inherent in the use of incentives and isolating the criterion control effects to the output phase.  

Consistent with the Danion et al. (2001) study, it was hypothesized that participants with SCZ 
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would set a more conservative criterion but adjust their criterion appropriately across lure-

plausibility conditions and test order.  

  

Study Phase on Computer: 4s presentation of each word with 1s inter-trial interval 

 
 

SPIDER 

 

MOTH 

 

FLY 

 

WORM 

 

…10 insects 

 

 

VIOLIN  

 

HARP 

 

ORGAN 

 

GUITAR 

…10 

instruments 

 

Test Phase on paper, after 7 minute distraction phase followed by 180s reading of test 

Condition: LP-test First  Condition: MP-test First 

LP-test  MP-test 

BANKER WORM  CHAPEL 

MOTH  BRICK  VIOLIN 

GUITAR WASP  ORGAN 

PIANO  BANJO  SPIDER 

 

7 minute distraction phase followed by 180s reading of test 

MP-test LP-test 

GUITAR WASP  ORGAN 

PIANO  BANJO  SPIDER 

BANKER WORM  CHAPEL 

MOTH  BRICK  VIOLIN 

Figure 2. Schematic representation of lure plausibility method. 

At study, each participant is presented 10 words from 10 categories in block presentation. Each 

participant is administered two tests, a test with less plausible (LP) lures and another test with 

more plausible (MP) lures. Participants are randomized into one of two conditions that differ in 

order of tests. Half received the LP-lure test first, followed by the MP-lure test, the remainder the 

reverse order. 
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Method 

Participants 

Participants were 18 – 60 years old, reported English as their primary language before 

age 5, and achieved a grade 8 reading level on the Wide Range Achievement Test (Wilkinson, 

1993). Anyone who met criteria for a lifetime history of substance dependence or substance 

abuse within the preceding 6 months was excluded from the study. Also excluded were persons 

who reported a history of learning disability, neurological or medical conditions with deleterious 

cognitive effects (including a previous brain injury resulting in loss of consciousness for greater 

than 30 minutes). Participants were remunerated with a $10 per hour honorarium plus $15 meal 

and public transportation allowance.  

Fifty-four HCs were recruited though newspaper and community advertisements. The 

SCID Non-Patient Edition (First, Spitzer, Gibbon, & Williams, 2002a) was administered by 

confirmed that HCs were free of any current or past Axis I mental disorder. Healthy controls 

with a first-degree relative with psychotic disorder were also excluded. Fifty-four persons with 

SCID-confirmed diagnoses of SCZ and 5 persons with SCID-confirmed (First, Spitzer, Gibbon, 

& Williams, 2002b) diagnoses of Schizoaffective Disorder were recruited through the 

Schizophrenia Program at the Centre for Addiction and Mental Health. All SCID-interviews 

were conducted by a trained senior graduate student with extensive clinical experience. Three 

participants with SCZ did not complete the study: one withdrew due to disinterest, one did not 

meet reading level criterion, and one failed to comply with instructions.  

Forty-nine patients were receiving a single second generation antipsychotic medication; 

one was unmedicated, another was prescribed a single first generation antipsychotic medication 

and the remaining participants were taking a combination of first and second generation 
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antipsychotic medications. The duration of illness ranged from 1 month to 40 years since 

diagnosis (M = 9.75, SD = 12) and 89% had been hospitalized for SCZ with an average period 

since last hospitalization of 4 years (SD = 0.81). Table 3 summarizes the demographic and 

clinical characteristics of the sample. 

Table 5 summarizes the demographic and clinical characteristics of the sample. The 

majority of participants were single (SCZ = 64%, HC = 67%). A higher proportion of the SCZ 

sample was male (70%) compared to the HCs, χ(1) = 6.15, p = .02, but sex was equally 

represented amongst the healthy controls (46% female). The majority of the sample was of 

European descent (SCZ = 46%, HC = 53%), there were proportionally more participants with 

SCZ of African descent (SCZ = 27%, HC = 6%), and relatively more HC of East Asian or South-

East Asian descent (SCZ = 11%, HC = 20%). The 2 (diagnosis) × 2 (test order) ANOVA with 

age as the DV revealed no significant main effect for test order,F < 1, but a significant main 

effect of group, F(1, 109) = 4.24, p = .04,  as HCs (M = 29.67, SD = 10.63) were younger than 

the participants with SCZ (M = 33.98, SD = 11.13). Similarly, the 2 × 2 ANOVA with years of 

education as the DV, revealed no main effect of test order, F < 1, but a main effect of group as 

participants with SCZ (M = 13.79, SD = 2.46) were less well educated than HCs, (M = 16.94, SD 

= 2.55), F = 43.91, p< .001. Although the participants with SCZ were less educated, their 

average education was at the post-secondary level. 
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Table 5 

Demographic, Neuropsychological and Clinical Measures of the Participants 

 Schizophrenia

 

Healthy Controls

 
Test Order

 
 LP First 

n = 28

 

MP First 

n = 28 

 

LP First 

n = 27 

 

MP First 

n = 27

 
Male/Female 21/7 18/10 12/15 13/14 

Single/Relationship 20/8 17/11 18/9 18/9 

Euro/Afr/E-A/S-A/Other 15/6/2/3/2 11/9/4/1/3 16/1/5/3/2 13/2/6/4/2 

     

 M SD M SD M SD M SD 

Age 34 12.39 34 9.93 30 10.95 30 10.50 

Education (years) 13 1.99 14 2.80 17 2.62 16 2.52 

Years Diagnosed 8 6.96 11 14.19 n/a  n/a  

         

Neuropsychological         

Estimated FSIQ 105 14.26 107 12.34 118 11.40 120 11.02 

WRAT-3 Reading Level 103 8.37 103 10.04 113 8.22 111 6.38 

RBANS List Learning 88 20.64 86 15.71 102 12.61 104 14.87 

RBANS Story Memory 84 23.21 89 21.07 107 14.62 108 10.45 

RBANS List Recognition 87 27.27 83 27.39 99 11.82 102 11.44 

RBANS List Recall 85 23.88 90 17.04 101 13.34 104 15.15 

RBANS Story Recall 88 21.58 98 16.88 108 9.11 110 8.48 

RBANS Word Fluency 88 22.30 86 22.32 106 20.13 111 21.17 

RBANS Digit Span 89 12.84 97 14.65 104 13.89 104 11.93 

         

Global Assessment of 

Functioning 
49 14.56 50 11.32 81 9.39 84 7.56 

         

PANSS Variables*         

Positive Symptoms 42 10.27 42 8.28 

N/A 
Negative Symptoms 41 10.21 38 9.66 

Psychopathology 41 7.41 37 5.67 

Thought Disorder 44 9.45 44 8.76 

Euro: European, Afr: African and/or African-Caribbean; E-A: East & South-East Asian, S-A: 

South Asian FSIQ: Full Scale IQ. WRAT-3: Third Edition of the Wide Range Achievement 

Test; RBANS: Repeatable Battery for the Assessment of Neuropsychological Status; PAI: 

Personality Assessment Inventory; PANSS: Positive and Negative Symptoms Scale 

 * T-scores.  
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Neuropsychological. Neuropsychological performance was evaluated with the 

Repeatable Battery for the Assessment of Neuropsychological Status (Randolph, 1998) and full 

scale IQ was estimated with the Information and Matrix Reasoning subscales of the Wechsler 

Adult Intelligence Scale – 3
rd

 edition (Wechsler, 1997). RBANS raw scores were converted to 

Deviation IQ scores (i.e. M = 100, SD = 15) for ease of comparison and consistency with IQ data 

(Strauss et al., 2006). On all neuropsychological variables HCs significantly outperformed 

patients with SCZ (see Table 6). One-way ANOVAs were conducted for each 

neuropsychological variable and no main effect of test order was significant but all group 

differences were significant (p < .001, except Reading level at p = .02) indicating that HCs 

outperformed patients.  

Personality and Psychopathological Characteristics. The Personality Assessment 

Inventory (Morey, 1991)
 
 short version measured trait and psychopathological variables. Missing 

data due to procedural error was confined to PAI results of one patient in the LP first test order. 

All PAI symptom scales were significantly elevated amongst participants with SCZ compared to 

HCs (p < .001), except for alcohol problems (p = .07). Evidence of the clinical stability of the 

SCZ participants is suggested by below clinical cut-off levels on pertinent PAI scales. Results 

from the Positive and Negative Syndrome Scale (PANSS), a schizophrenia symptom severity 

scale, (Kay et al., 1987), suggest that the participants with schizophrenia’s symptoms were well 

controlled as PANSS scores fell between a half and one standard deviation below average in 

severity (see Table 5). There were no significant differences on PANSS scales between patients 

across test-order.  
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Table 6 

Participants’ Personality Assessment (PAI) Results 

  

Schizophrenia

 

 

Healthy Controls

 
Test Order

 
 LP First 

n = 27 

 

MP First 

n = 28

 

LP First 

n = 27

 

MP First 

n = 27

 
PAI Scales M SD M SD M SD M SD 

Negative Impression 

Management 
56 10.39 54 10.35 47 3.96 46 1.60 

Positive Impression 

Management 
52 11.22 51 6.17 52 12.86 54 9.48 

Anxiety and Tension 

Level 
56 13.76 57 11.18 44 7.73 44 6.14 

Anxiety Related 

Disorders Symptoms 
55 12.96 57 10.12 43 8.82 42 8.28 

Depressive 

 Symptoms 
61 16.05 59 10.98 45 7.79 44 7.23 

Mania or Hypomania 

Symptoms 
51 14.42 51 11.94 44 11.16 43 8.23 

Vigilance and  

 Paranoia 
60 15.63 58 11.48 44 7.69 44 8.00 

Schizophrenia and 

Psychosis 
61 20.75 58 12.47 42 6.07 44 7.39 

Borderline Personality 

Features 
53 10.77 56 7.98 46 9.13 45 8.08 

Antisocial 

 Features 
52 10.27 50 8.27 46 6.47 45 5.00 

Alcohol 

 Problems 
49 7.14 50 9.88 47 7.18 46 2.59 

Drug 

 Problems 
53 10.13 54 12.36 47 7.46 49 8.16 

         

† T-scores 

 

Experimental Measures 

Two recognition tests were used; one constructed with less plausible lures (LP-test), the 

other with more plausible lures (MP-test). The order of tests was counterbalanced across 
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subjects. The study list consisted of 10 items from each of 10 categories. Half of the studied 

items were distributed between the two tests so that each test contained 50 target words. MP-test 

lures were nouns drawn from the same 10 categories as the study list. In contrast, the 50 LP-test 

lures were nouns drawn from categories not presented at study. All words were obtained from 

norms of 70 semantic categories (Van Overschelde, Rawson, & Dunlosky, 2004) and matched on 

relevant psycholinguistic characteristics (University of Western Australia, 2012). The target-lure 

ratios on the tests were the same in both the first half and second half of the test (25 lures and 25 

targets). To minimize study list or test effects, 3 different versions of the study and recognition 

lists were generated. 

Procedure 

The university hospitals’ collaborative Ethics Board approved the study and all 

participants provided written, informed consent. Participants were tested individually. Task 

instructions and the study list were presented on a computer screen and read aloud by the 

participant in order to ensure adequate comprehension and to mitigate for the known attentional 

deficits among patients with SCZ. During the study phase, a 1s inter-trial interval (ITI) was 

followed by a 4s presentation of each item (excluding the last item of each 10-word category list, 

which was followed by a 2s ITI). After the study phase the participants performed non-verbal 

distraction tasks for 7 min and were then given the first recognition test and instructed to read all 

items aloud until 150 sec had elapsed. The 150 sec review afforded an opportunity for the 

employment of implicit and automatic strategies that may aid in assessing the range of evidence 

available in the test set (Hirshman, 1995; Parducci, 1984). Participants were asked to circle 

targets and there was no time limit for target identification. Upon completion, the sequence was 

repeated for the second test (see Figure 2). 
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Results 

Analyses were performed using SPSS, standard version18. Prior to analysis, all raw data 

were examined for data entry errors, missing values, outliers and adherence to parametric 

assumptions (Field, 2009; Tabachnick & Fidell, 2007). Some hit rate (HR) and false alarm rate 

(FAR) distributions had violations of standardized skewness and kurtosis, The most conservative 

transformations were performed until parametric assumptions were met (logarithmic base 10). 

Neither criterion (CO) nor discrimination (d) required transformation for either test.  

Support for the Lure Plausibility Manipulation. The lure plausibility effect was 

supported in the false alarm rate (FAR) and d response patterns of both participant groups across 

conditions. When presented with MP lures, discrimination was poorer as participants struggled to 

reject lures and correctly identify targets. Both groups responded to the LP test with better lure 

rejection that yielded superior discrimination (see Table 7). 

Criterion Adjustment. The order of the hypotheses presented in the introduction of this 

chapter is consistent with our chief interest in differences and similarities between HCs and 

participants with SCZ. However, to conform to conventions of reporting statistical analyses, the 

CO results will be presented starting with highest order interaction and followed by lower order 

interactions and main effects. Please note, however, that the presentation of hypotheses was in 

the opposite sequence. Thus, the CO adjustment results have been organized into (a) the effect of 

test order on CO between groups; (b) differences in CO on the LP and MP tests, regardless of test 

order (i.e., within subject difference); and lastly (c) differences between SCZ and HCs (i.e. 

between group differences). 
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Table 7 

Mean (SD) of Proportions of Endorsed Items and Signal-Detection Parameter Estimates as a 

Function of Diagnosis, Lure Plausibility and Test Order. 

  

Schizophrenia

 

 

Healthy Controls

 
  

Order

 

 

LP First 

n = 28

 
MP ← LP 

MP First 

n = 28

 
MP → LP 

LP First 

n = 27

 
MP ← LP 

MP First 

n = 27

 
MP → LP 

Hit Rate         

 M .59 .73 .71 .71 .76 .92 .78 .81 

 SD .29 .23 .17 .17 .13 .09 .14 .14 

False Alarm Rate         

 M .23 .11 .33 .09 .20 .03 .24 .05 

 SD .20 .14 .20 .12 .14 .05 .18 .10 

est d          

 M 1.13 2.48 1.19 2.55 1.75 4.21 1.74 3.21 

 SD .58 1.16 .71 .98 .62 1.17 .88 1.10 

est CO         

 M .30 .85 .58 .62 .80 1.76 .89 1.03 

 SD .70 .93 .63 .52 .52 .82 .55 .60 

* Signal detection parameters were estimated by changing all mean proportions of 1.00 to .99 

and .00 to .01, these changes are one-half the smallest possible difference in proportion on a test 

with 50 lures and 50 targets. 

Data are ordered in columns by test type and not by order of test. Boldface type indicates 

performance on the first test. 

 

CO Adjustment to Test Order. The hypothesis, that SCZ participants will adjust criterion 

as a function of test order, was tested with a three-way, 2 (diagnosis) × 2 (lure plausibility) × 2 

(test order) mixed method ANOVA which revealed a non-significant three-way interaction, F (1, 

106) = 2.17,  p = .14, p
2
 = .10, despite the significant 2-way interaction between lure plausibility 

and diagnosis, F = 5.79,  p = .02, p
2
 = .05, and lure plausibility and test order, F = 39.70,  p < 

.001, p
 2
 = .27. To further understand the effect of group and test order on criterion adjustment, 
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we conducted separate 2 (diagnosis) × 2 (order) ANOVAs for the LP- and MP-tests, which 

revealed no significant interaction effect for either LP lures, F = 3.16, p = .08; p
2
 = .03, or MP 

lures, F < 1. Therefore, the results support the hypothesis that SCZ participants’ criterion 

adjustment is sensitive to test order. 

 

Figure 3. Mean recognition criteria by diagnostic group and test order. Higher values indicate 

more liberal response pattern.  Error bars represent standard error. Three way interaction effect: 

F (1, 106) = 2.17, p = .14, p
2
 = .10.  Lure Plausibility × Diagnosis F = 5.79, p = .02, p

2
 = .05. 

Lure plausibility × test order, F = 39.70, p < .001, p
 2
 = .27. 

 

Compared to participants with SCZ, HCs were significantly more liberal in their criterion 

on both tests (LP test: F = 22.08, p = .001, p
2
 = .17; MP test: F = 12.25, p = .001, p

2
 = .10). The 

main effect of order was significant for the LP-test, F = 11.97, p = .001, p
2
 = .10, as criterion 

was set at a more liberal level when the LP-test was presented first. In contrast, the main effect of 

order was not significant for the MP-test, F = 2.56, p = .11,  p
 2
 = .02. In other words criterion 

remained conservative on the MP-test regardless of test order. Figure 3 illustrates the relative 

lack of change between tests when MP lures are presented first. In sum, and consistent with our 

hypothesis, once criterion is set at a conservative level in the presence of MP lures, neither HCs 
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nor participants with SCZ adjusted criterion to a more liberal position when presented with LP 

lures.  

CO Adjustment to Lure Plausibility Changes. The hypothesis that participants with SCZ 

would adjust criterion in response to lure plausibility, was investigated with a mixed methods 2 

(diagnosis) × 2 (lure plausibility) ANOVA for which the interaction was significant, F = 4.23, p 

= .04, p
2
 = .09. Both the main effects of diagnosis, F = 20.34, p < .001, p

2
 = .04, and lure 

plausibility, F = 45.71, p < .001, p
2
 = .29, were also significant. As illustrated in Figure 3 

participants with SCZ were more conservative than HCs overall, and both groups were more 

conservative on the MP-test compared to the LP-test. Simple effects testing revealed that both 

HCs, t(53) = 5.99, p < .001, 2
 = .40, and participants with SCZ, t(55) = 3.46, p < .001, 2

 = .18, 

responded to the lure plausibility by setting a more conservative criterion to MP lures. In this 

way, despite setting a stricter criterion, participants with SCZ adjusted their criterion in response 

to lure plausibility similarly to HCs. 

CO Differences between Groups. To test whether, relative to HCs, participants with SCZ 

would generally set a more conservative criterion, separate one-way ANOVAs for LP- and MP-

tests were conducted. As Figure 4 illustrates, participants with SCZ were more conservative on 

both the LP-test, F(1, 106) = 22.08 , p < .001, 2
 = .17 and on the MP-test, F (1, 106) = 12.25, p 

= .001, 2
 = .10. 
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Figure 4. Mean recognition criteria by diagnostic group and lure plausibility. Higher values 

indicate more liberal response pattern.  Error bars indicate standard errors. LP-test: F(1, 106) = 

22.08, p < .001, 2
 = .17.  MP-test: F (1, 106) = 12.25, p = .001, 2

 = .10. 

 

Discussion 

This study investigated how test features impacted criterion setting and adjustment in 

persons with SCZ. Encoding factors were the same for both test orders, thereby excluding any 

explanation that criterion was set at study. Consistent with our hypothesis, the results indicate 

that patients apply a stricter criterion compared to HCs and, therefore, memory output is more 

likely to be low and evaluated as impaired
1
. In this context, it is likely that SCZ memory traces 

are more robust than their low performance suggests as output is undoubtedly hampered by an 

overly conservative criterion. Consistent with our findings, others have also found SCZ 

participants to be more conservative in their response bias compared to HCs (Danion et al., 2001; 

Gold et al., 1992) 

                                                 

1
 Decreased output applies to recall, for recognition a stricter criterion will reduce hits. 
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Also consistent with our hypothesis and previous research, patients adjusted criterion 

normally to variations in lure plausibility. Additionally, the lure plausibility effect was qualified 

by an interaction with test order, such that both groups only modulated their criterion in the 

conservative direction when they confronted MP lures after having confronted LP lures on a 

previous test. In the context of the opposite test order (i.e., MP → LP), participants initially set 

criterion at conservative levels, and maintained them at this level.  

