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ABSTRACT OF THE DISSERTATION 
 

Behavioral, cognitive and neural correlates of  
Highly Superior Autobiographical Memory 

 
By 

 
Aurora LePort 

 
Doctor of Philosophy in Biological Sciences 

 
University of California, Irvine, 2014 

 
Professor Craig E.L. Stark, Chair 

 
 

Highly Superior Autobiographical Memory (HSAM) is a newly discovered 

memory phenomenon entailing the prodigious and accurate recall of 

autobiographical events and the days/dates on which they occurred. The motivation 

of this dissertation research is to elucidate potential behavioral, cognitive and 

neural features supporting HSAM. Specifically, experiment I provides a descriptive 

background of HSAM in terms of its accuracy and its specificity to the recollection of 

autobiographical information. Moreover, a foundation for neuroanatomical 

correlates of HSAM is built; Neuroanatomical differences are featured and a 

discussion of their relationship to autobiographical memory is made. Experiment II 

expands upon encoding and retrieval processes of HSAM participants and also 

provides a behavioral basis for HSAM. The rate at which HSAM participants forget 

is elucidated, the proclivity for HSAM participants to be superior learners is 

touched upon, and the quality of autobiographical details recalled from very recent 

to very remote events is established. A behavioral foundation for HSAM is 



xx xx 

constructed through the elucidation of a link between compulsive behaviors (i.e. 

rumination) expressed by HSAM participants and the consistency of 

autobiographical details recalled over time. Experiment III explores the possibility 

of enhanced cognitive mechanisms (other than autobiographical memory) 

supporting HSAM. A variety of cognitive mechanisms, implicated by the literature 

in their contribution to memory, are tested. Weaved into this experiment is an 

autobiographical memory test of their experience participating in the cognitive 

battery itself. Observation of their recollection reveals further insight into the type 

of autobiographical information HSAM is restricted to. Experiment IV builds upon 

neuroanatomical findings of experiment I and furthers our understanding of 

possible neural underpinnings of HSAM; Resting-state functional connectivity of 

the Default Mode Network (i.e. regions involved in autobiographical recollection) 

and circuitry involved in the pathophysiology of Obsessive Compulsive Disorder are 

observed. Overall, this work provides a first step towards understanding the bases 

of HSAM. By studying Olympians of human recall, HSAM has provided a new 

opportunity to better understand human memory capacity and the way in which 

autobiographical memory functions. 



1 1 

Overview of autobiographical memory and HSAM 

Autobiographical memory is a complex memory system allowing for the 

ability to acquire a knowledge base constructed of episodic (personal experiences 

and specific objects, people and events experienced at particular time and place) and 

semantic (general knowledge and facts about the world) memories (Tulving, 1972). 

It allows us to reflect on and recall the unique details of the things, persons and 

events that characterize our lives, whether they are where we left our car keys, the 

name of our best friend, or our 21st birthday party. The ability to reflect on the past 

directly relates to our ability to imagine the future; we depend on experiences and 

acquired facts to generate internal events such as the ability to plan, daydream, 

evaluate and reason (Schacter, Addis, and Buckner, 2007). This subjective sense of 

time has been denoted “mental time travel” (Tulving, 1993) and allows us to 

construct and maintain a personal identity and self-concept (Conway and Pleydell-

Pearce, 2000). For this reason, Tulving regards episodic memory as a uniquely 

human attribute. A minimalist approach argues that episodic memory, the 

recollection of what happened where and when, can be studied in non-humans and 

further inform our understanding of human episodic memory function (Clayton and 

Dickinson, 1998). Understanding the process by which autobiographical experiences 

are encoded, stored and retrieved as well as understanding the brain regions and 

networks supporting these processes are important to developing our understanding 

of how autobiographical memory functions. Further, it is important to keep in mind 

what the actual experience of remembering the past is like. Autobiographical 
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memory is not a perfect reproduction of past events. Rather, remembering is a 

constructive process influenced by one’s context and one’s general knowledge base 

(Bartlett, 1932).  

Highly Superior Autobiographical Memory (HSAM) is a newly described 

phenomenon in which individuals express the rare ability to recall, with very high 

accuracy, a substantial number of events from their personal past, including the 

days and dates they occurred. Formerly termed “hyperthymestic syndrome,” it was 

first scientifically documented in 2006 in an individual, A.J., now known as Jill 

Price (Parker, Cahill and McGaugh, 2006). Currently, a detailed analysis of both 

cognitive function and brain structure of eleven HSAM participants has been 

documented (LePort, Mattfeld, Dickinson-Anson, Fallon, Stark, Kruggel, Cahill, 

and McGaugh, 2012). HSAM memory abilities are unique to memory feats 

previously reported in the scientific literature. Whereas HSAM participants 

perform autobiographical remembering without the apparent use of mnemonic 

skills, individuals with superior memory typically encode and retrieve domain-

specific and/or unusually long lists of data utilizing strategies acquired through 

practice (e.g., street maps of entire cities, pi out to 22,514 decimal places, and long 

displays of words or digits) (Ericsson, Delaney, Weaver, Mahadevan, 2004; Hunt 

and Love, 1972; Gordon, Valentine and Wilding, 1984; Wilding and Valentine, 

1997). Even the extreme memory abilities of one of the most famous mnemonists, 

patient S., described by Luria (1968), did not entail autobiographical remembering. 

Patient S.’s memory ability was documented as not contributing to the memory of 
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his life, as he describing living it, “as in a haze” (p. 159). In contrast Jill Price stated 

in a conversation with Dr. McGaugh, “my memory has ruled my life.” Further, in 

reflection of an event she experienced only once and long ago, she revealed, “I see it 

as I saw it that day.” Interestingly, while the HSAM phenomenon was only recently 

reported in the modern scientific literature, it has been around since at least the 

1800’s. “A sketch of the life of Daniel McCartney, the man with a remarkable 

memory,” published by Orlando Brown in 1871, describes Daniel McCartney as 

having the ability to, “recall the day of the month of any year [in his lifetime]…” and 

“give events in his own experience that were associated with each of the days in the 

last forty-four years.” McCartney’s self-reflection on his memory is surprisingly 

similar to that of Price’s: “I remember just as well how that day [which occurred 45 

years prior] looked as if it were today.” The ability to accurately recall a prodigious 

amount of events from one’s lifetime, along with the dates and days of the week 

they occurred, in great detail are the core behaviors that we currently define HSAM 

by (LePort, et al., 2012). 

The HSAM phenomenon gives us the unique opportunity to explore 

autobiographical memory from a cognitive spectrum functioning at an advantage. It 

defies what we thought to be memory’s limitations, giving us reason to reconsider 

our understanding of human memory capacity. It has the potential to be a product 

of ordinary cognitive mechanisms used in a more efficient manner and studying its 

function has the potential to elucidate important behavioral and neuroanatomical 

components necessary for normal autobiographical memory.  
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Chapter 1: Background and significance 

1.1 Taxonomy of memory 

Memory is a complex faculty; it is composed of multiple memory types, mediated 

by distinct neural structures that participate in multiple forms of learning and 

memory. Having a broad understanding of what “memory” entails provides a basis 

for understanding how to define and study autobiographical memory. Behaviorally, 

scientists have demonstrated that memory is not a single faculty of the mind 

(Schacter, 1987; Squire, 1982; Tulving, 1985). Experimental inquiry into how the 

brain stores and retrieves information has provided concrete evidence that memory 

has many distinct forms supported by a variety of brain systems. Brain systems 

have a diverse role in their contributions to learning and memory. Very broadly, 

skill learning, a form of nondeclarative learning, has been distinguished from other 

more cognitive forms of declarative learning. The learning and memory abilities of 

H.M., a patient who incurred bilateral excisions of the anterior medial temporal 

lobes of his brain, is an exemplar of this distinction (Milner, 1962). While H.M 

retained hand-eye coordination skills and successfully performed sorting tasks, 

perceptual memory tasks and even tasks requiring his immediate memory span, he 

was unable to recollect practicing or participating in the tasks themselves (Milner, 

Corkin and Teuber, 1968). Experimentation on hippocampal amnesic patients 

corroborate this finding, elucidating intact perceptual (Hamann and Squire, 1997; 

Stark and Squire, 2000) and conceptual priming behavior (Levy, Stark, and Squire, 

2004) despite chance performance on conventional recognition memory tests of the 
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same test items. A 

simplistic division, of a 

very complex taxonomy, 

between declarative 

memory and 

nondeclarative memory 

and the brain regions 

that subserve them is 

depicted in Figure 1. While memory is depicted here as partitioned into mutually 

exclusive domains governed by distinct cortical substrates and tasks, in reality 

cortical substrates contribute to more than one form of learning and memory. 

Autobiographical memory is a prime example of this; Its function is made possible 

by the contribution and interplay of multiple brain regions and networks, described 

in greater detail below.  

1.2 Declarative memory and its relationship to autobiographical 

memory  

Phenomenological definition 

Declarative memory, also termed explicit memory, can be divided into two 

forms of memory, episodic and semantic memory. Tulving first defined episodic 

memory as the retention of “when” event E happened or what events happened at 

time “T”. Semantic memory was defined as the retention of facts devoid of the time 

or place in which the knowledge was learned (Tulving, 1972). Over time, Tulving’s 

 

Figure 1.1 Taxonomy of mammalian long–term memory. 
Memory systems, depicting core brain structures thought to be 
especially important for each form of declarative and 
nondeclarative memory. Figure adapted from Squire (2004).  
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description of episodic memory evolved to include a sense of self, subjectively sensed 

time, and autonoetic consciousness. Episodic memory, according to a 

phenomenological definition, became an exclusively human attribute.  

Autonoetic consciousness, or the conscious recollection of previous 

experiences and the mental projection of oneself into the subjective future, has been 

operationally defined by the “remember”/ “know” (R/K) paradigm. “R” responses are 

typically thought to reflect autonoetic consciousness and be supported by episodic 

memory. “K” responses are typically thought to reflect noetic consciousness (i.e. a 

conscious state that accompanies knowing the world without having to re-

experience the event in which the knowledge was learned). Noetic consciousness is 

characterized by the retrieval of semantic information (Gardiner and Parkin, 1990; 

Tulving, 1993; Knowlton and Squire, 1995). Physiological evidence upholds the 

dissociation between autonoetic and noetic consciousness. Event-related potentials, 

recorded in humans during a R/K task, displayed a concrete distinction between 

episodic and semantic memory systems; Widespread bilateral frontal and left 

parietotemporal positivity were exclusively recorded during autonoetic awareness. 

Temporoparietal positivity and frontocentral negativity were exclusively expressed 

during noetic awareness (Düzel et al., 1997).  

When the episodic and semantic memory systems deal with ideas of the self, 

autobiographical memories result. Autobiographical memory can also be dissociated 

into episodic and semantic recall, in which autobiographical episodic recollection is 
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derived from conscious recollection of past events and the context they took place in, 

while autobiographical semantic recollection is derived from facts about one’s life. 

Operational definition 

Memories can be analyzed, transforming a simple overt behavioral 

expression into a cognitive, introspective process (i.e. a form of meta-memory). The 

inability to behaviorally test for reflections about the past or future makes the study 

of episodic memory in non-humans very difficult. Tulving defined episodic memory 

as “uniquely human,” believing that there is, “no evidence that they [non-human 

animals] have the ability to autonoetically remember past events in the way 

humans do (Tulving, 1998, pg 202).” An operational definition of episodic memory 

substantiates that there are characteristics of declarative memory that do allow the 

term “episodic” to be extended to animals. Within a more readily operationalized 

framework of episodic memory it is argued that non-human organisms, while 

lacking memories with conceptual content, have the capacity to hold episodic-like 

memories that contain information for what happened, where and when (WWW 

memory). “Perspectivism,” the ability for an organism to re-experience a perceptual 

relationship between itself and data of some kind, is the necessary component that 

denotes episodic memory in non-human creatures (Clayton and Russell, 2008). 

Scrub jays as well as rats remember “when” food items are stored. They are able to 

remember which food items are available where and how long ago they had vested 

them; the specific time/place memory makes this knowledge unlikely to be semantic 

(Clayton and Dickinson, 1998; Babb and Crystal, 2005). An “episodic-like” 
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description of declarative memory can render an episodic interpretation of the 

animal data more plausible. The use of animals to test and apply certain theories of 

human episodic memory is important to the progression of our understanding of the 

nature of human episodic memory.  

1.3 Two major theories on the neurobiological processes 

supporting declarative memory 

Two primary and contrasting interpretations of how episodic and semantic 

memories are stored and retrieved in the brain have come out of lesion studies from 

both human and animal research: Systems Consolidation and Multiple Trace 

Theory. Many studies researching human amnesia have focused primarily on the 

degree and type of autobiographical content lost over time. Each interpretation 

provides a unique, but useful background as to how brain damage to particular 

regions may affect the ability to acquire and retrieve autobiographical information. 

According to Systems Consolidation, as time passes after learning, a process of 

reorganization and long-term consolidation takes place. The link between the 

hippocampal area (hippocampus proper, the dentate gyrus and subiculum) and 

areas of the neocortex, once necessary for storage and retrieval of the memory trace, 

is thought to be made gradually obsolete (Dudai, 2004; Frankland and Bontempi, 

2005). Ultimately, the memory becomes independent of the hippocampus, relying 

entirely on neocortical connections (Squire et al., 1982). The Multiple Trace Theory 

(MTT) supports the idea that interactions between hippocampal and neocortical 
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structures are always necessary to sustain episodic, but not general semantic, 

memory (Nadel and Moscovitch, 1997).  

 

Systems Consolidation 

The occurrence of temporally graded retrograde amnesia (RA), in which 

remote episodic and semantic memories are retained despite the presence of 

hippocampal formation damage, is the main point of evidence in support of Systems 

Consolidation. The case of H.M. is a classic example of this phenomenon. Bilateral 

lesions to the anterior two-thirds of his hippocampi and hippocampal gyri left him 

severely amnesic for new episodic information, yet his memory for experiences 

occurring prior to the surgery was largely spared (Scoville and Milner, 1957; Milner, 

et al., 1968). Quantitative studies of patient groups who incurred bilateral 

electroconvulsive treatments further support this phenomenon. Participants were 

asked to recognize the names of former television program, selected by a method 

designed to minimize sampling bias, which had aired at recent and remote time 

points. While they were temporarily unable to retrieve names of former television 

programs acquired three years before ECT, they could accurately retrieve names 

acquired 4 to 17 years ago (Squire, Slater and Chance, 1975). Results from the 

animal literature provide further support of the human literature. Rabbits that 

received bilateral hippocampal aspirations one day after learning were significantly 

and substantially impaired in the retention of trace conditioned responses while 

rabbits at the one month period retained trace conditioned response at a level 
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comparable to controls (Kim, Clark and Thompson, 1995). Monkeys with 

hippocampal damage were severely impaired at remembering recently learned 

objects, but retained memory for objects learned up to 16 weeks prior (Zola-Morgan 

and Squire, 1990). While cases of ungraded retrograde amnesia do exist, they are 

generally a result of damage to structures in addition to the medial temporal lobe. 

Additional structures have included the neocortex, anterior and lateral temporal 

lobes, and more (Cermak and O’Connor, 1983; Damasio, Esliger, Damasio, and 

Hoesen, 1985; Tulving, Schacter, McLachland and Moscovitch, 1988; Rosenbaum, 

Kohler, Schacter, Moscovitch, Westmacott, Black, Gao, and Tulving, 2005). Their 

damage very well may be contributing to RA. 

Multiple Trace Theory 

MTT proposes that interactions between hippocampal and neocortical 

structures are always necessary to sustain episodic memory, but not necessarily 

semantic memory. As episodic memories age, they are either forgotten or persist 

because of the formation of multiple traces in the hippocampal complex and 

neocortex. The temporal gradient for autobiographical memory in amnesic patients 

can be shallow or absent, arguably because of the necessity of the hippocampus for 

both recent and remote memory function (Nadel and Moscovitch, 1997). Lesions 

encompassing damage to the hippocampal complex can and have resulted in an 

inability to recall details from specific episodes from periods across one’s entire 

lifetime (Damasio, et al., 1985; Warrington and Duchen, 1992; Steinvorth, Levine, 

and Corkin, 2005). The type of memory affected by hippocampal damage must 
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certainly be addressed. Memory for autobiographical episodes appears to be the 

most severely affected by hippocampal damage, followed by memory for personal 

semantics, public events and persons. Although hippocampal patient S.S was 

proficient at recounting stories, especially from his childhood, further testing points 

to the effect that his memories were of a generalized nature; he was unable to 

retrieve specific episodes for any one particular event (Cermak and O’Conner, 1983). 

Even a more current report of H.M.’s memory impairment reveals a relatively 

spared semantic, but severely impaired retrograde episodic autobiographical 

memory with little to no temporal gradient. A more modern remote memory test, 

emphasizing the ability to distinguishing episodic from semantic memory 

performance, revealed H.M.’s retrograde memories as general, recurring events. 

Those events previously considered “episodic” were identified as consisting of 

mainly gist details, insufficient to classify them as unique isolated instances 

(Steinvorth, Levine, and Corkin, 2005).   

The degree to which memory is impaired and the type of memory disrupted 

depends on the regions of the brain that are affected. Different regions of the brain 

(e.g. the hippocampal complex) make separate contributions to the encoding, 

storage and/or retrieval of information (Gabrieli, Brewer, Desmond, and Glover, 

1997; LePage, Habib, and Tulving, 1998; Schacter and Wagner, 1999). 

Understanding precisely where a lesion is located is important to making 

appropriate conclusions as to which brain regions could be contributing to 

particular behaviors. Many patients that do not exhibit a temporal gradient most 
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likely have more extensive brain damage to areas outside of the hippocampal 

complex (Zola-Morgan and Squire, 1993; Squire and Alveraz, 1995). Unfortunately, 

the location of lesions in amnestic patients tends to not be well defined, resulting in 

confusion as to the specific contribution of the hippocampal area and neocortex to 

long-term episodic memory. A more satisfactory assessment of remote memory and 

a clearer distinction between episodic and semantic memory is necessary to assess 

the viability of Systems Consolidation and MTT. Clarification could lend itself to a 

better understanding of how brain function contributes to autobiographical memory 

over time.  

1.4 The interplay of episodic and semantic knowledge in 

autobiographical memory 

Autobiographical memory has been defined as the ability to remember past 

events from one’s personal life. At first it was classified as a subsystem of episodic 

memory and was even though to be synonymous with it (Tulving, 1972). The 

definition of autobiographical memory has since become more dynamic (Rubin, 

2005, 2006). While it encompasses the conscious recollection of past events and the 

context they took place in, it has the added elements of being self-related and 

composed of semantic knowledge derived from personal experiences (Dritschel, 

Williams, Baddeley, and Nimmo-Smith, 1992). Episodic and semantic 

autobiographical memories have an interactive and interdependent relationship. 

Semantic autobiographical knowledge is derived from personal experiences by a 

process of abstraction and generalization. Episodic autobiographical memories can 
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be interpreted and classified in terms of general semantic knowledge in the form of 

schemas and scripts. Because personal semantic and episodic memories are so 

tightly bound together, autobiographical memory is not likely to consist of process-

pure episodic events or semantic knowledge. Instead, an autobiographical memory 

may consist of a continuum of knowledge that lies somewhere on a gradation of 

semantic and episodic memory (See Figure 2). Memory for any event, no matter how 

specific, seems to be embedded in a semantic context linking it to a larger 

framework. Although semantic and episodic knowledge may lie on a gradation, 

different networks may still subserve them.  

One theory proposes two types of autobiographical memories existing within 

a hierarchical autobiographical memory system. One memory type represents 

unique, specific events; the other represents repeated, general events (Conway, 

1992, 1996; Conway and Pleydell-Pearce, 2000). Behaviorally, less time is needed to 

gain access to general, as opposed to specific, autobiographical memories (Haque 

and Conway, 2001). These two types of autobiographical memories have been shown 

to be more strongly associated with different parts of a so-called memory retrieval 

network. Furthermore, these networks are activated at different times. General 

autobiographical memories are thought to be the preferred level of entry to the 

autobiographical memory system. fMRI has elucidated distinct patterns of activity 

emerging at earlier time points during the retrieval of general autobiographical 

memories, as compared to specific autobiographical memories (Addis, McIntosh, 

Moscovitch, Crawley, and McAndrews, 2004). Specific autobiographical events, also 
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known as “event specific knowledge,” are related to episodic memory. They refer to 

autobiographical memories for events that occurred at one specific point in time. 

Their retrieval elicits more visual imagery and has been associated with the 

activation of regions involved in imagery during episodic recollection (Addis, 

Moscovitch, Crawley, and McAndrews, 2004). General events, also known as 

“Lifetime periods” and “Repeated events,” are thought to better represent semantic 

memory. They refer to autobiographical memories that have been repeatedly 

thought about, resulting in generic versions of the events. These memories contain 

more abstract information and/or conceptual knowledge, which could possibly be 

supported by structures associated with complex object/scene recognition and 

semantic memory (Warrington and McCarthy, 1987).  

Understanding what distinguishes semantic and episodic autobiographical 

memory as well as the difference between specific versus general autobiographical 

memory retrieval could help decipher the behavioral as well as neural mechanisms 

supporting autobiographical memory function, and even HSAM.   

1.5 Methodological approaches to the study of autobiographical 

memory using fMRI 

Those that have successfully championed this functional imaging of 

autobiographical memory have developed practical techniques that lend valuable 

insight into how the brain retrieves autobiographical information. Four basic 

methods have been used to investigate autobiographical memory function: generic 
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cues, pre-scan interviews, independent sources, and the prospective method. Their 

contributions and pitfalls are discussed.  

During the generic cues method, a participant is given a cue and asked to 

recall a memory based on it. This method enables the investigation of processes that 

contribute to memory search. Moreover, retrieval is unlikely to be contaminated by 

recent retrieval episodes. Also, the experimenter is given the flexibility to restrict 

the sample of memories elicited by introducing parameters such as time frame or 

emotional quality. Unfortunately, the experimenter has little control over the 

content of the retrieved memories and accuracy cannot be assessed.  

