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I-ABSTRACT 

 

 

Schizophrenia is a severe psychiatric disorder marked by profound cognitive deficits, 

among which episodic memory (EM) and autobiographical memory (AM) impairments are 

particularly debilitating and linked to social functioning. This thesis investigates the 

underlying memory processes implicated in EM and AM dysfunction in schizophrenia. Two 

studies were conducted. Study 1 explored the roles of recollection and familiarity in relational 

and self-referential memory encoding in a healthy adult population (N=54) using a modified 

version of the RISE and an original Self-Referential Memory (SRM) paradigm. Recognition 

performance was assessed through receiver-operating characteristic (ROC) analyses. Results 

showed higher recognition accuracy for single item stimuli compared to paired items and 

demonstrated that familiarity—rather than recollection—supported the self-reference memory 

effect. Study 2 employed a quasi-experimental design to compare individuals with 

schizophrenia (n=27) to healthy controls (n=27), matched by age, sex, and socioeconomic 

status. Patients exhibited deficits in both recognition accuracy and dual-process parameters 

(familiarity and recollection), with impairments most pronounced under relational encoding 

demands. Notably, recollection—but not familiarity—supported self-referential memory in 

both groups. Across the combined sample, EM performance, particularly under self-referential 

encoding, predicted AM retrieval beyond the contribution of diagnostic status. 

These findings indicate that recollection and familiarity contribute differentially to self-

referential memory across populations and suggest that impaired self-based encoding of 

episodic information may partially account for autobiographical memory dysfunction in 
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schizophrenia. The results highlight cognitive mechanisms with direct relevance for targeted 

remediation strategies and psychotherapeutic interventions aiming to strengthen memory and 

personal identity in schizophrenia. 
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Schizophrenia (SZ) is a severe and chronic neurodevelopmental disorder affecting 

approximately 1% of the global population and ranking among the leading causes of disability 

worldwide (Velligan & Rao, 2023). It is associated with marked impairments in social 

functioning and increased rates of suicide and mortality, making it one of the psychiatric 

conditions with the most debilitating long-term outcomes (Chong et al., 2016; Holloway & 

Stein, 2007; Schaefer et al., 2013). Clinically, SZ involves a wide constellation of symptoms 

grouped into psychopathological domains: positive (e.g., hallucinations, delusions), negative 

(e.g., blunted affect, avolition), affective (e.g., anhedonia, depressed mood), social-cognitive 

(e.g., theory of mind deficits), and neurocognitive disturbances (e.g., impairments in attention 

and memory) (Liddle, 2007). 

Among these domains, cognitive impairment is especially relevant because it is highly 

disabling, shows limited response to pharmacological treatment, and typically persists even 

when patients achieve clinical stabilization (Robbins, 2019; Schaefer et al., 2013). 

Consequently, numerous psychosocial interventions have been developed to target the broad 

range of cognitive deficits observed in SZ (National Institute for Health and Clinical 

Excellence, 2009). 

Memory is one of the most consistently impaired cognitive domains in SZ. Working 

memory and episodic memory (EM) appear to be primarily affected, whereas semantic and 

procedural memory remain relatively preserved (Herold et al., 2023; Kraguljac et al., 2013). 

Individuals with SZ frequently experience difficulty recalling or recognizing information 

bound to a specific spatiotemporal context—core features of episodic memory. Beyond this, 

deficits extend to the recollection of complex personal experiences, such as autobiographical 

memories (AM), which are fundamental for maintaining a coherent sense of self (Kwok et al., 
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2021; Dassing et al., 2020). AM enables individuals to mentally re-experience personal past 

events over prolonged time intervals, supporting the continuity of identity, social relationships, 

and future-oriented thinking (Kwok et al., 2021; D’Argembeau, 2012). These capacities are 

disrupted in SZ, underscoring the importance of elucidating the cognitive mechanisms 

underlying EM and AM impairments. 

Importantly, EM and AM deficits are strong predictors of functional outcomes, even 

beyond clinical symptom severity and other primary cognitive deficits (Mehl et al., 2010). 

Thus, they represent crucial therapeutic targets. Since pharmacological treatment offers 

limited improvement in memory dysfunction, psychological interventions—particularly 

cognitive remediation—have become essential strategies to address these impairments (Wykes 

& Spaulding, 2011). 

Furthermore, most psychotherapeutic approaches rely on the exploration of personal 

experiences and integrate autobiographical content as a therapeutic resource. Therefore, 

advancing the understanding of AM processes is vital for improving psychological 

interventions in SZ (Bech et al., 2015; Ragland et al., 2020). Despite the substantial literature 

on EM impairments in SZ, there is still limited knowledge about how specific memory 

subprocesses—particularly recollection and familiarity—and self-referential encoding 

contribute to AM dysfunction. Addressing this gap may clarify mechanisms through which SZ 

compromises personal identity and everyday functioning. Although EM and AM deficits in 

schizophrenia have been studied extensively, most research has been descriptive, focusing on 

what is impaired rather than why. To design more effective interventions, it is necessary to 

specify the mechanisms responsible for encoding and retrieving episodic information and how 

these mechanisms may support more complex memory systems such as AM. 
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Models in cognitive neuroscience have been particularly valuable for framing such 

mechanisms. EM formation depends on the integration of item-specific information with 

contextual features, supported by medial temporal lobe subregions that differentially 

contribute to recollection and familiarity processes. Autobiographical memories, in turn, 

emerge from the assembly of episodic details into coherent personal representations that are 

tightly linked to the self. In SZ, disruptions in binding operations may prevent episodic details 

from being integrated into a unified memory trace, leading to difficulties in retrieving 

contextual information. Such deficits may cascade into AM impairments, particularly in 

memories that require rich detail or personal significance. Understanding the extent to which 

recollection or familiarity processes are compromised may therefore reveal specific targets for 

intervention (Lepage et al., 2015; Ragland et al., 2020).  

To address these issues, this thesis examines the episodic memory mechanisms that 

contribute to autobiographical memory functioning in schizophrenia, with a focus on 

recollection, familiarity, and self-referential processing. By examining both healthy adults and 

individuals with SZ, we aim to characterize normal mechanisms of episodic encoding and 

determine how their alteration may lead to autobiographical memory dysfunction. 
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Episodic and Autobiographical Memories 

 

Human long-term declarative memory encompasses semantic memory, which is 

general knowledge about the world, and episodic memory (EM), which supports the conscious 

re-experiencing of personally lived events situated in a specific spatial and temporal context 

(Tulving, 1983; Squire, 2004). EM provides access to perceptual, affective, and contextual 

details from individual experiences, enabling mental time travel. Traditional research in EM 

has been developed along different dimensions, such as verbal versus abstract, spatial versus 

nonspatial, and item versus relational memory (Davachi, 2006). Item memory is related to the 

processes involved in encoding and retrieving a single piece of information. In contrast, 

relational memory refers to the processes by which people can form relationships between two 

or more pieces of information. In relational memory, we can bind multiple objects together 

(e.g., “I saw a neighbor with her dog”) or within a spatial or temporal context (e.g., “I saw a 

neighbor at the coffee shop in the morning”). However, item memory (e.g., “I saw a 

neighbor”) is a more discrete but necessary component of relational memory (Lepage et al., 

2015). 

A key question concerns the mechanisms that underlie the encoding and retrieval of 

episodic information. Dual-process theories propose that recognition may arise from two 

distinct processes: recollection (the recovery of contextual and qualitative details) and 

familiarity (a sense of memory strength without requiring contextual retrieval) (Yonelinas, 

1994; Yonelinas et al., 2010). These processes support different aspects of EM and may 

contribute unequally depending on task demands. Additionally, encoding can be based on 

individual items—item-specific processing—or involve relational memory (RM), in which 
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multiple elements need to be bound together within a contextual structure (Davachi, 2006). 

The Binding-of-Item-and-Context (BIC) model attributes relational binding primarily to the 

hippocampus, whereas cortical regions such as the perirhinal and parahippocampal cortices 

support familiarity- and context-based processing, respectively (Ranganath, 2010).  

From a complementary line of research, self-referential memory (SRM) research 

demonstrates that encoding information in relation to oneself enhances later recognition—

known as the self-reference effect (SRE) (Rogers et al., 1977). This effect reflects the 

privileged processing of self-related content within memory networks and has been linked to 

both familiarity- and recollection-based mechanisms depending on task structure (Serbun et 

al., 2011). 

Finally, autobiographical memory (AM) builds upon EM by integrating episodic 

details into coherent narratives that are self-relevant and extended across the lifespan. Within 

the Self-Memory System (SMS) model, AM emerges from interactions among episodic traces, 

personal semantic knowledge, and self-related goals, helping maintain identity, continuity, and 

social connectedness (Conway & Pleydell-Pearce, 2000; D’Argembeau, 2012). The 

understanding of AM within the SMS model is represented in Figure 1. 

 

Figure 1 

Autobiographical Memories within Self Memory System 
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Note. Autobiographical Memories are transitory, dynamic mental constructions generated 

from an underlying knowledge base articulated with episodic memories. (Modified from 

Conway et al., 2004). 

 

The knowledge about EM and AM formation relies, fundamentally, on research into 

the encoding and retrieval stages. First, the information must be acquired or encoded, and then 

it must be evoked when necessary (Melton, 1963). Traditional EM research has benefited from 

this segmentation; for instance, cognitive neuroscience researchers have employed various 

recognition paradigms, where individuals learn material during a study phase and are then 

probed to determine whether it is “old” or “new” during a test phase (Guo et al., 2019). 

In the case of AM, researchers have adapted tasks traditionally used in EM. However, 

events remembered in AM are, generally, out of the experimenter’s control, so it has been 

challenging to elucidate the factors involved in the encoding stage. This situation contrasts 

with the preponderance of evidence acquired through the study of the retrieval stage in AM, 

from which most of the information on the possible factors involved has emerged (Robinson, 

1976; Wagenaar, 1986). After introducing general concepts about EM and AM, their 

respective relationships, and the processes involved, we will present evidence regarding the 

impairments of these dimensions in Schizophrenia (SZ). 
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Different models have attempted to explain the involvement of various brain regions in 

the experience of EM. One model particularly relevant for this project is the Binding and 

Items Context (BIC) model. This model was developed as an extrapolation of the contribution 

that different subregions in the medial temporal lobe (MTL) make to EM (Ranganath, 2010).  

For instance, in the BIC model, the perirhinal cortex receives input from neocortical areas that 

process information about specific items, such as the ventrolateral prefrontal cortex (VLPFC) 

(Eichenbaum et al., 2007). On the other hand, the parahippocampal cortex receives input 

predominantly from the dorsolateral prefrontal cortex (DLPFC), which represents information 

about the context. Finally, the hippocampus is the region responsible for binding items in their 

respective contexts (see Figure 2; Eichenbaum et al., 2007). 

 

Figure 2 

Binding and Item Context Model 

 

Note. Prefrontal and medial temporal lobe subregions contribute differentially to the 

processing of episodic memory. DLPFC: Dorsolateral prefrontal cortex. VLPFC: Ventrolateral 

prefrontal cortex (Retrieved from Ranganath, 2010). 



21 

 

In practical terms, the application of the BIC model in the research field of SZ brought, 

consequently, the formulation of the Relational and Item-Specific Encoding (RISE) task. A 

task designed to evaluate the contribution of different processes in the encoding and retrieval 

stages of EM in SZ (Ragland et al., 2012b). Manipulation in the encoding phase is performed 

by distinguishing between a "relational" encoding, which promotes memories for associations 

between items, and an "item-specific" encoding, which promotes memories for specific items. 