In the current study, patients’ criterion setting dissociates from their ability to adjust 

criteria as a function of lure plausibility or test order. The results suggest that patients differed 

from HCs in the quantity of their adjustment but not the quality. The HCs set a more liberal 

criterion and their adjustment to a stricter criterion was quantitatively larger than the patients. 

Nevertheless, despite stricter criterion they qualitatively adjusted in a manner similar to HCs. We 

speculate that the stricter criterion is a result of faulty monitoring of memories yielding 

overconfidence in false alarms. Confidence in memory is akin to mnemonic strength and 

overconfidence would shift criterion to higher mnemonic strength rendering it more stringent. It 

should be noted, however, that the suggestions presented here regarding the relationship between 

confidence and criterion setting among persons with SCZ is speculative and await further 

empirical validation.  

Rehabilitation Implications 

The finding that patients with SCZ set a more conservative criterion has important 

implications for cognitive rehabilitation programs that aim to improve memory performance and 

functional outcomes (Wykes, Huddy, Cellard, McGurk, & Czobor, 2011). A meta-analysis of 

cognitive rehabilitation studies found small effects in improving cognitive functioning in persons 

with SCZ, including memory (Wykes et al., 2011). It is possible that conservative criterion 



Metamemory in Schizophrenia  91 

militates against potential benefits of cognitive rehabilitation as correct responses would be 

withheld. Community living, employment and social functioning may also be hampered by strict 

criterion that would reduce the likelihood that patients would attempt a new skill or volunteer a 

best-guess response. Although patients adjusted criterion in response to greater test difficulty, 

this adjustment would further reduce output. To accommodate the stricter criterion teaching new 

skills would require a longer period of skill consolidation before gradually introducing more 

complex skills. Clinically, a strict criterion may also account for a poor flexibility among persons 

with SCZ. For example, new procedures (i.e., at work or a new ADL) may be resisted as too 

difficult. In addition, change would be protracted if a patient has become comfortable with a 

given performance level on tasks. Consequently, for rehabilitation purposes, it may be useful to 

grade new material from less to more difficult to optimize performance. 

Strengths and Limitations  

The sample was ethnoracially diverse, although there were more patients claiming 

African-Caribbean ethnicity than HCs. HCs were statistically younger than SCZ but the patients 

demonstrated stable symptoms. Generalizability is arguably compromised by excluding patients 

on psychotropic medications with known deleterious cognitive impact, and with substance 

dependence or recent abuse but these exclusion criteria minimize potential confounds. Attrition 

rate was very low and HC were drawn from the community rather than undergraduate university 

population, improving the generalizability of the results. However, patient scores on symptom 

measures were low. This fact may compromise generalizability but does suggest that patients 

were symptomatically stable and reduces symptoms interference as a confounding influence on 

memory. The stimuli in the current study differed from Benjamin and Bawa’s (2004) stimuli as 
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ours were drawn from more contemporary semantic category norms. Given that our results are 

similar speaks to both replication of results and robustness of the manipulation. 

Conclusion 

In conclusion, participants with SCZ generally set criterion more conservatively than 

HCs. This may account for some of the well-documented memory impairment inferred from low 

output and accuracy on traditional memory tests. In addition, SCZ participants’ dynamic 

adjustment of criterion in response to lure plausibility manipulations and test order was 

attenuated compared to those of HCs, but in the expected direction. These results suggest 

differences only in the magnitude of the criterion adaption. The pattern of criterion adjustment 

between the two groups was very similar, and argues that, qualitatively, the dynamic modulation 

of criterion is generally intact among patients with SCZ. 

.
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CHAPTER 4: Strategic Regulation of Memory Output 

Abstract 

Background: Metamemory research emphasizes the dynamic regulation of memory in the 

service of context-appropriate goals through monitoring (subjective evaluation of memory) and 

control (relationship between monitoring and response). One way of strategically regulating a 

response is by modulating its granularity. Highly informative, fine-grain answers are given when 

confidence is high in the precise response. When uncertain, one opts for a coarser response that 

trades informativeness for accuracy. Impaired regulation of response granularity may underlie 

aspects of clinical memory disorders, especially in disorders characterized by cognitive control 

deficits such as schizophrenia (SCZ). The current experiment examines whether patients with 

SCZ regulate grain-size normatively. Method: Participants’ memory for quantitative information 

in a studied transcript was tested in three phases using different report options. In phase 1, only 

precise responses were accepted. In phase 2, under different penalty schedules, participants could 

opt for a precise (e.g. February 15
th

) or an interval (e.g., February 13-19) response. In phase 3, 

participants provided a lexical descriptor of the information (e.g., mid-February). Across all 

phases, participants rated their confidence in the accuracy of each response. Results: Healthy 

controls (n = 40) outperformed patients (n = 39) in monitoring calibration, as patients were 

overconfident in their responses and in control sensitivity. However, monitoring resolution was 

relatively spared. Patients set a stricter report criterion but adjusted criterion normatively to 

penalties. Modulation of granularity was impaired in participants with SCZ who tended to over-

sacrifice informativeness by outputting expansive intervals. Conclusion: Participants with SCZ 

demonstrate a mixed pattern of metacognitive impairment characterized by overconfidence, and 

poorly modulated grain size. The clinical implications of these results are discussed.  
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Background and Hypotheses 

Episodic memory is among the most severe cognitive impairments in persons with 

Schizophrenia (SCZ) (e.g., Heinrichs & Zakzanis, 1998; Reichenberg & Harvey, 2007). Several 

studies have shown that laboratory-based memory performance is a moderately robust correlate 

of community and social functioning (for reviews see Green, 1996; Green et al., 2000). More 

recently, however, studies employing multivariate modeling have demonstrated that the role of 

memory as a mediator of functional outcome is only modest (e.g., Bowie et al., 2008) or 

nonexistent (e.g., Lipkovich et al., 2009). This has given impetus to research directed towards 

understanding alternative or additional causes of SCZ-related functional disability. In this vein, a 

central contention of the current research is that the contradictory findings regarding the 

relationship between memory and functioning may be related to how conventional theoretical 

models of memory have guided the empirical search for memory-related deficits. That is, most 

investigations of clinical memory disorders have conceived of memory as a warehouse, into 

which information is stored and retrieved. In this context, most clinical memory studies of 

persons with SCZ have focused on the fidelity of memory representations, typically over a 

specified delay period, and how encoding or retrieval operations impact memory accuracy. 

Koriat and Goldsmith (2008) argue, however, that memory is not simply a passive 

warehouse of mnemonic traces, but instead a dynamic tool in the service of goal-directed 

behaviour. In this way, memory is subject to strategic control and the influence of task demands, 

individual differences, and conventions (Benjamin, 2008). Within this framework, memory is 

expected to produce flawed representations, which are subjected to higher-order decision 

processes and evaluated in the context of the rememberer’s goals vis a vis the task and 
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environment. These processes, collectively referred to as metamemory, are likely to be as 

important to achieving one’s goals as is the integrity of a particular memory trace.  

Metacognitive Framework for the Strategic Regulation of Memory Reporting 

The theoretical model guiding this research divides the strategic control of memory into 

four processes: retrieval, monitoring, control, and performance (Goldsmith & Koriat, 2007). An 

inquiry of a past event results in the retrieval of a best candidate memory trace. Next, monitoring 

processes assess the probability of its accuracy (Pa) and differentiates correct from incorrect 

traces. Using Pa, control processes decide whether to output a precise (e.g., “on April 13
th

”) or 

coarse response and, in the case of the latter, at what granularity – e.g., a fine grain response (like 

“April 10
th

-15
th

”), or wide grain responses (like “mid-April” or “spring”). Control processes also 

invoke a report criterion (PRC) – i.e., the Pa level necessary for outputting a precise memory 

given the task demands at hand. Memories that fall below the PRC are outputted as coarse 

responses. In addition, coarse responses are utilized under conditions when fidelity is demanded 

and precision can be sacrificed. In contrast, more precise, fine-grain responses are offered when 

both accuracy and precision are necessary. However, by virtue of their exactness, precise 

memories are outputted with less confidence. As such, control processes are fundamentally 

guided by this accuracy-informativeness tradeoff; output a fine-grain response and risk errors or 

opt for a coarse-grain response and jeopardize informativeness. 

The strategic regulation of memory reporting is also influenced by other factors, such as 

personal standards and context. For example, individuals may inherently differ on how much 

they value informativeness over accuracy. Similarly, one would be expected to provide more 

accurate information under certain circumstances – e.g., information given to police canvassing 

eye witness accounts of a crime as opposed to recounting the story for the purposes of casual 
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conversation. The current experiment focuses on whether individuals with SCZ regulate memory 

reporting options along the informativeness-accuracy continuum in the same manner as healthy 

individuals. 

Empirical Framework 

The Quantity Accuracy Profile (QAP) methodology was developed to test the model of 

metamemory described above (Goldsmith & Koriat, 2007). It involves a two-phase, forced-free 

report methodology that examines memory for quantitative information (e.g., distance). 

Quantitative information affords the flexibility necessary to provide both fine-grain answers 

(e.g., 38 km) and coarse-grain responses with varying ranges (e.g., 30-40 km). In phase 1 

(forced-precise phase) participants must furnish a precise response, even if they have to guess. In 

the second phase (incentive-penalty manipulated choice-grain phase) constraints in responding 

are loosened, allowing participants to select either a precise or coarse-grain response. Equal 

numbers of the second phase items are presented under either moderate or high penalty 

conditions. In both phases, participants rate their confidence in the accuracy of each response 

(see Appendix 1). The model predicts that accuracy and confidence will be lower in the first 

phase. In the free-report phase, coarse-grain responses are predicted to be outputted when 

confidence is below a subjective criterion, PRC. Furthermore, the high penalty condition should 

yield a higher PRC, thereby increasing the coarse-grain response rate.  

The QAP design allows researchers to explore the theorized associations between 

retrieval, monitoring, control, and performance and generates a profile of measures that index 

various dimensions of metacognitive performance. In Phase 1, forced-report responses represent 

best candidate answers and the Pa associated with each answer operationalizes monitoring. 

Specifically, Pa permits monitoring effectiveness to be evaluated in two ways (Yaniv, Yates, & 
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Smith, 1991a): (a) Calibration measures the absolute correspondence between Pa and accuracy. 

Perfect calibration occurs when responses are assigned the same Pa as the actual probability of 

correct responding (e.g., responses rated at 50% confidence are correct 50% of the time); (b) 

Resolution evaluates the relative correspondence between expected and actual performance by 

quantifying one’s sensitivity to correct responses at different levels of confidence. Put another 

way, calibration is the judgement about the accuracy of one’s memory while resolution is how 

sensitive one’s memory is to different confidence levels. Control is operationalized as the 

process of selecting the appropriate granularity of report options. From the response option, the 

control policy’s sensitivity to monitoring output is derived through a best-fit estimate of the 

liberalness or conservativeness of the report criterion (PRC) for each participant. The effect of 

incentives is evaluated by comparing the PRC across penalty conditions (Goldsmith & Koriat, 

2007). 

A handful of previous studies have used various aspects of the QAP methodology to 

study the metacognitive performance of persons with SCZ (Koren et al., 2006); Danion, 

Gokalsing, Robert, Massin-Krauss, & Bacon, 2001; (Izaute & Bacon, 2010). It is important to 

note, however, that these studies were frequently motivated by different goals than the current 

study, targeted cognitive operations other than memory, and failed to employ the QAP 

methodology comprehensively. For example, Danion and colleagues (2001) investigated if 

subjective, conscious experience (operationalized as confidence in memory) was adequately 

utilized by SCZ patients when making decisions governing behaviour on a semantic memory 

task. They found that patients did not effectively control output based on confidence when 

judging whether to withhold or volunteer responses to general knowledge questions. In addition, 

patients were overconfident and set a more conservative report criterion compared to healthy 
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controls (HCs). Participants with SCZ were also overconfident in their responses on the 

Wisconsin Card Sorting Test and were less likely to rely on confidence when making a response 

(Koren et al., 2006). On a Judgement-of-Learning task (i.e., the subjective prediction of future 

recall), there was no difference in resolution (i.e., relative correspondence between confidence 

and accuracy) between HCs and participants with SCZ, but patients demonstrated impaired study 

time allocation (Bacon et al., 2007). Similarly, resolution was found to be preserved on a 

Feeling-of-Knowing task (i.e., subjective evaluation of memory accuracy) used to investigate 

metacognition at retrieval (Bacon & Izaute, 2009). 

The research evidence suggests that both monitoring and control functions are impaired 

amongst persons with SCZ in. In particular, it appears that they are overconfident in their 

responses and more conservative in their criterion setting. In contrast, their resolution appears to 

be relatively preserved. Nevertheless, several questions remain. Paramount among these is 

whether persons with SCZ regulate granularity appropriately given a particular context. For 

example, do they increase granularity (i.e., provide wider response intervals) when confidence in 

accuracy is low or inaccuracy is penalized? In addition, is their choice of wider intervals 

meaningful or useful to the listener? In other words, it remains unclear if persons with SCZ can 

appropriately regulate the accuracy-informativeness trade-off.  

Previous research has generally limited its examination of monitoring to resolution, with 

some studies finding deficits (e.g. Danion et al, 2001) and others revealing normal performance 

(Bacon & Izaute, 2008). In contrast, calibration has yet to be fully investigated and remains an 

important investigatory target as past research has only reported rates of overconfidence in errors 

rather than calculating calibration indices, such as calibration error scores (Oskamp, 1962). 

Calibration error scores extend the analysis of calibration to include underconfidence in accurate 
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responses and good calibration. Task demands as well as incentives and penalties will likely alter 

calibration at different levels of confidence and there may be important differences between HCs 

and persons with SCZ in how they calibrate under different conditions. 

There are additional measurement limitations related to the reliance of previous studies 

on the Goodman-Kruskal γ correlation to measure resolution (Danion et al., 2001; Bacon & 

Izaute, 2008)). Calculating the γ correlation involves comparing performance for each item to 

performance for every other item and counting the resultant number of concordances and 

discordances. Item A and item B are concordant if item A has a higher Pa than item B and item 

A is accurately recalled while item B is not. In contrast, discordance is identified when item A 

with its higher Pa is not accurately recalled but item B with its lower Pa is recalled accurately. 

Gamma evaluates relative performance and not absolute performance and is computed is in the 

following way: 

(Concordances – Discordances) 

(Concordances + Discordances) 

However, Gamma is unstable, as  pairs of items with the same Pa or pairs that were both 

accurately or both inaccurately recalled are discarded from the analysis (Spellman, Bloomfield, 

& Bjork, 2008). Spellman and colleagues (2008) note that such limitations can be minimized 

with careful experimental design. However, more stable indices that were designed specifically 

to evaluate monitoring exist, such as the Adjusted Normalized Discrimination Index (ANDI; 

(Yaniv, Yates, & Smith, 1991a).  

Finally, past research has reported that vague lexical responses are frequently utilized in 

free-recall (Goldsmith, Koriat, & Pansky, 2005) and that episodic memory is retained 

thematically (Pansky & Koriat, 2004). In addition, open-ended questions often elicit responses at 

a level of vagueness that minimize the likelihood of error (Neisser, 1998). Given the known 
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memory deficits in SCZ, we suspected that patients might retain memories thematically and, 

therefore, opt to provide lexical responses, perhaps the coarsest grain possible. Moreover, lexical 

responses may better represent an important “real-world” response category among persons with 

SCZ. Therefore, extending the QAP methodology to include a testing phase where participants 

provide only lexical responses may allow examination of memory reporting operations at this 

coarsest level.  

The purpose of this study was to examine metamemory performance in persons with SCZ 

using the QAP methodology. The goals of the study were to ascertain whether: (a) participants 

with SCZ appropriately regulate the granularity of their memory responses; and, (b) any 

observed impairments in regulating granularity can be ascribed to anomalous monitoring, 

control, or both. We anticipated that output from both groups would conform to the model - i.e., 

increased accuracy and confidence with increasing granularity. However, we hypothesized that 

HCs would outperform patients in accuracy and demonstrate more effective strategies in 

regulating the informativeness-accuracy trade-off in response to penalties by earning greater 

bonuses and outputting more meaningful coarse responses (i.e., narrower intervals that include 

target information). We also hypothesized that patients would perform more accurately in the 

lexical phase, suggesting better recall of thematic memory. We further hypothesized that, as 

granularity increased across phases, monitoring would improve for both groups but that HCs 

would outperform participants with SCZ. With regard to calibration, we expected participants 

with SCZ to overestimate their memory confidence. Finally, regarding control, Goldsmith and 

colleagues (Goldsmith et al., 2005) found that regulation of granularity was decided by 

confidence and not penalties whereas Danion and colleagues (Danion et al., 2001) found 

impaired control sensitivity amongst persons with SCZ. Given these data, we anticipated that 
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patients would demonstrate poorer control sensitivity and, given their hypothesized 

overconfidence, set higher PRC levels for reporting precise responses. We also hypothesized that 

participants with SCZ would modulate PRC to penalties normatively. 

Method 

Participants 

Participants were between 18 - 60 years old, demonstrated at least grade 8 reading level 

(Wide Range Achievement Test - Third edition; (Wilkinson, 1993)) and reported English as the 

primary language before age 5. Anyone who reported a history of neurological or medical 

conditions with deleterious cognitive sequelae (including brain injury with loss of consciousness 

greater than 30 minutes), or a history of substance/alcohol abuse in the last 6 months or lifetime 

dependence was excluded. Forty HCs were recruited by newspaper and web-based 

advertisements. They were excluded if they met criteria for a current or previous psychiatric 

Axis 1 disorder (First, Spitzer, Gibbon, & Williams, 2002a) or reported a first-degree relation 

with a psychotic illness. Thirty-nine participants with SCZ were recruited through poster 

advertisements displayed in the hospital. Patients were included if they were voluntary, able to 

provide consent and met DSM-IV-TR criteria for Schizophrenia (First, Spitzer, Gibbon, & 

Williams, 2002b). They were excluded if they were receiving psychotropic medication known to 

have deleterious cognitive effects (e.g., benzodiazepines, tricyclic antidepressants, 

anticonvulsants).  

Table 8 summarizes the study sample’s demographic, neuropsychological and functional 

characteristics. There was no significance difference in sex, χ
2
(1)= 2.96, p = .09,  or relationship 

status, χ
2
 (3)= 2.29, p = .51. The Chi-square assumption regarding minimum cell number was 

violated for ethno-racial heritage. Based on the frequencies in each category the data were 
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recoded into three categories, African/African-Caribbean (SCZ: n = 12; HC: n = 3), European 

(SCZ: n = 15; HC: n = 21), and Other Minorities (SCZ: n = 12; HC: n = 16).  Analyses of the 

new groupings indicated that the Chi-square statistic was significant, χ
2
 (2) = 6.96, p = .03, 

revealing that there were more participants with SCZ of African descent compared to HCs. 

However, the sample was ethno-racially diverse as other minorities were well represented. Most 

patients were unemployed and on disability allowance and most of the HCs were either 

employed or students, χ
2
 (3) = 35.02, p < .001. On average patients reported one-year post-

secondary education but had significantly fewer years of formal education than HCs, t (77) = 

5.14, p < .001. Age was not significantly different between groups, t = 1.47, p = .15. 

Neuropsychological function was evaluated with the Repeatable Battery for the Assessment of 

Neuropsychological Status (Randolph, 1998) and full scale IQ was estimated with the 

Information and Matrix Reasoning subscales of the Wechsler Adult Intelligence Scale – 3
rd

 

edition (WAIS-III; Wechsler, 1997). RBANS scores were converted to the same metric as IQ 

scores using Strauss, Sherman and Spreen’s (Strauss et al., 2006) conversion scale for ease of 

comparison. As expected, HCs significantly outperformed SCZ participants on all 

neuropsychological measures. However, the patients’ average performance on measures of 

intelligence and neuropsychological measures fell within one standard deviation of average. 