During a pre-scan interview, stimuli are collected prior to scanning. These 

particular events, such as autobiographical experiences, are used as cues to elicit 

memories in the scanner. Memories can be rated according to various scales (e.g. 

age, emotion and 

vividness) allowing the 

researcher to understand 

the impact of these 

variables on brain 

function. A disadvantage 

to this method is that 

retrieval in the scanner is 

contaminated by retrieval 

in the pre-scan session 

 

Figure 1.2 Hierarchy of autobiographical memory 
(AM). AM is proposed as organized in a hierarchical manner 
that ranges from semantic (lifetime periods and repeated 
events) to episodic (specific events) information. Figure 
adapted from Cabeza and St. Jacques (2007). 
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(a.k.a the re-encoding effect). As result, the age of the memory becomes irrelevant 

and the nature of the memory may have changed. Also, accuracy of the memory 

cannot be readily assessed.   

The independent sources method uses events obtained from people who are 

familiar with events that the participant had previously experienced as cues. Re-

encoding effects are avoided and control over certain parameters, such as age and 

content of the event, is achievable. Again, with this method, accuracy cannot be 

readily assessed and the cues used may not elicit events from the participants. 

In the prospective method, participants record the events of their life as they 

occur. Specific cues can then be used to elicit these events in the scanner. The 

experimenter is able to maintain control over the age and content of the retrieved 

memories and retrieval accuracy can be easily assessed. The downfall of this 

method is that, by recording events as they occur, participants may be interfering 

with their natural encoding process. Also, the study of remote memories becomes 

very difficult given that attrition rates tend to be substantial.  

1.6 Neural correlates of autobiographical memory 

Studies using the above methods have elucidated core regions and networks 

involved in autobiographical recollection (see Fig 1.3). A simplistic description of the 

most crucial components of the autobiographical memory retrieval network is 

summarized here.  

Autobiographical memory retrieval depends upon search and control 

processes mediated primarily by the fronto-parietal network. The ability to attain 
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autobiographical memory requires a capacity to mediate diverse combinations of 

stimuli and internal states and to respond to various goals. The prefrontal cortex 

(PFC) maintains its activity robustly against distractions until a goal is achieved 

and can also be flexible enough to update its representations when needed (Millner 

and Cohen, 2001). The link between memory search and controlled retrieval 

processes in autobiographical memory and the PFC has been detected by studies 

using the generic cues method (Conway, Turk, Miller, Logan, Nebes, Meltzer and 

Becker, 1999). In contrast to reminiscence, the left lateral PFC remains active 

during the initial search for an event (Steinvorth, Corkin, and Halgren, 2006). Top-

down processing, for mediating attention, then crucially regulates autobiographical 

memory retrieval; The dorsal parietal cortex (DPC) guides the search and 

construction of spatiotemporally specific autobiographical memories, channeled by 

existing semantic information about oneself and the world (Cabeza, 2008).  

The ability to reference the self during autobiographical retrieval is, for 

obvious reasons, integral to autobiographical memory. The prospective method has 

been used to elucidate the idea that the medial prefrontal cortex is a core brain 

region contributing to self-referential processing (Cabeza, Princ, Daselaar, 

Greenberg, Budde, Dolcos, LaBar, and Rubin, 2004). Visuospatial cues, in the form 

of photographs taken using a SenseCam from a first-person perspective, were 

presented to participants during scanning. Patterns of brain activation revealed 

greater ventral medial PFC activation during participants’ self-projection into their 
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personal past, via autobiographical memory cues, in contrast to assuming another’s 

perspective (St. Jacques, Conway, Lowder, and Cabeza, 2011).  

The association of a stimulus and its related contextual information, 

supported by activity related to the hippocampus and retrosplenial cortex, enables a 

rich recollection for autobiographical memories (Diana, Yonelinas, and Ranganath, 

2007). Furthermore, the amydala facilitates the enrichment of autobiographical 

memory by means of emotional processing (LeBar and Cabeza, 2006). In contrast to 

the typical left-lateralized activation pattern for neutral autobiographical 

memories, emotional autobiographical remembering tends to elicit right lateralized 

(when participants are all male) (Fink, Markowitsch, Reinkemeier, Bruckbauer, 

Kessler, and Heiss, 1996) or bilateral activations (when participants are all female) 

(Vandekerckhove, Markowitsch, Mertens, and Woermann, 2005). A further 

enrichment of autobiographical memory is denoted by the occipital cuneus and 

precuneus regions, contributing vivid sensory details (Greenberg and Rubin, 2003). 

The strength of recollection of an event is predicted best by the vividness of its 

visual imagery. In fact, adult patients with damage to the occipital lobe, who were 

able to perceive visual information, but not process it, displayed near-total loss of 

autobiographical information; Their well-consolidated childhood memories (acquired 

pre-trauma), for which visual information was a key component, were lost and new 

autobiographical memories (acquired post-trauma), while they could still be encoded 

and retrieved, lacked visual detail (Rubin, 2005).  
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Autobiographical memories typically involve quick and intuitive forms of 

monitoring, called “feeling-of-rightness” (FOR), allowing for the detection of the 

veracity and cohesiveness of retrieved memories (Moscovitch and Winocur, 2002). 

Ventromedial PFC (vmPFC) has been associated with FOR. Increases in 

confabulation have been related to damage of the vmPFC (Gilboa, Alain, Stuss, 

Melo, Miller and Moscovitch, 2006) while increases in activity of the vmPFC is 

observed during autobiographical versus laboratory tasks; autobiographical memory 

tasks require greater elaboration and conscious monitoring processing and it is 

thought to be supported by the activity of the vmPFC (Gilboa, 2004).  

The ventral parietal cortex plays a critical role in the recollection of 

autobiographical memories by means of mediating attention in a bottom-up fashion. 

When patients with bilateral parietal lobe damage attempted to freely recall 

autobiographical memories, they tended to be relatively impoverished. 

 
Figure 1.3 Schematic model of autobiographical memory 
retrieval. Ctx = cortex, PFC = prefrontal cortex, FOR = 
Feeling-of-rightness. Figure modified from Cabeza & St. 
Jacques (2007). 
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Interestingly, their memory deficit subsided when their memory was specifically 

probed with pointed questions. While participants could not self-generate minute 

details (in a bottom up fashion), when their attention was readjusted by means of 

top-down cues the memory could be more readily accessed (Berryhill, Phuong, 

Picasso, Cabeza, and Olson, 2007). As autobiographical memory details are 

retrieved, the ventral parietal cortex mediates attention in stimulus-driven fashion, 

allowing for a cascading recollection of prior autobiographical information. 

1.7 Notable challenges associated with the research of Highly 

Superior Autobiographical Memory  

There are many challenges one faces when designing a study that 

appropriately analyzes autobiographical memory, especially when it comes to the 

study of HSAM. Maintaining ecological validity and designing an interpretable 

fMRI experiment are two described here.  

When probing autobiographical memory or HSAM ideally the situation, task 

and materials being studied would correspond to real, naturally occurring events in 

everyday life. Unfortunately, the more a stimulus represents real life, the less 

control is maintained over standardized procedures. At the outset of designing an 

autobiographical paradigm, one must decide what is more important, the authentic 

autobiographical nature of the stimuli used or control/standardization over the 

procedures implemented. The motivation behind the experiment will drive the 

design. Ideally, a balance will be struck maximizing the generalizability of results 

to real-life situations.  
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The exploration of HSAM using fMRI adds an extra layer of difficulty. 

Inherent inconsistencies in the quality of HSAM and controls’ recollections can 

make definitive conclusions about the neural correlates of HSAM a challenge to 

achieve. If neural differences are found, theoretically, many different 

interpretations could be proposed from the same result, a few of which are listed 

here: 1. Differences observed could be derived from an increase in memory content 

(e.g. the vivid and/or detailed nature of HSAM). 2. A re-encoding effect, in which 

controls are recalling the time the memory was last retrieved while HSAMs are 

retrieving the original event, could be driving differences. 3. Discrepancies in the 

amount of effort used and/or time required to encode and retrieve a memory could 

be the source of neural differences. Unfortunately, detection of a neural difference 

would not elucidate why HSAM participants’ memories are superior to that of 

controls.   

An efficient way to study HSAM with fMRI would be to study 

autobiographical memories that are consistent across variables, such as those 

stated above. If behaviorally HSAM participants are recalling a similar number of 

events originating from generally the same time period with a similar amount of 

effort and speed as controls, neural difference during the encoding, storage and/or 

retrieval of autobiographical information could point to mechanisms supporting 

HSAM. Before imaging techniques can be used to interpret HSAM behavior, a 

foundation of knowledge delineating the nature of HSAM must be built. Our 

behavioral protocols, illustrated in this dissertation, have done just this, providing 
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opportunities to form testable hypotheses with the use of fMRI. Structural imaging 

and resting-state functional connectivity have been used to ask the big question of if 

there are neural differences in HSAM participants compared to controls. These 

techniques have elucidated neuroanatomical and network distinctions in regions 

related to unique behaviors of our HSAM participants. These techniques have 

thereby provided sound reasoning for focused attention on these distinct brain 

regions and networks. 
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Chapter 2: Behavioral and neuroanatomical 

investigation of HSAM 

2.1 Abstract  

A single case study recently documented one woman’s ability to recall 

accurately vast amounts of autobiographical information, spanning most of 

her lifetime, without the use of practiced mnemonics (Parker et al., 2006). 

The current study seeks to understand if this memory ability extends beyond 

that single case study, if this memory is domain general or domain specific 

and if neuroanatomical differences relating to autobiographical memory 

exist. Findings based on eleven participants expressing this same memory 

ability, now referred to as Highly Superior Autobiographical Memory 

(HSAM), are reported here. Participants were identified and subsequently 

characterized based on screening for memory of public events. They were 

then tested for personal autobiographical memories as well as for memory 

assessed by laboratory memory tests. Additionally, whole-brain structural 

MRI scans were obtained. Results indicated that HSAM participants 

performed significantly better at recalling public as well as personal 

autobiographical events as well as the days and dates on which these events 

occurred. However, their performance was comparable to age- and sex-

matched controls on most standard laboratory memory tests. 

Neuroanatomical results identified nine structures as being morphologically 

different from those of control participants. Most of these structures have 
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been previously identified in the literature as contributing to 

autobiographical memory. The study of HSAM may provide new insights into 

the neurobiology of autobiographical memory. 

2.2 Introduction  

 Previously termed “hyperthymestic syndrome,” Highly Superior 

Autobiographical Memory (HSAM) was first studied in an individual referred 

to as A.J. (Parker, Cahill, and McGaugh, 2006). HSAM is distinct from other 

types of superior memory as participants with this ability perform 

autobiographical remembering without the apparent use of mnemonic skills. 

Typically, individuals with superior memory encode and retrieve domain-

specific and/or relatively meaningless information through the use of 

strategies acquired through practice (e.g., street maps of entire cities, pi out 

to 22,514 decimal places, and long displays of words or digits; Ericsson et al. 

2004; Hunt and Love, 1972, 1983; Gordon et al. 1984; Wilding and Valentine 

1997). Even the extreme memory abilities of one of the most famous 

mnemonists, patient S., described by Luria (1968), did not entail 

autobiographical remembering. Patient S. described living his personal life 

“as in a haze” (p. 159).  

Since the publication of Parker, Cahill, and McGaugh (2006) paper 

numerous individuals have contacted our research group professing either to 

have HSAM, or to know someone who does. We have identified ten new 
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HSAM participants (in addition to A.J.) utilizing a screening process 

developed to identify HSAM characteristics.  

 Here we report a detailed analysis of both cognitive function and brain 

structure of the eleven HSAM subjects (including A.J.). Cognitive assessment 

involved a battery of memory tests both general in nature and specific to 

autobiographical memory. We examined potential differences in the 

neuroanatomy of the HSAM participants, as compared to that of age- and 

sex-matched controls, using structural magnetic resonance imaging (MRI). A 

substantial literature indicates that changes in human brain structure can be 

associated with changes in behavior, including memory (Golestani, 2002; 

Draganski et al., 2006; Bohbot et al. 2007; Boyke et al. 2008; Fujie et al., 

2008; Scholz et al., 2009).  For the present project, four neuroanatomical 

methods were used. The first two, Voxel Based Morphometry Grey-Matter 

(VBM-GM) and Voxel Based Morphometry White-Matter (VBM-WM) allowed 

for the comparison, between groups, of the local concentration of grey and 

white matter found in any given voxel throughout the brain (Ashburner and 

Friston, 1999). The third, Tensor Based Morphometry (TBM) was used to 

detect group-related differences in the shape of regions of the brain (Chung et 

al., 2001). The fourth, Diffusion Tensor Imaging - Fractional Anisotropy (DTI-

FA) allowed for a means of quantifying and comparing differences in white-

matter structure (Moseley et al., 1990; Beaulieu, 2009). We present here the 

results of these cognitive and neuroanatomical analyses.  
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2.3 Materials and Methods 

 A multi-step, IRB approved process was developed to identify and test 

HSAM participants. Individuals, who contacted us proclaiming to have 

HSAM, were screened over the telephone and if they met criteria, were 

formally consented. Specifically, one hundred and fifteen adults, claiming to 

have HSAM, were screened with the Public Event Quiz (the first screening 

quiz, described below). Forty-one of those adults scored well enough to 

advance to the 10 Dates Quiz (the second screening quiz, described below). Of 

these, thirty-six adults were given the 10 Dates Quiz (five did not respond 

when contacted) and thirty-one of them passed it (achieving a score of 65% or 

above). Eleven of these adults (4 females, 7 males, age range 27-60, average 

age = 43; six right-handed, three left-handed, and two ambidextrous) came to 

the laboratory at which point an interview was conducted, in which 

participants discussed their memory ability, cognitive testing was performed 

and detailed anatomical data, via a structural MRI, were collected. A 

behavioral questionnaire, designed to determine possible common qualities of 

the HSAM participants, was given at a later time point over the telephone. 

Each of these procedures is discussed below in detail. All research data were 

collected through a protocol approved by the University of California, Irvine 

Institutional Review Board and informed written consent was obtained from 

all eleven participants. 
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 Three different sets of age- and sex-matched controls were used for the 

screening, cognitive battery and MRI. All were adults recruited actively via 

contacts in the adjacent community, none claimed to have HSAM or other 

superior memory abilities and all gave written informed consent in 

compliance with the IRB of the University of California, Irvine for behavioral 

testing and the usage of MRI scans. 

Screening Controls:  

Thirty age- and sex-matched controls (15 males, 15 females, age range 26-67, 

average age = 43.9) were screened for the study using the Public Events Quiz 

of which 13 were given the 10 Dates Quiz (6 males, 7 females age range 28-

62, average age = 50).  

Cognitive Battery Controls:  

Fifteen age- and sex-matched controls (5 males, 10 females, age range 23-56, 

average age = 36.8) received the cognitive battery. 

MRI Controls. 19 age- and sex-matched healthy control participants were 

previously scanned by a collaborating research group and Structural MRI 

data was compiled (10 males, 9 females, age range 23-66). All control 

participants were determined, through self-assessment, to be right-handed.  

2.3.1 Screening Procedures  

 The Public Events Quiz consisted of thirty questions presented over 

the telephone. It contained two types of questions: fifteen asked for the date 

of a given significant public event that took place within the individuals’ 
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lifetime (e.g., When did Jimmy Carter win the Nobel Peace prize?); fifteen 

asked for the significant public event that took place on a given date that fell 

within the individual’s lifetime. In addition, for all 30 questions, individuals 

were asked to state the day of the week the date fell on. The order of 

presentation of the two types of questions was interchanged. The significant 

public events given were selected from 5 different categories: Sporting events, 

political events, notable negative events, events concerning famous people 

and holidays. The participant received one point for each correctly identified 

category (i.e., the event, the day of the week, the month, the date and the 

year) and could achieve a total of 88 possible points. Percentages scored were 

calculated for each individual claiming to have HSAM as well as each 

screening control. A score of 50% or above on this recall qualified an 

individual claiming to have HSAM to advance to the second, even more 

challenging 10 Dates Quiz. 

 The 10 Dates Quiz consisted of ten computer generated random dates, 

ranging from the individuals’ age of fifteen to the day of testing. It was 

presented over the telephone with no time limits. Individuals were asked to 

provide three different categories of information for each of the 10 dates i: 1) 

the day of the week it fell on; 2) a description of a verifiable event (i.e., any 

event that could be confirmed via a search engine) that occurred within ± one 

month of the generated date; 3) a description of a personal autobiographical 

event that occurred to the participant on the date generated. One point was 
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allocated for giving the correct day of the week, for giving a verifiable event 

that was confirmed as true, or for giving a personal autobiographical event, 

for a total of three possible points per date (thirty points total). The 

percentage scored for each category as well as the total score, the average of 

all three categories, was calculated. A total score of 65% or above qualified 

the individual as an HSAM participant and for further, in person, behavioral 

and neuroanatomical testing.    

2.3.2 Cognitive Battery 

 Following the screening procedure, eleven HSAM participants were 

brought to the laboratory and examined with a cognitive battery consisting of 

nine behavioral tests: one assessed personal autobiographical memory, six 

were designed to assess various types of learning and memory, one assessed 

obsessional tendencies and the last assessed hand dominance. The battery 

took approximately an hour and a half to complete. Three participants failed 

to complete the entire battery. The number of participants who took each test 

is detailed in the results.  

Autobiographical Memory Task (AMT): 

 Autobiographical memory was assessed following a modified cued-

recall procedure based on Pohl et al. (2005). Each participant was asked to 

recall five specific personal events, chosen such that answers could be verified 

for accuracy. Participants had no prior knowledge of which personal events 

would be asked. The five specific events were: First day at university; First 
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day of elementary school; 18th birthday celebration; Address and description 

of first place they lived in after moving out of parents house; Last final exam 

in college. 

 Participants were asked to recall verbally each event in as much detail 

as possible and encouraged to include details such as dates, weather, names 

of others present and location. At the conclusion of the test, participants were 

asked to supply the following items for verification of the accuracy of their 

memories: College transcripts, correspondence from first address, 

kindergarten or 1st grade class photo, pictures from 18th birthday celebration, 

diaries and calendars. 

 Two separate scores were devised, one for ‘AMT Verifiable Details 

Score’ and one for ‘AMT Total Details Score’. For the verifiable detail score, 

one point was given for every detail that was verified via personal documents, 

calendars, or web searches using sites such as historical weather databases, 

Google Maps and news articles. See Appendix A for examples that illustrate 

the verification process. The percentage correct out of all verifiable details 

was also calculated. For the total details score, one point was give for any 

detail given, regardless of whether it could or could not be verified by the 

researcher (e.g., recall of meal content, conversations, clothing, activities 

etc.).  

Names to Faces  
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The recall of names paired with faces was assessed following a 

modified procedure based on Morris et al. (1978). Participants were shown 

fourteen unknown faces (seven male, seven female), for two seconds each. 

Each face was verbally assigned a first and last name. All faces were 

presented in frontal position with a neutral expression. Immediately 

following the study phase, the faces were shown in the same order and 

participants were asked to recall the name associated with each face. The 

facial images were selected from the Wechsler Memory Scale-III (WMS-III) 

Faces subtest. Names were generated using an online random name 

generator that uses US census data to randomly generate male and female 

names (http://www.kleimo.com/random/name.cfm). One point was given for a 

correctly given first and last name paired with the appropriate face 

(maximum of 2 points per face). 

Visual memory 

Visual memory was assessed following a procedure developed by 

Marks (1973). Participants were shown a stimulus consisting of a set of 15 

unrelated objects for 20 seconds (Appendix B). Following the distraction 

question, “Would you like a drink of water?” they were asked five questions 

regarding the objects and their locations. If they were unable to answer a 

question, a prompt directly followed consisting of three options, one of which 

was the correct answer. A correct answer without a prompt was given two 

points. A correct answer with a prompt was given 1 point. 
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Forward and Backward Digit Span 

 Auditory short-term recall was assessed following a modified version of 

the WMS-III digit span. Participants were presented with a series of number 

sequences that increased in length, incrementally with every correct 

response. After each individual number sequence, participants were asked to 

either repeat it verbatim or in reverse order. The test was concluded after two 

consecutive incorrect responses. One point was given for each correctly 

repeated sequence. 

Visual Reproduction 

 Visual memory was assessed following a modified version of the WMS-

III Visual Reproduction Subtest. Participants were given 10 seconds to look 

at an abstract design, and then asked to draw the design from memory on a 

blank sheet of paper. Scores were assigned according to the WMS-III with a 

maximum of 30 possible points. 

Logical Memory Test 

 Memory for story content, presented verbally, was assessed using a 

modified version of the WMS-III Logical Memory Subtest. There is a free-

recall and recognition portion for this test. Participants were read Story A of 

the WMS-III Logical Memory by the examiner and immediately after asked 

to verbally recall Story A in as much detail as possible. One point was given 

for each correctly recalled key word or phrase. HSAM performance for the 

free-recall portion was compared with that of MRI Controls, as reported in 
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the results section. HSAM participants (immediately after the free-recall 

portion) and Cognitive Battery Controls were asked 15 yes or no questions 

about the story (See Appendix C for examples). A point was given for each 

correct answer.  

Verbal Paired Associates 

 Verbal memory was assessed following a modified version of the WMS-

III. Participants were read a series of eight word pairs at a rate of one word 

pair per every three seconds. Immediately following the eight pair list, they 

were prompted with the first word of a given pair and instructed to give the 

correct corresponding word. The order of first words presented during the test 

phase differed from the order of the original word pairs (Appendix D). One 

point was given for each correct answer. 

Leyton Obsessional Inventory Score-Short Form (LOI-SF) 

 Common obsessional symptoms were assessed using the LOI-SF 

(Mathews et al., 2004) as prior encounters with a number of the individuals 

demonstrated a potential obsessional component. The LOI-SF self-report 

inventory consists of thirty “Yes/No” questions assessing the presence or 

absence of obsessional symptoms focusing on concerns about contamination, 

the presence of repeating behaviors or uncomfortable thoughts/doubts, 

checking behaviors, allotting too much attention to detail, honesty concerns, 

strictness with one’s conscience and strictness with one’s routine, taking a 

long time to dress and hang up and put away clothing, and belief in 



34 

extremely unlucky numbers. The maximum score is 30 and approximately 

half of the questions are reverse scored to account for simple response biases. 