For the retrieval stage, two types of recognition tests are distinguished. The first is a 

specific item recognition task, in which subjects are asked to recognize items previously 

presented alongside a series of new ones. The ability to discriminate is complemented by 

requesting to judge items as "old/new" together with confidence in their decision (low, 

medium, or high). These data are used to study the recollection and familiarity processes 

differentially. Additionally, during the paired recognition task, previously presented items are 

presented again in pairs, with some of them maintaining their original order and others being 

rearranged (Ragland et al., 2012b).1 

 

Episodic Memory Impairments in Schizophrenia  

 

Individuals with schizophrenia (SZ) exhibit consistent deficits in EM that extend 

beyond medication and symptom fluctuations (Aleman et al., 1999; Robbins, 2019). 

                                                

1 More details about the Rise task are presented in the Data-collection section of this 

manuscript. 
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Recognition impairments are particularly pronounced under relational encoding demands, 

suggesting failures in hippocampal-based binding processes (Ragland et al., 2012). These 

impairments reduce access to contextual details required for accurate recollection. The role of 

familiarity remains more controversial: whereas some studies report preserved familiarity, 

others show impairments depending on task design and confidence measurement methods 

(Libby et al., 2013). Receiver-operating characteristic (ROC) methods emerge as a possible 

solution as they provide a more reliable dissociation than introspective judgments, 

highlighting methodological variability as a source of inconsistencies. 

 

Recollection and Familiarity-Based Recognition in Schizophrenia 

          

Several recent studies have investigated the role of recollection and familiarity 

processes in impairments of EM in SZ. There have been contradictory results, with most 

studies reporting consistent alterations in the recollection dimension but variable findings in 

the familiarity dimension (Libby et al., 2013). The Remember Know New (RKN) paradigm 

has been the most widely used (Tulving et al., 1985). In this paradigm, subjects are asked to 

respond with "remember" when they recollect qualitative information about the studied event 

and with "know" when an item is recognized solely based on familiarity. The evidence from 

these studies consistently shows impairments at the recollection level, while the results are 

heterogeneous for familiarity. Most of the research has shown no differences or even better 

performance for familiarity in the population with schizophrenia compared to healthy controls 

(Libby et al., 2013). 
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 However, it is essential to consider that the RKN paradigm may not be the most 

optimal behavioral method for studying the cognitive subprocesses of recollection and 

familiarity (Yonelinas et al., 2010). For individuals to respond accurately in accordance with 

the instructions, they must fully understand the two response options. If this does not happen, 

individuals may make errors in their introspective reports based on a single decision. 

Consequently, controversies have arisen regarding whether Remember/Know reports can 

accurately reflect recollection and familiarity processes, or whether they merely reflect 

memory strength (Dunn, 2004). 

More recently, studies have employed ROC curves to distinguish between retrieval 

processes. A behavioral method that provides a threshold-independent view of performance 

(Wichchukit & O'Mahony, 2010).  Participants are asked to evaluate their subjective 

confidence (high, medium, low) that a particular item is new or old (e.g., RISE task). These 

confidence judgments are plotted in ROC curves, which can be analyzed to estimate the 

contributions of recollection and familiarity (Yonelinas, 1994).  

This line of research has consistently reported findings of alterations in the population 

with SZ, particularly in recollection and familiarity processes (Libby et al., 2013). However, 

the pattern has not been consistent, with studies reporting a greater degree of alteration at the 

level of familiarity-based recognition compared to that of recollection-based (Ragland et al., 

2012a). Additionally, other reports from the same group of researchers, but using different 

paradigms, reported worse performance for recollection compared to familiarity-based 

recognition (Ragland et al., 2012b). It is essential to clarify that the former study was 

conducted in the context of long-term EM and working memory tests, whereas the second 

study used the RISE task. The difference between procedures in these two reports is an 
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example of how methodological variability is probably at the base of contradictory results 

(Libby et al., 2013). 

Consequently, this is not enough to unequivocally conclude the impairment pattern in 

schizophrenia (Libby et al., 2013). It is necessary to expand on the findings already described 

and adapt the analysis of ROC curves to other paradigms, thereby complementing the current 

evidence. In the next section, we will introduce another paradigm that will be useful to 

accomplish these objectives. 

 

Self-Referential Memory Encoding and Its Application in Schizophrenia 

Research 

 

Self-referential memory (SRM) encoding refers to a broad concept that encompasses 

various experimental tasks, whose primary objective is to assess the self-referential effect 

(SRE) (Rogers et al., 1977). SRE refers to the improvement in memory test performance after 

self-referential encoding compared to encoding for other referents. The relevance of SRM for 

this project stems from emerging evidence supporting the relationship between self-referential 

processing and the development of AM (Mizrahi & Axelrod, 2023; Ross et al., 2020). 

Consequently, this antecedent raises the possibility of studying SRM as a possible predictor of 

AM performance in SZ.  

In a typical SRE experiment, participants are exposed to adjectives (e.g., sympathetic, 

selfish, funny) that must be classified as either related or unrelated to themselves (Andrews et 

al., 2020; Lawrance & Chai, 2021). Other stimuli used for evaluating the SRE include 

pictures, which can be particularly useful for studying the SRE in populations that have 
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difficulty reading or understanding complex concepts (Kern et al., 2013; Lawrance & Chai, 

2021). These findings have been applied to other memory dimensions; for instance, SRE has 

been examined in adjective recognition tasks and assessed its effect on recollection and 

familiarity (Conway & Dewhurst, 1995). Previous research on the SRE using the RKN 

paradigm has suggested that the SRE is related to recollection rather than familiarity and has 

been named the self-referential recollection effect (SRRE) (Conway et al., 2001). However, 

other research suggests that the SRE is implemented via both familiarity and recollective 

processes (Serbun et al., 2011). 

SRE has also been examined in the context of binding recognition (i.e., paired 

recognition) (Andrews et al., 2020). In this study, the authors tested memory using an episodic 

paired paradigm combined with a self-versus other reference paradigm. They aimed to 

evaluate item-context binding processing using faces associated with different objects. For the 

self-referential encoding condition, they used a photograph of the subject´s own face, and for 

the other-referential condition, photographs of other subjects. In the test stage, they displayed 

an object and a referent each time, and the subjects were asked to judge whether the display 

had been presented before. The inclusion of different trial types enabled the evaluation of 

three distinct discrimination scores (item, referent, and item-referent paired discrimination). 

Replicating and extending previous findings, they found self-reference advantages for item 

and for item-referent paired discrimination (Andrews et al., 2020).  

In the context of schizophrenia, few studies have evaluated self-referential processing. 

Some studies support the presence of SRE in individuals with SZ, while others, conversely, 

fail to find this effect (Harvey et al., 2011; Pauly et al., 2014; Raffard et al., 2016).  Regarding 

recollection and familiarity, attempts have been made to evaluate SRE in the context of RKN 
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tasks; however, these have failed to find an enhancement of SRE in recollection or familiarity 

(Compere et al., 2016). In conclusion, there is poor clarity about the indemnity of self-

referential processing in people with schizophrenia, both at the effect's level and in the 

processes that support it. Consequently, we will evaluate the performance of SRM in people 

with schizophrenia and healthy subjects, their respective retrieval processes, and their 

relationship with AM performance. 

 

Autobiographical Memory Impairments in Schizophrenia 

 

AM impairments in schizophrenia have been reported consistently in different reports 

(Berna et al., 2016). However, the situation changes when the processes underlying these 

impairments are discussed. As previously introduced, mainly due to methodological 

difficulties associated with the concept of AM, the retrieval stage of AM impairments has 

been investigated almost exclusively in comparison to the encoding stage. The principal factor 

involved as a putative underlying process has been executive dysfunction, limiting the ability 

to initiate optimal cognitive strategies to access specific memories (Williams et al., 2007). 

Nevertheless, evidence is sustained by contradictory results. For the supporting 

evidence of executive dysfunction, Potheegadoo et al. (2014) evaluated the effectiveness of a 

specific method of cues based on specific questions to improve the retrieval of AM in people 

with SZ. The results showed evidence in favor of the specific cueing method, which led the 

team of authors to consider this as a possible cause of the improvement in initiating 

appropriate strategies to retrieve specific details of memories. Better strategies in the 

generative retrieval of AM are thought to be a consequence of improved executive functions. 
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Hence, these results are in line with the involvement of executive dysfunction as an essential 

factor in AM impairments in SZ. 

However, these results complement the situation that not all domains were improved in 

the same way after the intervention with the specific cueing method. The strategy successfully 

normalized the performance of details in cognitive and emotional categories but was 

ineffective in contextual and sensory-perceptual categories. The authors suggest that the 

information related to these categories may have been poorly encoded; therefore, the retrieval 

supported by the specific cueing strategy may not have achieved a sufficient effect to improve 

performance. Consequently, the group of researchers concludes that impairments at the 

retrieval stage do not account for the entire phenomenon of AM impairment, which is why it is 

necessary to consider processes in the encoding stage that may be involved (Alle et al., 2021; 

Herold et al., 2015). 

Suppose we consider the processes at the encoding level in SZ (e.g., relational 

memory, self-referential processing) and their respective relevance in integrating contextual 

information (Herold et al., 2015). It becomes valuable to try to understand the underlying 

processes of AM impairments in schizophrenia through the lens of EM encoding impairments. 

It is essential to recall that in the SMS model, EM is considered a foundational level that 

enables a more complex representation, such as AM. Therefore, one of the aims of this project 

will be to investigate the possibility that the performance of EM tasks under specific encoding 

conditions (RM and SRM paradigms) may, in part, explain AM retrieval performance (see 

Figure 3). These analyses could give supporting evidence to the SMS model and give a fine-

grained idea of how the encoding stage could be involved in AM impairments in 

schizophrenia. 
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Figure 3 

Conceptual Map Behind the Research Proposal 

                    

Note. Two relational processes in the context of episodic memory are hypothesized to be 

involved in the formation of more complex representations, such as autobiographical 

memories. 
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This thesis comprises two empirical studies designed to investigate the cognitive 

mechanisms underlying episodic memory (EM) and autobiographical memory (AM) 

functioning in healthy adults and individuals with schizophrenia (SZ). Each study includes 

specific aims and associated hypotheses detailed below. 

 

Study 1 

Research Question 

 

In healthy young adults, what cognitive processes support performance in relational 

memory (RM) and self-referential memory (SRM) tasks? 

 

General Aim 

 

To examine the contributions of recollection and familiarity processes to recognition 

under single-item and paired-item conditions, and to determine the memory mechanisms that 

underlie SRM in a healthy population. 

 

Specific Aims 

 

1. Describe and analyze the demographic, clinical, and neurocognitive 

characteristics of healthy young adults participating in the study. 
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2. Determine differences in behavioral performance between RM and SRM 

conditions using recognition accuracy (Pr). 

3. Estimate the contributions of recollection- and familiarity-based recognition 

across RM and SRM tasks using ROC-based modeling. 

 

Hypothesis 1 

 

Building on evidence that single-item processing typically yields better recognition 

than relational processing—and that recollection contributes more strongly to item memory—

we hypothesize that: 

(a) single-item recognition will outperform paired-item recognition, and 

(b) recollection estimates will be higher in single-item than paired conditions, with familiarity 

effects emerging across both. 

 

Hypothesis 2 

 

Consistent with the self-reference memory effect (SRE), we expect self-referentially 

encoded information to be better recognized than information encoded in reference to another 

person. Moreover, ROC-based estimates will allow us to dissociate mechanisms, and we 

hypothesize that SRM advantages will be supported by specific combinations of recollection 

and familiarity processes. 
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Study 2 

 

Research Question 

 

In individuals with SZ and healthy adults, what cognitive processes support 

performance in relational (RM), self-referential (SRM), and autobiographical memory (AM) 

functioning? 

 

General Aim 

 

To identify alterations in EM encoding and retrieval mechanisms (RM and SRM) in 

SZ, and to examine whether these episodic processes predict AM performance across groups. 

 

Specific Aims 

 

1. Compare recognition performance under RM and SRM encoding conditions between 

the SZ and healthy groups. 

2. Examine group differences in recollection and familiarity-based recognition within 

RM and SRM paradigms. 
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3. Characterize impairment patterns in episodic subprocesses across relational and self-

referential recognition conditions in SZ. 