Participants with SCZ had significantly lower Global Assessment of Functioning (GAF) scores, t 

(77) = 5.09, p < .001. Healthy controls also outperformed patients, t(45) = 8.57, p < .001, on the 

instrumental activities of daily living portion of the second edition of the Routine Task Inventory 

(RTI-2), a semi-structured interview designed to evaluate ADL performance (Allen, Kehrberg, & 

Burns, 1992). 
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All participants completed the shortened version of the Personality Assessment Inventory 

(PAI), a self-report, multi-scale questionnaire that evaluates personality and psychopathology 

(Morey, 1991). Table 9  summarizes the T-score means and standard deviations for the PAI 

scales across groups. Not surprisingly, participants with SCZ scored significantly higher across 

most scales compared to HC. It should be noted, however, that mean scores for the SCZ group 

were all within normal limits, suggesting that symptoms were well controlled.  Schizophrenia 

and HC groups were equivalent in their Positive Impression Management score, a scale that 

evaluates one’s propensity to portray oneself favourably. The Negative Impression Management 

(NIM) scale tends to be higher in clinical populations (Morey, 1991) and this was reflected in the 

current sample. Individual scores on the validity indices of PIM or NIM were scrutinized and no 

participant was excluded due to elevated scores. 
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Table 8 

Demographic and Neuropsychological Characteristics of the Participants  

 Schizophrenia 

n = 39

 

Healthy Controls 

n = 40

 
Demographic Data   

 Male/Female 26/13 19/21 

 Single/Relationship 32/7 31/9 

 Euro/Afr/E-A/S-A/Other 15/12/5/2/5 21/3/7/4/5 

     

 M SD M SD 

 Age (years) 32.56 9.28 29.20 10.97 

 Education (years) 13.73 2.39 16.29 2.02 

 Years Diagnosed 9.39 9.22   

Neuropsychological Data*     

 Estimated FSIQ 107 13.56 119 11.34 

 WRAT-3 Reading Level 104 9.50 113 7.78 

 RBANS List Learning 89 18.65 104 13.95 

 RBANS Story Memory 88 20.40 105 13.29 

 RBANS List Recognition 89 26.97 103 7.31 

 RBANS List Recall 93 17.61 104 15.75 

 RBANS Story Recall 95 18.46 109 8.61 

 RBANS Word Fluency 87 20.58 103 20.49 

 RBANS Digit Span 96 16.13 105 14.16 

Functional Measures     

 Global Assessment of Functioning 48.28 11.00 84 8.36 

 Routine Task Inventory – 2
nd

 edition
†
 5.11 .49 5.81 .15 

     
Euro: European, Afr: African and/or African-Caribbean; E-A: East & South-East Asian, S-A: South Asian. FSIQ: 

Full Scale IQ. WRAT-3: Third Edition of the Wide Range Achievement Test; RBANS: Repeatable Battery for the 

Assessment of Neuropsychological Status. 

 * Standard -scores. 
†
 RTI -2 interpretation: 5.4-6 = independent functioning, 5.0-5.3 = weekly assistance. 
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Table 9 

Clinical and Symptom Characteristics of the Participants 

  

Schizophrenia 

n = 39

 

 

Healthy Controls 

n = 40

 
Personality Assessment Inventory (PAI) Scales M SD M SD 

 Negative Impression Management 55 9.83 46 2.24 

 Positive Impression Management 52 5.49 53 12.44 

 Anxiety and Tension Level 55 11.43 44 6.60 

 Anxiety Related Disorders Symptoms 56 10.98 42 7.10 

 Depressive Symptoms 60 12.04 44 7.34 

 Mania or Hypomania Symptoms 52 12.00 44 9.74 

 Vigilance and Paranoia 59 13.13 44 7.09 

 Schizophrenia and Psychosis 61 16.56 43 5.62 

 Borderline Personality Features 56 9.30 44 8.02 

 Antisocial Features 52 8.96 46 6.01 

 Alcohol Problems 48 6.42 46 3.96 

 Drug Problems 54 10.82 49 7.91 

     

Positive and Negative Symptoms 

Scale(PANSS) Variables* 

    

 Positive Symptoms 43 9.48   

 Negative Symptoms 39 9.88   

 General Psychopathology 39 7.82   

 Thought Disorder 45 8.77   

 * T-scores 

Procedure 

All participants provided voluntary, written consent and the experimental protocol was 

approved by the university hospital Research Ethics Board. Participants were tested individually 

and any monetary bonuses earned during testing were added to $10.00/hour honorarium, plus 

$15 towards meal and transportation expenses. 

Experimental Stimuli. Participants read aloud a 2,416-word fictitious police interview 

(Appendix 3) of two witnesses to a dispute that included 38 quantitative target items, (e.g. time) 
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associated with an appropriate lexical descriptor (e.g. “7:16 am, around sunrise”). Each target 

was repeated once. Participants read the transcript aloud and were permitted to study the 

transcript until they felt comfortable enough to answer questions about it. The three testing 

phases commenced after a 60-minute delay that included non-verbal tasks and a break. 

Readability statistics (Microsoft Corporation. WD97, 1999) rated the transcript as “Fairly Easy” 

and equivalent to a grade 4.9 reading level. 

Testing Phases. Participants gave different responses as a function of test phase and 

questions were administered in the same order in each phase. Participants rated their confidence 

immediately after responding on a 0% (totally unsure) to 100% (absolutely confident) scale; they 

were encouraged to use the full range of confidence estimates. To insure comprehension of the 

instructions participants read each question aloud and each of the three recall phases started with 

a practice test composed of questions about public transportation and 6 buffer questions drawn 

from the transcript to minimize primacy or recency effects. The tests for each of the three recall 

phases started with a 13-item practice test to insure that the participant understood the 

instructions.  

In phase 1, participants provided a precise response even if they had to guess. In phase 2, 

they could opt for a precise (fine grain) or interval (coarse grain) response and were informed 

that correct precise answers were rewarded 50 cents. Rewards for interval answers were less and 

scaled to the width of the interval (i.e., the wider the interval the less the reward). Each incorrect 

answer incurred a penalty of either 50 cents (low penalty) or $5 (high penalty). The applicable 

penalty was specified beside each item (see Appendix 4). Participants were assured they would 

not be obliged to pay their losses if total penalties exceeded total bonuses. In phase 3, 

participants provided a lexical response, participants were instructed to respond with a 
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meaningful lexical response or descriptor rather than offering numeric values (e.g. “he arrived 

around midnight”) and rate their confidence in each response on a 0 – 100% scale. Either the 

same thematic target provided in the transcript or a close episodic descriptor (e.g. he got to the 

club before they started charging cover) were acceptable. As an added incentive, they were 

informed that if they provided a correct lexical response to an item to which they had incurred a 

penalty in the second phase, the penalty would be removed but no bonus rewarded. 

Results 

Prior to analyses, all raw data were examined for data entry errors, missing values, 

outliers and adherence to parametric assumptions. Missing data due to procedural errors were 

rare; confidence ratings were missing from only 2 out of 7,584 questions (both from the lexical 

phase) and these items were excluded from analyses involving confidence. All analyses were 

conducted using SPSS version 18, except for the report criterion PRC which was analyzed via 

SAS v.9.1.3, using syntax kindly provided by M. Goldsmith. The alpha level, unless otherwise 

stated, was set at .05. Parametric assumptions were met for all experimental variables except 

PRC, which was subsequently log normal transformed. Holm's Sequential Bonferroni method for 

controlling Type I errors was applied when paired t-tests were conducted. When Mauchly’s test 

was significant, degrees of freedom were corrected using Huynh-Feldt estimates of sphericity.  

Support for the Phase Manipulation 

According to the Accuracy-Informativeness Trade-off Model, accuracy and confidence 

(Pa) should increase with increasing granularity (Koriat & Goldsmith, 1996a). The 2 (group) × 3 

(phase) mixed-methods ANOVA, with accuracy as the DV, was significant, F (1.70, 130.50) = 

4.61, p = .02, ηp
2
 = .06, as was the main effect of phase, F = 45.96, p < .001, ηp

2
 = .05. The main 

effect of group was significant, F = 52.93, p < .001, ηp
2
 = .41, in support of the hypothesis that 
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HCs would have higher accuracy rates than patients. Our hypothesis that SCZ memory benefits 

from increased granularity was also supported in that phase 3 accuracy was significantly greater 

than phase 2, t = 7.34, p = .05, η
2
 = .59, unlike HC performance, which manifest a plateau 

between phases 2 and 3 (p = .26). Group significantly interacted with phase when Pa served as 

the DV, F (1.70, 130.50) = 4.61, p = .02, ηp
2
 = .06, such that confidence increased across phases 

for both HCs and SCZ. The main effect of group, F = 52.93, p < .001, ηp
2
 = .41, and phase, F = 

45.96, p < .001, ηp
2
 = .05, were also significant. In sum, accuracy and Pa increased with 

increased granularity across the three phases and HCs were, in general, more accurate and more 

confident than patients across all phases (see Table 10).  

The Effect of Penalty on Bonuses and Output 

We analyzed the impact of penalty schedule on bonuses and two additional aspects of 

output: response granularity and the proportion of correct coarse-meaningful responses. As a 

reminder to the reader, in phase 2, accurate precise answers were awarded a bonus of 50 cents 

while accurate interval responses were awarded proportionally less. While the bonus schedule of 

50 cents for each precise response was consistent, half the items carried a high penalty for 

inaccuracy ($5), while the remaining items carried a low penalty (50 cents). To optimize bonuses 

and minimize penalties, participants should ideally increase granularity for more dubious 

responses, particularly for high penalty items, thereby increasing the likelihood that interval 

answers include the target information. We hypothesized that, for both groups, intervals would 

be wider in the high penalty condition compared to the low penalty condition. We anticipated 

that HCs would outperform patients in earning more bonuses, not only because HCs have better 

memory, but because HCs would employ strategies (i.e., widening intervals to capture the target) 

that incur fewer penalties and optimize bonuses (i.e., interval width would be narrow enough to 
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earn a proportion of the bonus). For example, one of the questions asks what time Matt and Phil 

left the club (the actual target information is 1:25 am). If a rememberer’s best recall is around 

1:30, an optimal strategy is to place 1:30 at the mid-point of the outputted interval and increasing 

the probability of capturing the target, e.g., 1: 20-1:40 or if less confident or in the high penalty 

condition one could widen the interval to 1:15-1:45. A less effective strategy would be placing 

the imperfectly recalled item as the maximum or minimum of the range, e.g. 1:00-:1:30 is still 

correct unlike 1:30-2:00. 

An interval must include the target to be correct but an interval should not be so wide that 

the information loses meaningfulness. In their original study, Goldsmith and colleagues (2005) 

warned participants that ridiculously wide intervals would be penalized as errors in an effort to 

prevent meaningless responses. However, they found no difference in accuracy rates across 

penalty conditions despite wider intervals and greater rates of interval responses in the high 

penalty condition. Personal communication from M. Goldsmith recommended against limiting 

width as such a constraint may inadvertently restrict granularity. Therefore, no restriction was 

placed on interval width in the current study. As a check that our participants were still offering 

informative interval responses in the absence of this constraint, all interval responses were 

evaluated for informativeness (see Appendix 5). The evaluation of informativeness was based on 

the responses of the 20 pilot participants. We anticipated that participants with SCZ would 

struggle to appropriately employ granularity as a strategy; more specifically we hypothesized 

both groups would increase grain width in response to high penalty items compared to low 

penalty items, but HCs would output narrower intervals and yield more meaningful coarse 

responses in both penalty conditions. 
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Bonuses-earned in phase 2 (see Table 10) not only reflects memory accuracy but the 

ability to strategically manipulate granularity – that is, when inaccuracy is penalized at the same 

or greater rate as the reward for accuracy, the strategic rememberer will opt against outputting 

dubious precise memories in favour of a coarse grain response. The strategic rememberer will 

gauge interval width to confidence in the precise memory while simultaneously adjusting 

interval width to maximize the proportion of the bonus. The mixed-method ANOVA, with 

amount earned as the DV, revealed a significant interaction between group and penalty schedule, 

F = 24.11, p < .001, ηp
2
 = .24. Both the main effect of penalty-schedule, F = 98.50, p < .001, ηp

2
 

= .56, and the effect of group, F = 41.17, p < .001, ηp
2
 = .35, were also significant. Simple effects 

testing revealed that both patients, t = 8.31, p < .001, η
2
 = .65, and HCs t = 5.36, p < .001, η

2
 = 

.42, lost more money on high penalty items than low penalty items. However, the SCZ group 

was disproportionately penalized in the high penalty condition. HCs earned more than 

participants with SCZ on both low penalty items, t(60.20) = 6.12, p < .001, η
2
 = .38, and high 

penalty items t(57.03) = 5.81, p < .001, η
2
 = .38. Although participants with SCZ responded to 

the penalties schedule similarly to HCs by increasing grain size, their strategies were not 

consistently effective. Their intervals often failed to include the target information within the 

interval or the interval included the target but was too wide to be meaningful and, therefore, 

earned zero. 

To investigate the effect of penalties on output, a series of 2 (group) × 2 (penalty 

schedule) mixed-method ANOVAs were conducted using granularity and proportion of correct-

informative responses as dependent variables (see Table 10). Granularity was measured for each 

item in the second test-phase by computing a logarithmic function of the interval width of the 

coarse-grain response using the formula proposed by Yaniv and Foster (1997), (Yaniv & Foster, 
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1995; Yaniv & Foster, 1997) who demonstrated that it approximates respondents’ awareness of 

differences in the informativeness of range responses (Yaniv & Foster, 1995; Yaniv & Foster, 

1997). Precise responses were allocated a granularity of zero, ln(1) = 0. As anticipated, both 

groups responded to penalties by increasing granularity. Counter to expectations, however, the 

magnitude of this response was similar across groups as exemplified by the nonsignificant 

interaction, F (1, 77) = 1.57, p = .21, ηp
2
 = .02. The main effect for penalty-schedule, F(1, 77) = 

9.45, p = .003, ηp
2
 = .11 and group, F = 19.79, p < .001, ηp

2
 = .20, were significant, as HCs 

outputted narrower intervals (M = 1.03, SD = .64) than patients (M 1.88, SD = 1.02).  

Four participants (3 HCs and 1 patient) offered only precise answers and, therefore, were 

removed from the analysis of accurate meaningful responses. In support of our hypothesis, HCs 

provided significantly more meaningful accurate coarse responses (69%) than patients (48%) 

(see Table 10), F(1, 68) =16.88, p < .001, ηp
2
 = .20. Neither the group × penalty-schedule 

interaction, F = 2.43, p = .12, ηp
2
 = .03, nor the main effect of penalty, F < 1 were significant. 

Unlike the results from Goldsmith and collaborators, who found no difference in meaningful-

interval responses accuracy rates between the two penalty conditions, in the current study HCs 

made fewer accurate meaningful responses in the high penalty condition compared to the low 

penalty condition (Table 10), while the opposite trend was observed for patients. While the 

differences are not significant the pattern is intriguing as it would seem patients responded to 

penalty by increasing grain size and capturing the target. Despite withdrawing the restriction 

against overly wide intervals in this study, HCs responded to high penalty items with “wild 

guesses” of the targets and increased grain-width compared to low penalty items. However, 

compared to patients in the high penalty condition, HCs offered insufficiently wide intervals to 
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capture the target. Patients’ more liberal grain width was a better strategy than HCs’ conservative 

granularity.  

 

Table 10 

Comparison of the Means (standard deviation) of Dependent Variables by Phases and by 

Penalty Schedule in the Choice-Granularity Phase (Phase 2). 

 Schizophrenia

 

Healthy Controls

 
Phase 1 Accuracy .49 (.22) .79 (.14) 

Phase 1 Confidence (Pa) .66 (.19) .84 (.10) 

   

Phase 2 Accuracy .61 (.21) .86 (.11) 

Phase 2 Confidence (Pa) .77 (.16) .91 (.07) 

   

Phase 3 Accuracy .66 (.21) .88 (.11) 

Phase 3 Confidence (Pa) .84 (.18) .95 (.05) 

     

Penalty Schedule in Phase 2 

 

Low  High

 

Low  High

 
Phase 2 Accuracy  .59 (.20) .63 (.24) .86 (.11) .86 (.14) 

Phase 2 Confidence (Pa) .77 (.18) .78 (.16) .90 (.07) .91 (.09) 

     

Total Bonus (dollars) -0.24 (4.40) -24.64 (20.16) 4.72 (2.52) -3.53 (10.55) 

     

Granularity* 1.73 (1.03) 2.03 (1.11) 0.97 (0.70) 1.09 (0.69) 

     

Proportion of Correct-

Meaningful Coarse-Grain 

Responses 

.42 (.28) .51 (.31) .72 (.27) .66 (.32) 

Pa assessed probability correct i.e. confidence. *Granularity was measured for each item in the second test-phase by 

computing a logarithmic function of the interval width of the coarse-grain response, based on the formula proposed 

by Yaniv and Foster (Yaniv & Foster, 1995; Yaniv & Foster, 1997). Precise responses were allocated a granularity 

of zero, ln(1) = 0. 

 

Monitoring: Calibration and Resolution  

Adhering to the convention for calculating calibration established by Lichtenstein, 

Fischhoff, and Phillips (Lichtenstein, Fischhoff, & Phillips, 1982), the assessed probability 

correct for responses were divided into 12 levels (i.e., 0, 1-10, 11-20, 21-30,… 91-99, 100), with 
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the exception of the 91-99 window as 100 forms its own category. Calibration curves were 

generated by plotting the proportion of items correct for a given confidence level against the 

mean assessed probability correct (i.e., confidence) across participants. Perfect calibration is 

represented by the diagonal line (slope = 1.0 and intercept = 0). Values falling under the diagonal 

represent overconfidence (higher assessed probability correct than actual level of correct 

responses) while underconfidence is represented by values above the diagonal (lower assessed 

probability correct than actual level of correct responses). Figure 5 shows calibration curves for 

HC and SCZ participants in phase 1 (forced precise-grain), both penalty conditions of phase 2 

(choice-grain), and phase 3 (lexical response phase). 

In phase 1, participants with SCZ are overconfident (values under the diagonal line) in 

their memories relative to HCs, whose values are close to the diagonal. In phase 2, HCs 

responded to penalties with more items falling above the diagonal line indicating, specifically 

when Pa < .40 -.49 for low and Pa < .50 - .59 for high penalty items. In other words, when 

confronted with penalties for inaccuracy, HCs became less confident in their memories when 

there was less than a 50%  chance of being correct. The pattern of overconfidence amongst 

patients persisted from phase 1, although they did respond to penalties as indicated by their 

calibration curves. In phase 1, patient’s calibration curve suggest that they were overconfident 

when Pa < .20 - .29. In comparison, they became less confident in the context of low penalty 

items at Pa < .30 - .39 and for high penalty item at Pa < .40 - .49. The calibration curves from 

phase 2 show that HCs adapted strategically to higher penalties by becoming less confident in 

their answers compared to low penalty items; while patients also became less confident in 

response to penalties, they did not adjust confidence to the same magnitude and remain generally 

overconfident. 
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The calibration curve in the lexical phase for patients suggests that their confidence in 

thematic memory is better calibrated to accuracy compared to other response options. For HCs 

the calibration curve pattern for lexical items is similar to high-penalty phase 2 with a spike of 

underconfidence around Pa < .30 - .39. Forcing HCs to recall or construct lexical phrases may 

have undermined their confidence, particularly for more dubious items. 