Edinburgh Handedness Inventory (EHI) 

 Hand dominance in everyday activities was assessed using the EHI 

(Oldfield, 1971). Participants were given a copy of the EHI and asked to self-

report hand use preferences. 

Becks Depression Inventory II (BDI-II) 

 The severity of depression was assessed using the BDI-II. HSAM 

participants were given a copy of the BDI-II and asked to complete the 21 

multiple-choice self-report questions relating to symptoms of depression. Note 

that HSAM performance for the free-recall portion was compared with that of 

MRI Controls, as reported in the results section. 

 2.3.3 Behavioral questionnaire  

 Following the interview and the cognitive battery, a behavioral 

questionnaire was administered to the eleven HSAM participants over the 

telephone. It consisted of forty-three questions concerning the nature of their 

memory and behaviors, such as their knowledge about the calendar and 

dates, their obsessive tendencies, and what they believe influences their 

recollection of events. We present here the most consistent and salient 

responses both from this questionnaire and from the general interview 

process. 
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2.3.4 Whole-brain anatomical and DTI data Acquisition. 

 Whole-brain anatomical images on the eleven HSAM participants were 

acquired at the University of California, Irvine on a Philips Achieva 3T 

scanner using T1-weighted magnetization-prepared rapid gradient echo (MP-

RAGE) scan (TR 11ms, TE 4.6 ms, FA 18 degrees, 200 sagittal slices, 320 x 

264 matrix, FOV 240mm x 150mm, isotropic voxel resolution of 0.75mm). 

Age- and sex-matched MRI controls were scanned using the same imaging 

protocols on the same scanner during the same time frame.  

 Diffusion-weighted images were acquired on the same scanner and 

coil, using a diffusion-weighted spin-echo sequence (TR 12.88 s, TE 48.69 ms, 

FA 90 degrees, 60 axial slices, 128 x 128 matrix, FOV 256mm x 256mm, voxel 

resolution of 1.8 x 1.8 x 2 mm, 32 gradient directions at b = 800 s/mm2, one at 

b = 0 s/mm2, and one acquisition with isotropic gradients at b = 800 s/mm2). 

Note that at an angulation of 30 degrees with respect to the AC-PC plane, the 

full intracranial space was not consistently imaged (the controls were also 

part of a separate study that dictated alignment of the scans with the 

principle axis of the hippocampus).  Approximately 2 cm of the superior 

frontal lobe and 4cm of the posterior cerebellum are cut off in the analyses.  

 Besides the images, the following variables were collected as 

covariates: group label (participant or control), gender, age (at time of 

examination), and intracranial volume.  
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2.3.5 Whole-brain anatomical and DTI analysis 

 The T1-weighted MR imaging data were aligned with the stereotactic 

coordinate system and interpolated to an isotropic voxel size of 1mm using a 

fourth-order b-spline method (Kruggel and von Cramon, 1999). All data sets 

were registered with the MNI-152 head using a recent approach for nonlinear 

registration (Vercauteren et al., 2009). All registered head images were 

averaged, correcting for the mean intensity. The brain was extracted from the 

average to yield the brain template 1.  

 A mask of the intracranial volume was generated from each head data 

set by a registration approach and used to extract the brain (Hentschel and 

Kruggel, 2004). Data were corrected for intensity inhomogeneities using a 

newly developed technique that estimates the gain field by comparing the 

global intensity distribution with regional ones, resulting in an intensity-

corrected image of the intracranial space. Data were segmented by a fuzzy 

approach into three classes yielding a set of three probability images (Zhang 

et al., 2001). Each voxel received a probability for belonging to the intensity 

class 0: cerebrospinal fluid, CSF; 1: grey matter, GM, or 2: white matter, WM. 

As result, gross compartment volumes (in ml) for GM, WM, CSF, and 

intracranial volume were obtained for all participants. All intensity-corrected 

brain images were registered with template 1, and averaged to yield the 

brain template 2 in MNI space. 
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 From the deformation field obtained in this registration step, the 

determinant of the first partial derivative (J) was computed. This value can 

be used to detect local shape changes (J > 1 for locally expanding areas, J < 1 

for locally contracting areas, and ~1 for no change, translations and 

rotations). Data were smoothed using a Gaussian filter (s = 2, FWHM of 4.7 

mm), and log-transformed. Linear regression models were computed for each 

voxel, using log (J) as a dependent variable, and variables group, age, gender, 

and intracranial volume as independent variables. Computation was 

restricted to a tissue mask with a combined GM and WM probability p >0.25. 

As a result, the significance of the group-related shape differences, expressed 

as voxel-wise z-scores were obtained. Note that negative (positive) z-scores 

correspond to a local contraction (expansion) in the deformation maps of 

participants vs. controls. This technique is commonly denoted as ''tensor-

based morphometry'' (TBM, Chung et al., 2001). GM and WM concentrations 

warped into in MNI space were smoothed using a Gaussian filter (s = 2, 

FWHM of 4.7 mm) and log-transformed. Linear regression models were 

computed for each voxel, using the transformed concentration as a dependent 

variable, and variables group, age, gender, and intracranial volume as 

independent variables. Computation was restricted to a GM (WM) mask with 

a GM (WM) probability p >0.25. As result, the significance of the group-

related GM (WM) differences, expressed as voxel-wise z-scores were obtained. 

Note that negative (positive) z-scores correspond to a locally lower (higher) 
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GM resp. WM concentration of participants vs. controls. This technique is 

commonly denoted as ''voxel-based morphometry'' (VBM-GM and VBM-WM, 

Ashburner and Friston, 2000). For TBM and VBM, clusters above an absolute 

z-score threshold of 2.5 were determined and addressed a significance based 

on the theory of excursion sets in Gaussian random fields according to 

Friston et al. (1993).  

 Finally, a quantification of group-related differences in white matter 

structures based on diffusion-weighted imaging data was performed. Scan 

data in Philips PAR-REC format were converted into BRIAN format, and 

image volumes corresponding to all gradient directions were registered with 

the gradient-free (T2)-weighted image volume using affine registration and 

mutual information as an image similarity metric. Diffusion tensors were 

computed from the registered diffusion-weighted images using a nonlinear 

procedure including anisotropic noise filtering (Fillard et al., 2007). Tensors 

were converted into fractional anisotropy (FA) values. Diffusion Tensor 

Imaging - Fractional Anisotropy (DTI-FA) allowed for a measurement of the 

diffusivity of water molecules along white matter fiber bundles. FA index 

provided a means of observing the white-matter microstructure in the human 

brain, specifically the coherence of fiber bundles (Moseley et al., 1990; 

Beaulieu, 2009). 

 T2-weighted images were linearly registered with the isotropic T1-

weighted images obtained in the whole-brain anatomical analysis above, and 
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the resulting transformation was used to map FA data into stereotactic 

space. Next, the deformation field, obtained during the whole-brain 

anatomical analysis above, was used to warp FA data into MNI space. As 

aforementioned, data were smoothed using a Gaussian filter (s = 2, FWHM of 

4.7 mm), and linear regression models were computed for each voxel, using 

FA as a dependent variable, and variables group, age, gender, and 

intracranial volume as independent variables. Computation was restricted to 

a tissue mask with a WM probability p > 0.5. As result, the significance of the 

group-related 

differences in FA, 

expressed as voxel-wise 

z-scores were obtained. 

Clusters above an 

absolute z-score 

threshold of 2.5 were 

determined and 

addressed a significance 

based on the theory of 

excursion sets in 

Gaussian random fields according to Friston et al. (1993). Note that negative 

(positive) z-scores correspond to a locally lower (higher) coherence of WM 

fibers of participants vs. controls (method DTI-FA). 

Figure 2.1 Histogram Public Events Quiz. 
Percent score for individuals who contacted us 
professing to have HSAM (white bars, n = 115) and 
controls that we sought out (grey bars, n = 30).  
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 VBM-GM, VBM-WM and TBM used the T1-weighted MRI acquisition 

and therefore are considered as methods providing correlated results. DTI is 

based on Diffusion-weighted MRI data, and is therefore considered 

independent from the previous methods. 

2.4 Results 

2.4.1 Screening procedures 

A histogram of the percentage scored on the Public Events Quiz by 

individuals claiming to have HSAM (n= 115, white bars) and screening 

controls (n = 30, grey bars) is presented in Figure 2.1. A bimodal distribution 

resulted suggesting the presence of two separate populations within those 

individuals claiming to have HSAM. A notable number of these individuals 

performed at a level 

indistinguishable 

from that of 

controls, falsely self-

identifying their 

autobiographical 

memory as superior. 

Forty, of the initial 

115 individuals 

claiming to have 

HSAM, passed our 

 
Figure 2.2 Performance on Ten Dates Quiz. 
Individuals who contacted us professing to have HSAM 
(white bars, n = 36) and controls (grey bars, n = 13). 
Percent score (mean ± s.e.m.) for each individual 
category: day of the week (DOW), verifiable event (VE), 
autobiographical event (AbE). Overall percent score 
(mean ± s.e.m.) combining above three categories 
(Total). Black dots represent average score achieved in 
each category by eleven HSAM participants. 
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criterion achieving a score of 50% or greater. The eleven, who would 

eventually become the HSAM participants, achieved an average score of 

56.5% which was significantly higher than the average score of 12.9% 

achieved by the screening controls (t(39) = 19.61, p < .001). 

Performance on the Ten Dates Quiz (mean ± standard error of the mean) 

achieved by the individuals claiming to have HSAM (n=36, white bars) as 

well as screening controls (n=13, grey bars) is presented in Figure 2.2. 

Individual data points represent the average score the eleven HSAM 

participants received in each category. On average, they correctly produced 

the day of the week 97% of the time, a verifiable event 87% of the time, and 

an autobiographical event 71% of the time, scoring an average of 85% on the 

quiz as a whole (total score) (See Figure 2.2). Controls correctly produced the 

day of the week 14.6% of the time, a verifiable event 1.5% of the time, and an 

autobiographical event 8.5% of the time, scoring an average of 8.2% on the 

quiz as a whole (total score). For each of these categories, the eleven HSAM 

participants scored significantly higher than the controls (t(22) = 25.8, t(22) = 

18.2, t(22) = 6.4, t(22) = 20.46 respectively, all p’s < .001). 

2.4.2 Cognitive Battery  

 Following these screening tests, the cognitive battery was 

administered to the eleven participants characterized as HSAM participants. 

Three HSAM participants failed to complete the entire battery, either do to a 

lack of time or a lack of willingness to complete the battery. The mean 



42 

performance of the HSAM participants (white bars) and the cognitive battery 

controls (n=15, grey bars) on each of the 10 cognitive tests in the battery are 

presented in Figures 2.3 a-k.  

Figure 2.3 a-b shows the results from two analyses of the 

Autobiographical Memory Test. Figure 2.3 a shows the mean recall of 

verifiable details for eleven HSAM participants and retrieval of events from 

the control group (unverified). Events that control participants recalled were 

treated as accurate, whereas HSAM participants were awarded points only 

for verified items. Even with this bias towards assumed accuracy for the 

controls, the mean score for the HSAM participants (33.91) was significantly 

greater than that for controls (11.33; Mann-Whitney p < 0.001). Ten out of 

eleven HSAM participants scored 100% correct in the verifiable details they 

recalled, while one made a single error resulting in a score of 32 out of 33 or 

97% correct. Figure 2.3 b shows the mean recall of the total details (both 

verified and unverified) for eleven HSAM participants and the control group. 

The recall score summing any details for HSAM participants (145) was 

significantly greater than that for controls (25.4; Mann-Whitney p < 0.01).  

Figure 2.3 c shows the mean recall of names to faces for nine HSAM 

participants and the control group. The mean score for HSAM participants 

(9.67) was significantly greater than that for controls (4.81; Mann-Whitney p 

< 0.017). 
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Figure 2.3 d shows the mean recall of image details for ten HSAM 

participants and the control group on the visual memory test. The mean score 

for HSAM participants (6.00) was significantly greater than that for controls 

(3.61; Mann-Whitney p < 0.002). 

Figure 2.3 e shows the mean recall of digit span forward for eleven 

HSAM participants and the control group. There were no significant 

differences between the HSAM mean (11.91) and control mean (10.84) in 

forward recall of digits (Mann-Whitney p > 0.085). 

Figure 2.3 f shows the mean recall of backward digit span for nine 

HSAM participants and the control group. There were no significant 

differences between the HSAM mean (10.22) and control mean (7.05) in 

backward recall of digits (Mann-Whitney p > 0.068), although a trend 

towards significance is apparent. From the figure, it is clear that the 

distribution of the HSAM participants had a large variance. Several of these 

individuals indicated that the difficulty of the test prompted them to convert 

these numbers into dates, which may have inflated both the group mean and 

variance (see Discussion). 

Figure 2.3 g shows mean visual reproduction scores for ten HSAM 

participants and the control group. There were no significant differences 

between the HSAM mean (21.13) and the control mean (20.68; Mann-

Whitney p > 0.931). 
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Figure 2.3 h shows the mean logical memory recognition test scores for 

the eight HSAM participants and the control group. There were no significant 

differences between the HSAM mean (14.50) and the control mean (13.41; 

Mann-Whitney p > 0.102). Please note that the use of a clinical test of 

memory designed to measure memory deficits, not superior memory, has 

resulted in ceiling effects. 

Figure 2.3 i shows the mean logical memory free-recall test scores for 

the seven HSAM participants and the MRI control group. The mean score for 

HSAM participants (17.43) was significantly greater than that for controls 

(13.53; Mann-Whitney p < 0.006). 

Figure 2.3 j shows the mean results for verbal paired associates test for 

the nine HSAM participants and the control group.  The mean score for 

HSAM participants (3.44) and the control mean (3.00; Mann-Whitney p > 

0.710). 

Figure 2.3 k shows the mean score on the Leyton Obsessional 

Inventory Score- Short Form for the eleven HSAM participants and the 

control group. The mean score for HSAM participants (8.09) was significantly 

higher than that for controls (5.21; Mann-Whitney post hoc analysis p < 

0.047). 
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Figure 2.3 l shows the mean score on the Edinburgh Handedness 

Inventory for the eleven HSAM participants and the control group. There 

were no significant differences between the HSAM mean (31.96) and the 

control mean (66. 42; Mann-Whitney p > 0. 211). Despite this result, the 

probability that five of the eleven HSAM participants would be non-right-

handed is less than 1% reflecting an elevated level of non-right-handers in 

the HSAM group relative to the population.  

Figure 2.3 m shows the mean score on the Becks Depression Inventory 

 
Figure 2.3 Compilation of Cognitive Battery results. Individual data points 
indicated scores achieved by the HSAM and control participants in each respective test. 
Specific tests are labeled on the Y-axis. 
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II (BDI-II) for the ten HASM participants and the MRI control group. There 

were no significant differences between the HSAM mean (7.60) and the 

control mean (2.68; Mann-Whitney analysis p > 0.136) and both the HSAM 

participant and control means fell within the minimal depression range 

(score of 0-13) as indicated by normative values. 

2.4.3 Behavioral questionnaire results 

Awareness of memory 

The self-reported age at which the HSAM individuals became aware of 

their ability to remember events from most days of their life was 10.50 years 

old. On average, they became aware that they had a highly developed 

knowledge of dates relative to others at the age of 11.60.  

Mental Calendar  

 HSAM participants state that they enjoy thinking about dates, dating 

events and going over them in their mind. All exhibit an extensive knowledge 

of the calendar. They readily report the leap years and the patterns of repeat 

of calendar days in a 28-year cycle. All can quickly and accurately give the 

day of the week for a given date, provided that date falls within their lifetime. 

When questioned about the strategies used to arrive at the correct answer, 

participants respond in only one of two ways: First, and most commonly, they 

state that the answer comes to them automatically (they “just know it”). 

Second, and much less commonly, they state that they recall a nearby date 

and/or memory for which the day of the week and date is know and deduce 
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the answer. While most participants cannot figure out the day of the week for 

a date outside their lifetime, indicating that there is no way they would know 

it, as they didn’t experience that day, a few participants are able to produce 

correct answers even for dates outside their lifetime. Only one participant 

can do so seemingly automatically, not understanding how he achieves this 

feat and claiming he could do so even before he was aware that a calendric 

pattern existed. Notably, the dates he is able to arrive at the day of the week 

for, while remote, do not span across centuries outside of his lifetime as is 

typical of calendar calculators (see discussion). The few others who have this 

ability use the second method mentioned above to arrive at their answer. 

Further, if the date is far-removed from their lifetime, they apply their 

knowledge of the 28-year calendar cycle and leap years to derive the answer. 

Invariably, when a date is outside their lifetime, the answer takes notably 

longer for them to attain and when they do attain it, they tend to be 

uncertain of its accuracy.  

 HSAM participants view their knowledge of dates as highly important 

to their daily lives (rating this importance on average 8.3, 1 being not 

important, 10 being very important), but owning and using calendars is of 

little to no interest (on average rating the importance of calendars at a 4.7, 1 

being not important, 10 being very important) and they rarely, if ever, study 

or memorize calendars (rating the amount they study calendars per week at a 

1.1, 1 being they never study or memorize calendars, 10 being they study and 
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memorize calendars every day). Thus, while an inherent interest does appear 

to play a role intentionally studying/memorizing calendar structures/dates 

does not appear to explain either their extensive calendar knowledge or 

autobiographical memory.   

Diaries 

 Three of the eleven HSAM participants kept diaries during some 

portion of their life. One participant (AJ) kept a detailed and extensive diary 

for nearly every day of her life from the age of 10 to the age of 34 (described 

by Parker et al., 2006). The “diary” of the second participant consists of two 

or three bullet points of events from the day, written on calendars, for nearly 

every day from her age of 13 to 38. The third kept a dairy only in junior high 

school. 

Obsessive tendencies 

 Nine of the eleven HSAM participants report that they hoard items, 

need organization in their physical environment, and/or are germ-avoidant. 

Specifically, these behaviors included a need to organize childhood toys, CD 

collections, movie collections, and/or articles of clothing in a precise and/or 

complicated order, an excessive collection of stuffed animals, newspapers, TV 

guides, CDs, mugs, and/or hats, along with an inability to discard these 

items, and aversions to touching public doorknobs, restaurant utensils, items 

that are near or have touched the ground, and finally some note excessive 

hand washing. The Leyton Obsessional Inventory-Short Form (Mathews et 
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al., 2004) indicated that HSAM participants express significantly more 

obsessional tendencies than controls (see Figure1.3j).  

2.4.4 Whole-brain anatomical and DTI results  

For a combined evaluation, results of the four analyses, voxel based 

morphometry-grey matter (VBM-GM), voxel based morphometry-white 

matter (VBM-WM), Tensor  

Based Morphometry (TBM) and Diffusion Tensor Imaging- Fractional 

Anisotropy (DTI-FA), were mapped together in MNI space, and overlaid on 

template 2. Comparisons refer to values for the HSAM participants vs. age- 

and sex-matched controls. We consider first analysis of the concentration of 

grey matter regions using 

VBM-GM, then the analyses of the concentration of white matter using VBM-

WM, followed by the analysis of local shape differences using TBM. These 

three analyses are considered overlapping because they were all analyzed 

Table 2.1 Group-related anatomical differences by Regions of interest (ROI).

 
1-9 illustrates the most consistent and meaningful group-related differences across four 
analyses (VBM-GM, VBM-WM, TBM, and DTI-FA). Arrows indicate increase (decrease) 
in corresponding measures relative to controls. Left (L), Right (R), Bilateral (B) 
hemispheres. 
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using T1-weighted MRI data. The final and separate analysis is of white 

matter tracts using Diffusion Tensor Imaging - Fractional Anisotropy (DTI-

FA) and is based on a separate scan that collected Diffusion-weighted MRI 

data. VBM-GM, VBM-WM, TBM revealed changes in size and shape in six of 

the nine regions while DTI-FA revealed an increase in WM coherence in five 

of the nine regions (See Tables 2.1 and 2.2 and Figures 2.4-2.7). 

Note that all analysis methods have a limited spatial resolution, due to the 

considerable inter-individual variability, and the local smoothing applied 

before generating the statistical maps. Therefore, locations given here are not 

exact, and we refer to this positional uncertainty by the term "in the vicinity 

of". If we refer to a structure that is not directly visible in a given modality, 

we have chosen the term "in overprojection with" (e.g., the arcuate fascicle). 

Table 2.2 Compilation of anatomical group-related differences. 

 
Determined by 4 methods (VBM-GM, VBM-WM, TBM, and DTI-FA). Each of the 9 regions of 
interest (ROI), corresponding center in Talairach coordinates, maximum z score (zmax), mean 
z score (zmean), and supra-threshold size in mm3 (Size), and specified and given for both 
hemispheres. 
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Note that we compare two "healthy" groups here. To describe group-related 

shape differences, we chose the term "contraction" instead of "atrophy", and 

"expansion" instead of "tumor". Color scales denote z-scores (+2.5 orange to 

+4.0 white, -4.0 green to -2.5 magenta). These scores correspond to the 

significance of the regressor of the group designation in the linear regression 

models underlying the VBM, TBM, and DTI-FA analyses. Scores are relative 

to the control group, e.g., positive scores denote an increase in GM 

concentration in HSAM. 
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VBM-GM: 

Four regions were 

found whose grey 

matter (GM) 

concentration 

appeared to differ 

most reliably in 

the HSAM 

participants 

compared to 

controls (see Table 

2.1 and Figure 

2.4). An increase 

in GM 

concentration was 

detected in the 

vicinity of the 

right anterior putamen and caudate surrounding the anterior limb of the 

internal  

capsule (ROI 5) and in the right posterior pallidum (ROI 6). A relative 

decrease in GM concentration was found for homologue regions of the 

anterior pole and the adjacent middle temporal gyrus on both sides (ROI 7) 

 
 

Figure 2.4 Anatomical differences detected by Voxel 
Based Morphometry Grey Matter (VBM-GM). 
Top row: Higher GM concentration in the vicinity of the right 
anterior ventral putamen, the anterior limb of the internal 
capsule and caudate. 
Second row: Higher GM concentration in the right posterior 
pallidum.  
Third row: Lower GM concentration in the anterior portions of 
the middle temporal gyrus on both sides, also called temporal 
tip/BA 38. 
Bottom row: Lower GM concentration in the bilateral banks of 
the posterior intraparietal sulcus in both hemispheres (BA7). 
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and homologue 

regions at the banks 

of the intraparietal 

sulcus on both sides 

(ROI 9).  