4. Evaluate whether RM and SRM recognition performance predict AM retrieval across 

groups, controlling for demographic and clinical variables. 

 

Hypothesis 1 

 

Given disruptions in associative encoding and retrieval in SZ, and evidence of 

recollection deficits, we hypothesize that SZ participants will show: 

(a) disproportionately reduced recollection and familiarity in paired recognition, and 

(b) greater impairments when self-based encoding demands are present. 

 

Hypothesis 2 

 

If EM processes provide input to AM representations, then RM and SRM performance 

will significantly predict AM measures beyond group status and age—that is, EM 

subprocesses will contribute unique variance in AM functioning across participants. 
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General Design 

          

This thesis includes two empirical studies using quantitative designs and recognition-

based episodic memory (EM) paradigms. Study 1 is a descriptive-exploratory study in healthy 

young adults aimed at characterizing the mechanisms of relational memory (RM) and self-

referential memory (SRM). Study 2 is a quasi-experimental comparative study evaluating 

these mechanisms in individuals with schizophrenia (SZ) and matched healthy controls. Both 

studies employed behavioral performance and dual-process signal detection ROC analyses to 

estimate the processes of recollection and familiarity. 

 

Participants 

Study 1 – Healthy Adults 

Participants were healthy young adults aged 18–40 years, recruited from the 

community through public postings and social media announcements. Eligibility criteria 

included: no history of neurological or developmental disorders; normal or corrected-to-

normal vision. If they had a history of psychiatric disorder, this had to be well stabilized. 

Exclusion criteria included a new diagnosis of a mental disorder according to the MINI 

interview or cognitive impairment based on the Montreal Cognitive Assessment (MoCA) 

cutoff score.  

Demographic, clinical, and cognitive screening ensured that only participants who met 

all inclusion criteria proceeded with the experimental tasks. Screening included self-report 

questionnaires, structured interviews, and performance-based tests (described below). 
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            Study 2 – Schizophrenia and Matched Controls 

 

Study 2 included two groups: individuals with SZ and healthy control participants. 

Patients were recruited from mental health outpatient services and were required to meet a DSM-

5 diagnosis of schizophrenia confirmed by a psychiatrist. They also needed to be clinically 

stable, receiving regular psychiatric treatment, and not currently hospitalized. Healthy controls 

were matched to SZ participants based on sex, age, and socioeconomic status (SES). Controls 

were recruited from the general community from the same territory as the SZ participants and 

underwent the same screening procedures as the patient group. 

 

            Sample Size and Power Considerations 

 

Sample sizes were determined based on feasibility constraints and previous literature 

using similar RM and SRM paradigms with ROC-based analyses. The sample size was 

calculated using a power analysis performed with G*Power 3 (Faul et al., 2007). The analysis 

was based on the last study found in the literature, which provides data on the self-referential 

effect and recollection in healthy subjects (Boduroglu et al., 2015). Using this data, 

transformed into an effect size of dz = 0.42, a 1-tailed alpha error of 0.05, and a power of 0.8, 

the sample size required for an analysis based on a paired samples t-test was n = 37. A 10% 

possible loss will be added to give a final size of n = 41. 
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For Study 1, the total recruited sample comprised a group of 57 young adults. Two of 

them completed half of the assessment, and another was excluded because their performance 

was below the 0.5 probability hit rate on any of the recognition tests. A final sample of 54 

subjects was analyzed, with a mean age of 25.5 years and 38 females (see Table 1). 

 

Table 1 

Demographic and Clinical Characteristics of Participants in Study 1 

Variable  Subjects (n=54) 

Mean SD 

Age (y) 25.53 5.46 

Treatment (% in treatment) 34.50  

Education (y) 17.47 2.47 

Sex (%female) 70.90  

Handedness (% right) 80.00  

MoCA total 27.09 2.12 

Memory Index Score 12.56 2.35 

CORE-OM score 8.31 4.18 

Note. MoCA, Montreal Cognitive Assessment. CORE-OM, Clinical Outcomes in Routine 

Evaluation Outcome Measure. 

 

For Study 2, the sample consisted of two groups: a control group and a second group 

of SZ subjects. The definition of SZ was operationalized according to the criteria outlined in 

the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) (American 
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Psychiatric Association, 2013). Both original samples were recruited from outpatient clinics of 

the Southern Metropolitan Service of Santiago. The inclusion criteria were both sexes, aged 

between 18 and 55 years, and native Spanish speakers. The selection was through convenience 

sampling due to its applicability and cost-effectiveness (Elfil & Negida, 2017).  Flyers with 

the description of the study were distributed in three outpatient general health clinics and two 

mental health clinics in the southern metropolitan area of Santiago. Interested individuals were 

invited to register through an online form or by contacting the number listed in the flyer 

directly. They would subsequently be contacted by the main researcher to coordinate the first 

session at one of the participating centers. The entire selection process was carried out by the 

responsible researcher. 

The sample size was calculated using a power analysis performed with G*Power 3 

(Faul et al., 2007). First, we used the first two specific objectives, which sought to find 

differences in means between two independent groups. The sample size calculation was 

conducted based on a statistical test of the difference in means between two independent 

groups, using data from the original study of the RISE experimental test. This study compares 

a group of people with schizophrenia with a group of healthy subjects across various test 

measures. The one with the lowest effect size value was used, corresponding to the difference 

in the familiarity process in the relational condition between the two groups (Cohen's d = 0.82, 

p < 0.001). Using these data for the sample size calculation, with an effect size d = 0.82, an 

alpha error of 0.05, and a power of 0.8, the sample size for each group was determined to be n 

= 20, based on an analysis of the means of two independent groups. 

As we had other specific objective which aimed to estimate an explanatory model 

between relational and self-referential memory variables as predictors of autobiographical 
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memory, the power analysis was based on the only study found in the literature, which 

provides data on the possibility of explaining performance in self-referential processing tests 

and autobiographical memory tests using a multiple regression model (ΔR2=0.145, p<0.001; 

Ross et al., 2019). Using these data to calculate the sample size, based on a multiple linear 

regression statistical test with a fixed model and an increase in R2, transformed to an effect 

size f2 = 0.197, alpha error of 0.05, and power of 0.8, the total sample size resulted in n = 53, 

for an analysis based on multiple regression with 4 predictors. A possible loss of 10% will be 

added to give a final size of n = 58. 

Following this last sample calculation, but now in the total sample made up of the 

group of people with schizophrenia and the group of healthy subjects, seeking to examine the 

relationship between the performance of relational and self-referential memory tasks with the 

autobiographical memory retrieval performance; the sample size was increased, following the 

pattern of the analysis that requests a larger sample size, leading to a sample size of n = 58, 

with a size per group of n = 29. In this case, the explanatory model aimed to study the 

explanation of autobiographical memory performance based on the prediction that the 

performance of relational and self-referential memory may extend beyond the predictors of the 

first steps of the hierarchical model, which include age and disease condition. 

The exclusion criteria for both groups were the following: neurological diseases, visual 

disturbances, intellectual disability, autism spectrum disorders, history of drug abuse or 

dependence, clinical depression, PTSD, and mild neurocognitive disorder. For the SZ group, 

we will exclude subjects who have made changes to their dose regimen within the three 

months preceding the first evaluation. For the group of people with SZ, we will exclude 
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subjects with psychotic symptoms at the decompensation level, evaluated through the cut-off 

level of 58 through PANSS (Leucht et al., 2005). 

 The total recruited sample comprised a group of 36 subjects with schizophrenia. Nine 

subjects obtained a score of less than 23 points in the MoCA evaluation, which is the 

necessary cutoff score for mild neurocognitive disorder in the Chilean population (Delgado et 

al., 2017). Therefore, the final sample for the group with schizophrenia was 27 subjects with a 

mean age of 32.85 years and 7 females (see Table 2). Fortunately, we did not experience any 

losses in the groups, which allowed us to maintain the power analysis described earlier in this 

section. 
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Table 2 

Demographic and Clinical Characteristics of Participants in Study 2 

Note. ns, not significant group difference at P < .05, 2 tailed. Cf, Clinical Outcomes in Routine 

Evaluation-Outcome Measure functionality subscale. MoCA, Montreal Cognitive Assessment. 

MIS, Memory Index Scale. AMI, Autobiographical Memory Interview. MACs ep/sp, Memory 

Assessment Clinics Self-Rating episodic and spatial subscale.  PANSS, Positive and Negative 

Syndrome Scale. 

 

Variable Controls (n=27)       Sz Patients (n=27)  

Mean SD Mean   SD P Value 

Age (y) 30.6 8.99 32.85 10.06 ns 

Education (y) 15.54 2.47 13.26 2.46 0.001 

Sex (%female) 29.63  25.92  ns 

Handedness (% 

right) 

96.29  85.19  ns 

Functionality (Cf) 12.85 6.83 17.52 7.85 0.01 

MoCA  26.60 2.31 23.78 3.50 0.01 

MIS 12.74 2.12 10.11 3.20 0.01 

MACs ep/sp 38.90 5.83 34.00 5.08 0.001 

AMI total 81.74 9.20 71.46 13.01 0.001 

PANSS total –– –– 34.70 14.34  

Chlorpromazine eq. –– –– 345.74         218  
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For the control group, 18 subjects were recruited, comprising 11 females aged between 

20 and 49 years, all of whom resided in the same geographical area as the SZ group. To 

complete the control group, 9 participants from the pilot group of 15 subjects were included, 

all of them with a similar sociodemographic profile. To select the 9 subjects for the control 

group, frequency matching was performed, considering the variables of sex, age, and 

socioeconomic level, to create a control group as similar as possible to the patient group 

(Parker & Berman, 2016). In this way, eight males and one female were selected, all of whom 

had a medium or low socioeconomic status, defined by the municipality of their residences. 

The final sample for the control group was of 27 subjects with a mean age of 30.6 years and 8 

females (Table 2). 

 

Ethical considerations 

 

This project was approved by the Ethics Committee of the Pontificia Universidad 

Católica de Chile (UC-Chile) and the Southern Metropolitan Health Service of Santiago. For 

the first study, the sample consisted of a group of healthy young adults. They were invited 

through advertisements published on the Campus San Joaquín UC website. Interested 

individuals were invited to register through an online form and visit the Fondequip Laboratory 

of the School of Psychology at a mutually agreed-upon time. All participants were required to 

sign a consent form, in accordance with the Declaration of Helsinki, which outlines the 

principles for ethical research involving human subjects. For the second study, the procedure 

was similar, with the only difference being that the advertisements were published and the 

subjects were evaluated at their own community health centers. 
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Data-collection Instruments 

 

To assess clinical, cognitive, and episodic memory (EM) functioning, both studies 

employed a standardized battery described below. Measures were administered in the same 

fixed order for all participants. 

 

The Positive and Negative Syndrome Scale (PANSS) Spanish Version 

 

The PANSS scale (Kay et al., 1987) assesses the symptomatic severity of patients with 

schizophrenia. The adapted version to Spanish will be used (Peralta & Cuesta, 1994). 

Regarding reliability, it presents Cronbach's Alpha of 0.73 for positive scale, 0.83 for negative 

scale, and 0.87 general psychopathology. About validity, comparisons with BPRS, SAPS, and 

SANS indicate reasonable rates of concurrent validity. We used this instrument for a general 

description of the patient group (Raffard et al., 2010). 

 

Mini International Neuropsychiatric Interview (M.I.N.I.) Spanish version 

 

This brief structural diagnostic interview (15-30 minutes) is validated for its 

application in Chile. It explores the leading psychiatric disorders of the DSM-IV Axis I and 

ICD-10 (Sheehan et al., 1998). Different studies have demonstrated that the MINI has high 

acceptability and validity, with positive predictive values exceeding 0.70, negative predictive 

values exceeding 0.90, and a complete diagnostic prediction in approximately two-thirds of 
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cases. Additionally, it has been demonstrated to be a highly reliable test-retest instrument (De 

Azevedo Marques & Zuardi, 2008). There are a translation and license to use this instrument 

in Chile (Sheehan et al., 2000). 