Calibration error scores were computed for each confidence category by dividing the 

absolute difference between Pa and the actual proportion correct for each confidence category by 

the total number of judgements made in that category (Oskamp, 1962). We hypothesised that 

calibration would improve with increasing granularity, as accuracy also improves under these 

conditions. However, the group × phase interaction and main effect of phase were not significant 

(both: F < 1) with calibration error scores as the DV (see Table 11). Consistent with our 

hypothesis, however, HCs outperformed patients, F = 33.53, p < .001, ηp
2
 = .30.  For phase 2, the 

group × penalty ANOVA with calibration error scores as the DV revealed a significant main 

effect of group, F = 30.52, p < .001, ηp
2
 = .28. Penalties had no main effect on calibration error 

scores, nor did they interact with group (both: F < 1).  

 

.
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Figure 5. Calibration curves for each phase with phase 2 represented by penalty schedule. Diagonal line represents perfect calibration.  
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Table 11 

Summary of Monitoring Measures. Means (SD) of Calibration Error Scores and Adjusted 

Normalized Discrimination Index (ANDI).  

Test Phases 
Schizophrenia

 

Healthy Controls

 
Calibration Error scores   

1: Forced Precise-Grain Test  .25 (.14) .14 (.08) 

2. Choice-Grain   

 Low Penalty Items .27 (.16) .13 (.07) 

 High Penalty Items .27 (.15) .13 (.10) 

3: Lexical .24 (.15) .11 (.09) 

   

ANDI   

1. Forced Precise-Grain Test  .50 (.25) .51 (.29) 

2. Choice-Grain   

 Low Penalty Items .28 (.22) .35 (.36) 

 High Penalty Items .29 (.31) .25 (.26) 

3. Lexical .05 (.17) .10 (.32) 

Calibration Error scores: Computed for each confidence category by dividing the absolute 

difference between mean confidence and the actual proportion correct for each confidence 

category by the total number of judgements made in that category (Oskamp, 1962). Lower scores 

represent better calibration, with zero as perfect. 

ANDI: The amount of variability in accuracy accounted for by confidence judgements.  

Computed as a weighted mean, for each confidence category, the difference between mean 

accuracy for the judgement category less mean accuracy of the test is squared. A score of 1 is 

perfect resolution, while discrimination skill is nil at zero. (Yaniv, Yates, & Smith, 1991) 

 

Resolution, which is the relative correspondence between accuracy and confidence and 

quantifies how sensitive a judge is in identifying a correct response at different levels of 

confidence. Resolution was measured using the Adjusted Normalized Discrimination Index 

(ANDI; Yaniv, Yates, & Smith, 1991b). With ANDI as the DV, neither the group × phase 

interaction nor the main effect of group were significant (both: F < 1), a result consistent with 

our hypothesis and previous research (Danion et al., 2001). In contrast, the main effect of phase 

was significant, F= 3.71, p < .001, ηp
2
 = .49. For both groups, resolution deteriorated as 

granularity increased. Resolution was poorer for patients on phase 1 compared to phase 2, t(38) = 
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10.01, p < .001, η
2
 = .73, with a trend to significance between phase 2 and 3, t = 1.88, p = .07, η

2
 

= .04. ANDI values were significantly lower in phase 2 compared to phase 1 for HCs, t(39) = 

5.90, p < .001, η
2
 = .47, but not between phases 2 and 3, p = .65. Our hypothesis that HCs would 

respond to higher penalties with better resolution was not supported, as the group × penalty 

schedule interaction was not significant, F = 2.19, p = .22, ηp
2
 = .03. 

Metacognitive Control  

Control sensitivity, the implicit decision processes that determines whether a precise or 

coarse grain response is reported, constitutes a key function of metacognitive control. In general, 

the granularity of a given response negatively correlates with confidence in accuracy. Goodman-

Kruskal gamma (γ) correlations were calculated to evaluate if Pa in phase 1 was related to the 

decision to respond with a precise or coarse answer in phase 2. In both groups confidence in 

phase 1 was significantly associated with granularity in phase 2 (SCZ: γ = -.69, p<.001; HC:γ = -

.83, p<.001). Our main interest was in the influence of penalties on control sensitivity. That is, 

would patients be sensitive to changes in penalties when deciding to opt for a precise or interval 

answer? Therefore, γ was computed for each participant at each penalty schedule (see Table 5) 

and subjected to a mixed-factor ANOVA with both penalty schedule and groups as IVs. Neither 

the main effect for penalty schedule nor the group × schedule interaction were significant (F < 1 

for both). However, the main effect of group trended toward significance, F (1, 73) = 3.38, p = 

.07, ηp
2
 = .04, indicating that HCs were marginally better at regulating the option to provide a 

coarse response by confidence. In other words, patients demonstrated mildly impaired control 

sensitivity. 

Once the coarse response option is taken, metacognitive control processes are further 

employed to regulate interval width. In order to test the hypothesis that confidence in the precise 
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response in phase 1 controlled the size of the interval in phase 2, γ correlations were calculated 

between phase 1 Pa and the logarithmic grain width of every coarse response (see Table 12). The 

group × penalty schedule interaction and main effect of penalty were not significant, F < 1, 

undermining our hypothesis that interval width would be impacted by penalty, i.e., wider grain 

size for higher penalties items. However, the main effect of group was significant, F (1, 73) = 

18.09, p < .001, ηp
2
 = .20. As anticipated, HCs were better at supervising grain-width according 

to confidence for both low t(60.36) = 3.92, p < .001, η
2
 = .20; and high penalty items ;  t(56.08) = 

3.37, p = .001, η
2
 = .16. In sum, while penalties did not impact granularity, HCs demonstrated 

better control of granularity in phase 2 based on precise answer Pa from phase 1.  

Table 12 

Summary Means (SD) of Measures of Metacognitive Control Mechanisms.  

 Schizophrenia

 

Healthy Controls

 
Penalty Schedule in Phase 2 

 

Low  High

 

Low  High

 
Control Sensitivity – Control 

of Report Option by 

Confidence* 

-.79 (.27) -.81 (.35) -.89 (13) -.90 (.12) 

     

Control of Interval Width by 

Confidence** 
-.57 (.27) -.56 (.35) -.78 (16) -.78 (.17) 

     

Report Criterion (PRC)
†
  .90 (.35) .95 (.26) .86 (.22) .91 (.14) 

* Goodman-Kruskal γ correlations between phase 1 Pa and the response option, precise or 

interval 

** Goodman-Kruskal γ calculated between phase 1 Pa and the logarithmic grain width of every 

coarse response
  

†
 The criterion (confidence level) for reporting a precise response. Higher values represent more 

conservative criterion. (see Appendix 6 for calculation of PRC) 

 

We hypothesized that report criterion, PRC values (participant-specific confidence for 

each item in phase 1 that determines report option in phase 2, see Appendix 4 for calculation) 

would be greater on high penalty items for all participants, but given patient overconfidence, we 
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anticipated that patients would set higher PRC levels compared to HCs. The group × penalty 

schedule interaction was not significant (F < 1). The main effect for group trended to 

significance, F(1, 77) = 2.69, p = .10, ηp
2
 = .03, as participants with SCZ set higher PRC values in 

support of our the hypothesis (see Table 12). Also supporting the hypothesis that high penalty 

items would be associated with stricter PRC, there was a significant main effect of penalty 

schedule, F = 6.90, p = .01, ηp
2
 = .08. Both groups responded to task demands with stricter 

criterion on high penalty items and thereby reserved the precise option for high confidence items.  

Functioning and Metamemory Mechanisms 

The primary objective of this research was to apply the QAP methodology to investigate 

metamemory in persons with SCZ but we were also curious if metamemory skills significantly 

predict community functioning, relative to memory accuracy per se. Therefore, correlations 

between measures of community functioning with a metamemory and with a memory accuracy 

measure were computed. Accuracy in phase 1, forced precise responses was selected as the 

measure of memory ability. Only metamemory measures that were significantly different 

between groups were selected as indices of metamemory performance. Accuracy in phase 1 

correlated significantly with RTI-2, the measure of instrumental activities of daily living, r = .41, 

p < .001, but only for patients. There were no significant correlations between phase 1 accuracy 

and employment tenure for participants with SCZ or for HCs on either functioning variable. We 

uncovered significant correlations between calibration error scores and the RTI-2, for both 

patients, r = -.34, p = .03, and HCs r = -.31, p = .04, and with employment tenure for both SCZ r 

= -.36, p = .02, and HCs r = -.35, p = .03. A significant correlation was revealed between the 

RTI-2 and γ-values for control of interval width by confidence for patients, r = -.35, p = .03, but 
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not HCs. No significant correlations were observed between PRC and functional measures for 

either patients or HCs. 

Discussion 

The overarching objective of this study was to examine the metacognitive regulation of 

memory reporting in persons with SCZ using the QAP methodology. The metacognitive 

mechanisms of monitoring and control were investigated by manipulating conditions at recall 

(i.e., penalties and demand for precision). Our two primary goals were to ascertain whether: (a) 

participants with SCZ regulate granularity appropriately; and, (b) any observed impairments in 

regulating granularity can be ascribed to anomalous monitoring, control, or both. 

To examine whether patients modulate the granularity of outputs appropriately, the 

regulation of grain size according to confidence in the accuracy of an answer and penalties were 

analyzed. Although both groups opted to provide coarse responses when confidence decreased, 

patients opted for the coarse response more frequently. However, their confidence was lower in 

their responses and they correctly employed the strategy of providing an interval response for 

dubious precise answers. Nevertheless, patients were significantly more likely to offer a coarse 

response with an interval that was too wide to be meaningful. Up to a third of their responses 

were uninformative and the rate of these meaningless responses was greater for high-penalty 

than low penalty items. In contrast, although HCs also provided some meaningless responses, the 

rate was consistent regardless of penalty schedule. In other words patients recognized higher risk 

and responded by sacrificing informativeness at higher rates than HCs. Further evidence of the 

patient’s limitations in the strategic regulation of memory output was found in their poorer rates 

of earning bonuses in the high penalty condition. To summarize, while patients do modulate 
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granularity according to confidence and consequences, they do so less effectively than HCs in 

that they over-sacrifice informativeness for accuracy. 

The second goal was to ascertain the source of this ineffective modulation of response 

granularity. There was no difference between groups with regards to resolution; that is, their 

sensitivity to detect correct responses at different levels of confidence. However patients’ 

calibration error scores were elevated compared to that of controls, thus indicating that their 

accuracy and confidence were not aligned as closely as among HCs. Calibration error scores 

remained almost constant across phases and penalty schedules, suggesting that overall 

correspondence between accuracy and confidence was stable for both groups regardless of 

changing task demands and granularity.  

Inspection of calibration curves suggested that, in general, participants with SCZ were 

over-confident compared to HCs. Specifically, even though patients had lower levels of 

confidence overall, the correspondence between their confidence ratings and accuracy 

significantly lower than HCs. The curves also indicated that HCs calibrated forced-precise 

(phase 1) responses best and became less confident across phases. We made no explicit 

predictions regarding HCs calibration across phases, expecting there to be little or no change, 

and did not anticipate the results that HCs would become less confident. However, HCs’ 

underconfidence is confined to the lower confidence ratings and can be understood as a response 

to penalty schedule in phase 2. Healthy controls had high rates of accuracy (79%) in precise 

responses and were good judges of their overall accuracy. When selecting the response option of 

precise or interval in phase 2, HCs relied on confidence in precise responses and selected the 

most dubious answers for interval option. If one doubts one’s memory for the target information, 

setting an interval becomes a guess in both identifying the target and in gauging interval width 
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(i.e., Will the interval be wide enough to capture the target?). Underconfidence in coarser 

responses may reflect this double doubt – i.e., doubt in target and doubt in interval width. 

Underconfidence in the forced lexical phase may be an artefact of being forced to provide a 

lexical response. One may be certain of not remembering a precise answer but one may be even 

less confident of the descriptor one has been forced to provide. 

Healthy controls were marginally better at regulating response option to confidence 

(control sensitivity) and outperformed participants with SCZ in regulating interval width 

according to confidence in the precise response across penalty schedules. Our data suggests that 

report criterion was only marginally different between groups and as anticipated patients’ 

overconfidence likely yielded a stricter PRC compared to HCs. Report criterion followed the 

anticipated patterns - stricter for high penalty items across both groups. The fact that patients 

responded normatively to penalties is consistent with findings from Danion and colleagues 

(2001) and consistent with the response criterion study reported in Chapter 2 of this thesis. Using 

the same type of stimulus as the current study, Goldsmith and colleagues’(Goldsmith et al., 

2005) also found that college-student participants had considerably lower PRC values for low 

(.60) versus high penalty items, similar to our community based HCs (.73). Similarly, Danion’s 

participants with SCZ (.48 and .72) and HCs (.35 and .52) were more liberal in a semantic 

memory task than participants in this study. However, accuracy and confidence rates were 

comparatively higher in the current study, thus perhaps inflating PRC to almost ceiling levels for 

low-penalty items and compromising responsiveness.  

From this study, the source of ineffective grain modulation in persons with SCZ appears 

to be monitoring deficit in calibration, marginally impaired control mechanisms in deciding 

report option based on confidence, a deficit in supervising interval width, and stricter report 
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criterion. The calibration deficit among patients was reflected in their overconfident responses 

and thereby setting a high report criterion. Patients’ impairment in supervising interval width to 

confidence was most apparent in the rate of meaningless interval responses. Poor calibration is 

likely an upstream deficit that impacts downstream processes such as control sensitivity and 

setting report criterion. Patients performed similarly to HCs on resolution and strategic 

regulation of report criterion in response to consequences. However, patients made more errors, 

were generally overconfident and had difficulty judging appropriate coarseness in their output. 

Both groups selected the precise response when the PRC was achieved, a finding that supports the 

satisficing model (Goldsmith et al., 2002; Simon, 1956). This model proposes that humans 

output the most informative response, providing confidence in that response reaches a particular 

level of confidence.  

More recently, a dual-criterion model has been proposed as an adjunct to the satisficing 

model (Ackerman & Goldsmith, 2008). The single criterion of the satisficing model is adequate 

when rememberers can draw on moderate-to-high levels of knowledge of the topic of the query. 

A minimum criterion of informativeness is added as the second criterion operating in monitoring 

and controlling output. This minimum-informativeness criterion is needed in situations where the 

rememberer has limited information and knowledge of the topic of the query. Under these 

circumstances, assuming “I don’t know” is not an option, when the confidence criterion cannot 

be met, the best coarse response that meets the minimum-informativeness criterion is outputted. 

While the current study was not designed to provide direct evidence of the dual-criterion 

model, there is some suggestion that participants with SCZ failed to adhere to the minimum-

informativeness criterion. The patient’s phase 1 error rate suggests that, unlike HCs, they were 

operating under circumstances of limited information and knowledge. Participants with SCZ 
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were more likely to provide an interval response in phase 2 and around half of those interval 

responses were incorrect. Future research may investigate if persons with SCZ are impaired in 

responding to an informativeness criterion. There are two challenges with understanding an 

informativeness criterion. First, meaningful is subjective and influenced by personal standards of 

what constitutes a sufficiently detailed answer. The second challenge is motivational as 

individuals differ in how much they are motivated by the social rewards of providing an 

informative response (Ackerman & Goldsmith, 2008). Social rewards may be less motivating in 

persons with SCZ given the negative symptoms of anhedonia and asociality. 

Rehabilitation Implications 

Calibration indices indicated that, compared to HCs, patients were overconfident in their 

memories. Results also indicate that calibration error was negatively correlated with measures of 

community functioning related to employment and instrumental activities of daily living for both 

HCs and patients. A significant correlation was found amongst patients between regulation of 

interval width and instrumental activities of daily living. While the correlations were moderate, 

the finding is interesting as functioning and calibration error was found across groups suggesting 

that the monitoring mechanism of calibration may be an important process in community 

functioning. Calibration is the absolute correspondence between confidence and accuracy, in 

other words it measures of how well one knows one’s memory contents. Although patients were 

significantly less confident than HCs, patients’ level of confidence is still inflated compared to 

accuracy. In the absence of a realistic appraisal of what one has access to in one’s memory it is 

not surprising that community functioning would be impaired. In a similar vein, supervising the 

meaningfulness of one’s output suggests that one is attuned to the information needs of the 
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listener and the goal of the task. A realistic appraisal of our memory and attention to the goal of 

the task are as important in the grocery store as they are on the job. 

Most cognitive rehabilitation efforts for persons with SCZ focuses on memory output 

(McGurk, Twamley, Sitzer, McHugo, & Mueser, 2007) although in recent years remediating 

cognitive control has also been investigated (Edwards, Barch, & Braver, 2010). Research into 

metacognition from the perspective of “thinking-about-thinking” has found evidence that persons 

with SCZ have a bias against disconfirming evidence (Moritz & Woodward, 2006) that 

theoretically explains overconfidence in errors (Moritz, Woodward, & Rodriguez-Raecke, 2006). 

Preliminary evidence is promising regarding a metacognitive (thinking-about-thinking) 8-session 

didactic rehabilitation program aimed at countering delusions that utilizes a combination of 

Cognitive Behavioural Therapy techniques and Theory of Mind principles (Favrod, Maire, 

Bardy, Pernier, & Bonsack, 2011; Aghotor, Pfueller, Moritz, Weisbrod, & Roesch-Ely, 2010). It 

may be possible to use a similar approach to rehabilitate the metacognitive processes of 

calibration and supervision of memory output that were uncovered as deficits in the current 

study.  

Strengths and Limitations 

On balance, the neuropsychological data suggested that, relative to other published 

samples of SCZ participants, the current sample was only mildly impaired on cognitive tasks. 

This result is somewhat typical of samples recruited from central, tertiary, academic hospitals 

and mitigates interpretations that differences across experimental variables are secondary to a 

generalized cognitive impairment. Caution should be exercised when generalizing the current 

results to the broader population of SCZ patients. However, the sample was ethnoracially diverse 

and relatively large. HCs were statistically younger than SCZ but the patients demonstrated 
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stable symptoms. There was no attrition and HCs were drawn from the community rather than 

undergraduate university population, improving the generalizability of the results.  

Conclusion 

The QAP methodology was employed to investigate if persons with SCZ strategically 

regulated the accuracy-informative trade-off similarly to HCs. The results indicated a mixed 

pattern of metacognitive impairment characterized by overconfidence, impaired monitoring 

calibration, stringent criterion, and poor modulation of granularity as patients over-sacrificed 

informativeness for accuracy. Patients demonstrated preserved criterion adjustment in response 

to penalties. Strict criterion setting and normative criterion adjustment are consistent with 

findings in Chapter 3. In contrast to Danion and colleagues’ (2001) QAP study with a semantic 

memory task, patients in the current study demonstrated good monitoring resolution.  

.
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CHAPTER 5: Conclusion 

The studies in this dissertation were designed to investigate specific aspects of 

metamemory in persons with SCZ. Unlike previous research (Danion et al., 2001; Izaute & 

Bacon, 2010) that used metamemory as a means to investigate consciousness, the current 

dissertation was framed in a manner  consistent with Koren and colleagues’ (Koren et al., 2006) - 

that metamemory is a distinct domain of cognition that warrants understanding in persons with 

SCZ and may offer a useful link between memory impairment and the functional limitations 

associated with SCZ. The experiments presented in this thesis included two novel metamemory 

paradigms not previously examined with SCZ participants (i.e., Chapter 2, source-constrained 

retrieval and Chapter 3, criterion setting and adjusting). In addition, Chapter 4 utilized a 

comprehensive rendering of the Quality Accuracy Profile (QAP) methodology (Goldsmith & 

Koriat, 2007). While previous research has examined metamemory in SCZ using select 

components of the  QAP (Danion et al, 2001; Koren et al., 2006), the study presented in Chapter 

4 is unique in that it also investigates whether persons with SCZ regulate the grain size of their 

responses normatively and in accord with the informativeness – accuracy trade-off. To our 

knowledge, these studies represent the most comprehensive investigation of metamemory 

function among persons with SCZ to date. We argue that a broad experimental approach, such as 

the one presented here, is necessary in order to elucidate differential deficits across various 

metamemory processes. 