 

VBM-WM: 

Four regions were 

found whose white 

matter (WM) 

concentration 

appeared to decrease 

in the HSAM 

participants 

compared to controls 

(see Table 2.1 and 

Figure 2.5): both 

sides of the anterior limb of the internal capsule (ROI 5), the right posterior 

pallidum (ROI 6), homologue regions of the anterior pole and the adjacent 

middle temporal gyrus (ROI 7), and the right lingual gyrus (ROI 8). 

 
 

 

 
 

Figure 2.5 Anatomical differences detected by Voxel 
Based Morphometry White Matter (VBM-WM). 
Top row: Lower WM concentration in several small bilateral 
regions in vicinity of the anterior putamen, caudate and 
anterior limb of the internal capsule, in correspondence with 
regions in Figure 1.4, top. 
Second row: Lower WM concentration in the posterior 
pallidum on both sides, in correspondence with regions in 
Figure 1.4, second row. 
Third row: Lower WM concentration in the bilateral anterior 
portions of the middle temporal gyrus.  
Bottom row: Lower WM concentration in the right lingual 
gyrus. 
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TBM:  

Four regions were 

found whose shape 

changed most reliably 

in the HSAM 

participants as 

compared to controls 

(see Table 2.1 and 

Figure 2.6). Tensor-

based morphometry 

indicated a region of 

local expansion in the 

left posterior insula, an 

overprojection with the 

arcuate fascicle (ROI 4). 

A relative contraction 

was detected in the anterior limb of the internal capsule of the left side (ROI 

5), adjacent areas in the temporal WM on both sides (ROI 7), and the right 

lingual gyrus (ROI 8).  

 

 

 

 
 
Figure 2.6 Anatomical differences detected by 
Tensor Based Morphometry (TBM). 
Top row: Local expansion of the posterior insula in 
overprojection with the arcuate fascicle.  
Second row: Local contraction of the left anterior 
putamen and the anterior limb of the internal capsule.  
Third row: Local contraction of middle portion of the 
middle temporal gyrus (left > right) in the depths of the 
superior temporal sulcus.  
Bottom row: Local contraction of the right lingual gyrus.  
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DTI-FA: 

Five regions of 

increased FA were 

detected in the 

HSAM participants 

as compared to 

controls (see Table 

2.1 and Figure 2.7): 

in the left anterior 

temporal, external 

capsule and fronto-

basal WM, all in 

overprojection with 

the uncinate fascicle 

(ROI 1), an extended 

part of the forceps 

major traversing the 

mid-sagittal plane at 

the posterior caudal 

margin of the corpus callosum (ROI 2), the WM of the parahippocampal gyrus 

on both sides (ROI 3), the right lingual gyrus (ROI 8), and homologue regions 

at the banks of the intraparietal sulcus (ROI 9).  

 
 

Figure 2.7 Anatomical differences detected by 
fractional anisotropy-Diffusion Tensor Imaging (FA-
DTI). 
Top row: Increases in FA in the left uncinate fasciculus, as 
seen in white matter of the left superior temporal gyrus, the 
inferior frontal gyrus, and the left anterior external capsule.  
Second row: Increases in FA in the forceps major, traversing 
the mid-sagittal plane through the splenium of the corpus 
callosum.  
Third row: Increases in FA in the WM supplying the 
parahippocampal gyrus on both sides.  
Fourth row: Increases in FA in the right lingual gyrus.  
Bottom row: Increases in FA in the vicinity of 
intraparietal sulcus on both sides. 
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2.5 Discussion 

2.5.1 Background and Behavioral Observations 

 This investigation identified and studied, both behaviorally and 

neuroanatomically, a group of individuals who have HSAM. Our findings 

have revealed commonalities among HSAM participants in both behavioral 

and neuroanatomical domains. Additionally, this investigation has shed some 

light on what may be and may not be likely mechanisms by which HSAM 

participants achieve such remarkable levels of recall.   

 Our testing procedures, as well as the formal AMT, have verified that 

all HSAM participants have a remarkable ability to recall, rapidly and in 

considerable detail, an extensive amount of public and autobiographical event 

information, including the days and dates on which these events occurred. It 

is notable that HSAM participants not only have a rich personal 

autobiographical event memory, but also have an extensive repertoire of 

public event information, all of which are tied to dates. Public event 

information is generally stored as concept-based knowledge, in which the 

information remembered is unrelated to specific autobiographical 

experiences. HSAM participants’ public event information seems to be tied to 

specific autobiographical experiences; they typically know the date and where 

they were when they heard of the public event. Westmacott and Moscovitch 

(2003) have speculated that semantic concepts associated with 

autobiographical experiences are given a distinct status in long-term 
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memory. They emphasize an interaction and overlap between the two 

memory systems, theorizing that autobiographical significance (the 

association of a concept with contextual episodic detail and specific personal 

memories) contributes to the content and organization of semantic memory, 

ultimately leading to the enhancement of semantic recall. It is in the realm of 

possibility that a majority of HSAM participants’ concept knowledge is tied to 

personally relevant events, resulting in the enhancement of their public event 

knowledge and a blurring between the distinction of concept knowledge that 

is truly semantic and concept knowledge that is more episodic and contextual 

in nature.  

HSAM participants are not “calendar calculators”. None of the subjects 

possess the rare ability found in some autistic savants (and some who have 

consciously set out to learn the skill) for seemingly automatically specifying 

the day of the week for dates spanning across centuries. Such savants are 

often described as being extremely interested in using and memorizing 

calendars as well as socially withdrawn and unskilled at communicating with 

others (for review see Howe and Smith, 1988). In contrast, for the typical 

HSAM participant, the range of dates for which the days of the week “just 

come to them” automatically and effortlessly (along with details of what 

happened on that day), is limited to dates within their lifetime, and in 

particular after the age of about ten. Further, HSAM participants are socially 

adept and easily make eye contact and appropriate conversation. This unique 
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calendric ability is a defining characteristic of HSAM of which we speculate 

allows for the application of a temporal order to their memory possibly 

facilitating the retrieval of details from their daily life.   

 As first described by Parker et. al (2006) with patient A.J. and further 

documented here, the HSAM participants tend to exhibit a degree of 

obsessive-like tendencies. However, how/whether these tendencies contribute 

to their highly superior autobiographical memory abilities remains unclear. 

The diagnostic criterion for obsessive-compulsive disorder (OCD) includes 

recurrent ideas, thoughts, impulses or images (obsessions) that are 

experienced as intrusive, cause marked anxiety and interfere with a person’s 

daily function.  Repetitive behaviors or mental acts (compulsions) are 

performed in order to decrease distress associated with these obsessions 

(American Psychiatric Association, 2000). Although HSAM participants have 

yet to undergo clinical diagnosis of OCD, the LOI-SF has pointed to non-

mnemonic OCD symptoms of intrusive behavior. However, the HSAM 

participants typically do not tend to view their memories as excessively 

intrusive, persistent and/or unwanted or as disruptive of their daily life 

(rating on average a 3.5 out of 10, with 1 being their memories are not 

intrusive or disruptive of their life, and 10 being they are very intrusive and 

constantly disrupt their life). Their memory does not distract them from 

ongoing tasks, nor does it hinder their ability to plan future ones (rating an 

average of a 2.7 and 2.6, respectively, 1 being no difficulty staying 
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present/thinking about the future and 10 being a lot of difficulty staying 

present/thinking about the future). As a group they view their 

autobiographical memory ability as a positive attribute (rating an average of 

a 8.4, 1 being negative and 10 being positive). Thus, while they have frequent 

recollections of past events, it does not appear that their memory itself 

qualifies as a true obsessive characteristic in a clinical sense.  

There are, however, a few indications that their autobiographical 

memory abilities may be linked to some degree to their obsessive tendencies. 

Nine HSAM participants reported that they organize their memories 

chronologically or by categories (e.g., knowing which event occurred on which 

date or knowing all the times they have been to a particular restaurant), 

which they feel allows for some mental organization over the high number of 

memories they can recall. These nine HSAM participants also reported 

habitually recalling/documenting their memories, a seemingly compulsive 

tendency. One participant, for example, recalls every night before bed what 

was occurring on that day X number of years ago. Another recalls, while 

stuck in traffic, as many days possible from a certain year. Another wakes up 

every morning and reviews whether there are any upcoming anniversaries or 

birthdates to be congratulated. Three (of these nine) HSAM participants 

reported intentionally doing so as a means of coping with the vast number of 

memories they could remember. One claims to be “obsessed with writing 

things down” because things would otherwise stay in the participant’s mind. 
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Another reports that writing allows the participant to “process the memories 

better”. The third “feels an obsession/compulsion to keep it [the memories] 

fresh”. The other six do so primarily as a way of lulling themselves to sleep, a 

pastime, or as a means of staying on top of important events.  We should note 

that this habitual recall/documentation of their memories is not done in some 

effort to intentionally rehearse their memories so as to improve them. Rather, 

external or internal cues will often automatically lead to retrieval of the 

information. In and of itself, this is not at all irregular (as this is a 

fundamental process of memory). However, for them, there is an incredible 

abundance of detailed autobiographical information available to be cued, 

without substantial effort.  

Intentional rehearsal does not appear to be the sole means by which 

HSAM participants achieve their rich repertoire of memories, though 

rehearsal may certainly contribute to the preservation of information 

acquired. Instead, they appear to have some inherent ability to retain vast 

amounts of public and autobiographical events, well beyond what one may 

expect from simple rehearsal.  

 Although HSAM participants were unequivocally superior in the recall 

of autobiographical events, they were no different in their performance on 

digit-span forward, verbal-paired associates and visual reproduction. These 

results are important because they support the premise that HSAM is 

specific to the domain of recalling past events, as opposed to having strong 
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memory generally. The recollection of laboratory based, to-be-remembered, 

materials should not be considered comparable to the recollection of events 

from a participant’s life. This notion is supported by the substantial 

differences in patterns of neuronal activation, suggesting varying modes of 

post-retrieval monitoring and verification of these brain regions, found in 

studies comparing episodic memory for laboratory tasks, to autobiographical 

memory of past experiences (Gilboa, 2004; McDermott et al., 2009). In 

contrast to their performance on the tasks mentioned above, HSAM 

participants performed significantly better than controls on the Logical 

Memory Test free-recall and Names-to-Faces tasks. Although there was no 

explicit report of the use of strategies, a mnemonic could have been applied in 

both cases. The Logical Memory Test free-recall and Names-to-Faces task 

both have a clear links to autobiographical memory; Recalling details from a 

short fictitious narrative of another’s life is not much different than recalling 

details from one’s own life. It is possible HSAM participants are applying the 

same strategies to acquire significantly more details in both cases. In relation 

to the Names-to-Faces task, connecting a name to a face is a rather important 

social tool and a common autobiographical occurrence.  

HSAM participants’ performance on the backward, but not forward, 

digit-span task approached significance. Informal questioning after these 

tests revealed the tendency of HSAM participants to use date-related 

mnemonics for the more challenging backwards digit span task, while 
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applying no mnemonics to the forward digit span task. Controls depended on 

short-term memory for forward presented digits and attempted to mentally 

reverse the numbers when asked to repeat the digits in reverse order.  

The performance of the HSAM individuals on the formal behavioral 

tests suggests that, in the main, they do not possess a domain-general, highly 

effective ability to encode and retrieve new information.  Instead, it is more 

domain-specific as even those tests in the cognitive battery in which they 

outperform controls can be viewed in a personal, autobiographical manner. 

Whether this is related to the way in which they initially represent the 

information (e.g., a particularly effective encoding scheme for 

autobiographical information that does not generalize to other domains) or 

whether it is the result of different post-encoding processes remains to be 

determined. Furthermore, a more comprehensive battery assessing 

functioning unrelated to memory, such as that of executive or motor 

functioning or intellectual ability would provide useful in further 

characterizing HSAM participants.  

2.5.2 Anatomical results  

 Four standard structural imaging analyses were applied in this 

investigation: three complementary methods for quantifying grey and white 

matter structure (VBM-GM, VBM-WM and TBM) and one distinct method for 

assessing white matter alone (DTI-FA).  We identified nine brain regions that 

differed most consistently and meaningfully across analyses in the HSAM 
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participants as compared to the MRI controls in terms of GM/WM 

concentration, regional shape, or WM tract coherence (see Tables 2.1 and 2.2, 

and Figures 2.3-2.5). While our analyses identified both increases and 

decreases in grey and white matter concentration and/or shape, we refrain 

from interpreting the direction of the difference in the discussion. It is 

tempting to conclude that increases in grey/white matter in healthy adults 

correlate with improvements in behavior or memory, but conclusive evidence 

on this topic has not been demonstrated (e.g. Petten, et al. 2004). In our 

interpretation we highlight the network of regions that were identified as 

morphologically different and discuss these regions’ possible relevance to 

HSAM participants’ memory abilities and obsessional tendencies.  

 Anatomical analyses revealed structural differences in the region of 

the inferior and middle temporal gyri and temporal pole (BA 20, 21 and 38, 

respectively), the anterior insula, and the parahippocampal gyrus, (BA 36) of 

the HSAM participants. These regions have been identified both through a 

comprehensive meta-analysis (Svoboda et al., 2006) and a number of 

neuroimaging studies (Fink et al., 1996; Steinvorth et al., 2006; Andreasen et 

al. 1995; Levine et al., 2004; Gilboa, Winocur, Grady, Hevenor, and 

Moscovitch, 2004; Maguire, 2001; Markowitsch et al., 2003) as contributing to 

a hypothesized autobiographical memory network. This is certainly 

consistent with the phenomenal autobiographical memory performance of the 

HSAM participants. The right temporal pole (BA 21,BA 38) and medial 
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temporal gyrus (BA 21) in addition to the parahippocampus and right 

anterior insula have been shown, using PET, to be primarily engaged during 

affect-laden autobiographical memory ecphory (cued recovery of a past event 

eliciting an imagined image or representation of the information; Fink et al., 

1996). This again is consistent with the HSAM participants, whose extensive 

memory databases result in a high number of retrieval cues that stimulate 

recollections of vivid and often emotional memories. Furthermore, Barr et al. 

(1990) and Kapur et al. (1992) demonstrated retrograde memory loss, for both 

public and personal autobiographical facts and events, in patients with 

lesions to the left medial temporal region and the bilateral middle temporal 

gyri. Thus it seems likely that the HSAM participants’ highly reliable and 

richly detailed recollection of personal as well as public events depends in 

some manner on these regions.  

 Anatomical analyses revealed structural differences in the region of 

the inferior parietal sulcus. This region is thought to be involved in attention 

mediated perceptual binding, allowing for the rich array of interrelated 

elements, that make up an episodic memory, to be conjoined into a common 

memory representation (Uncapher et al., 2006). Furthermore, the inferior 

parietal lobule is a core region associated with the brain’s so called “default 

mode network”, displaying activation during tasks, such as autobiographical 

memory retrieval, in which the individual’s focus is internal (Buckner et al., 

2008). Also, it is commonly recruited during the construction and elaboration 
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of past and future events (Addis et al. 2007). Taking these elements into 

consideration, it is plausible that this region is contributing to HSAM 

participants’ exceptional autobiographical memory. 

 The white matter findings from the present study are particularly 

intriguing. Increased DTI-FA indicates amplified white matter tract 

coherence, which suggests greater efficiency in the transfer of information 

between connecting brain regions (Yasmin et al., 2007; Wahl et al., 2007). 

Furthermore, studies have indicated possible connections between increased 

FA values and behavior, demonstrating positive correlations between 

surpluses (deficits) in FA values and behavioral improvements (shortfalls) in 

both episodic memory and training-related domains (Fujie et al., 2008; Scholz 

et al., 2009).  

A majority of the brain regions exhibiting increased FA values in the 

HSAM participants have been identified in previous lesion, structural 

imaging and/or functional imaging studies as being critical to 

autobiographical encoding and/or retrieval. Thus, it might be that a more 

robust white matter tract system may contribute to HSAM participants’ 

autobiographical memory abilities. DTI analysis revealed increased FA in 

three portions of the uncinate fascicle, a tract creating a cortico-cortical loop 

connecting the postero-lateral temporal and ventrolateral frontal cortices, 

from the temporal pole to the orbital gyri (Kier et al., 2004). Markowitsch 

(1995) proposed that the uncinate fascicle guides and channels information 
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flow to the prefrontal cortex and transmits preprocessed information back to 

the temporal cortex for final representation. He suggested its centrality to the 

recall of declarative information from long-term memory storage, citing cases 

of patients suffering from principally retrograde, as opposed to anterograde, 

memory disturbances after combined temporo-polar and ventrolateral 

prefrontal damage (Markowitsch et al., 1993; Kapur et al., 1992). In an 

additional case study examining the memory of a patient suffering traumatic 

brain injury to the uncinate fascicle and surrounding areas, Levine et al. 

(1998) proposes its preferential involvement in the retrieval of 

autobiographical information and contribution to autonoetic awareness. 

Steinvorth et al. (2006), using fMRI of an autobiographical ecphory task 

performed by healthy adults, demonstrated preferential activation in the two 

regions conjoined by the uncinate fascicle, the orbital gyrus and middle 

temporal gyrus. Fujie et al. (2008), acquired DTI on amnestic mild cognitive 

impairment (aMCI) patients, and revealed a strong correlation between a 

decrease in FA of the uncinate fascicle and a decrease in episodic memory 

performance on a verbal memory task. Schott et al. (2011), ties these two 

studies together, through the use of a combination of fMRI and DTI in 

healthy adults. He provides a convergence of evidence showing that the 

uncinate fascicle links active regions of the vl-PFC with the MTL and that its 

density is positively correlated with free-recall performance. The implications 

of this research to our behavioral and neuroanatomical findings of the HSAM 
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population is instrumental for it indicates that the strength of the anatomical 

connectivity of the UF between the PFC and MTL could ostensibly contribute 

to interindividual differences in episodic memory performance of healthy 

humans.  

 The caudate and lentiform nucleus have been associated with skills 

and habit memory (Packard and Knowlton, 2002; Poldarack and Packard, 

2003) and also with OCD (Radua and Mataix-Cols, 2009). While these regions 

have been tied to simple memory recognition (McDermott et al., 2009), less is 

known about a link to autobiographical- or recollection-based memory. Thus, 

present findings may be more so the result of the apparent obsessive 

tendencies and memory habits of the HSAM participants. It has previously 

been shown that patients with OCD have a tendency towards increases in 

regional grey matter volumes in bilateral lenticular nuclei (specifically the 

anterior putamen, extending to the caudate nuclei) (for meta-analysis see 

Radua and Mataix-Cols, 2009). Although we are hesitant to ascribe a definite 

link, most notably because HSAM participants have not been clinically 

diagnosed with OCD, we have noted the trend of HSAM participants towards 

obsessive tendencies, significantly higher LOI-SF scores and morphological 

differences in the anterior putamen, caudate and posterior pallidum, 

suggesting a possibility of common underlying mechanisms.  

 The data do not, of course, allow the conclusion that all regions 

detected or in our analyses contribute to autobiographical memory or the 
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autobiographical memory network. However, it is striking that many regions 

identified as structurally different in our HSAM participants overlap with 

regions that have been implicated in previous autobiographical memory 

studies (See neurosynth.org, Yarkoni et al., 2011). Such findings suggest that 

the structural changes found in the HSAM participants may allow them to 

use the same “hardware,” but in a more efficient manner. It is not known of 

course, whether the anatomical differences observed in our analyses are 

enabling or resulting from HSAM participants’ memory performance. 

Subsequent research with children who seems to have HSAM will help to 

unveil this important question.  
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Chapter 3: Retrieval abilities of Highly Superior 

Autobiographical Memory and their relationship to 

Obsessive Compulsive behavior. 

3.1 Abstract 

In our prior study of Highly Superior Autobiographical Memory 

(HSAM) we reported evidence that HSAM individuals are able to recall, with 

considerable accuracy, details of daily experiences that occurred over many 

previous decades.   To explore HSAM further the present study investigated 

the quantity and quality of details of memories of experiences occurring one 

to seven days, one year and ten years prior to their assessment. In addition, 

we tested the consistency of details provided at the one and seven day delay 

by testing the subjects again, with a surprise assessment, one month later. At 

the one-day delay, HSAM subjects’ performance was not superior to that of 

age- and sex-matched controls. However, their performance was superior at 

more remote delays. As prior findings suggested that HSAM subjects tended 

to display obsessive-compulsive tendencies we investigated this issue further.  

Moreover, HSAM subjects’ performance on the LOI correlated positively with 

their memory of details tested at one month. These findings suggest that the 

obsessive-compulsiveness may in some way play a significant role in HSAM.  

3.2 Introduction 
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In previous papers we reported our investigations of subjects who have 

Highly Superior Autobiographical Memory (HSAM), the ability to accurately 

recall vast amounts of remote salient autobiographical events without the 

explicit use of rehearsal mnemonic strategies (Parker, et al. 2006; LePort et 

al., 2012). We subsequently identified 54 adult participants who have HSAM. 

Study of individuals who have strong and lasting memories of ordinary daily 

experiences provides a novel perspective from which to investigate memory 

functioning. 

HSAM is readily distinguishable from other forms of exceptional 

memory. It is well established that strong memory can be produced by 

overt and intensive memorization of material and or use of mnemonic 

techniques (Luria, 1968; Hunt and Love, 1972; Ericsson, 2004; Foer, 2001).   