 

Clinical Outcomes in Routine Evaluation - Outcome Measure (CORE-OM) 

Spanish Version. 

 

CORE-OM is a psychological instrument specially designed to evaluate the therapeutic 

progress of patients with various problems or pathologies (Trujillo et al., 2016). It is composed 

of 34 items, divided into four dimensions: Subjective well-being, Problems/Symptoms (P), 

General Functioning (F), and Risk (R). Regarding their psychometric properties, all 

dimensions demonstrated alpha coefficients between 0.75 and 0.90, indicating appropriate 

internal reliability. It also has adequate validity and excellent acceptance and sensitivity to 

therapeutic change (Trujillo et al., 2016).  

 

Montreal Cognitive Assessment (MoCA) Spanish Version. 

 

          The MoCA is a rapid assessment tool used to evaluate general cognitive status. The 

MoCA test has good internal consistency, with a Cronbach alpha of 0.83, in its original 

version (Nasreddine et al., 2005). An adapted and validated version for the Chilean population 

will be used in this study, which presents good internal consistency with a Cronbach's alpha of 
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0.77 (Delgado et al., 2017). We used this instrument to exclude individuals with mild 

cognitive impairment and to describe the general cognitive performance of both groups. 

 

The Memory Assessment Clinics Self-Rating Scale (MAC-S)  

 

The MAC-S is a self-rate scale designed to evaluate subjective memory complaints 

(Crook & Larrabbe, 1990). The scale comprises 21 items assessing memory recall, 24 items 

evaluating the frequency of memory failures, and 4 global rating items assessing overall 

comparison to others, comparison to the best memory one has ever had, speed of recall, and 

concern or worry over memory function. For the study, we used two specific subscales (i.e., 

episodic and spatial subscales) to describe the subjective cognitive performance of the groups 

and evaluate their possible role as predictors of AM performance (Tarantini et al., 2021). 

 

Relational Memory/ Relational and Item-Specific Encoding (RISE) Task 

Modified Version 

 

Experiment 1 consisted of a modified version of the relational item-specific encoding 

(RISE) task (Ragland et al., 2012). The stimuli were selected from a standardized corpus of 

images (https://bradylab.ucsd.edu/stimuli.html) (Brady et al., 2008). The task was 

programmed using the software Psychopy version 2023.1.2 (Peirce et al., 2019). The task 

consisted of two encoding conditions (see Figure 4): (a) Single item encoding: 60 stimuli were 

presented for 2 seconds each, with an inter-stimulus interval (ISI) of 1 second. In each 
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presentation, subjects provided a 2-button "yes/no" response indicating whether the objects 

were considered "alive". (b) Item pairs encoding: 60 pairs of objects were presented for 4 

seconds, with an ISI of 1 second; subjects gave a 2-button yes/no answer indicating whether 

one item could fit inside the other. Encoding conditions alternated in a pseudo-randomized 

block design (three single-item blocks with 20 trials each and three item pairs blocks with 20 

trials each). A three-second instruction display announced changes between experimental 

conditions. 

 

Figure 4 

Experiment 1. Modified Version of the Rise Task 

 

 

Note. Illustration of the evaluation procedures of the single item and item pairs with their 

respective stimuli (modified from Ragland et al., 2012). (A) In the encoding phase, there were 

two conditions: single-item and item-pair. (B) In the single item recognition condition, 

participants had to indicate whether each item was "old" or "new", whereas in the item pair 

recognition condition, participants had to respond "old" if the items in each pair were presented 
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together in the previous encoding phase. In both conditions, participants had to give confidence 

estimates (low (L), medium (M), high (H)) associated with the judgment of "old" or "new". The 

single-item recognition example shows an “old” item.  The item pair recognition example shows 

new/old stimuli, configuring a “new” pair. 

As shown in Figure 4, after encoding, two recognition tasks were administered. Single-

item recognition: The 60 single items presented were randomly mixed with 60 new, unstudied 

items. Participants had to indicate whether each item was "old" or "new". Item pair 

recognition: The 60 pairs of items presented (old/old) were randomly mixed with 60 new pairs 

(old/new) of stimuli composed of one item already presented and one novel item. Participants 

had to respond "old" if the items in each pair were presented together in the encoding phase. 

They also had to give confidence estimates (low, medium, high) associated with the judgment 

of "old" or "new". As mentioned earlier, research has utilized reorganized pairs of previously 

presented items, making it challenging to evaluate the role of item familiarity, as all stimuli 

have the same level of familiarity (since all stimuli were previously presented) (Yonelinas et 

al., 2010). Thus, to better study familiarity effects, we decided to include pairs in which both 

stimuli were previously presented (old/old: old item pairs), as well as pairs in which one of the 

stimuli was not previously presented (old/new: new item pairs). 

 

Self-Referential Memory Task 

          

In the "self-referential" encoding condition, a photograph of each participant's face was 

used, along with an image of an object. In contrast, the "other-referential" encoding condition 
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involved a picture of a famous person. Both encoding conditions were presented using a 

pseudorandom block design. Additionally, the side of the face location was counterbalanced 

so that on half of the trials, it was on the left side and on the other half, on the right side. 

 

Figure 5 

Experiment 2 Self-Referential Task 

 

 

Note. Illustration of the evaluation procedures for the encoding and recognition stages with their 

respective stimuli (modified from Ragland et al., 2012). (A) In the encoding phase, there were 

two conditions: self-referential and other-referential, each consisting of a face image and an 

object image. (B) In both single-item and item-pair recognition conditions, participants had to 

indicate whether the item or item pair was “old” or “new” and provide confidence judgments 

(low (L), medium (M), high (H). For illustrative purposes, the face of the Chilean celebrity used 

in the original experiment was replaced with that of the world-famous footballer Lionel Messi. 
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The single-item recognition example shows a “new” item.  The item pair recognition example 

shows old/old stimuli, configuring an “old” pair. 

 

The stimuli consisted of 240 images of visual objects selected from a corpus of 

photographic images (https://bradylab.ucsd.edu/stimuli.html) (Brady et al., 2008). Participants 

performed an object encoding task either associated with their own face (self-referential) or 

the face of a celebrity, a famous Chilean TV presenter (other-referential). We decided to use 

the picture of a famous person with the rationale of controlling for familiarity effects. Both 

faces showed a neutral facial expression, set against a white background (see Figure 5). 

During the encoding phase, 60 items were shown together with the participant's own face 

(self-reference encoding), while another 60 items were presented with the face of a celebrity 

(other-reference encoding). Each pair of images was presented for 3 seconds each, with a 1-

second ISI; participants were asked to respond "yes/no" if the target could be usable for the 

person corresponding to the face. After encoding, two recognition tasks were performed. The 

first task was a single-item recognition task, where 30 items were presented with the 

participant's face (old, self-reference) and 30 items were presented with the celebrity's face 

(old, other-reference). These items were then randomly intermixed with 60 other novel objects 

(new). Participants indicated whether each item was "old" or "new" with their respective 

confidence level. The second recognition task consisted of item-face pairs, with 30 item-self 

reference old pairs, 30 item-other reference old pairs, 30 item-self new pairs, and 30 item-

other new pairs, randomly intermixed. As in the single-item recognition task, participants 

indicated whether each item pair was "old" or "new" with their respective confidence level 

(low, medium, high).  
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Autobiographical Memory Interview (AMI) Spanish Version. 

 

The AMI is a structured interview where the interviewer asks the participants to recall 

three specific AM for each of three periods of their lives (childhood, early adulthood, and 

recent periods of life) (Kopelman et al., 1989). Likewise, they are asked to provide specific 

semantic details corresponding to each period (e.g., names of people and places related to the 

AM produced). All this is complemented with guided questions to collect as much detail as 

possible, which will finally be scored, granting a maximum of 90 points (Congleton & 

Berntsen, 2019). The original publication by Kopelman et al. (1989) reports an inter-rater 

reliability coefficient of r = 0.83. Salazar (2008), who translated and adapted the original 

version of AMI into Spanish, produced the Spanish version of AMI.  

 

Procedure 

 

The Ethical Committee for Clinical Research of the Pontificia Universidad Católica de 

Chile approved this project in October 2022. For the second study with subjects with 

schizophrenia, we had to present the project to a second Ethical Committee of the Southern 

Metropolitan Health Service, which was approved in December 2022. All participants signed 

an informed consent. The intervention and information-gathering sessions were held in a 

private and closed space that guaranteed confidentiality. The subsequent handling of the 

information adhered to strict ethical criteria and was managed by the doctoral candidate's 
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principal supervisor. Throughout the process, support was requested from the medical teams 

of the participating centers to implement possible mitigation measures in the event of adverse 

situations that may arise during the investigation. However, we did not have any adverse 

events during the entire research process. 

For both studies, the procedure was conducted in two sessions separated by two weeks 

between evaluations. In the first session, informed consent was obtained, and 

sociodemographic and clinical data were collected using the Research Electronic Data Capture 

(REDCap) system (Harris et al., 2009). The questionnaires of the first session included: i) 

International Neuropsychiatric Interview MINI Spanish version (Sheehan et al., 2000). ii) 

Montreal Cognitive Assessment (MoCA; Delgado et al., 2017) Spanish version iii) Edinburgh 

Handedness Inventory Spanish version (Albayay et al., 2019) and the Clinical Outcomes in 

Routine Evaluation - Outcome Measure (CORE-OM, Trujillo et al., 2016) Spanish version to 

evaluate mental health and general functionality. The questionnaires of the second session 

included: i) The Memory Assessment Clinics Self-Rating Scale (MAC-S, Crook & Larrabee, 

1990) and ii) The Autobiographical Memory Interview (AMI) Spanish version (Kopelman et 

al., 1989). 

Following the questionnaires at sessions 1 and 2, participants performed either 

Experiment 1 or Experiment 2, in a counterbalanced manner. The duration of each session was 

75 minutes total, with 5-minute breaks every 20 minutes. However, this organization was 

adapted in the second study, as fatigue from each subject necessitated individualized time 

adjustments, with a total of 90 minutes not exceeding the evaluation time for any participant. 
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Data Analysis Procedure 

 

In the first study, for specific aim (1), we used means and standard deviations to 

describe the cognitive performance and sociodemographic profile of the group. For specific 

aim (2) we used as an index of overall recognition accuracy in the experimental task the 

probability of recognition (Pr) scores obtained by subtracting the proportion of false alarms 

(i.e., new items incorrectly accepted as old) from the proportion of hits (i.e., old items 

correctly accepted as old) in each condition (Kamp et al., 2018). To compare Pr scores 

between single-item and paired conditions, we used either paired t-tests or the Wilcoxon 

signed-rank test when the data were not normally distributed (Rosner, 2015).   

 

For specific aim (3), the familiarity and recollection estimates were computed using 

the confidence estimate (high, medium, and low) associated with the judgment of "old" or 

"new" to plot ROC curves that were fitted to the dual-process signal detection model for each 

participant’s data (Yonelinas & Park, 2007). These curves were generated by plotting hits 

against false alarms as a function of response confidence. Recollection estimates were 

measured as the y-intercept, and familiarity was measured as the degree of curvilinearity of 

the function, which has been shown to be a robust index of these memory subprocesses 

(Yonelinas et al., 2010). These parameters were calculated using the ROC Toolbox, which is 

freely available as a MATLAB toolbox (Koen et al., 2017). Because some participants showed 

performance ceiling effects, which makes it difficult to compute the recollection and 

familiarity estimates, we excluded outlier measurements following the interquartile range 

(IQR) method (Kassambara, 2023). Thus, recollection scores between 0 and 1 and familiarity 
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scores above 0 were included in the analyses (Park & Yonelinas, 2015). All analyses, except 

those related to ROC curves and their respective parameters, were performed using R 

Statistical Software (version 4.1.2; R Core Team, 2021). 