The experiments constituting this thesis were organized under the search-and-output-

phases framework put forward in the Controlled Retrieval Processes model by Koriat and 

colleagues (Koriat et al., 2008). Fundamental components of this model are (a) monitoring 

(assessing, evaluating and judging ones’ memory) and (b) control (deciding if a given memory 
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trace meets acceptable criteria given the task at hand). During recall of a given memory, different 

aspects of these two broad components are executed at various points along a temporal 

continuum, from memory query to response. In characterizing this temporal unfolding of 

memory, this model distinguishes between pre- and post-retrieval processes. Pre-retrieval 

mechanisms monitor memory accessibility before deciding to either forgo or conduct a memory 

search. If a search is initiated, the pre-retrieval processes also select a search strategy and control 

retrieval probes. The retrieved candidate memory traces are then vetted through post-retrieval 

processes in order to produce the single best candidate trace. Post-retrieval mechanisms evaluate 

retrieved information, inhibiting incorrect or irrelevant information, assess the effectiveness of 

the search process, and decide accordingly whether to terminate or alter the search strategy. The 

post-retrieval mechanisms’ final product is a fully vetted best candidate memory trace, which is 

then dispatched to report mechanisms for consideration of whether and how to output the 

memory in the context of the goals at hand, environmental contingencies (e.g., risks and 

rewards), and personal standards and biases.  

The experiments in this thesis were deliberately chosen to represent distinct metamemory 

processes acting at distinct epochs along this timeline. Source-constrained retrieval (Chapter 2) 

engages the pre-retrieval control processes in selecting candidate traces according to how the 

studied material was originally encoded. Criterion setting/adjusting (Chapter 3) establishes how 

much evidence is sufficient to endorse retrieved information as previously experienced and 

whether the resultant criterion can be appropriately shifted under changing memorial conditions. 

During the output phase (Chapter 4) the rememberer controls whether the best candidate trace 

should be reported by first monitoring its accuracy and appropriateness for the goal at hand. If it 
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is deemed to be reportable, control processes are invoked to regulate report options, namely its 

grain size.  

Summary and Integration of the Results 

The results of the memory-for-foils experiment (Chapter 2) were consistent with the 

hypothesis that persons with SCZ would fail to select memories in ways that optimize the 

probability of their veracity. Source-constrained retrieval is an automatic metamemory 

mechanism that controls early memory selection by retrieving those traces that match encoding 

operations. Although participants with SCZ appeared to invoke similar encoding operations to 

HCs (i.e., they significantly benefitted from the level-of-processing manipulation on the standard 

recognition test), they failed to reinstate these operations at retrieval as evinced by the absence of 

SCZ-associated recall differences across levels of encoding on the memory-for-foils test. In this 

regard, participants with SCZ performed similarly to older adults (Jacoby, et al., 2005b). The 

reduced LOP effect on the memory-for-foils test in both samples was driven by reduced FAs in 

the deep conditions. In other words, what seems to underpin the source-constrained retrieval is 

that it is easier to correctly reject a brand new foil on the second test when it was not deeply 

encoded during the first test. 

Unlike source-constrained retrieval, which is a pre-retrieval operation, criterion 

adjustment (Chapter 3) is a control mechanism that occurs at the beginning of the output phase. 

Contrary to our hypothesis, persons with SCZ adjusted their criterion normatively in response to 

lure plausibility. That is, compared to less plausible (LP) lures both SCZ and HC participants 

responded to more plausible (MP) lures with a more stringent criterion. In addition both groups 

responded to test order similarly, adjusting criterion to stricter levels on the MP test in the LP → 

MP condition while maintaining a strict criterion on the LP test in the MP → LP condition. To 
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explain the pattern of criterion adjustment, I speculated in Chapter 3 that if the implicit goal of 

rememberers is to reduce false alarms (i.e., intuitive Neyman-Pearson decision maker; 

(Benjamin, 2008), then criterion would be adjusted only if there was a threat of increasing false 

alarms. In this vein, both groups appeared to operate towards these objectives. Although patients 

adjusted their criterion in a similar manner as HCs (i.e., stricter criterion in the context of more 

plausible lures), it is noteworthy that participants with SCZ generally set their criterion more 

conservatively. Stricter criterion will increase correct rejection of lures (i.e., reduce false alarms) 

but also increase the rate at which the rememberer fails to identify a target as a previously 

experienced memory (i.e., misses). This result raises the possibility that the poor SCZ-related 

memory performance may be attributed, at least in part, to conservative criterion setting. In this 

case, it is possible that previous research has overestimated the actual memory impairment 

associated with SCZ.  

To summarize the results of the first two studies within the framework of the Controlled 

Retrieval Model (Koriat et al., 2008), patients demonstrated impaired pre-retrieval metamemory 

processes (namely invoking normative search strategies and using the most potent retrieval 

probes) in selecting the best candidate memory traces. Patients also set a stricter criterion at 

retrieval. Therefore it seems likely that the quality and quantity of retrieved information that 

persons with SCZ are accessing is poorer relative to that of HCs. These poorer quality and 

limited number of traces are then vetted through a strict criterion that ultimately reduces output. 

However, given the lower accuracy rates observed amongst SCZ in both studies of Chapters 2 

and 3, it would seem that even the stricter criterion fails to normalize accuracy, likely due to both 

the poorer quality of candidate traces and an increased frequency of misses. The experiments in 

Chapters 2 and 3 addressed the search and output phase using recognition tests with forced 
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response formats. In contrast, Chapter 4 extends the examination of metamemory by parsing the 

monitoring and control processes that operate at output phase using the QAP methodology. 

In the fourth chapter, participants’ memory for quantitative information in a studied 

transcript was tested in three phases using different report options. In phase 1, only precise 

responses were accepted. In phase 2, under different penalty schedules, participants could opt for 

a precise (e.g. February 15
th

) or an interval (e.g., February 13-19) response. In phase 3, 

participants provided a lexical descriptor (e.g., mid-February). Across all phases, participants 

rated their confidence in the accuracy of each response. On the one hand, results suggest that 

patients with SCZ respond normatively to the informativeness-accuracy trade-off by increasing 

granularity under high risk conditions (low confidence and high penalty) (Koriat & Goldsmith, 

1996b). On the other hand, the adjustments to granularity are frequently so wide that the 

responses were rendered nonsensical and of little utility to any potential receiver of the 

information. Patients also displayed uneven monitoring. Specifically, they demonstrated intact 

resolution and poor calibration. The resolution results indicated that the participants with SCZ 

were able to discriminate correct from incorrect items at different levels of confidence. 

Resolution was at its best for precise answers and deteriorated with increasing granularity across 

phases for both groups. It would seem that humans, in general, are better at distinguishing 

between correct and incorrect precise responses than interval level responses. Notably, however, 

patients’ resolution showed an equivalent bias as a function of granularity. In contrast, patients 

demonstrated a notable impairment in calibration – specifically, overconfidence. A pattern was 

revealed on the calibration curves suggesting that, despite being overconfident, they did respond 

similarly to HCs to increased penalties by reducing confidence. So while appropriate adjustments 
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to confidence were made on the basis of environmental contingencies, patients remained 

generally overconfident in their memories. 

In regards to controlling output, results from Chapter 4 suggested that, for both groups, 

confidence in precise responses (i.e. phase 1), rather than penalties, impacted the decision to 

output a range or precise response (in phase 2). In addition, confidence correlated with width of 

interval. These findings were consistent with our hypotheses. However, although the SCZ group 

modulated granularity of their responses in the correct direction under higher risk conditions 

(lower confidence and higher penalty), they did so less effectively such that informativeness was 

over-sacrificed. The sacrifice of informativeness among patients may suggest that they are not 

dynamically attending to the social conventions dictating that responses should provide others 

with a modicum of useful information (Ackerman & Goldsmith, 2008).   

Patients’ report criterion (PRC), the confidence level that controlled whether to output a 

precise or interval response, was again stricter compared to HCs. This finding is consistent with 

previously reviewed results from the lure plausibility task (Chapter 3). Stricter criterion is 

perhaps not surprising in light of the patients’ overconfidence. If confidence in the accuracy of 

retrieved information is high, this would logically necessitate even more evidence of a trace’s 

appropriateness before outputting. That is, the rememberer would be justified in requiring greater 

memory strength for given items if operating under the assumption that those traces are accurate. 

On the other hand, both groups responded to penalties by adjusting criterion to a more stringent 

level for outputting a precise response. The finding of adjusting criterion is also consistent with 

normative criterion adjustment on the lure plausibility study in Chapter 3. 

A limitation of the dissertation is the common perennial problem in clinical research of 

analyzing intact groups and lack of random assignment. The clinical researcher is confronted 
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with the possibility that group differences are not attributed to the independent variable – 

diagnosis in this dissertation. The group differences in the dependent variable could be due to an 

unknown z
th

 variable that contributes to the outcome. Conventionally, clinical researchers have 

attempted to compensate with this problem by matching or through statistical control such as 

covariate analysis (Chapman & Chapman, 1977; Miller & Chapman, 2001). The inherent 

methodological problem using ANCOVA to “control” for group differences is that the purpose 

of ANCOVA is to improve the power of the test of the IV by reducing noise. Noise, or the 

unexplained variance in a sample, is statistically removed by reducing or eliminating the 

variance in the DV that was not associated with the IV but due to the covariate (Miller & 

Chapman, 2001). The reduction of noise thereby improves the effect of the IV on the DV. 

Patients and HCs in this study differed in neuropsychological variables, IQ, and education. 

Lower education amongst patients with SCZ is consistent with lower cognitive functioning. 

Impaired cognitive functioning is associated with SCZ, the IV, and not noise. Furthermore, as 

articulated by Meehl (1971) there are conceptual difficulties against using covariate analysis or 

other attempts to “control” for differences in cognition between groups. Lower education and 

impaired cognition are indicators of the same causal influence that gives rise to SCZ, such as 

neurophysiological and neuroanatomical abnormalities. Matching participants with SCZ to HC 

has also been proposed as a strategy to reduce noise in a covariate (Chapman & Chapman, 1977). 

Case-matching patients and HCs on education and IQ can result in atypical patients (educated 

with high IQ) and result in considerable reduction in both variance and target population size 

(Meehl, 1971). From personal experience the effort is considerable and the yield disappointing. 

In an attempt to recruit less educated HCs for my MSc thesis, I ran advertisements for a month in 

a free community newspaper targeted at unskilled and semi-skilled workers. Despite the ad 
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specifying English as the primary language since the age of 5 and no history of addictions, only 6 

of the 111 respondents did not meet either or both exclusion criteria during a telephone 

screening. Two of the 6 suitable candidates failed to attend, and 3 met criteria for Axis I disorder, 

yielding one suitable healthy control.  

While the potentially confounding differences exist across samples in this thesis they 

were generally related to variables that are arguably core characteristics of the illness, i.e. mostly 

neuropsychological and education. Therefore, we opted against statistically and 

methodologically eliminate the differences. Future research could employ multivariate modelling 

techniques (structural equation modelling) to estimate the nature of the underlying causal 

relationships between potential mechanisms and metamemory performances. Multivariate 

modelling has been used by SCZ researchers to ascertain the causal relationships implicated 

between neuropsychological variables and functional outcomes (Miller & Chapman, 2001). In 

the next section, the results of this thesis will be compared to previous metamemory research. 

Comparisons to Previous Literature 

The results from this thesis suggest that persons with SCZ are impaired in their efficiency 

of pre-retrieval search processes, and monitoring of retrieved information. At output, they 

demonstrated a degree of intact functioning in that they controlled the coarseness of their 

responses according to their confidence. However, since their confidence was overly high, this 

resulted in an abnormally strict criterion. Patients were also considerably impaired in modulating 

the size of their intervals – opting for intervals that were often uninformative  to the receiver. 

As noted earlier, most previous SCZ metamemory research has come from the labs of Dr. 

Danion and colleagues in Strasbourg. On balance, I would argue that there are more similarities 

than differences between the current results and those from the Strasbourg group. Nonetheless, it 
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is informative to review these points of convergence and divergence in more detail and offer 

some speculation with regard to the points of departure. In this vein, Table 13 summarizes and 

compares results obtained from this dissertation and those published previously by the 

Strasbourg group. It should also be noted that two metamemory studies with SCZ participants 

have also been conducted by Koren and colleagues. However, these studies have not been 

included in Table 1 because one was a pilot study (Koren et al., 2004) and both studies lacked a 

healthy control group. Instead, these studies relied on correlations between metamemory indices 

measures of insight and self-awareness. Consequently, it is difficult to directly compare the 

thesis results with Koren and colleagues as they do not report group differences across key 

metamemory processes (e.g., calibration index, report criterion).  

 

 



Metamemory in Schizophrenia  136 

Table 13 

Summary and Comparison of Thesis Results with the Strasbourg Metamemory Studies’ (Results are organized according to the 

Controlled-Retrieval Memory Model). 

PHASE SEARCH OUTPUT 

Current Thesis 

 

- - 

 

- - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Past Studies 

 

2 

 

 

1, 3, 5 

 

- - 

 

 

4
 

 

1, 5* 

4* 

 

2 

4 

 

2 

1, 4
 

 

4 

 

- - 

Mechanism JOL FOK 
Source 

Constraint 
Resolution Calibration 

Report 

Criterion 

(PRC)  

Criterion 

Control 

Sensitivity 

Penalty & 

Criterion 
Grain-size 

Regulation 

Processes 

 
Monitoring       Selecting 

Pre-retrieval Processes 
 

 
Monitoring 

Post-retrieval Processes 

 
Control 

- -: Not assessed; : Impaired in SCZ; : Preserved in SCZ 

Studies: 1. Bacon et al., 2001. 2. Bacon et al., 2007. 3. Bacon et al., 2009. 4. Danion et al., 2001. 5. Souchay et al., 2006 

* Calibration in these studies is operationalized as under- or overconfidence rather than a calibration index. Furthermore, in studies 1 and 5 confidence is 

operationalized as FOK which is a pre-retrieval process. 
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Danion and colleagues’ (2001) study most closely resembles the study presented in 

Chapter 4, as both use the QAP methodology. In their study, participants (SCZ = 19; HCs = 18) 

had to respond to 120 general knowledge questions and rate their confidence for each answer on 

a visual analogue scale (phase 1). The same questions were presented at phase 2, during which 

participants were given the option of not responding. In addition, the first 60 questions in phase 2 

lacked any incentive or penalty while the second 60 questions carried a monetary incentive or 

penalty of about $1. This study also included several of the same DVs including resolution, 

report criterion, effect of penalties on criterion, and control sensitivity . However, an important 

difference between the two studies is that our participants were required to adjust the granularity 

of their responses. This manipulation added the a measurement of how participants controlled 

interval width by confidence as a DV. The penalty schedule also differed in that Danion and co-

investigators’ penalized errors at the same rate, whereas our study had a high (ten times the 

reward) and low penalty schedule (equal to reward) with rewards weighted proportionally to 

interval width. In terms of results, Danion et al. found that SCZ patients were impaired across all 

metamemory processes except adjusting criterion to risk (low confidence and high penalty). 

Similarities to the current results include impaired calibration (which they report as 

overconfidence) and impaired control sensitivity. The results differ regarding resolution – 

Danion et al. found patients to be impaired on resolution, whereas the current study demonstrated 

spared performance. 

The reasons underlying the observed differences in resolution performance remain 

unclear. However, two possibilities can be offered – namely, differences in sampling and/or the 

psychometric properties of given tasks. First, there is some evidence to suggest that the sample 

recruited for the current study is more intelligent (and perhaps higher functioning) than the one 
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studied by Danion et al. In particular, the mean IQ of SCZ participants in the Strasbourg study 

was low average (90). In contrast the IQ of patients in our study was high average (107). This 

represents a group difference of approximately 1.1 standard deviations. Moreover, it is 

conceivable that resolution is a process sensitive to global intellectual or cognitive ability. If this 

is the case, it would be expected that the lower IQ group would perform worse on this variable. 

Of course, whether resolution (especially relative to other monitoring functions such as 

calibration) is more sensitive to IQ variation is speculative and requires empirical examination. 

Nevertheless, it is interesting to note that discrimination/resolution indices from several 

other tasks in cognitive science have been associated with general intelligence (Neubauer & 

Knorr, 1997; Swanson & Cooney, 1989). The psychometric issue relates to possible differences 

in task difficulty and or sensitivity between the two studies. Mean accuracy on the tests can serve 

as a rough estimate of task difficulty. The mean accuracy on the general knowledge test used by 

the Strasbourg group was 36% for participants with SCZ and 42% for HCs. In contrast, average 

accuracy on the memory test in our study was 49% for patients and 79% for HCs, suggesting the 

episodic memory test was easier compared to the general knowledge test. Our task was perhaps 

also less fatiguing as it consisted of 32 questions rather than 120 questions. In addition, the 

participants in our study reviewed the stimulus materials (i.e., transcript) more recently (i.e., an 

hour before testing) rather than attempting to recall information that they may have learned more 

remotely. Logically, as tasks become more difficult the resolution performance of patients with 

SCZ would deteriorate. In sum, there are several points of methodological departure and 

potential psychometric differences that may have rendered the observed differences between 

these two studies. Arguably, task and samplng differences offer additional considerations when 
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attempting to explain the differences in resolution performance of persons with SCZ across these 

studies.  

As noted earlier, differences in metamemory functioning across studies have been 

attributed to variances in the types of memory systems examined, namely episodic versus 

semantic (Izaute & Bacon, 2010). However, this explanation merely identifies a covariation 

across these studies – i.e., differences in results coincided with differences in memory type. It 

unfortunately does not specify a particular reason as to why differences in memory type should 

give rise to differences across metamemory processes. Moreover, to our knowledge, researchers 

have yet to compare metamemory performance across explicit and implicit memory systems 

using methods that equate tasks for possible psychometric confounds, much less investigate 

whether such psychometrically-controlled task performance may or may not interact with a 

clinical condition. In addition, some researchers dispute the semantic-episodic classification 

claiming that the same mechanisms are operating for both categories of memory process (Squire 

& Zola-Morgan 1991). The Strasbourg group has also characterized the metamemory profile in 

SCZ as preserved monitoring in the face of impaired control (Bacon et al, 2007: 2008; Izaute & 

Bacon, 2010). However, the term monitoring has been used inconsistently. In the QAP 

methodology, monitoring is explicitly comprised of resolution and calibration (Goldsmith & 

Koriat, 2007). However, broader conceptual models of metamemory (Koriat et al., 2008) have 

also suggested that FOK and JOL are also important aspects of monitoring. It is these latter 

instantiations of monitoring that have been the subject of previous experiments from the 

Strasbourg group (Bacon, Danion, Kauffmann-Muller, & Bruant, 2001; Souchay et al., 2006; 

Bacon et al., 2007). Therefore, differences in conclusions about the relative functional integrity 

of the monitoring system may arise simply from the particular aspect of monitoring under 
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scrutiny. That is, FOK and JOL may be related but distinct from resolution and calibration. 

Therefore, the Strasbourg characterization of intact monitoring is consistent with their results 

using FOK and JOL paradigms but inconsistent with the study presented here and with their 

2001 study using the QAP methodology. Similarly, the term “control” has been used globally to 

capture the mechanisms listed on Table 1 as well as controlling study time allocation in JOL 

experiments (Bacon et al., 2007). However, a review of the Strasbourg studies suggests that 

some control mechanisms are spared (see Table 1) and implies that, like monitoring, the integrity 

of control processes is uneven in SCZ. 