However, in contrast, HSAM individuals report that they do not explicitly 

rehearse their experiences or use explicit mnemonic techniques. Further, 

they are no better than control subjects at laboratory memorization tasks 

(Parker et al., 2006; LePort et al., 2012).  

Previous findings indicate that HSAM participants have a remarkable 

ability to recall details of personal and public events over an extensive range 

of lifetime periods (Parker et al. 2006; LePort et al., 2012). This ability 

suggests that they may be unable to forget and, thus, are able to preserve a 

remarkable richness of details concerning autobiographical events. The 

passage of time is known to have two hallmark effects on event memory. 
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First, forgetting of information tends to occur at a roughly exponential rate 

(Ebbinghaus 1885; Wixted and Carpenter, 2007). Second, the quality of a 

memory, even the most memorable, becomes altered as time passes 

(Christianson, 1989; Levine, B., Svoboda, E., Hay, J., et al., 2002). As 

previous findings suggest HSAM subjects’ memory may resist these changes 

the present study investigated this issue.  

Here, we investigated how effectively HSAM participants learn new 

autobiographical information and how well they retain this information over 

time. We also explored a the possibility that HSAM subjects’ obsessive 

tendencies may contribute to this  ability. We previously reported that HSAM 

participants’ display obsessional tendencies that may include the rumination 

their experiences (LePort, et al., 2012). To further address this issue, we 

whether HSAM subjects’ their ability to recall autobiographical details is 

correlated with the degree to which they display obsessive-compulsive 

tendencies. !

3.3 Materials and Methods 

Participants: A multi-step, Institutional Review Board (IRB) approved 

process was developed to identify and test HSAM and control participants. 

Individuals, who contacted us proclaiming to have HSAM, were screened in 

the same manner as documented in LePort et al., 2012. Following the 

screening procedure, thirty HSAM participants were tested remotely via 

telephone. Thirty age- and sex-matched controls were recruited via a 
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Craigslist advertisement and tested in the same manner. 2 HSAM 

participants and 1 control participant failed to follow instructions (see 

rational below). 1 other HSAM and 9 other control participants failed to 

complete the entire battery, due to lack of willingness to complete it. All 

participants were monetarily compensated for their participation.  

Procedure: Adhering to a structured interview, participants were instructed 

to give as many details as they were comfortable sharing for particular dates 

in question. They were told not to gloss over routine or repetitive events and 

to only report details of events they were able to recall. The description of the 

date was to be chronological, commencing with waking in the morning. To 

give participants a clear understanding of the level of detail desired, a 

practice trial was conducted in which participants reported details of the 

present day. Participants were coached via examples containing the desired 

level of detail and also probed, for this exemplar, until both parties attained 

an idea of the level of detail the participant could/should recall. During test, 

participants were uninterrupted. At the completion of each date they were 

asked if they had been as descriptive as possible. In order to guard against 

fatigue, a two-minute time limit was set for each date. If they did not reach 

the 2-minute time limit they were probed once, at the completion of each 

date, with the question, “is there anything else you can recall?” Two HSAM 

participants and one control did not follow instructions, refraining from 
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delivering a level of detail that they could deliver and desired to share, and so 

were eliminated from the study.  

 This was a two-part test autobiographical memory test. Testes were 

administered remotely via telephone and all responses were recorded and 

later transcribed. The first test consisted of recent dates, each day of the past 

week, as well as remote dates, those same seven dates that occurred one-year 

and ten-years ago. The second was a surprise one-month follow-up test in 

which the most recent of those same dates were probed (allowing us to assess 

the consistency of the recalled information). For example, if a participant was 

scheduled for the first test on April 16th, 2014, he or she would have been 

asked about the events of April 15th-9th of 2014, 2013 and 2004. On or about 

May 16th, 2014, the participant would again be asked about the events of 

April 15th-9th of 2014. Given the 2-minute time limit, it took a maximum of 42 

minutes to complete all dates in the first interview and a maximum of 14 

minutes to complete the test given one-month later.  

For only the most recent seven dates, most HSAM and control 

participants had more to report than could be accomplished in the two-

minute time limit. Both groups completed all other time points (1 month, 1 

year and 10 years) in the allotted time. To guard against ceiling effects 

imposed by the time limit, five HSAM participants and five controls, from the 

previous test sessions, were retested following the same guidelines, with no 

time restriction. Only two dates were described; the date occurring yesterday 
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and the date occurring six days prior to test day (e.g. If the retest date was 

June 16th, 2014 test dates would be June 15th, 2014 & June 10th, 2014).  

Data Analysis: The autobiographical data were analyzed in multiple ways. 

The first measured quantity and quality of details HSAM participants and 

age- and sex-matched controls reported from data averaged over a week at 

each delayed time point (one-week, one-month, one-year, ten-years). The 

second observed the rate at which participants forgot details over the past, 

most recently reviewed, week. The third evaluated the rate at which the 

quality of details changed over the past, most recently reviewed, week. The 

fourth measured the quantity and quality of details HSAM participants and 

age- and sex-matched controls reported from one-day and six-days ago 

without being restricted by a 2 minute time limit. The fifth measured the 

degree to which obsessional symptoms are expressed and obsessional 

tendencies disrupt daily living with the Layton Obsessional Inventory (LOI). 

Lastly, a correlation was made between the degree of obsessional behavior 

and how consistent details remained after one-month had passed.  

Quantity: Each detail was counted and summed providing the total number 

of details given per date. A detail was defined as, “a unique occurrence, 

observation, or thought” (see Autobiographical Memory Interview, Levine, B., 

Svoboda, E., Janine, F.H et al., 2002). For instance, “I took my brother to the 

dentist in the morning” contains three details: brother, dentist and morning. 

Only details that described the event in question were graded. Any details 
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that did not describe events from the specified date were considered external 

and not included in the final score. Any details that were not specific to that 

day were also considered external and not included. 

Quality: To distinguish between the quality of each detail, details were 

grouped into events. An event had its own story line and was distinguished 

by its unique subject, time, place and descriptors. Two broad groups were 

made, categorize details into gist and peripheral elements. Modeling Heuer & 

Reisberg’s (1990) categorization technique, a detail was considered gist if it 

was central to its event (i.e. if a gist detail is changed, the basic story line for 

that event is altered). A detail was considered peripheral if it described the 

gist details, thereby giving the story depth. Each date had a total gist and 

total peripheral score.  

To reduce biases during grading, the quantity (sum of gist and detail 

elements) and quality (categorization into gist vs. peripheral elements) of all 

dates were determined separately by two independent graders blind to the 

other’s scores. An interrater score between 0.8 and 1.0 indicated high 

agreement. This score was a necessary criterion for the inclusion of the date 

in the study. No dates were excluded. Finally percentage scores for each class 

(gist vs. peripheral) were computed as their respective portions of the total 

number of details (gist plus peripheral). 

Consistency: In order to verify the consistency of details across time, one-

month later, participants were asked to recall the same dates from the 
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original week. Participants were instructed as they had been one-month prior 

(see explanation and example dates above). Loosely modeling a criteria 

developed by Christianson (1989) a detail was determined to be “consistent” if 

it was an equivalent detail, though not necessarily the same word. Details 

that became more or less specific one-month later were omitted from the 

analysis. Details were categorized into gist and peripheral elements. Total 

consistent details equaled the sum of correct gist and peripheral elements for 

each respective date. Consistency was calculated by dividing total consistent 

details by total details recalled from the original week. Incorrect gist and 

peripheral details were also tallied and percent accuracy was measured. 

Total error equaled the sum of incorrect gist and peripheral elements. 

Accuracy was calculated by dividing total error by the sum of total consistent 

details and total error and subtracting from one hundred. New details, 

unrelated to the original description and consequently not considered 

incorrect, were omitted from the analysis. Only a sound bite of information, 

from the days of the original week, was attained due to the 2-minute time 

limit. New details were therefore unverifiable; hence a judgment in terms of 

consistency could not be made. 

Leyton Obsessional Inventory (LOI): Prior interviews with a number of HSAM 

individuals have revealed a predisposition to recall and order events of their 

life. Importantly, in our previous study, the LOI-Short Form (Mathews et al., 

2004) was administered and indicated that 11 HSAM participants, on 
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average, expressed significantly more obsessional tendencies than their 

matched controls (LePort et al., 2012). Subjective assessments of obsessional 

traits and symptoms were therefore collected on 32 HSAM participants with 

the complete LOI, consisting of 69 questions from which a “symptom score” is 

produced. In conjunction an “interference score,” the level to which these 

behavioral tendencies interfere with daily activities, and a “resistance score,” 

the degree to which a participant resists behavioral tendencies, was 

measured (Cooper, 1970). Participants were evaluated with a similar protocol 

depicted by Cooper (1970) with the exception that all questions were 

delivered with SurveyMonkey, an online survey system, rather than an in 

person interview.  

3.4 Results 

Overall forgetting: As is 

seen in Figure 3.1a, HSAM 

and control participants 

recalled a similar number of 

details from the one-week 

period, but the HSAM 

participants recalled 

significantly more details at 

the more remote time points (one-month, one-year and ten-years). The 

  
Figure 3.1a Total details recalled over time. 
Box and whisker plot (Tukey style) represents 
scores, averaged over seven days, for the four delay 
points per group (HSAM n = 27, yellow bars; 
control n = 20, blue bars). Two-way repeated 
measures ANOVA revealed a significant 
interaction of group by delay (p < 0.0001) for 
quantity of total autobiographical details (gist + 
peripheral) recalled at each delay. 
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average number of details HSAM participants (n = 27) could recall from the 

average of the entire week for each of the four delay points was calculated 

and compared to controls (n = 20) across time. A two-way repeated measures 

ANOVA of group (HSAM vs. Control) by delay (one week, one month, one 

year, 10 years) as independent factors revealed significant main effects of 

group and delay (F(1, 45) = 39.82, p < 0.0001; F(3, 135) = 147.2, p < 0.0001)) as 

well as a significant interaction (F(3, 135) = 12.06, p < 0.0001). Multiple 

comparisons Sidak corrected revealed significant group differences at all 

delay points (all at p < 0.0001) excluding one-week (p = 0.97). Notably, for 

HSAM participants, multiple comparisons Sidak corrected revealed that 

differences in details retrieved at one week delay was significantly different 

from that at the one month delay (p < 0.0001). 

 The average quality of details (%peripheral & %gist detail) HSAM 

participants could recall from average weeks at each of the four delay points 

was also calculated. As seen in Figures 3.1 b-c HSAM participants recalled a 

similar percentage of peripheral/gist detail as controls at the one-week time 

point, but a higher(lower) percentage of peripheral(gist) detail at the one-

month time point. Percent Gist data is a mirror image of Percent Peripheral 

data. HSAM scores are represented for each of the four delays, while control 

scores are represented for only the one-week and one-month time points: 

these are the only time points that contained enough control data to provide 

valuable information. Of the 20 controls and 27 HSAMs tested at the one-



    79 

month time point, only 10 controls (while all 27 HSAMs) could provide 

autobiographical details. Neither HSAMs nor controls could give information 

past the two-minute time restriction and so none of the participants’ 

narratives were cut off at this time point. A two-way repeated measures 

ANOVA of group (HSAM, n = 27 vs. Control, n = 10) by delay (one week and 

one month) as independent factors revealed a significant interaction (F(1, 35) = 

6.62, p = 0.01) and significant main effect of group (F(1, 35) = 9.60, p < 0.01), 

but no main effect of delay (F(1, 35) = 1.12, p = 0.30). Multiple comparisons 

Sidak corrected revealed a significant difference at the one-month time point 

(p < 0.001), but not at the one-week (p = 0.66). 

 

 

 

 

b.        c.  

  
Figure 3.1 b-c Peripheral and gist details recalled over time. Box and whisker plots 
(Tukey style) represented in 3.1b percent peripheral details recollected at each delay and 
3.1c percent gist details recollected at each delay (HSAM n = 27, yellow bars; control n = 
10, blue bars). Graph 3.1b is (and must be) a mirror image of 3.1c. Control data is only 
represented for the 1-week and 1-month delays as there was insufficient data for 1-year 
and 10-year delays.  

%Peripheral averages

1 week 1 month 1 year 10 years
0

20

40

60

80

100

Delay 

%
 P

e
r

ip
h

e
r

a
l
 D

e
t
a
il

%Gist averages

1 week 1 month 1 year 10 years
0

20

40

60

80

100

Delay 

%
 G

is
t
 D

e
t
a
il

Control
HSAM

* 

* 



    80 

Quantity past seven days: 

Linear regression  

As seen in Figure 3.2 

HSAM participants, as 

compared to controls, 

forget details from events 

occurring over the past 

seven days at a similar 

rate. Results are 

trending, with HSAM 

participants recalling more details for day seven. The average number of 

details HSAM participants (n = 28, yellow circles) could recall versus age- 

and sex-matched controls (n = 29, blue circles) from each day of the past week 

is represented in Figure 3.2. Time delay values were log transformed to 

account for the typical shape of forgetting curves and thus to better represent 

the data. Linear regression analyses revealed that while there was a trend 

towards a difference in the decay rates, this was not highly reliable (p = 0.07).  

Quality past seven days: Linear regression 

We next turned to the question of the quality of the memory by examining 

the proportion of gist vs. peripheral detail in the participants’ recollections 

(and thus factoring out any potential differences in the number of 

recollections). As seen in Figure 3.3 a-b, of the details memories recalled, 

 
Figure 3.2 Total autobiographical details 
recalled over past seven days. Log transformation 
of linear regression. HSAM participants (n =28, yellow 
circles); Controls (n = 29, blue circles). Slopes do not 
differ significantly from one another (p = .07).  
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HSAM participants (n = 28, yellow circles) recollections were dominated more 

by peripheral details (and therefore less by gist details) than controls (n = 29, 

blue circles) over the past seven days. Figure 3.3a represents the average 

percentage of peripheral detail recalled from each day of the past week. Fig 

3.3b mirrors this result, representing the average percentage of gist detail 

recalled from each day of the past week. Time delay values were log 

transformed to better represent the data. Linear regression was used to 

determine that the slopes significantly differed (p < 0.05), indicating that 

over time, HSAMs’ memory becomes less gist-based and contains 

proportionally more peripheral detail relative to controls’. 

    a.              b. 

  
Figure 3.3 a-b. Percentage of autobiographical peripheral and gist details 
recalled over past seven days. Log transformation of linear regression representing 
percentage of autobiographical peripheral and gist details recalled over the past seven 
days. Graph 1a is (and must be) a mirror image of 1b. HSAM participants (n =28, yellow 
circles); Controls (n = 29, blue circles). Slopes are significantly different from one another 
for graph 3.3a and 3.3b (p < .05). 
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Quantity and Quality no time restriction: One potential concern with the 

prior analyses is that participants were limited to two minutes worth of 

recollection for each probe date. When this limit was removed (and only two 

dates tested), HSAM and control participants recalled a similar number of 

details from days one and six (Figure 3.4a). A two-way repeated measures 

ANOVA of group (HSAM vs. Control) and delay (one day and six day) as 

independent factors and number of total details recalled as the dependent 

factor revealed no main effects of delay or group and also no interaction (F(1,8) 

= 5.08 p = 0.054; F(1,8) = 0.53, p = 0.487; F(1,8) = 1.95, p = 0.20).  

Interestingly, when the time limit was removed, HSAM and control 

participants’ memories were similarly composed of gist and peripheral details 

as well (Figure 3.4b-c) at both delays. A two-way repeated measures ANOVA 

of group (HSAM vs. Control) 

and delay (one day and six 

day) as independent factors 

and percentage of 

gist(peripheral) details 

recalled as the dependent 

factor revealed no main 

effects of delay or group and 

also no interaction (F(1,8) = 

0.07p = 0.80; F(1,8) = 0.04, p = 

Figure 3.4a Quantity of total autobiographical 
information recalled, no time restriction at 
one- and six-day delays. Box and whisker plot 
(Tukey style) per group (HSAM n=5, yellow; control 
n=5, blue). Two-way repeated measures ANOVAs 
revealed no significant interaction. 
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0.85; F(1,8) = 1.21, p = 0.30).    

Leyton Obsessional Inventory (LOI): To investigate the obsessive-compulsive 

nature of HSAM their symptom scores (n=32, M = 31.75, SD = 11.02) were 

normalized to a control (n=101, M = 10.05, SD = 6.15) and an OCD population 

(n=17, M = 33.3, SD = 7.7) using data from Cooper (1970). They were also 

normalized to our own HSAM control population (n=18, M = 23.22, SD = 

12.08). The HSAM z-scores relative to the three populations are shown in 

Figure 3.5. HSAM participants’ symptom scores were reliably different from 

both Cooper and HSAM control populations, as demonstrated by significantly 

positive z-scores (M = 3.53, SD = 1.79; two-tailed Mann-Whitney, p < 0.0001 

and M = 0.71, SD = 0.91; two-tailed Mann-Whitney, p < 0.001 respectively). 

Their symptom scores were indistinguishable from the OCD patient 

b.      c. 

    
Figure 3.4 b-c Percent peripheral and gist detail, no time restriction, at one- and 
six-day delays. Box and whisker plots (Tukey style) represented in 3.4b percent 
peripheral detail and 3.4c percent gist detail (HSAM n = 5; control n = 5). Graph 3.4b is 
(and must be) a mirror image of 3.4c. Two-way repeated measures ANOVAs revealed no 
significant interaction.  
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population, as evidenced by a z-score that did not reliably differ from zero (M 

= -0.20, SD = 1.43; two-tailed Mann-Whitney, p = 0.43). 

The LOI provides two sub-

scales. HSAM participants 

scored 21.04 on the 

resistance scale and 16.74 

on the interference scale, 

summing to a mean total 

score of 37.78, SD = 24.07. 

In this combined metric 

HSAM participants scored 

below the mean of OCD 

patients’ resistance and interference scores (mean = 58.3, range = 52-66; 

Cooper, 1970) and above the mean of Copper controls’ and HSAM controls’ 

resistance and interference scores (mean = 27.8, range = 12-42; Cooper, 1970 

and mean = 23.65, SD = 12.13 respectively). The SD indicates that HSAMs 

score within the range of all three populations. 

Relationship of LOI to consistent autobiographical information:  

Linear regression  

Given the elevated LOI symptom scores in HSAM, we investigated the 

relationship between symptom scores and HSAM ability (Figure 3.6). 

Nineteen HSAM participants’ symptom scores were plotted on the x-axis. An 

Figure 3.5 Leyton Obsessional Inventory. Box and 
whisker plot (Tukey style) representing HSAM 
symptom scores normalized to Cooper control, HSAM 
control and Cooper OCD populations’ symptom scores. 
HSAM scores were reliably different from both Cooper 
and HSAM control populations (p < 0.0001 and p < 
0.001 respectively). HSAM and OCD patient population 
symptom scores were indistinguishable (p = 0.43).  
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average percentage of 

details verified as being 

the same details given at 

both the one-week and 

one-month time points 

were plotted on the y-axis. 

A correlation was found (r 

= 0.55, p < 0.05) such that 

HSAM participants who 

scored higher on the LOI 

tended to give more 

consistent details from autobiographical events tested and then retested one 

month later. Six control participants’ symptom scores were plotted separately 

from the HSAM group (not shown here). No correlation was found (r = 0.21, p 

= 0.69) for controls. Note that when HSAM participants recounted events, 

described at the one-week time point, one-month later the details were 

exactly the same 97.6% of the time.  

3.5 Discussion 

These experiments investigated HSAM participants’ memory of recent 

and remote, predominantly routine, events. Overall, the findings indicate 

that HSAM participants forget autobiographical details at a far slower rate 

than do age- and sex-matched controls. Furthermore, in comparison with 

Figure 3.6 Consistency. Linear regression represents 
significant positive correlation between percent 
consistency of HSAM autobiographical details, from 
one-week to one-month time points, and raw score on 
the LOI. HSAM participants (n = 19, yellow circles; r = 
0.55, p < .05).   
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controls, HSAM participants maintain more richly detailed recollections. 

However, they initially encode information in a manner comparable to that of 

controls: the number of details recalled during the first week and the nature 

of these details (gist vs. peripheral) during this time was comparable to that 

of controls. The fact that their forgetting curve for autobiographical memory 

is shallow should come as no surprise, in view of our previous findings (See 

LePort et al., 2012). However, previous reports did not directly address the 

question of whether HSAM subjects forget autobiographical information. 

Here, we determined that while very shallow, HSAM’s memory for 

autobiographical details does decline, with a significant drop in details 

occurring between the one-week and one-month time points (see Figure 3.1a).  

Over time, HSAM memories, in comparison with that of controls, 

consist of more peripheral, as opposed to gist details. For HSAM participants, 

their ability to recall the experiences of mainly routine days in rich detail 

becomes increasingly apparent both at the one-year and ten-year time points, 

when most control memory declines very significantly, as well as at the one-

month time point when control memories are significantly more generalized 

than HSAM (see Figure 3.1b-c). This finding suggests that HSAM, 

particularly for mundane events, remains more episodic-like as time passes. 

    A strictly “episodic memory” encompasses perceptual, affective, and 

spatiotemporal contextual details derived from an event belonging to a 

specific instance in a rememberer’s personal past; it has been defined as an 
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instance that you can mentally time travel back to (Wheeler, 1997; 

Moscovitch, Yaschyshyn, Ziegler, & Nadel, 1999). The richness of HSAM 

participants’ details is what makes their memory remarkable. Whereas their 

remote memories of ordinary daily experiences include specific details, those 

of control subjects are either lost or are become so vague that they eventually 

represent generalized experiences.   

When tested one day after learning the retention performance of 

HSAM subjects did not differ from that of controls. Thus, HSAM participants 

do not appear to be superior learners; although they are clearly able to 

maintain and retrieve a very significant quantity of autobiographical 

information over long intervals of time they do not excel in encoding 

memories. 

Importantly, there is a discrepancy for day six in Figures 3.3 a-b and 

Figures 3.4 b-c. When pressed for time it seems that HSAM participants 

begin to structure information differently from controls. Given a very 

restricting two-minute time limit, significant differences in the quality of 

details retrieved became apparent towards the sixth day delay (see Figures 

3.3 a-b). This difference may be related to their expertise in autobiographical 

recollection. As with experts in any field, HSAM participants may know 

which bits of information are most relevant to their aim: maintaining their 

narrative. The result of their tendency to structure information differently is 
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apparent at the one-month time point where the quantity and richness of 

their details is maintained superiorly to controls (see Figure 3.1a-c).   