In the second study, regarding specific aim (1), we used means and standard deviations 

to describe the differences in demographic, clinical, neurocognitive, and autobiographical 

memory performance between both groups. To analyze the differences, we used Student t-tests 

for independent samples, except for the sex variable, for which we used the χ2 test.  Regarding 

specific aim (2), we employed mixed-effects ANOVA to analyze the recognition scores in 

both relational and self-referential contexts.  A 2×2 repeated measures ANOVA was 

performed, with group as a between-subjects factor and encoding condition as a within-

subjects factor, to compare groups on the Pr score. Regarding specific aim (3), familiarity and 

recollection-based recognition estimates were calculated by using the confidence judgment 

ratings of “old” or “new” answers to plot ROC curves. These curves were generated by 

plotting hits against false alarms as a function of response confidence. Recollection estimates 

will be measured as the y-intercept, and familiarity will be measured as the degree of 

curvilinearity of the function. With the recollection and familiarity estimates, we also used 

mixed ANOVA to analyze the differences between the groups in each parameter separately. 

As the between-subject factor, we used the group factor, and as the within-subject factor, we 

used the recognition condition (i.e., single vs paired condition). This analysis was initially 

performed for the relationally modified task and subsequently for the self-referential memory 

task. Post hoc comparisons using the Bonferroni correction are reported where appropriate. 

Regarding specific aim (4) to examine the relationship between the performances of 

relational and self-referential memory performance with the characteristics of AMs retrieved 
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in people with schizophrenia and controls, correlations between AM subscales and different 

variables were conducted in the total sample. The variables included a) Memory Index Scale, 

b) CORE-OM functionality, c) Self-referential performance, d) Relational memory 

performance, e) AM performance f) Subjective memory performance. Finally, hierarchical 

regression analyses were conducted to examine the predictive value of the two interested 

predictors (RM performance and SRM performance) for AM performance, while controlling 

for possible confounding variables (age and group condition). 
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STUDY 1  

Experiment 1  

General Recognition Accuracy (Pr) 

  

As can be seen in Figure 6, recognition accuracy (Pr) was significantly higher for the 

single-item condition compared to the paired condition (Msingle= 0.80 ± 0.12; Mpaired= 0.76 

± 0.15; t (53) = -2.6; p = 0.01; CI 95% [-0.08 - -0.009]).  

  

Figure 6 

Experiment 1 Pr Scores 

 

Note. Mean recognition accuracy (Pr score) was better for the single item (red) vs. paired 

stimuli (blue). Memory was better for the single-item condition. Error bars represent 95% 

confidence intervals. * p < 0.05.  
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Dual-Process Recognition Memory: Recollection and Familiarity  

 

For this analysis, the examination of the parameter estimates showed 4 subjects with 

outlier values. These outliers were removed, leaving a final sample of 50 subjects. As shown 

in Figure 7, the cumulative ROC recognition curves for the single-item and paired conditions, 

plotted in probability space, illustrate better accuracy performance for the single-item 

condition.  

  

Figure 7 

Experiment 1 ROC curves 

 

Note. Receiver operating characteristic (ROC) curves reveal better performance for the single-

item condition (red) compared to the paired condition (blue).  

  

As shown in Figure 8.A, recollection was higher for the single-item (0.53 ± 0.29) 

versus the paired condition (0.45 ± 0.25), but the statistical analysis showed no differences 

between them (t (49) = -1.7, p = 0.09; CI 95% [-0.18 - 0.015]).  As shown in Figure 8.B, 

familiarity showed the same trend, being greater for the single-item (1.92 ± 0.90) versus the 
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paired condition (1.83 ± 0.83), but no statistical differences between them (t (49) = -0.7, p = 

0.5; CI 95% [-0.36 - 0.18]).  

  

Figure 8 

Experiment 1 Parameters 

 

Note. Mean recollection (A) and familiarity (B) for single-item (red) versus paired (blue) 

conditions. Error bars represent 95% confidence intervals. There was a higher recollection 

parameter estimate in the single-item versus the item-pair condition. However, there was no 

statistically significant difference between the conditions for each parameter. 

 

Experiment 2  

General Recognition Accuracy (Pr)  
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As shown in Figure 9, performance in recognition accuracy (Pr) was higher for the single-item 

condition compared to the paired condition, with statistically significant differences between 

them (single-item = 0.88 ± 0.09; paired = 0.81 ± 0.12; t (53) = 3,0; p < 0.01; CI 95% [-0.02 - 

0.12]).  

 

Figure 9 

Experiment 2 Combined Pr Scores 

 

Note. Performance in recognition accuracy (Pr; hit rate – false alarm rate) for the single-item 

condition (red) and the paired condition (blue). Performance was better for the single-item 

condition compared to the paired condition. Error bars represent 95% confidence intervals. ** 

p < 0.01.  

  

 Self-referential Memory: Single-Item Condition General Recognition Accuracy  

  

As can be seen in Figure 10, performance in recognition accuracy (Pr) was 

significantly greater for the self-referential condition (0.87 ± 0.11) compared to the other-
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referential condition (0.85 ± 0.13; t (53) = -2,2, p < 0.05; CI 95% [-0.04 - 0.002]). Thus, these 

results replicate the well-known self-reference effect on memory.  

   

Figure 10 

Experiment 2 Single Item Pr Scores 

 

Note. Performance in recognition accuracy (Pr) for single-item stimuli, for self-referential 

(red) and other-referential (blue) conditions. Performance was better for the self-referential 

condition, i.e., the self-reference effect. Error bars represent 95% confidence intervals. * p < 

0.05.   

  

 Self-Referential Memory: Single-Item Condition Recollection and Familiarity  
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In this section, the analysis of the parameter estimates revealed outlier values for 20 

participants, resulting in a final sample of 34 subjects. As shown in Figure 11, the ROC 

analysis of the single-item condition data revealed better recognition memory for self-

referential stimuli compared to other-referential stimuli, thereby replicating the well-known 

self-reference effect. Regarding recollection, there were no statistically significant differences 

between the self-referential condition (0.46 ± 0.35) and the other-referential condition (0.48 ± 

0.32; V = 188, p = 0.8; Figure 12.A).  On the other hand, familiarity was significantly higher 

for the self-referential condition (2.63 ± 1.37) compared to the other-referential condition 

(1.99 ± 0.87; V = 126, p <0.01; Figure 12.B). Thus, these results suggest that the self-reference 

memory effect for single items relies on familiarity rather than on recollection.    

 

Figure 11 

Experiment 2 Single Item ROC Curves 

  

Note. Single-item recognition memory ROC curves for self-referential (red) and other-

referential (blue) conditions. Performance was better for the self-referential condition, i.e., the 

self-reference effect.  
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Figure 12 

Experiment 2 Single Item Parameters 

 

Note.  Mean recollection (A) and familiarity (B) for self-referential (red) and other-referential 

(blue) conditions in the single item task. Familiarity was significantly greater for the self-

referential condition compared to the other-referential condition, suggesting that the self-

reference memory effect relies on familiarity rather than on recollection. Error bars represent 

95% confidence intervals. ** p < 0.01.  

  

Self-Referential Memory: Paired Condition General Recognition Accuracy  

  

In the paired recognition context, performance was better for the self-referential 

condition (0.81 ± 0.17) compared to the other-referential condition (0.76 ± 0.17; t (53) = -2.5; 

p < 0.05; CI 95% [-0.08 - 0.009]; Figure 13). Thus, the self-reference effect was also present in 

the more complex paired recognition context.  
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Figure 13 

Experiment 2 Item Pair Pr Scores 

  

Note. Performance in recognition accuracy (Pr) for paired stimuli, for self-referential (red) and 

other-referential (blue) conditions. Performance was better for the self-referential condition, 

i.e., the self-reference effect.  Error bars represent 95% confidence intervals. * p < 0.05.   

  

Self-Referential Memory: Paired Condition Recollection and Familiarity  

  

The examination of the parameter estimates revealed outlier values for 10 subjects; 

thus, the data from 44 participants were included in the final analysis. As depicted in Figure 

14, the ROC analysis of the paired condition data revealed better recognition memory for self-

referential stimuli compared to other-referential stimuli, indicating the self-reference effect for 
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paired stimuli. There were no differences in recollection between the other-referential 

condition (0.41 ± 0.34) and the self-referential condition (0.41 ± 0.31; t (43) = 0.06; p = 1; CI 

95% [-0.13 - 0.15]; Figure 15.A). Familiarity was significantly higher for the self-referential 

condition (2.00 ± 0.92) compared to the other-referential condition (1.58 ± 0.85; t (43) = -2.7; 

p = 0.01; CI 95% [-0.75 - 0.10]; Figure 15.B). Thus, in line with the results from the single-

item condition, these results suggest that the self-reference effect relies on familiarity rather 

than on recollection.   

  

Figure 14 

Experiment 2 Item Pair ROC Curves 

  

Note.  Recognition memory ROC curves for the paired context, self-referential (red) and 

other-referential conditions. Performance was better for the self-referential condition, i.e., the 

self-reference effect.  

   

Figure 15 

Experiment 2 Item Pair Parameters 
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Note. Mean recollection (A) and familiarity (B) for self-referential (red) and other-referential 

(blue) conditions in the paired stimuli task. Familiarity was significantly greater for the self-

referential condition compared to the other-referential condition, suggesting that the self-

reference memory effect relies on familiarity rather than on recollection. Error bars represent 

95% confidence intervals. * p < 0.05.  

  

Study 2 

Experiment 1 

 

Table 3 and Figure 16 show the behavioral results from Experiment 1. 
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Table 3 

Means(±SD) of the Behavioral Data from the Test Phases of Experiment 1 

 

 

 

Experiment 1 

          Healthy Controls    SZ Patients 

 Single Item    Item Pair  Single Item Item Pair 

   Measure      

   Pr score 0.72 (0.14) 0.65 (0.16)  0.52 (0.18) 0.37 (0.24) 

   Recollection(R) 0.41 (0.28) 0.37 (0.25)  0.29 (0.23) 0.18 (0.20) 

   Familiarity (d’) 1.64 (0.52) 1.44 (0.55)  0.83 (0.40) 0.51 (0.43) 

 

 

General Recognition Accuracy (Pr)  

  

A 2 × 2 mixed-design ANOVA was conducted on recognition accuracy (Pr score), 

with condition (single vs paired) as a within-subjects factor and group (SZ vs controls) as the 

between-subjects factor. There was a significant main effect of group on recognition accuracy, 

F (1, 52) = 28.91, p < 0.001, η² = 0.320, indicating that controls outperformed patients overall. 

There was also a significant main effect of condition, F (1, 52) = 32.11, p < 0.001, η² = 0.086, 

with better performance in the single item condition than in the item pair condition. The 

interaction between group and condition was also significant, F (1, 52) = 4.43, p = 0.040, η² = 

0.013. 
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Post hoc comparisons using the Bonferroni correction indicated that controls 

outperformed patients both in the item pair condition (Mcontrols= 0.653, SD = 0.159; Mpatients = 

0.366, SD = 0.240), F (1,52) = 26.8, p < 0.001 and in the single item condition (Mcontrols= 

0.722, SD = 0.135; Mpatients = 0.517, SD = 0.180), F (1,52) = 22.5, p < 0.001. Additionally, 

within-group comparisons revealed that both patients and controls performed significantly 

better in the single-item condition than in the item-pair condition: F (1,26) = 22.2, p < 0.001 

for patients, and F (1,26) = 9.89, p = 0.003 for controls. 

 

Figure 16 

Experiment 1 Pr Scores 

  

Note. Mean recognition accuracy (Pr score) was better for healthy controls (panel A) 

compared to the SZ group (panel B). In both groups, performance was better for the single 

item stimuli (red) compared to the item pair stimuli (blue). Error bars represent 95% 

confidence intervals. 
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Figure 17 

Experiment 1 ROC curves 

 

Note. Receiver operating characteristic (ROC) curves reveal better performance for healthy 

controls (panel A) compared to the SZ group (panel B). Furthermore, in both groups, the 

curves reveal better performance for the single-item condition (red) compared to the paired 

condition (blue). For illustrative purposes, the ROC curves have been generated at the group 

level. 