Perhaps a more apt characterization of the metamemory profile in SCZ, drawing on the 

results of this thesis and the Strasbourg groups’ findings, can be achieved using the Controlled 

Retrieval Model’s sequence of search and output phases (see Table 1). In the search phase, 

according to the Strasbourg group, pre-retrieval monitoring as measured by JOL and FOK is 

intact (Bacon et al., 2001; 2007; 2009; Souchay et al., 2006). However, patients are impaired in 

the pre-retrieval processes of selecting candidate memory traces, as evinced by source 

constrained retrieval results from Chapter 1 of this thesis. Such impaired selection of memory 

traces yields a deficient pool of retrieved information, which is then vetted through post-retrieval 

monitoring processes. Calibrating the retrieved products is faulty as patients are overconfident in 

the retrieved information. Resolution is inconsistent, perhaps dependent on the ease or difficulty 

of the task; thus for difficult tasks the patient’s ability to distinguish between incorrect and 

correct responses based on memory strength can lead to a faulty evaluation of the substandard 

pool of traces. At the output phase, a strict criterion increases the tendency to withhold answers 

or to offer interval or vague responses. Furthermore, when providing an interval response, 

patients do not consistently attend to the meaningfulness or relevance of the interval width, thus 
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compromising informativeness. As reported in Chapter 4, the dual criterion model (Ackerman & 

Goldsmith, 2008) might further our understanding of regulation of granularity in SCZ. 

According to this model, when the confidence criterion cannot be met, such as a situation where 

withholding a response is not an option, people output the best interval response that meets the 

minimum-informativeness criterion. Although future research is necessary in order to understand 

how persons with SCZ apply the dual criterion model, one hypothesis is that patients are guided 

more by the minimum informativeness criterion given that the report criterion is so stringent. 

That is, rather than withholding a response because it fails to meet the confidence criterion, they 

output a trace that is likely incorrect as it is drawn from the pool of substandard traces. 

Subsequently, they attempt to adjust its granularity to meet minimum informativeness, but their 

standard of what constitutes “minimally informative” is anomalous. In addition, patients often 

failed to include the target in the interval responses; i.e., they output a very wide interval that is 

also incorrect as it lacks the target information. The finding that patients often fail to include the 

target in their interval is intriguing and warrants future investigation.  

Goldsmith and Koriat (2007) commented that the calibration deficit in SCZ can be 

characterized as patients being highly confident in the incorrect answer. These authors bolster 

this speculation with results from a recognition memory experiment with first episode psychosis 

patients that demonstrated "a decreased confidence gap"; i.e., patients were over-confident in 

memory errors and under-confident in correct responses (Moritz, Woodward, & Chen, 2006). 

Moritz and collaborators claim that the confidence gap is possibly the result of liberal acceptance 

bias (Moritz, Woodward, & Hausmann, 2006). Liberal acceptance bias is a pattern of requiring 

less evidence to endorse a memory trace with high confidence, thus increasing the rate of false 

alarms. Liberal acceptance bias has also been described as a “data gathering bias” (Moritz, 
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Woodward, Jelinek, & Klinge, 2008). These authors also claim that liberal acceptance bias can 

explain the pattern of lower confidence in correct responses:  “premature termination of 

information collection when considering confidence in correct responses may lead to a neglect of 

affirmative information which would have otherwise raised subjective confidence” (p. 251, 

Moritz, Woodward & Chen, 2006). In the context of remembering and the Controlled Retrieval 

model, liberal acceptance bias may be akin to prematurely ending the memory search phase. It is 

also possible, however, that liberal acceptance bias reflects impaired post-retrieval monitoring 

for compatibility with task demands and, consequently, a rash cessation of the search.  

Some of the calibration curves of (see Figure 1 of Chapter 4) seem to support Moritz, 

Woodward and colleagues’ notion of a confidence gap in SCZ, but also suggest that the 

confidence gap varies as a function of granularity. For example, phase 2 (penalty condition with 

option of outputting an interval response) and phase 3 (forced lexical phase) calibration curves 

indicate that patients were underconfident below Pa ≈ 40 and overconfident above this value. 

However, in phase 1 (forced precise) the curve for patients suggests that patients were generally 

overconfident, as underconfidence was limited to items below Pa ≈.20. Therefore, the proposed 

confidence gap in SCZ is more apparent with increasing granularity. However, the confidence 

gap found in persons with SCZ must be considered in light of the response pattern of HCs in 

phases 2 and 3 who demonstrated increasing underconfidence with granularity particularly when 

Pa < .60, before improving calibration. In addition, the calibration curves of the university 

students in Goldsmith and colleagues’ studies (2002; 2005) suggest a pattern of overconfidence, 

similar to that of the SCZ (see Chapter 4). In contrast, our community recruited, age-matched 

HCs demonstrated more accurate calibration compared to Goldsmith and colleagues’ college 

students. The reasons for this discrepancy are not immediately evident. It is likely that college 
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students have higher general intellectual ability and, therefore, generally more confident in 

situations that demand cognitive solutions. Nevertheless, this speculation (and others) await 

further research as the mechanisms underlying variations in calibration are sought. In conclusion, 

while the deficit in calibration observed in SCZ is consistently observed, the pattern varies across 

studies depending on response option (precise or interval). Furthermore, some populations of 

healthy subjects also demonstrate overconfidence depending on the task and response option. 

Therefore, the confidence gap may be a manifestation of monitoring deficits in the post-retrieval 

stage. 

Clinical and Rehabilitation Implications 

Memory is essential to the performance of instrumental activities of daily living, social 

functioning, and vocational functioning in SCZ (Fett et al., 2011; Green et al., 2000; Milev, Ho, 

Arndt, & Andreasen, 2005). Therefore rehabilitation efforts directed at improving memory 

function or environmental adaptations that accommodate memory impairment in persons with 

SCZ are important. However, as noted by Koren and colleagues (Koren et al., 2004; Koren et al., 

2006) the relationship between conventional measures of memory and functional outcome has 

been, albeit consistent, only moderate in strength. Therefore, metamemory may be an additional 

component in that accounts for functioning in this population. QAP variables from the Koren et 

al. study better predicted the insight and competence relative to  traditional measures of memory 

such as quantity recalled (Koren et al., 2004; Koren et al., 2006). Similarly, in this thesis 

medium-sized correlations (r = -.34 - , r = -.36) were observed between functional measures of 

IADL and employment, and metamemory indices such as calibration error scores, γ-values for 

control of interval width by confidence (Chapter 4), and CO (Chapter 3). Before further 

commenting on these data, it is important to note that it was not the primary goal of this 



Metamemory in Schizophrenia  144 

dissertation to investigate the relationship between metamemory and functioning. This is not to 

say that such a goal is unimportant or an unjustified objective of future research. Instead, we 

argue that characterizing the basic deficits across metamemory processes was an essential first 

step. In this regard, the current research identified several potential metamemory mechanisms of 

poor functional outcome (e.g., overcondifent calibration), while simultaneously highlighting 

intact metamemory processes (e.g., criterion adjustment), which are logically less likely 

candidates.  

As noted above, several individual measures of memory and metamemory function from 

this dissertation lend themselves to exploratory analyses in relation to functional outcome.  In 

this vein, accuracy for forced-precise responses (i.e., standard measure of memory accuracy) and 

calibration error scores were evaluated for their correlation with daily functioning in the patient 

sample. Phase 1 accuracy was significantly correlated with the RTI-2, r = .41, p = .01, and 

calibration, r = -.34, p = .05. Given the moderate correlations with functioning, a regression 

analysis was conducted to examine whether calibration accounted for unique variance in RTI-2 

scores, over and above that accounted from by the standard accuracy measure. In this analysis, 

RTI-2 was entered as the dependent variable. Accuracy at the forced-precise phase and 

calibration error scores were entered as the independent variables for memory and metamemory 

respectively. Collectively, accuracy and calibration accounted for 19% of the variance in RTI-2 

scores, which was significantly different from zero, F(2, 36) = 4.21, p = .02. The unstandardized 

regression coefficient (B) and the standardized regression coefficient (β) were respectively: .71 

and .33 for phase 1 accuracy and -.54 and -.16 for calibration. The larger β weight of phase 1 

accuracy compared to phase 1 calibration suggests a stronger relationship between memory and 

functioning than between metamemory and functioning. Phase 1 accuracy contributed 
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significantly to the model at a trend level, t = 1.81, p = .08. Calibration’s contribution to the 

equation was non-significant, t = .87, p = .38. The results of the regression suggests that memory 

accuracy for precise information modestly predicts performance of IADL tasks, while 

metamemory measure of calibration did not significantly add to the predictive power of the 

model. However, although unreliable, the magnitude of the beta coefficient for calibration was 

substantial, raising the possibility that the current analysis was underpowered. Moreover, the 

data obtained from zero-order correlations compare favourably with previous studies examining 

the association between conventional memory tasks and functional outcome. For example, a 

large meta-analysis of associations between memory and functional outcome estimated the 

pooled correlation for immediate verbal memory to be r = .40 and for delayed verbal memory to 

be r = .29. Although far from conclusive, these preliminary results suggest that metamemory 

measures are at least comparable in magnitude to conventional memory indices in predicting 

functional outcome and signal the need for further research in this area (Green et al., 2000).  

Despite the lack of clear empirical support for the role of metamemory in everyday 

functioning, several logical intersections can be highlighted. As previously noted, calibration and 

control of memory output (i.e., rejecting or accepting traces by memory strength and adjusting 

grain-size) emerge as two of the primary metamemory deficits among persons with SCZ. In 

addition, results from chapter 2 suggest impaired source-constrained retrieval, which yields a 

substandard pool of retrieved information. Clinically, this ineffective pool of traces will impact 

everyday memory functioning (e.g., work performance, ADLs). This deficient pool of retrieved 

information is subject to discordant calibration, and despite a strict criterion, errors are still 

common. The functional implications of these observations suggest that patients will proceed to 
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perform a task with incommensurately high confidence in substandard memories rather than 

seeking assistance. 

There may be other situations where patients are uncertain of how to perform a task, yet 

proceed. I speculate that a form of criterion setting, akin to the minimum informativeness 

criterion (Ackerman & Goldsmith, 2008), could also be operating to disrupt patients’ functional 

performance. Possibly, patients are performing tasks when they are uncertain about the steps or 

procedures from social expectations. In other words, rather than a confidence criterion 

controlling performance there is a sense of social expectation to perform a task despite 

incommensurately low confidence (patient confidence ratings were lower than HCs in Chapter 4 

but given their accuracy were overconfident, i.e., poorer calibration). Remediation efforts may 

incorporate two approaches. First, a technique such as accuracy feedback (Verde & Rotello, 

2007), which aims to reconcile memory accuracy/error with memory confidence by encouraging 

additional searching or recognition that the traces are of insufficient quality and quantity, may be 

employed. Second, patients may benefit from learning strategies to check with a reliable external 

source before proceeding with performance of a task, particularly a new task. 

There are indications that patients with SCZ would be amenable to recalibrating their 

memory confidences as their lower confidence ratings compared to controls suggests that they 

are, at some level, aware of their memory deficits. Furthermore, on an inventory designed to 

measure awareness of metamemory abilities patients with SCZ rated their individual memory 

capacity and use of memory strategies significantly lower than HCs and expressed more anxiety 

about their memory performance (Bacon et al., 2011). Calibration rehabilitation could start by 

providing immediate feedback regarding accuracy to patients and compared to their own 

confidence estimates. A typical memory task could be administered with confidence rated for 
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each response. Immediately after testing, patients would be provided with feedback regarding 

their accuracy and confidence in order to obtain a baseline estimate of calibration. The 

intervention would involve administering another study-test-confidence cycle with feedback 

provided immediately following each confidence rating. To improve ecological verisimilitude, 

the study items could be related to daily functioning such as grocery lists, times, dates and 

addresses of appointments, or names and purposes of medications with doses and key side-

effects. Accuracy feedback has been employed to relax criterion in older persons (Verde & 

Rotello, 2007). Verde and Rotello (2007) initially found criterion resistant to change despite a 

range of experimental manipulations of both stimuli and test items. However, when they gave 

correct feedback on every trial and summarized performance for each quartile of a test that 

progressively reduced lure mnemonic strength, participants relaxed criterion. If accuracy 

feedback can adjust criterion in this manner, it might also be successful remediating calibration. 

Another metamemory rehabilitation technique that could potentially rehabilitate 

monitoring is what has been called by its authors, “Metacognitive Training” (Moritz et al., 2011). 

This remediation is principally designed to reduce patients’ tendency to jump to conclusions, a 

putative mechanism of delusional thinking (Moritz, Woodward, Whitman, & Cuttler, 2005; 

Moritz & Woodward, 2006; Moritz et al., 2008). This brand of metacognitive training comes as 

an 8-module, weekly program that employs some CBT concepts to correct bias against 

disconfirmatory evidence, a pattern identified in SCZ of not heeding contradictory data (Moritz 

& Woodward, 2006; Woodward, Moritz, Cuttler, & Whitman, 2006). The training is also 

purported to improve memory as part of the modules address liberal acceptance bias. (Moritz & 

Woodward, 2006; Moritz, Woodward, & Chen, 2006; Moritz, Woodward, & Rodriguez-Raecke, 

2006; Woodward et al., 2006). As reviewed earlier, liberal acceptance bias is a pattern of 
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requiring less evidence to endorse a memory trace with high confidence. While some initial pilot 

studies have been promising (Aghotor et al., 2010; Favrod et al., 2011) a recently published RCT 

demonstrated mixed results with less impact on positive symptoms and a small but statistically 

significant improvement in memory performance (Moritz et al., 2011). A review of the materials 

on the internet (http://www.uke.de/kliniken/psychiatrie/index_17380.php) suggests that the 

program targets both monitoring one’s thoughts to evaluate evidence and generate alternative 

conclusions by soliciting the opinions of others. The materials are designed to be engaging 

through the use of bright colours, current events, concrete examples and straight-forward 

language. In sum, metacognitive training has face-validity and may be intuitively appealing to 

clinicians but empirical support to date has been mixed.  

A briefer rehabilitation program designed to alter cognitive control is proactive training 

(Edwards et al., 2010) and if modified could be another potential metamemory remediation 

strategy. As noted in the introductory chapter of this thesis, SCZ researchers have proposed that 

memory deficits in SCZ can be subsumed under a specific impairment in cognitive control 

(Barch, Carter, MacDonald III, Braver, & Cohen, 2003; Cohen et al., 1999; Cohen et al., 1999; 

Ragland et al., 2006). The concept of cognitive control has been refined and investigators 

(Ranganath, Minzenberg, & Ragland, 2008) now suggest that a common core cognitive control 

deficit underpins cognitive dysfunction in persons with SCZ (Barch et al., 2003) and older 

persons (Paxton, Barch, Storandt, & Braver, 2006). In this conception of cognitive control, the 

central feature is the proactive ability to dynamically maintain the goal of a task and anticipate 

and prevent interference. Expanding on the idea of proactive control, Braver introduced the Dual 

Mechanisms of Control (DMC) framework that added a reactive control mechanism. Braver 

(2012) suggests that SCZ might show differential reliance on reactive versus proactive control. 

http://www.uke.de/kliniken/psychiatrie/index_17380.php
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DMC may offer another potential theoretical understanding of cognitive control in SCZ. 

DMC posits that cognitive control is composed of two independent but complementary modes, 

proactive and reactive control. These two modes operate dynamically by responding to situations 

that may call for the strategic deployment of one over the other. Proactive control actively 

maintains the goal of a task, a monitoring function, and anticipates and prevents interference, 

akin to control functions in the search phase. Proactive control is considered more top-down, 

“early selection” mechanism. In contrast, reactive control is stimulus dependent and acts as a late 

correction, “bottom-up” mechanism. Source-constraint retrieval, presented in Chapter 2, could be 

viewed as an instantiation of proactive control as memories are being selected according to 

certain features, employing a more goal driven qualitative search. Reactive control is akin to 

what Jacoby and colleagues refers to as quantitative control, – a later phase mechanism that 

monitors and controls candidate traces after selection (Jacoby, et al., 2005a). 

Edwards, Barch and Braver (2010) demonstrated that proactive control training is 

possible in persons with SCZ and that this training improved performance on the AX-CPT task. 

While the proactive control experiment is not a metamemory experiment per se, it does suggest 

that cognitive re-training aimed at how patients monitor and control their cognitive activity can 

be improved. On the AX-CPT task, a type of continuous performance task, participants are 

instructed to respond to the letter X (the probe) one way when preceded by the letter A (the cue), 

and make another response for all other stimuli. The experiment occurred over two sessions for 

patients. HCs only attended the first session. The first session obtained baseline brain activation 

which revealed that HCs had increased cue-related brain activity while participants with SCZ 

showed increased probe-related activity. Training in the second session involved explicitly 

informing participants with SCZ that 70% of the trials in the task were an A-cue followed by an 
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X-probe and would require the appropriate target response. Participants were instructed that if 

the cue was an A, to prepare for an X and to make the target response. If the cue was not an A, 

they were instructed to prepare for a non-target button press regardless of the probe. In essence, 

patients were taught to shift the emphasis of their monitoring from probes to cues to control their 

response options. Following training, error rates and reaction times improved and there was a 

significant shift in the brain activation dynamics as measured by event-related fMRI in the lateral 

prefrontal-cortex toward a more proactive pattern (i.e., cue-related activity increased while 

probe-related activity decreased). In addition, patients with more disorganized and negative 

symptoms demonstrated a greater benefit in training. Proactive training suggests that cognitive 

control can be improved in SCZ (Edwards et al., 2010). 

A potentially important issue is the observation that some SCZ-related metamemory 

deficits are outside conscious awareness (e.g., source-constrained retrieval) and the operations 

targeted by proactive control training appear largely conscious.  However, Edwards and 

colleagues (Edwards et al., 2010) rendered the tacit aspects of the AX-CPT task more deliberate 

by explicitly informing the patients of the high ratio of A-cue and X-probe trials and provided a 

strategy that shifted monitoring from probes to cues. Similarly, explicitly encouraging 

metamemory strategies, such as teaching patients to select retrieval strategies that instantiate the 

way in which previous material was learned or improve monitoring by encouraging more doubt 

particularly for traces they hold with highest confidence, may hold promise. In addition 

modification of the task and test features can impact the deployment of source constraint 

retrieval, which suggests that pre-retrieval search is amenable to environmental influence (Alban 

& Kelley, 2012). Therefore a combination of modifications to environmental features (e.g., task 
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features) and the use of strategy instructions such as proactive training may be possible to 

remediate retrieval deficits found in SCZ. 

Neuroanatomical Correlates of Metamemory 

The current dissertation was not designed to evaluate the neuroanatomical or 

neurophysiological mechanisms of metamemory. However, the impact of antipsychotic 

medication and the role of the dopaminergic systems is globally relevant to SCZ across an array 

of functional domains. In light of this possibility, a literature search was conducted as part of the 

preparation of this dissertation. The search, which used metamemory and related terms in 

conjuction with the terms antipsychotic medication or dopamine, uncovered two studies. In one 

study, a moderate negative correlation was found between antipsychotic medication dosage 

levels and the number of high-confident responses patients made on a recognition test (Moritz et 

al., 2008). This negative correlation may suggest that calibration might be impacted by 

dopaminergic mechanisms. The second paper was a Hungarian theoretical review article but was 

unavailable in English translation (Juhász & Bartkó, 2007). An English abstract was, however, 

provided and suggested that source monitoring deficits can be improved with antipsychotic 

medications. Unfortunately, the abstract provides no other details to substantiate this claim. 