The findings of the obsessive-compulsive assessment (LOI) suggests 

that HSAM participants  have obsessive behaviors similar to those of 

patients diagnosed with obsessive-compulsive disorder, a tendency that 

includes rumination.  This finding suggests the possibility that subtle but 

routine rumination/perseveration may serve to preserve their memories. This 

suggestion is consistent with evidence that memory is significantly 

strengthened by distributed study and active retrieval (i.e. the repeated 

retrieval of information; Schwartz, Son, Nate et al. 2011, Roediger and 

Karpicke 2006; Karpicke 2012).  Some HSAM subjects have reported that 

they often engage in explicit rumination, reporting for example that when 

trying to fall asleep or when stuck in traffic while driving that they may 

think about what occurred on this day and compare it to this day one year 

ago or  five years ago. Of course, to do that they would have to recall what 

happened on those specific days in previous years. So, a strong 

autobiographical retrieval system must be assumed.   

      However, the available evidence does not support  an interpretation that 

HSAM results from explicit rehearsal. If that were the case, achieving HSAM 

would require as much devotion to memorizing life events as a world memory 

champion devotes to memorizing, for example, decks of cards (see Foer J., 

2011 for examples). It seems obvious that the routines and pressures of daily 



    89 

life demands bar the typical HSAM participant from this level of commitment 

to the maintenance of their memories.  

Rather, we suggest that it seems possible that HSAM participants, by 

means of an obsessive habit, may be implicitly strengthening their memories. 

A large amount of cognition is, of course, processed outside of conscious 

awareness. HSAM participants may acquire and habitually use an implicit 

ability to embed autobiographical information within a larger memory 

network.   

Further support is gleaned from the recently discovered neurobiology 

of HSAM. Similarities between the HSAM participants’ brain and the 

pathophysiology of OCD have been made with the finding of increased 

connectivity within the orbitofronto-striatal circuitry. Unique to OCD 

patients, HSAM participants also have a more functionally connected 

network of regions important for self-referential thought, free flowing 

consciousness, self-projection and autobiographical remembering: the Default 

Mode Network (see Chapter 5). HSAM may in fact be a unique form of OCD.  

Everyday autobiographical events naturally have semantic similarities 

which can lead to inaccuracies in recollection (Bartlett, 1932; Barclay and 

Wellman, 1986). As we noted, HSAM participants are not superior learners, 

but their ability to recollect detailed information over time is exceptional. Our 

findings suggest that such ability may well be the result of more efficient 
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retrieval rooted, at least, in obsessively driven unintentional and/or implicit 

rehearsal of autobiographical material. 
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Chapter 4: A cognitive and autobiographical 

assessment of HSAM 

4.1 Abstract  

 Previous investigations of Highly Superior Autobiographical Memory 

(HSAM) have provided detailed descriptions of HSAM subject’s ability to 

recall readily details of events that occurred even many decades earlier. 

HSAM was found to be almost entirely specific to the recollection of 

autobiographical material. However, they also showed some evidence of an 

enhanced ability to encode auditory and visual details unrelated to personal 

life experiences. The present study further assessed HSAM participants’ 

cognitive functioning by investigating cognitive abilities related to 

elaborative processing, including verbal fluency, attention/inhibition, 

executive functioning, mnemonic discrimination, perception, visual working 

memory and the processing of emotional details over time.  The findings 

suggested that superior cognitive functioning is an unlikely basis of HSAM. 

Modest advantages were found on only some tests.   We also examined HSAM 

subjects’ memory of the testing episodes which focused on the experiences of 

either the HSAM subject or the experimenter, at a one-week and one-month 

delay. Results from this “Meta-Test” indicated a significant increase in the 

ability of HSAM participants to recall details that directly related to their 

own experiences, but not to those of the researcher’s. These findings provide 
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additional evidence that HSAM subjects’ memory focuses primarily on 

autobiographical experiences. 

4.2 Introduction 

We previously reported evidence that subjects who have what we have 

termed Highly Superior Autobiographical Memory are able to recall readily 

and accurately the dates, days and many of the details of experiences that 

occurred even decades previously.  The findings suggest that the ability is 

mostly restricted to the domain of autobiographical material (Parker et al., 

2006; LePort et al., 2012; LePort et al., LePort, et al submitted). However, 

HSAM individuals’ superior memory ability appears to differ from those of all 

other documented cases of superior memory as these individuals do not use 

explicit mnemonic procedures and do not have symptoms indicative of a 

savant syndrome (Luria 1968; Hunt and Love 1972; Ericsson 2004; Treffert, 

2009; Foer J., 2011). The mechanisms by which HSAM is formed therefore 

remain largely elusive.  There is extensive evidence that an interplay of 

multiple cognitive mechanisms such as attention, inhibition, working 

memory, and perception is crucial to the formation of autobiographical 

memories (Cabeza, 2008; Berryhill, Phuong, Picasso, Cabeza, and Olson, 

2007; Greenberg and Rubin, 2003; Rubin, 2005; Conway, Turk, Miller, Logan, 

Nebes, Meltzer and Becker, 1999). Thus, the present study investigated 

further cognitive processes that may relate to or possibly contribute to 

HSAM.  HSAM subjects were administered a cognitive battery, and were also 
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tested for their recollection of participation in the cognitive testing, referred 

to here as the “Meta-Test.” Importantly, aspects of this test are graded in 

terms of degree of relationship to the participant’s life. If HSAM participants 

are generally superior in retaining details embedded in a general 

autobiographical schema, they should outperform controls on all aspects of 

the Meta-Test. If their ability is restricted to the enhancement of self-

referential processes, HSAMs should perform selectively better on aspects of 

the test that are more relevant to their own lives. Tasks within the cognitive 

battery that could be substantiated by an autobiographical framework (the 

most probable being Names to Faces and Script Generation) should show an 

improvement in comparison to controls. But, an outperformance of controls 

on cognitive battery tasks deficient in an autobiographical framework could 

implicate enhanced cognitive processing as a base for HSAM.  

4.3 Materials and Methods 

A multi-step, Institutional Review Board (IRB) approved process was 

developed to identify and test HSAM and control participants. Individuals, 

who contacted us proclaiming to have HSAM, were screened in the same 

manner as documented in LePort et al., 2012. All experiments reported here 

were carried out in accordance with the Institutional Review Board (IRB) at 

the University of California, Irvine, and were consistent with Federal 

guidelines. Twenty HSAM participants (13M/7F, average age 38) were 

matched by sex and age to twenty-two controls (13M/9F, average age 44) 
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recruited via a Craigslist ad. All participants were monetarily compensated 

for their participation.  

All behavioral tests were remotely administered, via Google Hangouts 

or Skype, over four sessions scheduled on consecutive Monday, Wednesday, 

Friday, and Monday dates. Each session was recorded for reference and later 

transcribed. There were two types of behavioral tests administered: 1. A 

cognitive battery, consisting of eight tasks assessing elaborative processing, 

verbal fluency, attention and inhibition, executive functioning, mnemonic 

discrimination, perception, visual working memory and the processing of 

emotional details. 2. A surprise Meta-Test assessing the autobiographical 

recollection of details related to the cognitive battery, the participant’s life 

and also the researcher’s life. The Meta-Test was given on the last day of test 

and again approximately one-month later, quarrying the participant about 

information acquired/discussed 3, 5, and 7 and again 27, 29, & 31 days prior.  

4.3.1 Cognitive Battery: 

Associative memory was assessed using a modified version of the Face 

Name Associative Memory Exam (FNAME) (Rentz, Amariglio, Becker et al., 

2011; Amariglio, Frishe, Olson et al., 2012). This task required participants 

to learn two sets of 16 unfamiliar face-name (F-N) and 16 unfamiliar face-

occupation (F-O) pairs, for a total of 64 cross-modal paired associates to be 

remembered. The same face was paired with its respective name and 

occupation. The occurrence of two sets was based on the presences of two 
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study modalities. In the “Rating” modality, participants were presented with 

unfamiliar faces and rated how congruent the F-N and F-O associations were 

on a scale of 1-7. In the “Scenario” modality, participants were presented with 

a new set of unfamiliar faces and told to relate the F-N and F-O associations 

to someone they knew or knew of. Each modality had an initial face study 

phase in which participants were exposed to all 16 faces. For both modalities, 

proceeding each initial face study phase was an interim cued-recall test phase 

of the 16 F-N followed by 16 F-O associations. Upon completion of these 

interim tests was an immediate cued recall of all 64 face-name-occupation (F-

N-O) cross modal paired associations. Approximately 20-minutes and 96 

hours later the F-N-O cued recall test was repeated. The order of the 64 F-N-

O pairs and phases were randomized, ensuring independence of results from 

order of presentation and study modality (rating vs. scenario). Correct 

associations were given 1 point. Points were summed to arrive at a F-N and 

F-O score for each phase and F-N-O scores for each delay time point.  

 Efficiency of semantic memory retrieval, narrative skills and verbal 

fluency was examined using the Script Generation Task (Bower et al., 1979). 

Participants were instructed to list as many stereotypical actions as they 

could concerning four routine activities likely to be familiar to all 

participants: attending a lecture, going to a restaurant, visiting a doctor and 

shopping for groceries. “Attending a lecture” served as an exemplar in which 

the participant practiced and provided a script until the maximum level of 
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detail they could provide was achieved. Importantly, participants were 

explicitly told to omit unique personal habits or actions. Stereotypical actions 

were given one point; all other actions were omitted from analysis. Points 

were added and averaged across the three scenarios.  

 The Stroop is a paradigm classically used to gauge a subject’s ability to 

inhibit immediate, but inappropriate responses, dividing attention between 

internal and external motivations (Stroop, 1935; Comalli, 1962). It has also 

been used as an assessment tool for frontal lobe function (Stroop, 1935; 

Vendrell, Junque, Pujol, et al., 1995). Attention and inhibition abilities were 

examined using a modified version of the Stroop Task (Martinot, Allilaire, 

Mazoyer et al., 1990). There were four phases in this task; The task of 

interest was the interference condition. The other three served as controls. 

First, participants named the color of dots. Second, they named colored 

words, each of which was printed in a color other than the one spelled by its 

letters. This was the interference condition, in which they had to attend to 

the color and inhibit the tendency to read the word. Third, they named words, 

printed in black and white, spelling out different colors. Fourth, subjects read 

words in which the words’ color and the color they spelled out were 

congruent. The time, in seconds, required to complete each phase of the task 

was recorded. Participants were instructed, for each condition, to go as 

quickly as possible and be careful not to make any errors. 
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 Sustaining long-term declarative memories poses a challenge to most 

because of the interference imposed by the highly overlapping nature of the 

episodes for which these memories consist of. A participant’s ability to resolve 

this interference can be tested using the Mnemonic Discrimination Task 

(a.ka. BPS-O) (Kirwan and Stark, 2007). Mnemonic discrimination, the 

process of mentally transforming similar representations or memories into 

highly dissimilar, non-overlapping representations is taxed by this paradigm. 

Recognition memory performance for laboratory stimuli using traditional 

targets and unrelated foils as well as similar lures (that vary along several 

different dimensions) was assessed. In the study phase, participants were 

shown 32 images of common items and asked to classify the item as an 

“indoor” or “outdoor” item. Subsequently, during test, 64 images were shown 

and the participant had to classify if the item was old (same), similar (lure), 

or new (foil) images seen in the study phase. The pattern separation index 

was calculated as the amount of lures correctly identified as “similar” (S|L) 

minus the amount of foils incorrectly identified as “similar” (S|F). In addition 

to measuring mnemonic discrimination, traditional recognition memory was 

also assessed. Recognition memory was defined as the percentage of targets 

endorsed as “old” minus the percentage of foils endorsed as “old” (hits minus 

false alarms) (see Kirwan, Hartshorn, Stark et al., 2012; Stark, Yassa, Lacy 

et al., 2013). 
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 The strength of recollection of an event is predicted best by the 

vividness of its visual imagery (Rubin, 2005). HSAM participants who are 

able to report significantly more minute details of autobiographical memories 

and previously viewed images (Leport et. al, under review; LePort et al., 

2012) may have enhanced visual imagery and memory capabilities. Therefore 

three tasks assessing visual imagery, visual short-term memory storage and 

visio-spatial abilities were administered. 

The efficiency by which participants can assign novel interpretations to 

ambiguous images, combined using one’s imagination, was assessed with the 

Mental Imagery Task (Fink et al., 1989). Participants were asked to mentally 

combine different symbols or shapes and report as many emergent forms as 

they could. They were then asked to draw their imagined image and report 

any additional forms they may have missed when only imagining the image. 

The type of emergent forms reported (geometric or symbolic), the medium by 

which it was revealed (imagination vs. drawing) and the number of accurate 

Figures reported for each type/medium was recorded. “Geometric” referred to 

all emergent forms that were shapes, while “symbolic” referred to other more 

representative forms (e.g. letters, a bookcase, a butterfly, etc.). 

 Visual short-term memory storage was assessed using the Visual 

Patterns (VP) task (Della Salla et al. 1997). Grids of increasing size with 

random patterns created by black squares were briefly shown to participants. 

Participants were instructed to recreate the pattern immediately after it was 
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taken away. The number of black squares in the final complete pattern 

successfully recreated by each participant was recorded.   

Visuo-spatial abilities were examined using the Progressive 

Silhouettes task (Warrington and James, 1991). Participants were asked to 

identify a three-dimensional object from a series of silhouettes that became 

progressively easier to identify. The number of silhouettes necessary to 

correctly identify each object was recorded. Two trials were given. Scores 

were averaged across trials.  

 Emotional intensity is known to affect the perceptual and 

phenomenological properties of autobiographical memories, such as the 

degree to which the memory is re-lived on retrieval, the vividness of the 

memory and narrative detail (Talarico, LaBar, and Rubin, 2004). The 

enhancement of subsequent memory retrieval, by means of emotional 

arousal, has been previously accomplished using the “Three Phase Story,” a 

negative social-emotional stimuli (Heuer and Reisberg, 1990; Cahill and 

McGaugh, 1995; Cahill, Gorski, Belcher and Huynh, 2004; Nielsen, Ertman, 

Lakhani, and Cahill, 2011). Specifically, emotional arousal, due to viewing 

the Three Phase story, has been shown to lend to the enhancement of long-

term memory for central information (i.e. details making up the building 

blocks of the fundamental story line), but not peripheral information (i.e. 

details describing the building blocks of the fundamental story line) in males 

(Cahill and van Stegeren, 2003; Cahill et al., 2004). Since previous work has 
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indicated there to be significant sex-related influences as well as effects of 

hormonal contraception usage on memory for central story information 

versus peripheral details (Cahill & van Stegeren, 2003; Cahill, et al., 2004; 

Nielsen et al., 2011) we have separated male from female data. Since our 

sample size for the female population is already minimal, only the male data 

are reported here. The Three Phase Story was adapted from Cahill, Prins, 

Weber, & McGaugh, 1994; it consisted of a sequence of 11 slides, 

accompanied by a taped narration, displayed in three phases. The most 

emotional story phase was phase 2 in which a boy is caught in a terrible 

accident and his severe injuries are displayed to the viewer. One week post 

stimulus, participants were given a surprise recall test in which their ability 

to recollect details of the story was assessed. Here the effects, of emotional 

arousal on male participants’ subsequent recollection of central and 

peripheral information for each of the three phases, were assessed. Notably, 

the conditions for which our participants were tested under differ from those 

typical of prior studies using the Three Phase Story. Mainly, the stimuli were 

presented at the end of a cognitive battery instead of in isolation and it may 

not have been encoded incidentally, as all participants were aware that the 

lab assesses memory function. 

The California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan et 

al., 1987) is a measure of verbal learning and memory that has been used 

extensively in clinical neuropsychology to assess a number of long-term 
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memory and executive functioning attributes (Delis, Massman, Butters et 

al.,1991). Qualitative indices of learning and memory, such as learning 

strategies (e.g. semantic versus serial clustering), comparisons of types of 

errors (e.g. intrusions and perseverations), and effects of interference on 

recall can be gleaned from this task (Golden, Espe-Pfeifer, Wachsler-Felder, 

2000). The CVLT involves the oral presentation of two sixteen-word lists (List 

A and B), consisting of four sets of four words from four semantic categories. 

Participants were given five consecutive immediate free recall trials of list A. 

Following these trials, the presentation and immediate free recall of the 

interference list (List B) was performed. The next trial involved a “short-

delay” free and category-cued recall of List A. Distractor tests, i.e. select tests 

from our cognitive battery, were then administered for approximately 20 min. 

The “long-delay” free and category cued recall trials of List A followed. Lastly, 

a forced-choice recognition condition for List A was performed. 19 indices 

examined aspects such as the amount of words correctly recalled, learning 

strategies and types of errors made. Table 4.3 provides a description of each 

of the measures included in the CVLT. 

4.3.2 Meta-Test 

Narrative elements for the surprise Meta-Test were interspersed 

throughout each of the three cognitive battery sessions occurring 3, 5 and 7 

days prior. Adhering to a strict guideline, on each of the three cognitive 

battery days controlled conversations were made in which the researcher 
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quarried the participant about the participant’s life with specific questions 

and shared detailed stories about events in her own life. The questions asked 

were: “How was your weekend” (asked Monday), “How has your day been so 

far?” (asked Wednesday) and “What are you up to this weekend?” (asked 

Friday). The researcher’s stories were centered around getting a new puppy 

(told Monday), slipping in a restaurant (told Wednesday), and seeing a 

student with a gun on campus (told Friday).  

During the Meta-Test, occurring on the following Monday, participants 

were asked to recall the following events taking place 3, 5 and 7 days prior: 1. 

The date, day of the week, and time of each of the three sessions. 2. Their 

responses to discussions had about the participant’s day. 3. As many details 

as could be recalled about the story the researcher shared about herself. 4. 

The type and order of cognitive tests taken. One month later, all participants 

were given an online retest, using SurveyMonkey, consisting of these same 

questions.  
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Results reflect scores for correct information obtained approximately 3, 

5, 7, 27, 29, and 31 days prior. Recorded were: 1. The number of correct dates, 

days of the week, and times given. Responses scored a ‘1’ if all three items 

were correct or a ‘0’ if any of the three items were incorrect. 2. The number of 

correct responses given to questions about the participant’s life. Data relating 

to the three questions asked were referred to as “question.” If the participant 

could not recall the question, a prompt was given. If the participant recalled 

their original response, 1 point was given. If a prompt was not needed, the 

score was doubled. 3. 

The percentage of 

correct details recalled 

(out of total details 

originally given by the 

researcher) from the 

story about the 

researcher. Data 

relating to the three 

stories told were 

referred to as “story.” 

This score was inflated 

in the same manner as 

the “question” score, by 

 
Figure 4.1 Names to Faces Interim Task. Box and 
whisker plot (Tukey style) represents raw scores for each 
group (HSAM n = 17, yellow bars; control n = 17, blue 
bars) by task (R = rating, S = scenario) and type (N = 
name, O = occupation). A 2x2x2 repeated measures 
ANOVA of group (HSAM vs. Control) by task (rating vs. 
scenario) by type (name vs. occupation) as independent 
factors revealed a significant main effect of group (F(1,32) = 
7.34, p < 0.05), task (F(1,32) = 9.19, p < 0.01) and type (F(1,32) 
= 15.02, p < 0.001). While the two-way interaction of task 
x type was significant (F(1,32) = 5.722, p < 0.05), no other 
two-way interactions were significant. There was no 
significant three-way interaction. “+” indicates average. 
All values are means ± s.e.m. 
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doubling it, if a prompt to remember the story was not needed. 4. The 

percentage of correct tests recalled in their proper order for each day. 

4.4 Results 

4.4.1 Cognitive Battery 

The mean performance of HSAM participants and controls on each of 

the nine cognitive battery tests are presented in Figures 4.1-4.4a-b and tables 

4.1-4.4. 5 HSAM and 8 control participants failed to complete various parts of 

the cognitive battery, due to lack of time or lack of willingness to complete it.  

 As is shown in Figure 4.1, HSAM participants superiorly recall faces 

and their associated names and occupations in the Interim Name to Faces 

task. The number of 

correct responses by 

HSAMs (n = 17) and 

controls (n = 17) to the 

Face-Name and Face-

Occupation interim 

test associations are 

represented by a box 

and whisker plot. A 

2x2x2 repeated 

measures ANOVA of 

group (HSAM vs. 

 Figure 4.2 Names to Faces Name/Occupation Task. 
Box and whisker plot (Tukey style) represents raw scores for 
each group (HSAM = yellow, n = 17; control = blue n = 17) by 
task (R = rating, S = scenario) and delay (Im = immediate, 
20 = 20 minute, 96 = 96 hours). A 2x2x3 repeated measures 
ANOVA of group (HSAM vs. Control) by task (rating vs. 
scenario F-N-O encoding) by delay (immediate, 20 minute, 
96hr) as independent factors revealed a significant main 
effect of group (F(1,28) = 7.97, p < 0.01) and time (F(1,28) = 
31.91, p < 0.0001), but no main effect of task. The two-way 
interaction of group x task was treading (F(1,28) = 3.04, p = 
0.09). The other two-way/three-way interactions were not 
significant. Values are means ± s.e.m. 
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Control) by task (rating vs. scenario) by type (name vs. occupation) as 

independent factors revealed a significant main effect of group (F(1,32) = 7.34, 

p < 0.05), task (F(1,32) = 9.19, p < 0.01) and type (F(1,32) = 15.02, p < 0.001). 

While the two-way interaction of task x type was significant (F(1,32) = 5.722, p 

< 0.05), no other two-way interactions were significant: group x task (F(1,32) = 

0.77, p = 0.37) and group x type (F(1,32) = 0.04, p = 0.84). There was also no 

significant three-way interaction of group x task x type (F(1,32) = 0.19, p = 

0.67).  