 

Dual-Process Recognition Memory: Recollection and Familiarity  

 

A 2 × 2 mixed-design ANOVA was conducted on recollection scores with condition 

(single item vs item pair) as a within-subjects factor and group (SZ vs controls) as the 

between-subjects factor (Figure 18). The main effect of group was significant, F (1, 52) = 

9.22, p = 0.004, η² = 0.1, indicating that controls had significantly higher recollection scores 

than patients, averaged across both conditions. The main effect of condition was not 
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statistically significant, F (1, 52) = 3.65, p = 0.062, η²= 0.026, although there was a trend 

toward higher scores in the single item condition compared to the item pair condition. The 

Group × Condition interaction was not significant, F (1, 52) = 0.81, p = 0.374, η² = 0.006, 

indicating that the effect of group on recollection did not differ between conditions. 

 

 

Figure 18 

Experiment 1 Recollection Parameter 

 

Note. Recollection scores were better for the controls (panel A) compared to the patients 

(panel B). In both groups, recollection was better for the single-item (red) stimuli compared to 

the item-pair stimuli (blue); however, this difference was not statistically significant. Error 

bars represent 95% confidence intervals. 

 

For the familiarity parameter analysis (Figure 19), the examination of the parameter 

estimates showed 4 subjects with outlier values. These outliers were removed, leaving a final 
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sample of 50 subjects. A 2 × 2 mixed-design ANOVA was conducted on familiarity scores 

with condition (single item vs item pair) as a within-subjects factor and group (SZ vs controls) 

as the between-subjects factor. The analysis revealed a significant main effect of Group, F (1, 

48) = 55.94, p < 0.001, η² = 0.464, indicating that controls had significantly higher familiarity 

scores than patients (M = 0.67, SD = 0.415) across both conditions. There was also a 

significant main effect of Condition, F (1, 48) = 14.33, p < 0.001, η²= 0.072, with higher 

familiarity scores in the single item condition than in the item pair condition. However, the 

Group × Condition interaction was not significant, F (1, 48) = 0.90, p = 0.347, η² = 0.005, 

indicating that the effect of condition on familiarity did not differ between groups. 

 

Figure 19 

Experiment 1 Familiarity Parameter 
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Note. Familiarity scores were higher for controls (panel A) compared to patients (panel B). In 

both groups, familiarity was higher for the single item (red) compared to the item pair stimuli 

(blue). Error bars represent 95% confidence intervals. 

 

Experiment 2 

 

Table 4 and Figure 20 show the behavioral results from Experiment 2 in the single 

item context. 

 

Self-Referential Memory: Single-Item Condition General Recognition Accuracy 

 

Table 4 

Means(±SD) of the Behavioral Data from the Single Items Test Phases of Experiment 2 

 

 

 

Experiment 2 

 Healthy Controls    SZ Patients 

       Self        Other      Self     Other 

   Measure      

   Pr score 0.81 (0.15) 0.79 (0.14)  0.70 (0.17) 0.67 (0.20) 

   Recollection(R) 0.40 (0.32) 0.27 (0.29)  0.37 (0.29) 0.31 (0.27) 
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   Familiarity (d’)  2.26 (1.36)     2.07 (0.84)  1.32 (0.73) 1.26 (0.91) 

 

 

For this analysis, the examination of the parameter estimates showed 3 subjects with 

outlier values. These outliers were removed, leaving a final sample of 51 subjects. A 2 × 2 

mixed-design ANOVA was conducted on recognition accuracy (Pr score), with condition (self 

vs other) as a within-subjects factor and group (SZ vs controls) as the between-subjects. There 

was a significant main effect of Group, F (1, 49) = 6.82, p = 0.012, η² = 0.107, indicating that 

controls showed higher accuracy than patients across both conditions. The main effect of 

Condition was not significant, F (1, 49) = 1.84, p = 0.181, η² = 0.006, and neither was the 

Group × Condition interaction, F (1, 49) = 0.15, p = 0.700, η² = 0.0004. This suggests that 

recognition accuracy did not differ significantly between the Self and Other conditions, nor 

did the difference between conditions vary by group. 

 

Figure 20 

Experiment 2 Single Item Pr Scores 
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Note. Mean recognition accuracy (Pr score) was better for healthy controls (panel A) 

compared to the SZ group (panel B). In both groups, performance was better for the self (red) 

condition compared to the other (blue) condition; however, this difference was not statistically 

significant. Error bars represent 95% confidence intervals. 

 

Figure 21 

Experiment 2 Single Item ROC Curves 
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Note. Receiver operating characteristic (ROC) curves reveal better performance for controls 

versus patients, but do not reveal any difference between self and other conditions. For 

illustrative purposes, the ROC curves have been generated at the group level. 

 

Dual-Process Recognition Memory: Recollection and Familiarity  

 

For this analysis, the examination of the recollection parameter estimates showed 1 subject 

with outlier values (Figure 22). This outlier was removed, leaving a final sample of 53 

subjects. A 2 × 2 mixed-design ANOVA was conducted on recollection scores with condition 

(self vs other) as a within-subjects factor and group (SZ vs controls) as the between-subjects 

factor. There was no significant main effect of Group, F (1, 51) = 0.009, p = 0.927, η² < 0.001, 

indicating that recollection did not differ significantly between patients and controls. A 

significant main effect of Condition was found, F (1, 51) = 6.84, p = 0.012, η² = 0.027, 

indicating that recollection was higher in the Self condition compared to the other condition. 

The Group × Condition interaction was not significant, F (1, 51) = 1.39, p = 0.244, η² = 0.006, 
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indicating that the effect of condition on recollection did not differ significantly between 

groups. 

 

Figure 22 

Experiment 2 Single Item Recollection Parameter 

 

Note. Recollection scores didn’t have any difference between controls (panel A) vs. patients 

(panel B). In both groups, recollection was better for the self (red) vs. the other (blue) 

condition. Error bars represent 95% confidence intervals. 

 

For the familiarity analysis (Figure 23), the examination of the parameter estimates 

showed 7 subjects with outlier values. This outlier was removed, leaving a final sample of 47 

subjects. A 2 × 2 mixed-design ANOVA was conducted on familiarity scores with condition 

(self vs other) as a within-subjects factor and group (SZ vs controls) as the between-subjects 

factor. The analysis revealed a significant main effect of Group, F (1, 45) = 14.20, p < 0.001, 
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η² = 0.172, indicating that controls reported significantly higher familiarity scores than 

patients overall. The main effect of Condition was not significant, F (1, 45) = 0.54, p = 0.467, 

η²= 0.004, suggesting no significant difference between the Self and Other conditions. The 

Group × Condition interaction was also not significant, F (1, 45) = 0.14, p = 0.711, η² =0.001, 

indicating that the effect of condition on familiarity did not differ significantly  between 

groups. 

 

Figure 23 

Experiment 2 Single Item Familiarity Parameter 

 

Note. Familiarity scores were higher for controls (panel A) compared to patients (panel B). In 

both groups, familiarity was better for the self (red) stimuli compared to the other condition 

(blue); however, this difference was not statistically significant. Error bars represent 95% 

confidence intervals. 
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Self-referential Memory: Item Pair Condition General Recognition Accuracy 

 

Table 5 and Figure 24 show the behavioral results from Experiment 2 in the item pair context. 

 

 

Table 5 

Means (±SD) of the Behavioral Data from the Items Pair Test Phases of Experiment 2 

 

 

 

Experiment 2 

        Healthy Controls    SZ Patients 

      Self     Other      Self    Other 

   Measure      

   Pr score 0.72 (0.14) 0.69 (0.16)  0.55 (0.24) 0.49 (0.26) 

   Recollection(R) 0.34 (0.30) 0.20 (0.20)  0.25 (0.18) 0.23 (0.20) 

   Familiarity (d’) 1.84 (0.80) 1.62 (0.57)  1.11 (0.56) 0.98 (0.70) 

 

 

A 2 × 2 mixed-design ANOVA was conducted on recognition accuracy (Pr score), 

with condition (self vs other) as a within-subjects factor and group (SZ vs controls) as the 

between-subjects. The analysis revealed a significant main effect of Group, F (1, 52) = 14.83, 

p < 0.001, η² = 0.205, indicating that the controls outperformed the patients overall. There was 

also a significant main effect of Condition, F (1, 52) = 18.85, p < 0.001, η² = 0.033, indicating 

that recognition accuracy was higher in the Self condition than in the Other condition. The 
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Group × Condition interaction was not significant, F (1, 52) = 0.69, p = 0.410, η² = 0.001, 

indicating that the effect of condition on recognition did not significantly differ between 

groups. 

 

Figure 24 

Experiment 2 Item Pair Pr Scores 

 

Note. Mean recognition accuracy (Pr score) was better for healthy controls (panel A) 

compared to the SZ group (panel B). In both groups, performance was better in the self (red) 

condition compared to the other (blue) condition, reflecting the SRE. Error bars represent 95% 

confidence intervals. 

 

Figure 25 

Experiment 2 Item Pair ROC Curves 
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Note. ROC curves reveal better performance for controls (panel A) versus patients (panel B). 

In both groups, the curves show better performance for the self versus the other condition. For 

illustrative purposes, the ROC curves have been generated at the group level. 

 

Dual-Process Recognition Memory: Recollection and Familiarity  

 

For this analysis, the examination of the recollection parameter estimates (Figure 26) 

revealed three subjects with outlier values. This outlier was removed, leaving a final sample of 

51 subjects. A 2 × 2 mixed-design ANOVA was conducted on recollection scores with 

condition (self vs other) as a within-subjects factor and group (SZ vs controls) as the between-

subjects factor. The main effect of Group was not significant, F (1, 49) = 0.44, p = 0.512, η² = 

0.005, indicating no overall difference in recollection between patients and controls. The main 

effect of Condition was not significant, F (1, 49) = 3.48, p = 0.068, η² = 0.032, suggesting 

only a trend toward higher recollection scores in the Self condition than in the Other condition. 
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The Group × Condition interaction was not significant, F (1, 49) = 2.02, p = 0.162, η² = 0.019, 

indicating that the effect of condition on recollection did not differ between groups. 

 

Figure 26 

Experiment 2 Item Pair Recollection Parameter 

 

Note. Recollection scores were higher for the self condition in the healthy controls group; 

however, this was not statistically significant. In both groups, recollection was better for the 

self (red) than for the other (blue) condition; however, this difference was not statistically 

significant. Error bars represent 95% confidence intervals. 

 

For the familiarity analysis (Figure 27), the examination of the parameter estimates 

showed 3 subjects with outlier values. This outlier was removed, leaving a final sample of 51 

subjects. A 2 × 2 mixed-design ANOVA was conducted on familiarity scores with condition 

(self vs other) as a within-subjects factor and group (SZ vs controls) as the between-subjects 
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factor. There was a significant main effect of Group, F (1, 50) = 18.82, p < 0.001, η² = 0.217, 

indicating that controls reported significantly higher familiarity than patients overall. The main 

effect of Condition was not significant, F (1, 50) = 3.27, p = 0.077, η² = 0.017, suggesting 

only a trend toward higher familiarity in the Self condition (M = 1.48, SD = 0.695) compared 

to the Other condition (M = 1.30, SD = 0.660). The Group × Condition interaction was not 

significant, F (1, 50) = 0.27, p = 0.606, η² = 0.001, indicating that the difference in familiarity 

between the two conditions did not vary significantly across groups. 

 

Figure 27 

Experiment 2 Item Pair Familiarity Parameter 

 

Note. Familiarity scores were higher for controls (panel A) compared to patients (panel B). In 

both groups, familiarity was better for the self (red) stimuli compared to the other condition 

(blue); however, this difference was not statistically significant. Error bars represent 95% 

confidence intervals. 
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Regression Models 

 

Table 6 presents a correlation matrix for all measurements conducted in the combined 

sample (N = 54). The following section provides a more detailed account of the most relevant 

correlations. The correlations between the AMI episodic component and the experimental 

memory measures relevant to our hypotheses are illustrated in Figure 28. 