A related study that compared performance on two non-declarative memory tasks 

between HCs and two groups of patients with SCZ that differed in the class of antipsychotic 

prescribed, may also provide some understanding of how dopaminergic systems impact 

metamemory processes (Beninger et al., 2003). Although non-declarative memory is not the 

same as metamemory both tasks, probabilistic classification learning and the gambling task, 

involve decision making about learning – processes that are arguably similar to metamemory 

control processes. The probabilistic learning task involved making predictions based on 4 shapes, 
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each bearing a different probabilistic relationship to a dichotomous outcome (Gluck & Bower, 

1988). Participants are not informed of the probabilities of each shape and are presented from 1-3 

shapes at each trial. After responding, the participants are provided immediate feedback 

regarding accuracy. The gambling task requires participants to select from 4 decks of cards and 

each selection results in either a play money bonus or penalty (Bechara, Damasio, Tranel, & 

Damasio, 1997). Two decks yield large bonuses but occasionally large penalties and are 

disadvantageous over trials; the other two decks are advantageous over trials producing low 

bonuses and occasionally low penalties. Beninger and colleagues cited results from studies that 

demonstrated that patients with Parkinson’s disease fail to learn the probabilistic classification 

task while patients with bilateral ventromedial prefrontal cortex damage are impaired in 

performing the gambling task but learn the probabilistic classification task. Parkinson’s disease 

is associated with a loss of striatal dopamine and therefore it is possible that the gambling task 

and probabilistic classification learning evaluate different types of nondeclarative memory 

associated with different brain regions. Typical antipsychotic medications, such as haloperidol 

and chlorpromazine, can produce Parkinsonism, an extrapyramidal side effect, suggesting striatal 

dopamine receptor blocking. Lower risk of extrapyramidal side effects is associated with atypical 

medications, such as olanzapine and risperidone. Therefore, Beninger and co-investigators 

hypothesized that patients with SCZ receiving typical but not atypical antipsychotic medications 

would be impaired on probabilistic classification learning but not the gambling task. In contrast, 

patients treated with atypical but not typical antipsychotic medications would be impaired on the 

gambling task but not probabilistic learning. The hypotheses were supported. Healthy controls 

and patients treated with atypical antipsychotic medications learned probabilistic classification, 

unlike patients prescribed typical antipsychotics. Patients treated with typical antipsychotics and 
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HCs performed similarly on the gambling task, unlike patients prescribed atypicals who failed to 

learn. Participants with SCZ in this dissertation were mostly on a single atypical antipsychotic 

medication. Medication and dosages were based on patient self-report and are at risk of 

inaccuracy. If one assumes that the reporting is generally truthful, the sample of patients in this 

study may resemble the atypical antipsychotic group in Beninger and colleagues’ study who 

failed to learn the gambling task. The penalty phase in Chapter 4 may involve a type of 

“gambling” and an atypical antidepressant may have disadvantaged the patients regarding risk 

taking. However, the performance of patients in the penalty phase was similar to HCs in 

controlling risk by opting for more interval responses for high penalty items when confidence 

was low in the precise response. As noted earlier, nondeclarative memory is not the same as 

metamemory but some processes, such as decision making, may overlap. Findings of a double 

dissociation between antipsychotic class and nondeclarative memory type are intriguing and 

further research is warranted to uncover if metamemory performance differences are impacted by 

antipsychotic medications.  

The Attention to Memory (AtoM) model proposes that the dorsal and ventral parietal 

cortices have a reciprocal and complementary role during memory retrieval (Cabeza, Ciaramelli, 

Olson, & Moscovitch, 2008) that potentially provides a neurological analogue to the Controlled 

Retrieval Model and the impairment in SCZ metamemory. According to AtoM, the dorsal 

parietal cortex (DPC) is active in voluntary, goal-directed processes of memory-retrieval such as 

searching memory, monitoring and selecting appropriate traces. This has been referred to as 

“top-down attention” and these functions roughly overlap with the search and output phases of 

the Controlled Retrieval Model. In contrast, the ventral parietal cortex (VPC) is more active for 

“bottom-up attention”. Bottom-up attention has typically described attention that is guided by 
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incoming sensory information but the AtoM model proposes that incoming information can also 

be memories, like spontaneously retrieved memories that can at times even intrude on attention. 

In other words, attention to memory can be goal-driven to search memory or directed by 

information that comes to mind. Interesting to calibration, Cabeza and colleagues (2008) cite 

studies that have found that items that are recalled with strong confidence activate the DPC while 

items that are recalled with low confidence activate VPC. Speculatively, the source of calibration 

impairment in SCZ may be in a more dysfunctional DPC relative to the VPC. Adding support to 

this speculation of are a number of studies have found that patients with SCZ are more impaired 

in top-down modulation (Gold, Fuller, Robinson, Braun, & Luck, 2007; Peters, Nunn, Pickering, 

& Hemsley, 2002). The idea that SCZ is associated with impairments in dorsal brain regions is 

also consistent with an evolutionary model of brain development, the dual trends theory (DTT) 

that has been applied to understand the neurobiological and cognitive abnormalities of SCZ 

(Christensen & Bilder, 2000; Christensen et al., 2006; Giaccio, 2006). DTT posits that the brain 

evolved along a dorsal “archicortical” and ventral “paleocortical” pathways development. The 

hypothesis that SCZ is associated with greater impairment in the dorsal pathway compared to the 

ventral pathway has been supported by studies investigating visual processing (Butler et al., 

2003; Chen et al., 1999), reach-to-grasp movements (King, Christensen, & Westwood, 2008), 

attention in the visual periphery (Elahipanah, Christensen, & Reingold, 2010; Elahipanah, 

Christensen, & Reingold, 2011), response inhibition (Wilson & Christensen, 2006) and emotion-

cognition interaction (Anticevic & Corlett, ; Patrick & Christensen, in press). 

Neuroimaging support for a top-down and bottom-up hypothesis for metamemory is 

provided by a series of experiments that employed the source-constraint task and compared older 

adults and young controls (Velanova et al., 2007). Little difference in activation patterns on less 
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effortful memory tasks was found both DLPC and bilateral parietal cortex. However, when 

confronted with increased demand for control processes during source-constraint retrieval, 

younger adults engaged frontal regions of the brain sooner than older adults. Velanova and 

colleagues proposed the load-shifting hypothesis – the inefficient distribution from the early 

phase to late phase top-down mechanisms. Briefly, young adults’ early phase top-down 

mechanisms are more efficient in that they constrain memory search to the optimal sources of 

targets and yield fewer and more accurate traces for the late phase processes to select as correct 

memory responses. In contrast, the older adults’ compensatory later-phase mechanisms are less 

efficient, sifting through less constrained traces that demand greater top-down effort to check and 

edit. It is possible that patients with SCZ are demonstrating a load-shift. A similar deficit of early 

phase top-down mechanism could be occurring in SCZ (cf. Lepage, Pelletier, Achim, Montoya, 

Menear, & Lal, 2010) and suggests that future research investigating the neuroanatomical source 

of impaired source-constrained retrieval in patients with SCZ would be fruitful. 

Consistent with the mediating roles of dorsal-medial brain networks in metamemory, 

brain imaging of FOK and confidence judgement tasks has found increased neural activity in 

medial prefrontal, medial parietal, and lateral parietal regions compared to memory tasks (Chua, 

Schacter, & Sperling, 2009). In addition, compared to memory tasks, these metamemory tasks 

were also associated with less activity in occipital regions, lateral inferior frontal and dorsal 

medial prefrontal regions.  The pattern of neural activity also suggested that FOK, a prospective 

metamemory judgement, activated different brain regions compared to confidence judgements, a 

retrospective evaluation. In particular the activation in the fusiform gyrus, medial temporal lobe, 

and medial parietal regions distinguished these two cognitive operations.  The neuroimaging 

findings reviewed here suggest that there is both overlap and unique brain networks 
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underpinning metamemory processes. In addition, the results are consistent with other theories 

that attempt to explain SCZ cognitive deficits such as cognitive control, volition, projectional 

control, top-down regulation. Clearly, however, more research is warranted on the underlying 

brain mechanisms that support metamemory processes in healthy humans and their disruption as 

they relate to the pathophysiology of SCZ. 

Future Directions 

One interesting area for future exploration are experiments that test if patients with SCZ 

are inappropriately applying Ackerman & Goldsmith’s (2008) dual criterion model (DCM).As 

noted in Chapter 4, the DCM posits that rather than the single criterion of the satisficing model a 

minimum criterion of informativeness is added as the second criterion operating in monitoring 

and controlling output. This minimum-informativeness criterion is needed in situations where the 

rememberer has limited information and knowledge of the topic of the query. Under these 

circumstances, assuming “I don’t know” is not an option, when the confidence criterion cannot 

be met; the best coarse response that meets the minimum-informativeness criterion is outputted. 

Patients with SCZ may be opting for the minimum-informativeness criterion in a maladaptive 

way by outputting traces that do not meet report criterion in an attempt to provide any responses. 

This maladaptive use of the minimum-informativeness criterion may potentially explain the 

results of my master’s thesis (McAnanama, 2005). Under an experimenter manipulated condition 

that invalidated the title of a story that participants had previously read, patients with SCZ 

offered idiosyncratic material that was unrelated or obliquely related to the narrative they had 

read. In contrast, HCs improved recall of the story as evinced by more veridical memory than the 

HCs in the condition that did not invalidate the title.  
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Rehabilitating metamemory, particularly calibration deficit using accuracy feedback 

(Verde & Rotello, 2007) may have promising results if the skill transfers to performance in 

community functioning, social relationships, and employment. Metacognitive training has had 

mixed results and could be worthy of additional research, particularly a larger RCT with random 

assignment and a control group exposed to an equivalent type of training. Replicating 

neuroimaging studies of Velenova and colleagues (2007) with the source-constraint retrieval task 

and a metamemory task similar to proactive training (Edwards et al, 2010) would be interesting 

and hopefully helpful to persons with SCZ.  

One of the motivations for this thesis was to explore the relationship between memory 

and functioning in persons with SCZ. What is needed is a fuller exploration of particular deficits 

in metamemory that have been found in this thesis and other research employing the QAP 

methodology. In addition, functioning needs to be measured with psychometrically sound 

assessments, such as the Assessment of Motor and Process Skills to evaluate IADL (Fossey, 

Harvey, Plant, & Pantelis, 2006). Appropriate statistical analyses can be employed to ascertain if 

metamemory deficits predict unique variance over usual measures of memory performance or if 

metamemory mediates functioning in SCZ. 
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Appendix 1: Glossary of Terms 

In recognizing that the primary readers of this dissertation hail from different disciplines, the 

goal of this glossary is to bridge knowledge and facilitate ease of understanding the key 

concepts. The glossary is not designed to be exhaustive nor offer critical commentary on the 

terms. 

Adjusted Normalized Discrimination Index (ANDI): An index developed by Yaniv, Yates, & 

Smith (1991) to measure resolution and is interpreted as the proportion of variance in the 

accuracy of items that is explained by the responder’s confidence judgements. ANDI is 

computed as a weighted mean, for each confidence category, the squared difference between 

mean accuracy for the judgement category less mean accuracy of the test. ANDI is not biased by 

the number of probability categories used and in that regard is similar to Adjusted R
2
, which 

controls for number of factors (IVs) entered into the multiple regression equation. An ANDI 

score of 1 is perfect resolution, while discrimination skill is nil at zero.  

Anoetic Consiousness: Literally “not-knowing” one of three forms of consciousness proposed 

by Tulving (1985). Anoetic consciousness is responsible for procedural memory and is attuned 

spatially and temporarily to the current situation and lacks reference to stimuli that are beyond 

the organism or the task and situation at hand. 

Autonoetic Consciousness: Literally “self-knowing” and one of three forms of consciousness 

proposed by Tulving (1985). Autonoetic consciousness mediates a one’s awareness of personal 

identify and existence in subjective past, present and projected future. Autonoetic consciousness 

is involved in episodic memory.  
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Calibration: The absolute correspondence between confidence in an answer (the probability that 

the answer is correct, Pa) and accuracy. Perfect calibration occurs when responses are assigned 

the same Pa as the actual probability of being correct, e.g. responses rated at 50% confidence are 

correct 50% of the times, responses rated at 60% confidence are correct 60% of the time. Put 

another way, calibration is the judgement about the accuracy of one’s memory. Contrast with the 

other monitoring mechanism of resolution. 

Calibration Curves: Graphs generated by plotting the proportion of items correct for a given 

confidence level against the mean assessed probability correct (i.e., confidence, Pa) across 

participants. The diagonal line represents perfect calibration and values under the diagonal line 

represent overconfidence while values over the diagonal represent underconfidence. 

Calibration Error Scores: Computed for each confidence category by dividing the absolute 

difference between Pa and the actual proportion correct for each confidence category by the total 

number of judgements made in that category (Oskamp, 1962). Zero represents perfect calibration 

while higher scores indicate poorer calibration. 

Criterion (C): In signal detection theory, this is the threshold of mnemonic strength required to 

accept a test item as a target. 

Declarative Memory: One of two types of long-term memory (see nondeclarative memory) and 

divided into episodic memory and semantic memory. 

Discrimination (d′): In signal detection theory it is the strength of signal (targets) to noise 

(lures), which is akin to sensitivity in diagnostic research – detecting true positive cases from 

false positive cases. Put simply: the ability to distinguish targets from distractors. 

Distractor: a stimulus (e.g. word, picture) on a test that is the incorrect choice (see target). In the 

studies presented in this dissertation, the terms foils and lures are synonyms. However, some 
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perceptual researchers (cf. Shiffrin & Schneider, 1977) have distinguished a foil as an item 

presented in a to-be-ignored category while a distractor is an item presented in a to-be-attended 

area.  

Episodic Memory: Memory for events, a form of declarative memory (see semantic memory). 

Explicit Memory: Memory that is accessible to conscious recollection and can be brought to 

mind and thereby “declared” or made “explicit” (Squire, 1992). Explicit memory is conscious 

recollection of previously presented material and traditionally examined through psychological 

tests such as free-recall, cued recall, and recognition memory tasks (Graf & Schacter, 1985). 

Feeling of Knowing (FOK) Judgements: An evaluation of the probability that one knows the 

correct answer or solution to a problem. One’s impression of whether one’s memory system 

possesses the correct response. 

Foil: In this dissertation the term is used in the same sense as distractor and lure. As noted in the 

definition of distractor above, some researchers distinguished a foil and distractor by their 

location of items to be ignored or attended (cf. Shiffrin & Schneider, 1977). In this sense the foils 

of the standard test were in a to-be-ignored category, as conventionally one does not learn 

nontargets of a recognition test.  

Implicit Memory: unintentional learning and remembering (Schacter, 1987) and is synonymous 

with nondeclarative memory (Squire, 1992). 

Judgement of Learning: An individual’s evaluation of how likely they will later be able to 

remember something they have just acquired. In other words, it is an estimation of the 

probability of remembering something you have learned. It is considered a metamemory function 

as it pertains to knowing about one’s memory ability. 
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Lure: Similar to a distractor and foil but a lure tends to share more characteristics with target 

items than a foil or distractor.  

Metacognition: It has been described as “thinking about thinking” and/or “knowing about 

knowing” (Metcalfe & Shimamura, 1994). Metacognition involves the ability to use cognition 

strategically, in the service of behavioural goals. Following Tulving’s (1985) classification of 

consciousness, researchers who were interested in awareness (i.e., Tulving’s autonoetic 

consciousness) also adopted the term metacognition to refer to phenomena such as insight and 

conscious awareness of mental operations (Nelson, 1996).  

Metamemory: The processes involved in evaluating memory performance, deciding how and 

when to use certain memories, and controlling how the products of memory should be packaged, 

stored and utilized. Metamemory strategically uses memory in the service of behavioural goals. 

Negative Symptoms: The adjective “negative” connotes “absence” or “deficiency”. In persons 

with Schizophrenia negative symptoms are deficiencies in emotional and cognitive processes, 

such as anhedonia, alogia, avolition, blunted affect, and limited interpersonal relationships (see 

positive symptoms for comparison). 

Noetic Consciousness: Literally “knowing”, one of three forms of consciousness proposed by 

Tulving (1985). Noetic consciousness afford awareness and mental manipulation on objects and 

events without their physical presence. Noetic consciousness allows symbolic representation and 

operates semantic memory. 

Nondeclarative Memory: A form of long-term memory that deals with procedural memory, 

nonassociative learning and simple classical conditioning – can occur in the absence of 

conscious awareness. 
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Positive Symptoms: The adjective “positive” connotes “presence” of symptoms that are not 

experienced by most people without Schizophrenia or psychotic disorders. Positive symptoms 

include hallucinations, delusions, as well as speech and thought disorders. 

Proactive Control: The dynamic maintenance of goal relevant information that obligates 

attention, perception and action towards the achievement of that goal. 

Procedural Memory: Memory for how actions or sequences of actions are performed. 

Recall Memory: The ability to remember previously encountered stimuli. 

Recognition Memory: The ability to recognize stimuli that were previously encountered. In the 

prototypical recognition memory experiment a participant is presented a list of items to study and 

then tested with another list composed of targets (studied items) and distractors. 

Reconstructive Memory Processes: The use of plausible inference and semantic knowledge to 

generate a memory trace (contrast with reproductive memory). 

Reproductive Memory Processes: Replicating a past event with optimal veracity by relying on 

recall memory. 

Resolution: The relative correspondence by quantifying how sensitive a judge is in identifying a 

correct response at different levels of confidence. Put another way, how well a judge can 

discriminate correct from incorrect responses at different levels of confidence. Contrast with the 

other monitoring mechanisms of calibration. See Adjusted Normalized Discrimination Index. 

Semantic Cue: Information (e.g. another word, a phrase) that accompanies the test item that 

offers a hint that the test item was previously learned. 

Semantic Memory: A form of declarative memory that deals with information such as facts and 

knowledge (contrast with episodic memory). 
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Source Monitoring: A metamemory mechanism that helps evaluate memory traces for accuracy 

by identifying their origin through information- and experienced-based evaluations 

Target: A stimulus (e.g. word, picture) on a test that is the correct choice, on a recognition test a 

target is a previously studied item. 

Trace: An item retrieved into memory. 

Working Memory: A memory system that maintains and manipulates information over a very 

brief period of time in the service of an immediate behavioural goal or mental activity. 
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Appendix 2: Signal Detection Theory (SDT) Explanation of the Effect of Lure 

Distinctiveness on Criterion. 

Signal Detection Theory (SDT) has been widely used in psychological research, initially 

applied to perceptual studies where subjects were required to identify the presence of a weak 

signal in a noisy stimulus (Wickens, 2001). In recognition memory research the test lures are the 

source of the noise, and targets the signal. Test items (targets and lures) are evaluated on 

mnemonic strength (Banks, 1970; Parks, 1966).  

 

 

The abscissa represents mnemonic strength and the ordinate represents probability frequency. 

The top panel illustrates SDT for less plausible (LP) lures and bottom panel illustrates more 

plausible (MP) lures. Note the mean mnemonic strength of the old words’ distribution (vertical 

dotted line) does not change unlike the lure distributions’ means. Discrimination (d’), the 

difference between the means of the old words’ and lures’ is greater between LP and old word 
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distributions compare to MP distribution (horizontal dashed lines), and inversely related to the 

amount of overlap between distributions. Criterion (C) is the point of the optimal decision maker, 

and demands more mnemonic strength for MP-lures where distinctiveness between lures and 

targets is less than for LP-lures. The old words’ signal is “clearer” in the context of LP-lures and 

conversely MP lures are “noisier” and compete with the old words’ signal. Compared to the MP 

lures’ distribution there is less overlap between the respective distributions of old words and LP 

lures. The extent of distribution overlap impacts the value of d′. Note that the mean of the 

distribution of old words remains constant as study conditions are not manipulated. However, the 

distribution mean of new words alters – MP lures’ distribution is further to the right as MP lures 

have more mnemonic strength than LP lures. Most importantly, CO changes in a similar direction 

as the distribution of lures. Theoretically, the ideal decision maker sets criterion at a threshold 

that optimizes correct recognition of targets (hits) and minimizes mis-identification of lures 

(false alarms). When lures and targets are less distinct, targets require more mnemonic strength 

to distinguish them from plausible lures, and criterion adjusts to the right along the abscissas. 