  As is shown in Figure 4.2, HSAM participants outperform controls on 

recalling faces’ associated names and occupations for both tasks. Both groups’ 

performance drops equally with the passage of time. The number of correct 

responses by HSAMs (n = 15) and controls (n = 15) to the Face-Name-

Occupation cross-modal paired associates is represented by a box and 

whisker plot. A 2x2x3 repeated measures ANOVA of group (HSAM vs. 

Control) by task (rating vs. scenario F-N-O) by delay (immediate, 20 minute, 

96hr) as independent factors revealed a significant main effect of group (F(1,28) 

= 7.97, p < 0.01) and time (F(1,28) = 31.91, p < 0.0001), but no main effect of 

task (F(1,28) = 0.70, p = 0.42). No two-way interactions were significant: group 

x task (F(1,28) = 3.04, p = 0.09), group x time (F(1,28) = 0.01, p = 0.91), time x 

task (F(1,28) = 0.01, p = 0.93). There was also no significant three-way 

interaction of group x time x task (F(1,28) = 0.25, p = 0.62).  
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 As is shown in Figure 4.3, HSAM participants outperform controls on 

the Scrip Generation task. The mean number of stereotypical actions listed in 

the Script Generation Task, from an average of the three routine activities, 

by HSAMs (n = 18) and controls (n = 20) is represented by a box and whisker 

plot. The mean score for HSAM participants was significantly greater than 

controls (two-tailed Mann-Whitney, p < 0.01). 

  

As is shown in Table 4.1, HSAM and 

control participants perform 

similarly on the Stroop task. The 

mean time to complete each of the 

four conditions within the Stroop 

task by HSAMs (n = 19) and controls 

(n = 17) is represented in Table 4.1. 

Two-way repeated measures ANOVA 

with group (HSAM vs. Control) and phase (1-4) as independent factors 

revealed that both HSAMs and controls completed the four different phases 

at different rates (F(3,102) = 229.50, p < 0.0001). There was no significant main 

effect of group (F(1,34) = 0.08, p = 0.80) or interaction of group x phase (F(3, 102) = 

0.29, p = 0.83).   

Figure 4.3 Script Generation. Box 
and whisker plot (Tukey style) 
represents raw scores for each group 
(HSAM = yellow, n = 18; control = 
blue, n = 20). HSAM participants 
scored significantly higher than 
controls (two-tailed Mann-Whitney, p 
< 0.01). Values are means ± s.e.m. 
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As is shown in Table 4.2, HSAM and control participants perform 

similarly on the mnemonic discrimination (MD) and recognition tasks. The 

mean MD and recognition indices for HSAMs (n = 19) and controls (n = 14) 

are represented in Table 4.2. Neither the MD or recognition scores 

significantly differed from controls (two-tailed Mann-Whitney, p = 0.22 and p 

= 0.18 respectively).  

As is shown in Table 4.1, HSAM and control participants perform 

similarly on the Imagery task. The mean time to complete each of the four 

conditions within the Imagery task by HSAMs (n = 17) and controls (n = 18) 

is represented in Table 4.1. While the 2x2x2 repeated measures ANOVA of 

group (HSAM vs. Control) by task (imagination vs. drawing) by type 

(symbolic vs. geometric) revealed significant main effects of task (F(1,33) =  

Table 4.1 
ANOVAs for select Cognitive Battery Tasks 

Task ANOVA f df p 

Stroop     

between subjects Group (G) 0.07 1/102 0.80 

within subjects Phase (P) 229.50 3/102 < 0.0001 

 G x P 0.29 3/102 0.83 

Imagery     

between subjects Group (G) 0.77 1/33 0.39 

within subjects Task (T) 133.70 1/33 < 0.0001 

 Type (Ty) 27.27 1/33 < 0.001 

 T x Ty 82.25 1/33 < 0.0001 

 G x T 1.02 1/33 0.32 

 G x Ty 0.03 1/33 0.87 

 G x T x Ty 0.09 1/33 0.76 
Mixed design repeated-measures ANOVAs results for the measures of interest. Group 
(HSAM vs. control) as between-subjects factor, and phase (1-4), task (imagination vs. 
drawing) or type (symbolic vs. geometric) as repeated measures. Significant correlations 
are indicated in bold. 
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133.70, p < 0.0001) and type (F(1,33) = 27.27, p < 0.001), no main effect of group 

(F(1,33) = 0.77, p = 0.39) was found. While the two-way interaction of type x 

task was significant (F(1,33) = 82.25, p < 0.0001), no other two-way interactions 

were significant: group x type (F(1,33) = 0.03 p = 0.87) and group x task (F(1,33) 

= 1.02, p = 0.32). There was also no significant three-way interaction of group 

x type x task (F(1,33) = 0.09, p = 0.76).  

As is shown in Table 4.2, HSAM and control participants perform 

similarly on the Visual Patterns (VP) task. The mean number of black 

squares HSAMs (n = 20) and controls (n = 16) could recall in the VP task is 

represented in Table 4.2. The mean score for HSAM participants did not 

significantly differ from controls (two-tailed Mann-Whitney, p = 0.98).  

 As is shown in Table 4.2, HSAM and control participants perform 

similarly on the Progressive Silhouettes task. The mean number of 

silhouettes, averaged across both tasks, necessary to correctly identify the 

stimuli by HSAMs (n = 20) and controls (n = 19) is represented in Table 4.2. 

Table 4.2 
Descriptive measures of select Cognitive Battery Tasks 

Task N Mean MSE p 
Mnemonic Discrimination     

HSAM 19 0.29 0.04 
0.22 

Control 14 0.16 0.04 
Recognition     

HSAM 19 70.73 2.00 
0.11 

Control 14 65.07 2.51 
Visual Patterns     

HSAM 20 6.35 0.32 
0.98 

Control 16 6.32 0.4 
Progressive Silhouette     

HSAM 20 7.66 0.34 
0.14 

Control 19 6.95 0.36 
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HSAM participants did not differ significantly from controls (two-tailed 

Mann-Whitney, p = 0.14).  

 As is shown in Figure 4.4a-b, HSAM and control participants recalled 

similar numbers of gist details from all three phases of the Three Phase 

Story. HSAM participants also recalled less peripheral details from the 

second phase in comparison to controls. Neither HSAM nor controls showed 

an effect of emotional arousal on retention of details for phase 2. Effects of 

emotional arousal, by means of the Three Phase Story, on memory retention 

in HSAM (n = 13) and control (n = 9) male participants are represented in 

Figure 4.4a-b. Specifically, subsequent recollection of gist details, for each of 

the three phases, is represented in Figure 4.4a and peripheral details in 

Figure 4.4b. A two-way repeated measures ANOVA with group (HSAM vs. 

Control) and phase (1-3) as independent factors and number of central details 

as the dependent factor revealed a significant main effect of phase (F(2,40) = 

40.88, p <0.0001), but no main effect of group (F(1,20) = 0.60, p = 0.45) and no 

interaction (F(2, 40) = 0.98, p = 0.38). A two-way repeated measures ANOVA 

with group (HSAM vs. Control) and phase (1-3) as independent factors and 

number of peripheral details as the dependent factor revealed a significant 

main effect of phase (F(2,40) = 12.56, p < 0.0001) and a significant interaction 

(F(2, 40) = 4.75, p < 0.05), but no main effect of group (F(1,20) = 0.63, p = 0.44). 

Post-hoc t-test Bonferroni corrected for multiple comparisons revealed a 

trend towards a significance difference at phase 2 (p = 0.051) and no 
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significant differences at either phase 1 or 3 (p > 0.99 for both). A post-hoc t-

test Bonferroni corrected for multiple comparisons within group comparison 

of phase for controls revealed significant differences between phase 1 vs. 

phase 3 and phase 2 vs. phase 3, but not phase 1 vs. phase 2 (p < 0.01, p < 

0.001, p = 0.57 respectively). The same analysis for HSAMs revealed a 

significant difference at phase 1 vs. phase 3, but no difference for phase 2 vs. 

phase 3 or phase 1 vs. phase 2 (p = 0.008, p = 0.76, p = 0.08 respectively).  

  

 

 

 

  
Figure 4.4 a-b. Three Phase Story. Recall of detail and gist items by story phase (1-3) for 
each group (HSAM = 9, yellow circles; controls = 7, blue circles). (a) A two-way repeated 
measures ANOVA with group (HSAM vs. Control) and phase (1-3) as independent factors and 
number of peripheral details as the dependent factor revealed a significant main effect of 
phase (F(2,34) = 4.92, p < 0.001) and a significant interaction (F(2, 34) = 4.92, p < 0.05), but no 
main effect of group. Post-hoc t-test Bonferroni corrected for multiple comparisons revealed a 
trend towards significance at phase 2 (p = 0.051) and no significant differences at either phase 
1 or 3. (b) A two-way repeated measures ANOVA with number of central details a the 
dependent factor revealed a significant main effect of phase (F(2,34) = 29.63, p <0.0001), but no 
main effect of group or interaction. Values are means ± s.e.m. 
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Table 4.3 
Description of CVLT indices (Table adapted from Delis et al., 1988) 

CVLT categories Description 
List A total recall Total number of List A words recalled across Trials 1-5 

Semantic Cluster 
Ratio 

Ratio of List A words from the same category recalled together over 
chance-expected semantic clustering given the number of words and 
categories recalled. 

Serial Clustering 
Ratio of List A words recalled in the same order as they were 
presented over chance-expected serial clustering given the number 
of words recalled. 

Percent Primacy 
Recall 

Percentage of total words recalled that are from the primary region 
of List A (first four words). 

Percent Recency 
Recall 

Percentage of total words recalled that are from the recency region 
of List A (last four words). 

Consistency of item 
recall 

Percentage of List A words recalled on one of the first four trials 
that are also recalled on the very next trial (i.e., Trials 2-5). 

Learning Slope Slope of a least-squares regression line calculated to fit changes in 
correct response scores across Trials 1-5. 

List B recall Number of List B words recalled on the one immediate recall trial. 
List B vs. List A 

trial 1 recall 
Change in recall of List B relative to Trial 1 of List A; reflects 
vulnerability to proactive interference. 

Short delay free 
recall Number of List A words recalled when category names are provided. 

Short delay vs. trial 
5 recall 

Number of List A words recalled after a 20-min delay of nonverbal 
testing is interposed following the short delay cued recall trial. 

Short delay cued 
recall Number of List A words recalled when category names are provided. 

Long delay free 
recall 

Number of List A words recalled after a 20-min delay of nonverbal 
testing is interposed following the short delay cued recall trial. 

Long delay cued 
recall Number of List A words recalled when category names are provided. 

Recognition hits Number of List A words identified on a yes/no recognition test that 
includes 28 distracter items. 

False positives 
Number of distracter items identified as List A items on the 
recognition test. 

Free recall 
intrusions 

Total number of non-target items reported on all free recall trials of    
List A and B. 

Cued recall 
intrusions 

Total number of non-target items reported on the two cued recall 
trials of List A. 

Perseverations 
Total number of responses repeated on each trials summed across 
all free and cued recall trials of List A and B. 
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As is shown in Table 4.4, HSAM and controls performed similarly on 

most indices of the CVLT. HSAMs outperformed controls on List A total 

recall, but performed more poorly than controls on Consistency of item recall 

and Percent Primacy recall indices. The mean score achieved by HSAMs (n = 

17) and controls (n = 19) on each of the 19 measures of the CVLT are 

represented in Table 4.4. A two-way repeated measures ANOVA of group 

(HSAM vs. Control) by task (List A total recall, semantic clustering, serial 

clustering, percent primacy recall, percent recency recall, consistency of item 

recall, learning slope, List B total recall, List B vs. List A trial 1 recall, short 

delay free recall, short delay vs. trial 5 recall, short delay cued recall, long 

delay free recall, long delay cued recall, recognition hits, false positives, free 

recall intrusions, cued recall intrusions, perseverations) revealed a main 

effect of task (F(18, 612) = 776.40, p < 0.0001), no effect of group (F(1, 34) = 0.23, p 

= 0.64) and a significant interaction (F(18, 612) = 7.20, p < 0.0001). Post-hoc t-

tests Bonferroni corrected for multiple comparisons revealed that HSAM 

participants scored significantly higher on List A total recall (p < 0.05), 

controls scored significantly higher on Percent Primacy Recall (p < 0.05) and 

controls scored significantly higher on Consistency of item recall (p < 0.0001). 

All other tests were not significant (all p > 0.99).  
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Table 4.4 
Descriptive measures of CVLT indices 

CVLT Control - HSAM: Multiple 
Comparisons 

Control 
Mean 

Control 
SD 

HSAM 
Mean 

HSAM 
SD 

p 
 

List A total recall 51.42 8.73 56.06 11.80 0.03 
Semantic Cluster Ratio 0.9642 1.66 1.826 2.10 > 0.99 

Serial Clustering 0.6921 1.22 0.5431 1.19 > 0.99 
Percent Primacy Recall 31.69 5.64 26.88 6.92 0.02 
Percent Recency Recall 26.88 7.63 28.9 7.37 > 0.99 

Consistency of item recall 79.44 9.80 65.36 5.91 < 0.0001 
Learning Slope 1.179 0.58 1.475 0.55 > 0.99 

List B recall 5.895 1.83 6.471 1.94 > 0.99 
List B vs. List A trial 1 recall -1.211 1.88 -0.8824 1.71 > 0.99 

Short delay free recall 10.89 2.61 12.59 2.64 > 0.99 
Short delay vs. trial 5 recall -0.8947 1.97 0 2.74 > 0.99 

Short delay cued recall 12.05 2.42 13.24 2.60 > 0.99 
Long delay free recall 11.05 2.87 12.82 2.79 > 0.99 
Long delay cued recall 11.84 2.50 13.12 2.68 > 0.99 

Recognition hits 14.74 1.58 15.41 1.03 > 0.99 
False positives 2.053 2.46 1.706 2.19 > 0.99 

Free recall intrusions 0.05263 0.22 0.1176 0.32 > 0.99 
Cued recall intrusions 0.6842 0.86 1 1.64 > 0.99 

Perseverations 5.737 4.11 4.235 4.76 > 0.99 
Significant results are indicated in bold. 
 
Note. CVLT = California Verbal Learning Test. All CVLT indices were hand scored using the 
CVLT manual.  
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4.4.2 Meta-Test 

The mean performance of HSAM participants and age- and sex-

matched controls on each of the four measures for the Meta-Test are 

presented in Fig. 4.5-4.8. 7 HSAM and 9 control participants failed to 

complete various parts of the Meta-Test, due to lack of time or lack of 

willingness to complete it.  

As is seen in Figure 4.5, HSAM participants outperform controls on 

their ability to recall the number of correct responses to when a cognitive 

session was taken (date, day of the week, and time) over time; HSAMs (n = 

18, yellow circles) and controls (n = 15, blue circles). Nonlinear regression 

was used to determine that the slopes differed significantly (p < 0.0001). A 

two-way repeated measures ANOVA with group (HSAM vs. Control) and 

 
Figure 4.5 Meta-Test Time. Nonlinear regression representing the number of correct 
recollections of dates/days of week/times at each of the six delay time points. HSAMs (n = 
18, yellow circles) and controls (n= 15, blue circles). Slopes are significantly different (p < 
0.0001). Two-way repeated measures ANOVA with group (HSAM vs. Control) and delay 
(3, 5, 7, 27, 29, and 31 days) as independent factors revealed significant main effects of 
group and delay (F(1,31) = 27.66, p < 0.0001; F(5, 1155) = 8.17, p < 0.0001), and a significant 
interaction (F(5,155) = 4.34, p < 0.001). Values are means ± s.e.m. 
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delay (3, 5, 7, 27, 29, and 31 days) as independent factors revealed significant 

main effects of group and delay (F(1,31) = 27.66, p < 0.0001; F(5, 155) = 8.17, p < 

0.0001), and a significant interaction (F(5,155) = 4.34, p < 0.001). 

As seen in Figure 4.6, HSAM participants were slightly, but not 

significantly, better than controls at recalling individual tests taken during 

the cognitive battery in their proper order; HSAMs (n = 18, yellow circles) 

and controls (n = 15, blue circles). Nonlinear regression was used to 

determine that the slopes did not differ (p = 0.25). A two-way repeated 

measures ANOVA with group (HSAM vs. Control) and delay (3, 5, 7, 27, 29, 

and 31 days) as independent factors revealed a significant main effect of 

delay (F(5, 155) = 4.58, p < 0.001), a trend towards significance for group (F(1,31) 

= 3.27, p = 0.08) and no interaction (F(5,155) = 1.68, p = 0.14).  

 
Figure 4.6 Meta-Test Order. Nonlinear regression representing the percentage of 
cognitive battery tests recalled in their correct order at each of the six delay time points. 
HSAMs (n = 18, yellow circles) and controls (n= 15, blue circles). Slopes are not 
significantly different. A two-way repeated measures ANOVA with group (HSAM vs. 
Control) and delay (3, 5, 7, 27, 29, and 31 days) as independent factors revealed 
significant main effects of delay (F(5, 155) = 4.58, p < 0.001), a trend towards significance 
for group (F(1,31) = 3.27, p = 0.08), but no interaction. Values are means ± s.e.m. 
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Three questions in regards to the participant’s life were interspersed 

through each of the three cognitive sessions. As is shown in Figure 4.7, the 

number of correct responses to these questions by HSAMs (n = 18, yellow 

circles) exceeds that of controls (n = 15, blue circles). Nonlinear regression 

was used to determine that the slopes did not differ (p = 0.49). A two-way 

repeated measures ANOVA with group (HSAM vs. Control) and delay (3, 5, 7, 

27, 29, and 31 days) as independent factors revealed a significant main effect 

of group (F(1,31) = 10.69, p < 0.01). No main effect of delay (F(5, 155) = 0.56, p = 

0.73) or interaction (F(5,155) = 0.56, p = 0.73) was found.  

Three stories about the researcher’s life were interspersed through 

each of the three days of the cognitive battery. As is shown in Figure 4.8, 

HSAM (n = 17, yellow circles) and controls (n = 15, blue circles) scored 

 
Figure 4.7 Meta-Test Self. Nonlinear regression representing the number of correct 
answers given to questions relating to the participant’s life at each of the six delay time 
points. HSAMs (n = 18, yellow circles) and controls (n = 15, blue circles). Slopes are not 
significantly different. A two-way repeated measures ANOVA with group (HSAM vs. 
Control) and delay (3, 5, 7, 27, 29, and 31 days) as independent factors revealed a 
significant main effect of group (F(1,31) = 10.69, p < 0.01). No main effect of delay or 
interaction was found. Values are means ± s.e.m. 
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similarly in their ability to recall percent correct story details. Nonlinear 

regression was used to determine that the slopes did not differ (p = 0.97). A 

two-way repeated measures ANOVA with group (HSAM vs. Control) and 

delay (3, 5, 7, 27, 29, and 31 days) as independent factors revealed a 

significant main effect of delay (F(5, 150) = 2.29, p < 0.05), but no significant 

main effect of group (F(1,30) = 0.02, p = 0.88) and no interaction (F(5,150) = 0.12, 

p = 0.99).    

4.5 Discussion 

4.5.1 Cognitive Battery 

Multiple facets of the HSAM cognition were assessed through a battery 

of nine cognitive tasks taxing associative memory, semantic memory 

retrieval, attention and inhibition, executive functioning, mnemonic 

 
Figure 4.8 Meta-Test Other. Nonlinear regression representing the number percentage 
of correct details given about stories relating to the researcher’s life at each of the six 
delay time points. HSAMs (n = 17, yellow circles) and controls (n = 15, blue circles). Slopes 
are not significantly different (p = 0.88). A two-way repeated measures ANOVA with 
group (HSAM vs. Control) and delay (3, 5, 7, 27, 29, and 31 days) as independent factors 
revealed a significant main effect of delay (F(5, 150) = 2.29, p < 0.05), but no significant main 
effect of group or interaction. Values are means ± s.e.m.  
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discrimination, mental imagery, short-term memory storage, visio-spatial 

ability, and emotional memory. Each task was selected because of its 

underlying reliance on memory or influence on autobiographical memory 

recollection in particular.  

HSAM participants are unequivocally superior in the recollection of 

autobiographical events (LePort et al., 2012; LePort et al., (Chapter 3)), but 

their performance on tasks in the cognitive battery was either similar or 

showed only modest advantages to controls. Null results, persisting in a 

diverse domain of cognitive functions (attention and inhibition, mnemonic 

discrimination, mental imagery, short-term memory storage, or visio-spatial 

ability), substantiate the indication that enhanced cognitive processes are not 

the root of HSAM. Four tests did reveal reliable differences between HSAM 

and age- and sex-matched controls: Names to Faces, Script Generation, 

California Verbal Learning Test and the Three Phase Story. Their 

contribution to HSAM is discussed:  

Names To Faces 

 The FNAME paradigm used here is a highly demanding task allowing 

for sensitivity powerful enough to tease out early impairment and preclinical 

Alzheimer’s Disease (Rentz et al., 2011). HSAMs demonstrated reliably 

greater performance on the rating paradigm, across delay. These results are 

an addition to previous reports indicating an enhanced recollection of face-

name associations (LePort et al., 2012). Here not only do we find they are 
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superior on face name/occupation associations, but that enhancement persists 

at short and long delays. Associating a name/occupation to a human face and 

recalling that association later is an intrinsic part of life. In fact, imaging 

research has elucidated just how ingrained this ability is in us all, identifying 

activity in the fusiform gyrus as closely related the processing of subordinate-

level visual information automated by faces as well as expertise (i.e. stimuli 

one is highly familiar with; Kanwisher et al., 1997; Carmel and Bentin, 2002; 

Kanwisher, 2000). Interestingly, recent findings observing brain morphology 

in HSAM has detected changes to the shape of their right fusiform gyrus in 

comparison to age- and sex-matched controls (Chapter 5). HSAMs’ superior 

FNAME performance contributes to the notion that they excel at the storage 

and later retrieval of stimuli that have clear links to autobiographical 

memory. HSAM performances on the Script Generation and aspects of the 

Meta-Test provide further support of this interpretation.  