As shown in Table 6, a significant negative correlation was found between 

psychological distress (CORE-OM total) and the episodic/specific subscale of the MACs, r = 

–.43, p < .01, suggesting that higher scores in the MACs episodic/specific subscale (higher 

scores imply less subjective memory complaints) are associated with lower distress levels. 

Autobiographical memory for episodic events (AMIep total) was significantly and 

positively correlated with memory-based performance scores, including Single Pr score (r = 

0.39, p < 0.01), Paired Pr score (r = 0.44, p < 0.01), and Self-referential Pr score (r = 0.46, p < 

0.001). These results suggest that improved autobiographical episodic memory retrieval is 

associated with more accurate memory performance across various memory tasks. 

In addition, the Paired Pr score was strongly associated with the Single Pr score (r = 

0.81, p < 0.001) and the Self-projection Pr score (r = 0.74, p < 0.001), indicating a high degree 

of consistency across memory task conditions. The Self-projection Pr score was also 

significantly correlated with the Single Pr score, r = 0.77, p < 0.001. 

No significant associations were found between CORE-OM total scores and memory 

performance scores, suggesting that psychological distress levels did not directly relate to 

memory task accuracy in this sample. 
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Table 6 

Correlation Matrix-Combined Groups (n=54) 

      1  2    3  4  5 6 7 

1. Cf        

2. MACs ep/sp -0.43**       

3. AMIep total  -0.16 0.21      

4. MIS  -0.1 0.15  0.18     

5. Single item Pr score  -0.02 0.06  0.39** 0.43**    

6. Item pair Pr score  -0.15 0.14  0.44** 0.39** 0.81***   

7. Selfp Pr score  -0.09 0.15  0.46*** 0.22 0.77*** 0.74***  

Note. * = p < .05, ** = p < .01, *** = p < .001. Cf, Clinical Outcomes in Routine Evaluation-

Outcome Measure functionality subscale. MACs ep/sp, Memory Assessment Clinics Self-

Rating episodic and spatial subscale. AMIep total, Autobiographical Memory Interview 

episodic component. MIS, Memory Index Scale. Selfp, Self-referential item pair Pr score. 

 

Figure 28 

Scatterplots of Autobiographical Memory Predictors 
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Note. Autobiographical Memory retrieval is predicted by measures of Single item, Item pair, 

and Selfp Pr score. 

 

Hierarquical Linear Regression Models 

 

Hierarchical linear regression was used to test our specific predictions regarding the 

relationship between AM retrieval and experimental memory measures. 

 

Item Pair Recognition Accuracy as a Predictor of Autobiographical Memory Retrieval 

 

A hierarchical linear regression was conducted to examine whether Item Pair 

recognition performance predicts autobiographical memory retrieval beyond age and 

diagnostic group (schizophrenia vs. control) (see Table 7). In Step 1, age and group were 

entered, explaining a significant proportion of variance in autobiographical memory retrieval, 

R² = 0.18. The group variable was a significant predictor, β = 0.59, p < 0.001, whereas age 

was not, β = 0.05, p = not significant (ns). 
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In Step 2, Item Pair recognition was added to the model, resulting in a small, non-

significant increase in explained variance, ΔR² = 0.03, with a total R² of 0.21. In this final 

model, neither age (β = 0.06, p = ns) nor group (β = 3.64, SE = 1.83, p = ns) was a significant 

predictor, although Item Pair recognition approached significance (β = 6.65, SE = 3.63, p = 

0.075). These results suggest a trend-level association between Item Pair recognition memory 

and autobiographical memory retrieval when age and group status are considered in explaining 

the variance. 

 

Table 7 

Item Pair Recognition as a Predictor of Autobiographical Memory Retrieval 

        Variable β (SE) R2 Change R2 Total 

Step 1 

 Age 

 

 .05(.08) 

.18** 

 

.18*** 

 

 Group1(Sz)  .59(1.52)***   

Step 2   .03                           .21*** 

 Age 

 Group1(Sz) 

 Item pair Pr score 

 .06(.07) 

 3.64(1.83) 

 6.65(3.63) 

 

 

 

Note. * = p < .05, ** = p < .01, *** = p < .001. Group 1 (Sz), Group of schizophrenic patients. 

Hierarchical regression models with different predictors of interest. SE = standard error. 
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Self-referential Recognition Accuracy as a Predictor of Autobiographical Memory 

Retrieval 

 

In a second hierarchical regression, self-referential recognition performance was 

included as a predictor (see Table 8). Step 1 included age and group, accounting for 18% of 

the variance (R² = 0.18). The group significantly predicted autobiographical memory retrieval 

(β = 0.59, p < 0.001), whereas age was not a significant predictor (β = 0.05, p = ns). 

In Step 2, the addition of self-referential recognition significantly improved the model, 

with ΔR² = 0.05 and a total R² of 0.23. In this final model, self-referential recognition emerged 

as a significant predictor (β = 8.25, SE = 3.84, p < 0.05), while group also remained significant 

(β = 3.66, SE = 1.72, p < 0.05), and age did not (β = 0.01, p = ns). These findings suggest that 

improved self-referential memory performance is associated with enhanced autobiographical 

memory retrieval, regardless of age or group status. 
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Table 8 

Self-referential Recognition Accuracy as a Predictor of Autobiographical Memory Retrieval 

Variable β (SE) R2 Change R2 Total 

Step 1 

 Age 

 

  .05(.08) 

.18** 

 

.18*** 

 

 Group1(Sz) .59(1.52)***   

Step 2       .05*       .23*** 

 Age 

 Group1(Sz)          

 Selfp Pr score 

  .01(.08) 

  3.66(1.72)* 

  8.25(3.84)* 

 

 

 

Note.  * = p < .05, ** = p < .01, *** = p < .001. Group 1 (Sz), Group of schizophrenic 

patients. Self Pr score, Self-referential item pair Pr score.  Hierarchical regression models with 

different predictors of interest. SE = standard error.  
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VII-DISCUSSION 
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Study 1 

 

The present study revealed four key findings: i) recognition memory is better for 

single-item than for item pairs; ii) single-item recognition rely on recollection rather than on 

familiarity; iii) it is feasible to study the self-reference effect (SRE) using single and pairs of 

stimuli at the recognition phase; and iv) the SRE in the single item and the item pair 

conditions depends on familiarity rather than on recollection. 

Our results indicate that the familiarity process underlies the performance 

improvement characteristic of the self-referential effect, suggesting that recollection may not 

be the only relevant recognition process in self-referential memory. It is well described in the 

literature that it is easier to recognize one's own face than that of others; this phenomenon has 

been termed the self-face advantage (Alzueta et al., 2019). Some authors explain this 

advantage based on a simple familiarity effect due to experience (Bortolon et al., 2018). This 

raises the possibility that in our task, the self-face advantage has enhanced the self-referential 

effect through a familiarity effect provided by one's own face. However, in the literature, there 

is no consensus regarding the self-face advantage, with some research showing no self-

referential improvement (Bortolon & Raffard, 2018).  

Another possibility to consider is the overall ease of our self-reference task in the 

single item and item pairs context. It is possible that the task was solved using only familiarity, 

with this process being sufficient to achieve the discriminations in our test, without the need 

for recruiting recollection (Bastin & Van der Linden, 2003).   

Our results add to the large body of evidence that item recognition tasks are easier to 

perform than tasks that probe memory for associations between items or between items and 
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context features, replicating and extending research using different types of tasks (e.g. spatial 

location, item pairings, words, pictures)  (Hockley & Cristi, 1996; Old & Naveh-Benjamin, 

2008; Ratcliff & McKoon, 2015; Voorman et al., 2021). Our study demonstrates that it is 

feasible to investigate the self-referential effect using an experimental task involving faces and 

visual objects. A limited number of studies have used visual objects to evaluate the self-

referential effect (Andrews et al., 2020; Cunningham et al., 2014; Lawrence & Chai, 2021). 

Only one of them has related objects to faces, with the photograph of oneself serving as the 

self-referential condition and that of another person serving as the other-referential condition 

(Andrews et al., 2020). In the latter, the population studied was children from 4 to 6 years of 

age. Therefore, to our knowledge, the present study is the first to study the self-referential 

effect via faces and object images in healthy young adults.  

The evidence is even scarcer regarding the contribution of recollection and familiarity 

to self-referential processing tasks with visual objects. As mentioned before, prior research has 

focused on the RKN paradigm to study the SRE, with the typical finding showing that the 

SRE relies on recollection rather than familiarity (Lawrence & Chai, 2021; Conway et al., 

2001). In a study comparing self-versus other encoding conditions using auditory stimuli 

(voices), Leynes et al. (2017) performed ROC analysis based on the DPSD model, concluding 

that recollection was involved in the SRE effect (Leynes et al., 2017). However, our study 

does not support the view that self-referential memory benefit is based on recollection. 

Instead, our results suggest that familiarity is the primary underlying process of the self-

referential effect. One reason that can account for this finding is methodological and is related 

to the use of ROC analysis instead of the RKN paradigm for exploring recollection and 

familiarity processes. The RKN paradigm has been repeatedly criticized because it cannot 
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precisely separate the contributions of recollection and familiarity in recognition memory 

tasks, as it is challenging to ensure that participants understand and correctly use "remember" 

and "know" judgments for their responses (Yonelinas et al., 2010). On the other hand, the 

paradigm based on ROC curves is a methodology that has been empirically validated in 

various settings, including clinical conditions such as patients with amnesia and brain lesions. 

Thus, the ROC analysis has been proven to be a robust method, with the advantage of being 

less prone to response bias (Yonelinas et al., 2010; Ragland et al., 2012b).  

One way to solve the controversy and to improve the understanding of the mechanisms 

involved in recognition memory and the contribution of recollection and familiarity to the 

SRE is to complement the behavioral measures with neurophysiological or imaging techniques 

that allow the study of recollection and familiarity processes with more precision (Mecklinger 

& Bader, 2020; Ranganath, 2010). For example, there is robust evidence of the usefulness of 

event-related potentials (ERPs) to study the neural underpinnings of episodic memory. 

Specifically, in old/new recognition tests, recollection has a unique ERP signature, i.e., the left 

parietal old/new effect, whereas familiarity is associated with an earlier old/new effect, most 

pronounced at frontal recoding sites, also called FN400 or mid-frontal old/new effect (see 

Rugg & Curran, 2007 or Mecklinger & Bader 2020 for reviews).  

In this line, Leynes et al. (2017) compared auditory stimuli (male or female voices) 

under self-focus and other-focus encoding conditions. The examination of behavioral 

measures and ERPs suggested that a focus on encoding alters the amount of recollection. The 

self-focus condition was characterized by positive encoding ERPs, higher old-new 

recognition, and a larger LPC (ERP related to recollection). Additionally, they decided to 

conduct a ROC curve study within a DPSD framework, looking for convergence between the 
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models. They found, for source judgments, a pattern like the one reported by us, in which 

familiarity is higher for the self-focus condition compared to the other-focus condition 

(Leynes et al., 2017) 

The pattern reported by Leynes and colleagues (2017) becomes interesting for our 

purposes due to the limitations of our work. Performance was very high and produced ROCs 

that may have been impacted by ceiling effects. This situation may raise certain doubts 

regarding possible biases that the parameter analysis in the context of the DPSD model could 

entail. However, given previous findings in which other authors, using different tasks in terms 

of manipulation during encoding and variable definition in the recognition phase, find a 

similar parameter pattern for the condition related to the self, we can propose that, despite the 

doubts that the limitations of our study might raise, our results are successfully sustained 

within the context of the DPSD model. 