When presented with less plausible lures the ideal decision maker’s threshold for accepting 

targets relaxes, and criterion moves to the left. 
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Appendix 3: Transcript of Fictitious Police Interview 

(Transcript was presented double spaced in 13 point Serif font in booklet. Excluding the 

identification of the speaker, there are 2416 words Flesch Reading Ease = 77.9 and Flesch-

Kincaid Grade Level = 4.9) 

 

Carefully read the two transcripts. Afterwards, your memory for events and their details, 

like precise times, exact distances etc will be tested. 

Phil Brown is a 21-year-old university student. He was out with friends on Friday, February 15
th

, 

the day after Valentine’s Day. It was also the beginning of Spring Break. He was later found in 

his apartment lobby unconscious. Phil has been unable to recall what happened. Below are the 

transcripts of the police questioning of the 2 people who were involved in the event that preceded 

Phil’s injuries. 

 

Transcipt A: Interrogation of Matt Campbell, Phil’s friend. 

Constable Johnson: What happened on the evening of Friday, February fifteenth?   

Matt Campbell: Okay, we went to the club “Offside” at Bathurst and Adelaide. 

Constable: What is the address of the club? 

Matt Campbell: 109 Bathurst Street, at Adelaide. 

Constable: “Offside” is at one – O – nine Bathurst. What time did you arrive at Offside? 

Matt: My ticket was stamped 22:44, that’s about quarter to eleven. If you get there before eleven 

you get a half-price drink.  When you enter, you get a time stamped ticket to claim your 

drink. My ticket was stamped 22:44.  

Constable: You arrived at “Offside” about quarter to eleven. Did you go alone to the club? 

Matt: No. A buddy, Mike Jones and his girlfriend Sara Roy shared the cab from the frat house. 

Constable: What is the address of the frat house? 

Matt: It’s near U of T, 16 Sussex Avenue 

Constable: 16 Sussex Avenue, near U of T.  Who did you meet at the club? Please give their 

first and last names. 

Matt:  Tony Chan, Bob Wilson, Chris Anderson and his sister Jessica.  The place was packed. 

Not only was it the beginning of Spring Break but also the day after Valentine’s Day.  

“Offside” used to be a hockey arena. It has 4 different levels and altogether it covers 

forty-four thousand square feet (44,000 ft
2
). 

We found Phil and his girlfriend Stacey. They seemed to be quarrelling. Phil seemed a 

little drunk. It was really crowded and we decided to go to the upper deck where the pool 

tables are. Phil was getting obnoxious. He was yelling, not watching where he was going 

and bumping into people. Phil challenged Tony to a game of pool. Tony refused saying 

Phil was too drunk. But Phil taunted him and then kept bidding higher to play for money. 

At $225.00 dollars, Tony could not refuse. 

The rest of us watched Tony and Phil play.  

Mike started talking to this guy that he introduced as Pat, a buddy from high school. He 

was an engineering student, like us, but at Ryerson. He and his friend, Brian, were 

waiting for a pool table. The table next to ours became free and Pat and Brian started 

playing.  

Constable: Can you describe Pat’s friend, Brian? 
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Matt: He was wearing a grey Ryerson muscle shirt. He was very tall – a giant and very muscular 

– lean athletic build, one hundred and ninety-eight centimetres (198cm), that’s almost 2 

meters!  

Constable: How do you know his height? 

Matt: Tony asked Brian directly, I remembered he answered in metric, and that it was almost 2 

metres. And he weighs 98 kilograms – almost a hundred kilos – But that is still lean and 

athletic for Brian’s height –he has a very muscular build. 

Constable: Almost two metres and almost a hundred kilos, a very tall, lean, muscular man could 

be threatening. I understand there was an argument, how did it start? 

Matt: Brian and Pat were very good pool players and some people started to watch. Phil bumped 

into Brian and caused him to miss a crucial shot. Brian looked mad, but Phil didn’t 

notice. Phil acts like he’s in charge and starts ordering spectators to move back. 

Brian and Pat started playing again. Phil staggered into Brian. Phil apologized but Brian 

ignored him. Phil saw Brian’s Ryerson t-shirt and said something like they need to get 

along because Brian was going to be working for Phil. It’s a rivalry thing between 

Ryerson and U of T engineering. Brian walked right up to Phil and told him that he was 

making trouble for himself.  

Tony finally beat Phil, who tried to play for double-or-nothing, but Tony wanted him to 

pay the $225. Instead, Phil said he would buy Tony’s round of drinks, which was 

probably not a good idea as he had enough to drink. 

Stacey and I went with him. The waitresses were going around with trays of shooters He 

bought four from the waitresses and at the bar he had another two. Six– that’s a half 

dozen shooters in total. 

Constable: Phil had 6 shooters? 

Matt: Yes, a half-dozen shooters. 

Constable: What happened after this? 

Matt: We went back to the pool tables. I only had a couple of drinks that night because I still 

hadn’t packed for our trip and we had a flight to catch to Thunder Bay this morning. 

Constable: Why were you going to Thunder Bay? 

Matt: Snowboarding. Phil’s dad owns a resort there, everything paid for – me, Stacey, Tony, 

Mike and Sara were going with Phil. The flight is expensive. Even with the student 

airfare it costs $490, about the same as going to Europe. It is only an 82-minute flight, 

about an hour and a half! 

Constable: Were you all going to Thunder Bay?  

Matt: Yes. Because of what happened to Phil, I’m not going. I am going to lose the $490 airfare, 

because there are no refunds on the student ticket, too bad because I could have used the 

money for a trip to Europe this summer. Eighty-two (82) minutes, less than an hour and a 

half (1½) to fly in Ontario is as expensive as flying to Europe! 

Constable: What happened when you got back to the pool tables? 

Matt:  Almost everyone was watching Brian and Pat shoot pool. Phil gave slurred play-by-plays 

to the pool game. Pat and Brian ignored him until he referred to Brian as “my future 

employee”, just as Brian was taking another crucial shot. Brian missed and went over to 

Phil and stood right in front of him. Brian looked like a giant beside Phil. Phil is only 5 

foot 7 inches and weighs only 130 pounds. Phil is short and skinny. And Phil said 

something like “that’s no way to treat the boss”. Brian told him to stop making trouble” 

That’s when the eleven (11) bouncers arrived, they recognized Phil because his dad owns 
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the place, but none of them were as big as Brian, and you could tell they were afraid of 

him. Imagine almost a dozen bouncers were afraid of him! Brian and Pat left. 

 Phil was staggering and shouting, “you’re fired!” at Brian and then “you’re fired!” at the 

eleven (11) bouncers. 

I suggested to Phil that it was time to go, but he kept drinking. He kept asking for Stacey 

and said he wouldn’t leave without her. Eventually, Bob helped me bring him home. It 

was frigid outside. We heard on the radio that the wind-chill was at –37
o
 Celsius.  

Constable: Almost forty below, that is frigid. Do you know what time it was? 

Matt: It was 1:25 a.m.; I remember the radio station gave the time with the temperature. So it 

was around half past one in the morning. 

Constable: You’re sure it was 1:25 am?  

Matt: Yes. It’s only five (5) kilometres from the club to Phil’s condo, but the taxi driver was 

driving at 10 kilometres an hour, so it took 35 minutes. 

Constable: 10 km/hour an hour is very slow driving. Did anything else delay you? 

Matt: We gave the driver Phil’s address, 579 Lewis Street; it’s in the East End at Queen and 

Broadview. The driver had trouble with the one-way streets. Even though we repeated 

Five-Seven-Nine Lewis Street, the driver still almost drove past. 

Constable: The one-way streets in that part of the East End, around Queen and Broadview are 

complicated.  

Matt: Phil’s condo building is an old factory being converted into lofts. I was surprised that the 

front door of the building wasn’t locked.  

Phil has a penthouse, on the fourteenth (14
th

) floor, but the elevator wasn’t working. Phil 

had passed out and we carried him right to the penthouse. 

Constable: You and Bob carried Phil 14 floors, to the top floor! 

Matt: Yes, to the top of the building, to the penthouse floor. Lucky that Phil is short and skinny. 

I’ve been to his place before, it is 1750 square feet. It’s huge, a 2 level loft with 2 

bedrooms and 2 bathrooms. It’s worth $475,000, almost half-a- million!  

Constable: Are you sure that the front door of a building with condos worth a half-million-

dollars does not lock? 

Matt: It’s still under construction. We put him on his bed. 

Bob set the alarm clock for 7:16 am, which is exactly sunrise. We figured the sunrise 

would also help wake him up. 

We had not closed the door when we came in. We checked that no one had snuck in. 

There are many hiding places in a 1750 square foot, two bedroom and two bathroom, two 

level loft. We made sure the door to his condo was locked. We tried again to lock the 

building door but with no luck. We caught cabs home. Bob said that Stacey had ended it 

with Phil and that she wasn’t going to Thunder Bay. I guess that’s why Phil was so 

obnoxious. She broke-up with him the day after Valentine’s. 

Constable:  What time did you leave Phil’s condo? 

Matt:  I can’t be sure. I didn’t get to bed until after 3. I set my clock for 7:16, sunrise, the same 

as Phil’s so I could call Phil. When I phoned that is when you answered and asked me to 

come down.  

Transcript B: Interrogation of Brian Taylor who argued with Phil. 

Constable Johnson:  Your date of birth? 

Brian Taylor:  April 19, 1987, on Easter Sunday that year. 
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Constable:  Easter Sunday, April 19, 1987. What happened the evening of Friday, February 15
th

, 

2008? 

Brian:  I talked my good friend Pat Tremblay to come with me. We’ve been friends since 

elementary school about 15 years. We were meeting my girlfriend Stacey at “Offside”, 

at Bathurst and Adelaide. It’s a converted hockey arena. There’s no cover before 

midnight. After midnight, it is thirty dollars ($30), that’s very expensive, twice what I 

make in an hour. I needed Pat as moral support. We have been good friends since 

elementary school, for 15 years. 

Constable:  How long have you been seeing Stacey? 

Brian:  Since Thanksgiving – eighteen (18) weeks.  

Constable:  Have you only known her for 18 weeks, since Thanksgiving?  

Brian:  I used to see her on campus. She and Phil were starting to break-up last September, but 

Stacey and Phil’s families have been friends since their grandfathers served together in 

World War II, 64 years ago.  

Constable:  Sixty-four years, since the Second World War is a long time for families to know 

each other. 

Brian:  Stacey and Phil started dating as teenagers, since she was a teenager, sixteen (16) years 

old. I understand the break-up is hard, dating since she was 16. Constable, Stacey and I 

have a trip booked for Florida leaving tomorrow. Is it okay that we go? 

Constable:  When do you return?  

Brian:  We’re back this weekend on Sunday, February 24, the end of Spring Break. 

Constable:  February 24, the end of Spring Break, this weekend – I will let you know. When did 

you get to “Offside”? 

Brian:  Just before ten, 9:50 pm.  Pat and I wanted to beat the rush and after midnight, it’s a 

thirty dollar ($30) cover. That’s twice my hourly pay. My part-time job pays fifteen 

dollars-an- hour; it would be like giving up couple of hours work! 

Constable: You state that you arrived just before ten, at 9:50 pm? 

Brian:  I was meeting Stacey. She was late. She had a long talk to Phil, who begged her to stick 

around with their friends. They were going to Thunder Bay the next day. He wanted to 

pretend everything was fine. She said she couldn’t reason with him. 

Phil had bought them executive class tickets to Thunder Bay as a Valentine’s gift.  They 

cost him eighteen hundred and thirty dollars ($1830), - eighteen – thirty each. That’s 

almost two thousand dollars! A couple of grand for one ticket alone!  

Constable:  Impressive to spend $1830 on one executive class ticket. 

Brian:  I went to Thunder Bay by coach with Ryerson’s basketball team. It’s eight hundred and 

forty two (842) miles – a couple of days travelling with an overnight. 

Constable: 842 miles in a bus and a couple of days travelling is a long time. 

Brian:  Stacey agreed to meet at the pool tables when she could get rid of Phil. When we got to 

the pool tables, Stacey was there with Phil and their friends. Phil was playing pool but 

you could tell he had been drinking. Pat and I decided to pretend to wait for a pool table 

until Stacey could get away. Then Mike, a friend of Pat’s from high school, who was 

with Phil’s friends noticed Pat. They started talking and then when a table became free 

beside Phil’s, Mike got us to take it.   

Constable: How did the fight start? 

Brian:  Not a fistfight.  Phil started acting like a sports commentator. I ignored him because I 

didn’t want trouble. But he got in the way of the game. Then he starts with the 
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engineering school rivalry. It really got to me when he said he would be my boss one 

day.  I walked up close, to intimidate him, and told him to stop making trouble. This is 

when the bouncers arrived and asked me to leave. Pat and I left, Stacey caught up with 

us at the coat check. I parked my car at Pat’s place, which is only 800 metres from 

Offside, just a couple of blocks away. It was frigid, -37o Celsius, and even a couple of 

blocks, 800 metres, seemed far.  

Constable:  Where did you go?  

Brian:  Stacey’s apartment. She lives near Allan Gardens  - 468  George Street.  

Constable: Four-Six - Eight George Street.  

Brian:  Yes. A small bachelor apartment. Thirty-nine square metres (39m2), with good windows 

that make the 39m2 seem bigger.  

Constable:  What time did you get to Stacey’s bachelor near Allan Gardens? 

Brian:  Can’t remember. My car took a long time to warm up. I drove fast to keep the engine 

warm. Stacey didn’t like how fast I was driving and she timed the trip as 4 minutes 50 

seconds, less than five minutes. 

Constable:  Four minutes and fifty seconds. About 5-minute drive to Allan Gardens. Did you 

leave Stacey’s apartment that night. 

Brian:  No, we talked for a while then I slept like a log until Matt called Stacey to tell her that 

Phil was hurt. 

Constable:  I forgot to ask you: what time did you leave Offside? 

Brian:  Around midnight. When we got to my car, I noticed that it was 1220.  

Constable: You got to your car around midnight, at 1220.  
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Appendix 4: Study and Test Phases with transcript excerpts and sample questions. 

Study Phase: Read aloud a transcript of police interrogating two witnesses followed by self-paced silent 

study. Each precise target is repeated with a lexical target. A 60-minute delay followed the study-phase. 

 Excerpt from 1
st
 Witness Transcript  

Constable: Do you know what time it was when you left Offside? 

Matt: It was 1:25 a.m.; I remember the radio station gave the time. So it was around half 

past one in the morning. 

Constable: You’re sure it was 1:25 am, around half past one in the morning?  

 Excerpt from 2
nd

 Witness Transcript  

Constable: How long have you been seeing Stacey? 

Brian: Since Thanksgiving – eighteen (18) weeks.  

Constable: Have you only known her for 18 weeks, since Thanksgiving?  

 

Test Phase 1. Forced-precise responses – provide an exact answer (can guess) and rate confidence. 

What time did Matt leave Offside? 

 

____ : _____   How confident are you about your answer?   % sure 

 

How long were Brian and Stacey seeing each other? 

 

_________ weeks   How confident are you about your answer?   % sure 

 

Test Phase 2. Penalty phase with Choice of Granularity. Participants can choose to provide an exact 

answer or a range. All items carry a bonus of 50 cents for correct responses. Rewards for coarse answers 

were less and scaled to the width of the coarse-grain (i.e., wider the interval the less the reward). 

What time did Matt leave Offside?     PENALTY  50 cents 

 

Exact: _____   OR Range: _______ to ______ 

How confident are you about your answer?   % sure 

How long were Brian and Stacey seeing each other?  PENALTY  $5 

 

    

Exact: ________weeks OR Range: _______ to ________weeks 

How confident are you about your answer?   % sure 

Test Phase 3: Lexical responses. Lexical response or descriptor and rate confidence. 

What time did Matt leave Offside ? 

____________   How confident are you about your answer?   % sure 

 

How long were Brian and Stacey seeing each other? 

______________   How confident are you about your answer?   % sure 
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Appendix 5: Meaningful Interval Responses Guide 

 

Questions Maximum Acceptable 

Responses 

Range must include target value 

Practice Questions  

A. What is today’s date? + 1 week 

B. What is the address of this building? +  40 of address number 

C. What time did we start testing at today? +  30 minutes of appointment 

D. Price of stamp to the US? + 50cents 

E. Jays win the World Series 2
nd

 time? + 5 years 

F. Mel Lastman mayor  + 5 years   

G. Subway stops  between Ossington & Spadina  0 - 6 

H. How old is Phil? + 5 years 

I. What was the date in February that the argument + one week 

J. Offside’s address + 50  

K. Size of Stacey’s apartment +  25m
2
 range 

L. Time to drive to Stacey’s apt 1-15 minutes 

M. When Brian & Stacey got to Brian’s car + 30 minutes 

  

Test Items  

1. Time Matt arrived at Offside + 30  

2. Frat house address + 10  

3. Offside’s size + of 20,000 

4. Pool wager + $50 

5. Brian’s height + 15 cm 

6. Brian’s weight/build + 20 kilo 

7. Shooters Range of 5 

8. Student airfare to Thunder Bay + of $100 

9. Length of flight to TB + 20 minutes 

10. Phil’s height + 4 inches 

11. Phil’s weight + 12 lbs 

12. Bouncers Range of 5 

13. Wind chill + 5 

14. Time Matt & Bob left to bring Phil home. + 15 minutes 

15. Velocity of cab Range of 5 

16. Phil’s address + 50 

17. Floor/level of Phil’s condo Range of 5 

18. Size of Phil’s condo + 300 

19. How much condo is worth + 50,000 

20. Alarm clock set for + 15 

21. Brian’s date of birth. Range of one week 

22. Brian & Pat have been friends + 5 

23. Stacey & Brian dating + 5 

24. Stacey & Phil’s families have been friends + 20 
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25. Stacey’s age when started dating Phil Range of 5 

26. Returning from Florida Range of one week 

27. Offside cover charge after midnight Range 15 

28. Brian arrive at Offside + 30 

29. Executive class tickets to TB + of 250 

30. Distance to Thunder Bay + 100 

31. Walking distance to Pat’s place from Offside + 100 

32. Stacey’s address + 50 
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Appendix 6: Calculating Report Criterion (PRC) 

We adhered to the calculation proposed by Koriat and Goldsmith (1996) and Goldsmith, 

Koriat, and Pansky (2005). Calculating the fit rate ratio is the first step in ascertaining at what 

confidence level at phase 1 (PRC) a participant favours a coarse (interval) response rather than an 

exact answer. The same 12 confidence levels that were used in calculating calibration were 

employed in the fit rate calculation. After stratifying the data by participant and penalty schedule 

the fit rate is estimated by calculating:  

 
Number of precise responses provided in Phase 2 

obtained at a Phase 1 confidence level 
≥ to the current confidence level 

+ 
Number of range responses provided in Phase 

2 obtained at Phase 1 confidence level 
< the current confidence level 

Total number of items per participant at each penalty level 

 

The denominator is always 16 as there were 16 items at each penalty schedule. The fit 

ratio is calculated for each participant and penalty schedule combination and identifies the phase 

1 confidence level, or levels, that optimize the value of this ratio for each participant under each 

penalty schedule. This phase 1 confidence level is the PRC that controls the decision to opt for 

either a precise or range response. The mean confidence level associated with all PRC values was 

used when participants had more than one phase 1 confidence level associated with their 

maximum fit ratio. Confidence for items that equal or exceed PRC will yield precise responses 

and coarse responses are provided for confidence values below PRC. 

 