However, the mechanisms by which the SRE is implemented, both at the cognitive and 

neural levels, are far from being fully understood. Future research may shed light on the 

mechanisms of the SRE and its implications for normal cognition and for mental health-

related conditions. 

 

Study 2 

 

The present study aimed to elucidate the underlying processes of episodic and 

autobiographical memory (AM) impairments in schizophrenia (SZ), focusing on the roles of 

recollection and familiarity during relational and self-referential encoding. Our results, derived 

from two experimental studies involving both healthy participants and individuals with SZ, 
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provide several novel insights into the memory dysfunctions characteristic of SZ and their 

relation to autobiographical retrieval. 

In line with previous literature (Yonelinas et al., 2010; Ragland et al., 2012b), our 

findings confirmed that healthy participants exhibit superior recognition accuracy in the single 

item condition compared to the item pair condition. However, this performance was supported 

by familiarity and probably recollection processes, both of which presented a similar pattern in 

both conditions. We believe that since our item pair condition was constructed with old-new 

pairs instead of rearranged pairs, familiarity exhibited a similar pattern in relation to 

recollection in both conditions, with a slight difference in favor of the single item condition, 

primarily due to the greater ease of the condition. 

However, in the SZ group, a significant reduction in recognition accuracy was 

observed across both conditions, with more pronounced impairments in the paired context. 

Additionally, we found alterations in recollection in both the single and paired conditions, 

which adds evidence to the previous literature, where alterations in recollection had only been 

found in the single item context (Ragland et al., 2012b). 

Regarding familiarity, we found alterations in both contexts, replicating and deepening 

previous findings, where ROC curve analysis and the DPSD model were able to more 

precisely distinguish the contribution of both processes to memory impairment in 

schizophrenia (Ragland et al. 2012b). 

These findings support the notion that relational memory deficits in SZ may stem not 

only from hippocampal dysfunctions but also from impaired encoding and binding 

mechanisms (Ranganath, 2010; Eichenbaum et al., 2007). Furthermore, the disproportionate 

decline in familiarity-based recognition in SZ, especially during relational encoding, 
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challenges the long-standing assumption that familiarity remains relatively preserved in this 

population (Libby et al., 2013) and aligns with recent ROC-based evidence showing broad 

impairments in both memory processes (Guo et al., 2019). 

Regarding Self-referential memory, the current results extend existing work on the 

self-reference effect by showing that healthy participants display improved recognition 

accuracy in self-referential encoding compared to other-referential encoding, a benefit driven 

by recollection and probably also by familiarity. 

This is particularly relevant given that prior research using the RKN paradigm had 

emphasized recollection as the main mechanism behind SRE (Conway et al., 2001; Serbun et 

al., 2011). Our use of ROC analysis provides a more sensitive dissociation of memory 

processes, suggesting that in healthy adults, both processes are relevant in enhancing memory 

performance under self-referential encoding. 

In a complementary manner, individuals with SZ exhibited a similar SRE pattern 

across recognition contexts compared to healthy subjects. This evidence challenges numerous 

previous studies that have shown people with SZ present alterations in the benefit provided by 

the SRE (Harvey et al., 2011; Kern et al., 2013; Pauly et al., 2011). However, there is 

opposing evidence that suggests the alteration of the SRE in SZ may be related to 

methodological strategies applied during tasks. For example, Raffard et al. (2016) provide 

evidence that supports the possibility of a preserved SRE in people with SZ using a self-

imagination strategy when encoding information. Likewise, there are criticisms about the way 

in which various experimental paradigms are transferred from healthy populations to 

populations with schizophrenia (Kern et al., 2013). This would be particularly complex when 
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using written material, which is what we sought to find alternatives to in our experimental 

tasks. 

The SZ group exhibited general impairments in both self- and other-referential 

conditions, with consistent impairments in familiarity. These results contribute to the mixed 

findings in the literature (Compère et al., 2016; Raffard et al., 2016) and suggest that disrupted 

memory processes in SZ affect self- and other-referential encoded elements in a similar 

manner, independent of the recognition context. Another issue worth highlighting is the 

involvement of the familiarity process in this alteration and the relative preservation of the 

recollection process, a finding we were likely able to find due to the use of ROC analysis. We 

also reinforce and extend the findings reported in previous sections, which already showed 

disproportionate alterations in familiarity-based recognition (Ragland et al., 2012a). 

Finally, the performance of participants in the AM Interview revealed that individuals 

with SZ recalled fewer episodic details across all life periods, in agreement with prior reports 

(Berna et al., 2016; Herold et al., 2015). Importantly, hierarchical regression models indicated 

that self-referential memory performance predicted AMI scores beyond the variance explained 

by diagnosis and demographic factors. This supports the Self-Memory System (SMS) model 

proposed by Conway and Pleydell-Pearce (2000), which conceptualizes AM as emerging from 

interactions among episodic details and self-related knowledge structures. Our findings 

provide empirical support for this theoretical framework by showing that impairments in 

encoding mechanisms—particularly those linked to self-processing and associative binding—

can directly constrain the richness of autobiographical recall in SZ. 

Despite the strengths of this study, including the use of advanced behavioral paradigms 

and ROC-based modeling, several limitations warrant consideration. First, our sample size, 
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while statistically powered for the main effects, may limit the generalizability of interaction 

effects, especially for more nuanced differences between recollection and familiarity. Second, 

although we controlled cognitive status using MoCA, other neurocognitive domains (e.g., 

working memory or executive functioning) may interact with episodic retrieval in SZ and 

were not fully explored in the current models. 

Future research should incorporate neuroimaging techniques to link behavioral indices 

with neural correlates of encoding and retrieval. Additionally, longitudinal studies examining 

how memory processes evolve with treatment or psychosocial interventions may clarify the 

clinical implications of our findings, especially regarding the design of cognitive remediation 

and psychotherapeutic strategies targeting AM deficits in SZ 
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The present thesis provides converging evidence that episodic memory impairments in 

schizophrenia (SZ) are not merely general cognitive deficits but instead reflect specific 

disruptions in recollection and familiarity-based recognition processing. Across two 

experimental conditions, individuals with SZ consistently demonstrated impaired familiarity 

and, in some conditions, impaired recollection, suggesting that their recognition memory relies 

on fluency-based processes and contextual integration. 

Crucially, this thesis shows that the self plays a mechanistic role in memory 

performance. In healthy adults, self-referential encoding enhanced recognition accuracy, 

mainly through familiarity mechanisms, highlighting the self as a salient and efficient 

cognitive organizer. In SZ, the self-reference effect (SRE) persisted but failed to enhance 

familiarity, indicating that self-processing in the disorder is present but functionally weakened. 

These findings bridge dual-process memory theory with the contemporary understanding of 

self-disturbance in SZ. 

Furthermore, self-based episodic encoding emerged as the strongest predictor of 

autobiographical memory specificity, beyond diagnostic status. This demonstrates that 

episodic memory supports the continuity of identity, and that impairments in recollection and 

familiarity may contribute to the fragmented sense of self that is characteristic of the disorder. 

The cognitive signature identified here—recollection↓ + familiarity↓ —helps explain why 

individuals with SZ may recognize events yet struggle to experience them as their own. 

Taken together, the results position the dual-process framework as a valuable tool for 

investigating the cognitive foundations of personal identity. They also identify targetable 

mechanisms for clinical intervention: strengthening meaningful self-involvement during 
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memory encoding may support fuller autobiographical processing and, ultimately, foster a 

more coherent sense of self. 

 

Study 1: Recollection and Familiarity in Episodic Memory in Healthy Adults 

 

The first study of this thesis aimed to investigate the contribution of recollection and 

familiarity to episodic recognition memory under two encoding contexts—relational memory 

(RM) and self-referential memory (SRM)—in healthy young adults. The results confirmed 

that single-item recognition was more accurate than paired-item recognition, which is 

consistent with previous literature suggesting that relational encoding imposes a higher 

cognitive demand than item-specific encoding. Furthermore, when analyzed through the lens 

of receiver operating characteristic (ROC) curves, both recollection and familiarity estimates 

seemed to be relevant, supporting recognition memory in single and item pair contexts. 

However, there was a statistically significant difference in recollection in favor of the item 

single condition. This suggests that behavioral accuracy is sensitive to encoding complexity, 

favoring performance in the single item versus the item pair condition, supported mainly by 

recollection processes. 

In the SRM task, a consistent self-reference memory effect (SRE) was observed, both 

in single and paired recognition contexts. Notably, this effect was primarily supported by 

enhanced familiarity rather than recollection, contradicting earlier assumptions that self-

referential processing primarily boosts recollection. These findings suggest that the self may 

enhance memory accessibility even through familiarity-based processes, aligning with models 

that emphasize the affective and semantic richness of self-related encoding. 
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Altogether, Study 1 provides a refined understanding of episodic memory 

subprocesses, highlighting the nuanced roles of recollection and familiarity across different 

encoding strategies. These results also reinforce the need for memory paradigms that go 

beyond traditional item recognition and consider relational and self-referential encoding 

conditions, which may more closely resemble the complexity of memory processing in 

everyday life. 

 

Study 2: Episodic and Autobiographical Memory Processes in Schizophrenia 

 

Study 2 extended the experimental framework of Study 1 to a clinical population, 

comparing individuals with schizophrenia (SZ) and matched healthy controls in terms of 

recognition performance under single item, item pair, and self-referential encoding, and 

exploring how these processes relate to autobiographical memory (AM). Consistent with 

previous findings, SZ participants exhibited global impairments in episodic memory, 

characterized by significantly lower accuracy and reduced parameter estimates for both 

recollection and familiarity across tasks. Interestingly, the degree of impairment was more 

pronounced for familiarity in the relational memory task, while recollection deficits did not 

show statistically significant differences between the conditions. This contradicts the common 

assumption that recollection is disproportionately impaired in SZ, suggesting that both 

processes may be compromised depending on task demands. 

In the SRM task, healthy controls showed an SRE supported by recollection, which is 

contradictory to the results of Study 1, where familiarity was the main process involved. One 

explanation for this difference relates to the sociodemographic characteristics of the control 
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group compared to the schizophrenia group, as subjects were matched by sex, age, and social 

status in this case. Chile is a country with significant problems of social inequality and 

inequity, making it plausible to find notable differences in cognitive performance between 

groups belonging to different social classes. In the case of the two studies discussed, the first 

study involved a young group with university studies who presented ceiling effects in their 

performance in several subjects. In contrast, the control group in the second study exhibited 

greater heterogeneity, with only a few individuals presenting ceiling effects. This difference 

likely determined the difference in the patterns underlying the SRE. 

In contrast, while patients with SZ exhibited reduced accuracy, they still demonstrated 

a self-reference benefit in some conditions, supported by recollection and likely also by 

familiarity, with better performance in recollection compared to a stable impairment in 

familiarity between groups. This finding raises questions about the integrity of self-related 

processing in schizophrenia and suggests a possible dissociation between subjective 

enhancement and cognitive retrieval mechanisms. Furthermore, we propose that self-

referential impairment in schizophrenia depends on the context in which it is assessed. This 

proposal explores the potential for innovative therapeutic approaches in cognitive remediation 

strategies that utilize self-referential coding methods. 

Importantly, regression analyses revealed that performance in SRM tasks was 

predictive of autobiographical memory retrieval, beyond the mere diagnostic status. This 

finding supports the Self-Memory System (SMS) model, which posits that the construction of 

autobiographical memory relies on the integrity of episodic encoding processes. In the context 

of SZ, disruptions in relational and self-referential episodic memory encoding may directly 
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contribute to autobiographical memory deficits, which are linked to identity disturbances and 

reduced social functioning. 

In conclusion, Study 2 confirms that both recollection and familiarity are disrupted in 

schizophrenia, with significant consequences for the construction of autobiographical 

memory. These findings support a translational model in which cognitive remediation and 

psychotherapy could benefit from targeting specific encoding strategies—particularly those 

involving self-relevant and relational processing—as a pathway to enhance memory, identity 

coherence, and therapeutic engagement in individuals with Sz. 
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