Script Generation 

 A “script” has been referred to as the memory structure a person 

possesses before new knowledge of a situation is encoded (Schank and 

Abelson, 1977). The Script Generation task attempted to isolate this memory 

structure through the restriction of participant’s narratives to general, rather 

than idiosyncratic, actions. HSAM participants’ performance indicates that, 

at baseline, their storylines are reliably richer than that of controls’. Because 

details can serve as cues that trigger even more details, we propose that a 
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richer store of semanticized actions could be contributing to their ability to 

recall more richly episodic events (Chapter 3). 

CVLT 

 The CVLT required participants to study a list of 16 words belonging 

to four semantic categories (animals, vegetables, ways of traveling, 

furniture). The four words from each category were studied five times each. A 

prior case study on Jill Price, our first HSAM participant, indicated a 

memory deficit under free and cued recall conditions and poor strategy use 

(e.g. the use of serial clustering over semantic clustering; Parker et al., 2006). 

Jill Price seems to be unique to our HSAM population, as here HSAM 

participants’ performance was, for the most part, consistent with that of 

controls. They did express two deficits: recall of words from the beginning of 

the list and the consistency for which they recalled the same word from the 

prior trial. Interestingly, in comparison to controls, HSAMs recalled more 

words from List A, which had 5 immediate recall trials. In contrast HSAM 

and control participants recalled a similar amount of words from List B, 

which only had only one immediate recall trial. This disparity hints at an 

enhanced effect of “active retrieval,” in which HSAM participants receive a 

greater benefit than controls when new information is learned through a 

process of recollecting then restudying the material (Karpicke and Roediger, 

20120; Karpicke, 2012). Further investigation into the influences of active 
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retrieval on autobiographical memory could be valuable towards 

understanding mechanisms underlying HSAM.  

Three Phase Story 

Retention of central and peripheral details in story phase 2, the phase 

in which emotional events were introduced, was no greater than phase 1 for 

both male HSAM and control participants. Despites similar reports of 

substantially negative emotional reactions by both groups, a lack of increase 

in memory retention during phase 2 indicates that both groups had minimal 

emotional reactions to the Three Phase Story.  

Differences between groups’ memory retention for peripheral details of 

phase 2 persisted in which HSAM participants had a reliable decrease in 

memory retention. This result is one indication that stimuli not directly 

related to their life will be recollected in minimal detail at a delay; results 

from the Meta-Test further support this conclusion. 

4.5.2 Meta-Test 

 Participants’ memory for events that transpired during the cognitive 

battery was assessed with our incidental Meta-Test at one-week and one-

month delays. The test observed four aspects that ranged in degree to which 

the event related directly to the participants’ life (listed here, loosely, from 

most to least): 1. the date, day of the week and time the cognitive battery was 

administered 2. the event the participant shared about his/her life 3. the 
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specific cognitive tests taken and their order 4. details of three stories the 

researcher shared about herself.  

A hallmark of HSAM is a prodigious memory for personal life events 

and the days and dates they occurred (LePort et al., 2012; LePort et al., 

(under review)). Current results of the Meta-Test support this claim and also 

broaden our understanding that HSAM participants do not retain all 

information that is autobiographical in an unprecedented manner. HSAM 

participants, in comparison to controls, superiorly recollected when the 

cognitive battery was taken, but not its order, and details of narratives 

related to their own, but not the researcher’s, life. HSAM therefore seems to 

be specified for events that are directly tied to their personal narrative. 

Consistent with data from the Three Phase Story, stimuli that are not related 

to their personal narrative are not exceptionally recollected at delay.  

HSAM participants’ superior recollection for the order in which 

cognitive tests were taken displayed a trend towards significance at remote 

time points. Their experience for taking each cognitive test can be viewed as 

an intermediate titration between events that are a major component of the 

participant’s narrative to those that have no barring. Interestingly, HSAM 

participants indisputably out perform controls in their ability to recall the 

date and day of the week (i.e. the order) of salient public and personal life 

events (LePort et al., 2012; LePort et al., (Chapter 3)). They even show an 

enhanced performance for the recollection of when the cognitive sessions took 
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place. One may argue that HSAM, while vast, does not entail a level of 

specificity for the minutia. But, they have been shown to recollect narratives 

rich in specific details: the weather and/or plays in sporting matches 

occurring months or decades ago (Chapter 3). More likely, an HSAM’s 

memory for the order of the cognitive tasks did not appreciably impact the 

rest of their life. They would therefore be less inclined to think about these 

particular events, would be even less likely to perseverate on them and would 

resulting in their recollection of them in a manner more similar to controls.   

4.5.3 Conclusions 

A unique combination of enhanced cognitive processes could be the 

foundation for HSAM. But, mostly average with a few modest improvements 

in performances on tasks forming our cognitive battery more likely indicate 

that enhanced cognitive processes are not at the heart of their ability. 

Reliably strong performances on recollection for when the cognitive battery 

took place and details of the participants’ personal experiences were found. 

This makes a strong case that information more intimately related to HSAM 

participants’ narratives are retrieved with greater ease in comparison to 

controls. 
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Chapter 5: Neuroanatomical and resting-state 

correlates of HSAM. 

5.1 Abstract 

 Highly Superior Autobiographical Memory (HSAM), previously 

reported in 11 individuals, entails the ability to accurately recall a vast 

number of details from events within one’s lifetime, without the use of 

explicit mnemonics. HSAM is largely specific to the storage and retrieval of 

autobiographical, as opposed to laboratory-based episodic, details. HSAM 

participants also express several behaviors often labeled as obsessive-

compulsive, such as rumination. Some aspect of compulsiveness may play a 

significant role in HSAM. The morphological brain differences observed in 

HSAM (Chapter 2) may-well reflect behavioral differences and it is 

compelling that the regional differences we observed include those 

established in the literature as contributors not only to autobiographical 

memory recollection, but also to obsessive-compulsive disorder (OCD). To 

further our neural investigation, structural and resting state functional 

magnetic resonance imaging scans (fcMRI) were obtained from 11 HSAM 

participants (7 not previously scanned) and 21 age- and sex-matched controls. 

In addition to extending our prior structural analysis, functional connectivity 

of the Default Mode Network (DMN) as well as fronto-subcortical circuitry, 

involved in the pathophysiology of OCD were investigated using seed to 

whole-brain analyses. Both groups showed connectivity in the default mode 
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network and, relative to controls, HSAM individuals showed increased 

connectivity in core portions of the DMN.  In addition, HSAM individuals 

showed increased connectivity in the fronto-subcortical circuitry previously 

associated with OCD. These findings further support the hypothesis that the 

HSAM’s ability is driven by compulsive, automatic attention to and use of 

their autobiographical memory. 

5.2 Introduction 

Our prior reports on Highly Superior Autobiographical Memory 

(HSAM) have provided a descriptive background of a unique population of 

people who can recall a prodigious number of details concerning events that 

took place within their lifetime, including the days and dates they occurred 

(Chapter 2 / LePort, et al., 2012; Chapter 3). Our behavioral investigations 

have both confirmed the accuracy of their profound autobiographical memory 

ability and suggested that aspects of compulsiveness, in particular 

rumination, my play a significant role in HSAM (Chapter 2 / LePort, et al., 

2012; Chapter 3); The degree to which HSAM participants express obsessive-

compulsive behavior has been positively correlated with the their ability to 

recall the exact same details of daily autobiographical experiences at a one-

month delay (Chapter 3).  

Insights into the neuroanatomy of HSAM and its suggested 

relationship to autobiographical recollection and obsessive-compulsive 

behavior were reported in our previous study (Chapter 2 / LePort et al., 
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2012). We extended this here in both neuroanatomical and resting-state 

functional connectivity analyses.   

In the neuroanatomical analyses, we build upon our prior 

neuranatomical analysis through the inclusion of neuroanatomical data from 

7 newly confirmed HSAM participants. Four standard structural imaging 

analyses were applied: three complementary methods for quantifying grey 

and white matter structure (Voxel Based Morphometry Grey-Matter (VBM-

GM), Voxel Based Morphometry White-Matter (VBM-WM) and Tensore 

Based Morphometry (TBM)) and one distinct method for assessing white 

matter alone (Diffusion Tensor Imaging-Fractional Anisotropy (DTI-FA)). 

Data were reanalyzed using a slightly different procedure than outlined in 

LePort et al., 2012. Morphometric results are provided for methods 

automated anatomic labeling (AAL), VBM-GM, VBM-WM, TBM, and three 

DTI-based measures: FA, radial diffusivity (RD), and mean diffusivity (MD). 

Nine brain regions were determined to be neuroantamoically distinct from 

those of age- and sex-matched controls. Five (uncinate fascicle, 

parahippocampal gyrus, posterior insula, anterior & middle temporal gyrus, 

intraparietal sulcus) have been previously implicated in their contribution to 

the recollection of autobiographical material (Markowitsch, 1995; Fink, 

Markowitsch, Reinkemeier et al., 1996; Svboda, Mckinnon & Levine, 2006; 

Yasmin, Nakata, Aoki et al., 2007; Buckner, Andrew-Hanna & Schacter, 

2008; Schott, Niklas, Kaufmann et al., 2011) whereas two (caudate and 
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putamen) have been previously associated with obsessive compulsive disorder 

(OCD) (Radua & Mataix-Cols, 2009).  

As the focal point of this study, we report a detailed analysis on the 

resting state functional connectivity (fcMRI) of the “Default Mode Network” 

(DMN) and  orbitofronto-striatal circuitry previously associated with OCD 

(Jang, Kim, Jung et al., 2010) in HSAM participants as compared to age- and 

sex-matched controls. Resting-state fcMRI is thought to index an internally 

focused state through the detection of temporal correlations in spontaneous 

BOLD signal oscillations corresponding to spontaneous cognition (i.e. self-

referential thought, free flowing consciousness, self-projection and 

autobiographical remembering – see Buckner, Andrew-Hanna, and Schacter, 

2008; Buckner and Carroll, 2006). Autobiographical memory also entails 

internally focused cognition; Remembering, thinking about the future, and 

thinking from another’s perspective requires the ability to shift from an 

external state, perceiving the immediate environment, to an internal state, 

building mental models of alternative scenarios (Schacter, Addis and 

Buckner, 2007). All of these processes that take place during rest directly 

relate to HSAM. Attributes such as self-referential thought, autobiographical 

remembering and mental projection are quintessential hallmarks of the 

phenomenon (Chapter 2 / LePort, et al., 2012; Chapter 3).  

Interest in the DMN began with the observation of increased 

functional activity during passive states (i.e. rest) relative to attention-
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demanding cognitive tasks (Shulman, Fiez, Corbetta, Buckner, Miezin, 

Raichle, and Petersen, 1997; Mazoyer et al., 2001). Of course, rest is not an 

idle state for the brain and the DMN has been treated by many as a collection 

of networks associated with self-referential thought, memory, and 

prospection (Buckner, Andrews-Hanna, & Schacter, 2010; Buckner & Carroll, 

2006). In fact, fMRI studies using autobiographical stimuli as task cues have 

demonstrated the activation of a network of brain regions almost 

indistinguishable from the full DMN, including both posterior and frontal 

midline components of the network (Andrews-Hanna, Reidler, Sepulcre et al., 

2010).  

In conjunction with the DMN we also measured functional connectivity 

in the orbitofronto-striatal circuitry. This circuitry, along with connected 

limbic structures, represents key components of a pathophysiological model 

for OCD (Menzies, Chamberlain, Laird, et al., 2008; Stein, Wayne, Goodman, 

et al., 2000; van der Wee, Stevens, Hardeman et al., 2004; van den Heuvel, 

Veltman, Groenewegen et al., 2005). Specifically, patients with OCD exhibit 

decreased functional connectivity in components of fronto-subcorticial circuits 

as well as increased functional connectivity in the orbitofronto-striatal and 

dorsolateral prefronto-striatal circuits (Jang et al., 2010; Sakai, Narumoto, 

Nishida et al., 2011).  
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5.3 Materials and Methods 

5.3.1 T1- and Diffusion-weighted imaging  

Participants: Compared with the report from 2011, both HSAM and age- and 

sex-matched control groups were extended to include a total of 17 (4 female, 

13 male; mean age = 42.95, S.D. = 10.67, left handed = 4) and 21 (7 female, 14 

male; mean age = 44.71, S.D. = 12.56, left handed = 2) participants, 

respectively. All HSAM participants who contacted us proclaiming to have 

HSAM were screened using methods detailed in (LePort et al., 2012). Those 

that passed screening and testing for HSAM were invited to participate in 

the MRI study. Controls were recruited by means of a Craigslist add. All 

participants gave written informed consent in compliance with the local 

Institutional Review Boards before participating and were compensated for 

their time.  

Data Acquisition: All participants were scanned using the same imaging 

protocol on the same scanner during the same time frame. T1-weighted MR 

images were acquired on a Philips Achieva 3T scanner, equipped with an 8-

channel phased array coil, using a MPRAGE sequence with TR 11 ms, TE 4.6 

ms, flip angle 18 degrees, 200 sagittal slices, coregistered with the fMRI data 

with a matrix of 320 x 274 voxels, corresponding to an isotropic resolution of 

0.75mm.  

Diffusion-weighted images were available for 17/21 controls and 15/17 

HSAM subjects acquired on the same scanner and coil, using a diffusion-
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weighted spin-echo sequence with TR=12.88 s, TE=48.69 ms, flip angle=90 

degrees, 60 axial slices with a matrix of 128 x 128 voxels, corresponding to a 

resolution of 1.8 x 1.8 mm (in plane), 2 mm slice thickness, 32 gradient 

directions at b = 800 s/mm2, one gradient-free acquisition, and one 

acquisition with isotropic gradients at b = 800 s/mm2. Note that at an 

angulation of 30 degrees WRT the AC-PC plane, not the full intracranial 

space was imaged: approximately 2 cm of the superior frontal lobe and 4 cm 

of the posterior cerebellum were cut off. Besides the images, the following 

demographic variables were collected: group label (GRP, C = control, P = 

HSAM group), gender (GEN, M = male, F = female), and age at time of 

examination (AGE, in years).  

T1 weighted imaging Analysis Methods:  

1. Scan data in Philips PAR-REC format were converted into BRIAN 

format, aligned with the stereotactical coordinate system (Kruggel and 

von Carmen, 1999) and interpolated to an isotropical voxel size of 1mm 

using a fourth-order b-spline method.  

2. Next, data sets were registered with the ICBM 2009c template (Fonov, 

Evans, McKinstry et al., 2009) using a recent approach for nonlinear 

registration (Vercauteren, Pennec, Perchant et al., 2009). All 

registered head images were averaged, correcting for the mean 

intensity. The brain was extracted from the average to yield the brain 

template 1.  
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3. A mask of the intracranial volume was generated from each head 

dataset by a registration approach and used to extract the brain 

(Hentschel and Kruggel, 2004).  

4. Data were corrected for intensity inhomogeneities using a newly 

developed technique that estimates the gain field by comparing the 

global intensity distribution with local ones yielding an intensity-

corrected T1-weighted image of the brain.  

5. Data were segmented by a probabilistic approach using 3 classes 

(Zhang et al., 2001), yielding a set of 3 probability images. Each voxel 

received a probability for belonging to the intensity class 0: 

cerebrospinal fluid, CSF; 1: grey matter, GM, or 2: white matter, WM. 

As result, gross compartment volumes (in ml) for GM, WM, CSF, and 

intracranial volume (ICV) were obtained for all subjects (method AAL).  

6. All intensity-corrected brain images were registered with template 1, 

and averaged to yield the brain template 2.  

7. All brain datasets were registered with template 2, and the resulting 

deformation field applied to the GM probabilistic map. The resulting 

GM probability map in MNI space was divided into ROIs using the 

AAL template (Tzourio-Mazoyer, Ladeau, Papathanassiou et al., 2002). 

This analysis yielded GM concentrations in 116 regions-of-interest 

(ROI). For more information about these ROIs, refer to Tzourio-

Mazoyer et al. (2002). Linear regression models were computed for 
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each ROI, using the GM concentration as a dependent variable, and 

variables GRP, AGE, GEN, and ICV as independent variables. It is 

commonly accepted that ROI– wise GM concentrations are statistically 

independent, thus, a correction for multiple comparisons is not needed.  

8. From the deformation field obtained in the previous step, the 

determinant of the first partial derivative (Jacobian - JAC) was 

computed. This value can be used to detect (local) shape changes 

(greater than 1 for locally expanding areas, less than one for locally 

contracting areas, and 1 for no change, translations and rotations). 

Data were smoothed using a Gaussian filter (σ = 2, FWHM of 4.7 mm), 

and log-transformed. Linear regression models were computed for each 

voxel, using log(JAC) as a dependent variable, and variables GRP, 

AGE, GEN, and ICV as independent variables. Computation was 

restricted to a tissue mask with a combined GM and WM probability p 

> 0.25. As result, the significance of the group-related shape 

differences, expressed as voxel-wise z-scores were obtained. Note that 

negative (positive) z- scores correspond to a local contraction 

(expansion) in the deformation maps of HSAM subjects vs. controls. 

This technique is commonly denoted as “tensor-based morphometry” 

(TBM) (Chung, Worsley, Cherif et al., 2001).  

9. GM and WM concentrations warped into in MNI space were smoothed 

using a Gaussian filter (σ = 2, FWHM of 4.7 mm) and logit-
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transformed. Linear regression models were computed for each voxel, 

using the transformed concentration as a dependent variable, and 

variables GRP, AGE, GEN, and ICV as independent variables. 

Computation was restricted to a GM (WM) mask with a GM (WM) 

probability p > 0.25. As result, the significance of the group-related GM 

(WM) differences, expressed as voxel-wise z-scores were obtained. Note 

that negative (positive) z-scores correspond to a locally lower (higher) 

GM resp. WM concentration of HSAM subjects vs. controls. This 

technique is commonly denoted as “voxel-based morphometry” (VBM) 

(method VBM-GM and VBM-WM) (Ashburner & Friston, 2000).  

10. For TBM and VBM, clusters above an absolute z-score threshold of 2.5 

were determined and addressed a significance based on the theory of 

excursion sets in Gaussian random fields according to Friston and 

Worsley (FW) (Friston, Worsley, Frackowiak et al, 1993). 

Diffusion-weighted imaging (DTI) Analysis Methods:  

1. Scan data in Philips PAR-REC format were converted into BRIAN 

format and image volumes corresponding to all gradient directions 

were registered with the gradient- free (T2)-weighted image volume 

using affine registration and mutual information as an image 

similarity metric.  

2. Diffusion tensors were computed from the registered diffusion-

weighted images using a nonlinear procedure including anisotropic 
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noise filtering (Fillard, Pennec, Arsigny et al., 2007). Tensors were 

converted into fractional anistropy (FA), radial and mean diffusivity 

(RD, MD) values.  

3. The T2-weighted images were linearly registered with the (high-

resolution) T1- weighted obtained in step 4 above, and the resulting 

transformation was used to map FA and MD data into stereotaxic 

space. Next, the deformation field obtained in step 7 above was used to 

warp FA, RD and MD data into MNI space.  

4. As above, data were smoothed using a Gaussian filter (σ = 2, FWHM of 

4.7 mm), and linear regression models were computed for each voxel, 

using FA (RD, MD) as a dependent variable, and variables GRP, AGE, 

GEN, and ICV as independent variables. Computation was restricted 

to a tissue mask with a WM probability p > 0.5. As result, the 

significance of the group-related differences in (FA, RD, MD), 

expressed as voxel-wise z-scores were obtained. Clusters above an 

absolute z-score threshold of 2.5 were determined and addressed a 

significance based on the theory of excursion sets in Gaussian random 

fields according to Friston and Worsley (FW) (Friston et al., 1993). 

Note that negative (positive) z-scores correspond to a locally lower 

(higher) directness of WM fibers of HSAM subjects vs. controls (method 

DTI-FA, -RD, -MD).  
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5.3.2 Resting-state functional connectivity magnetic resonance 

imaging (fcMRI) 

Participants: 14 HSAM participants (4 female, 10 male; mean age 36.00, S.D. 

10.39, ambidextrous = 1) and 22 age- and sex-matched control participants (7 

female, 15 male; mean age = 45.36, SD = 12.44, left-handed = 2) were 

recruited by means of a Craigslist add and included in this study. 6 HSAM 

participants (2 females) and 2 controls (both males) were a part of the resting 

state analysis, but not the morphological analysis. All participants gave 

written informed consent in compliance with the local Institutional Review 

Boards before participating and were compensated for their time.  

Data Acquisition: All participants were scanned at the University of 

California, Irvine Research Imaging Center (RIC) on a Philips Achieva 3.0 

Tesla scanner equipped with an 8-channel SENSE (Sensitivity Encoding) 

head coil. Functional images were acquired using a T2* -weighted, 

echoplanar singleshot pulse sequence (TR, 2000msec; TE, 30 msec; flip angle, 

70°; matrix size, 128 mm x 128 mm; FOV, 240mm x 119mm; SENSE factor, 

1.5).  Whole-brain volumes were acquired with thirty coronal 3-mm thick 

transverse slices with a 1 mm interslice gap and 3x3x3 in-plane acquisition 

resolution.  

Cross-participant Alignment: Advanced Normalization Tools (ANTS; Avants 

et al., 2008; Klein et al., 2009), was used to perform cross-participant 

alignment. Each participant’s structural image was brought into the atlas 
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space of Talairach and Torneaux (1988) via an affine registration. We used 

structural scans from 40 different individuals ranging in age from 20-80 

collected from a prior study (Lacy & Stark, 2012) to create a custom central 

tendency template. Following the template generation, each participant’s 

MPRAGE was warped into the custom template space. The resulting 

transformation parameters were subsequently applied to the output of 

analyses of the functional data. 

5.3.3 Functional Connectivity: region of interest selection and 

reference seed generation  

Default Mode Network: 11 a priori seed regions of interest (ROI) were 

selected due to their consistency in being components of applicable resting-

state networks and relevant cognitive tasks (Greicius et al. 2008; Buckner et 

al., 2009; Andrews-Hanna, Reidler, Huang, and Buckner, 2010). These 11 

seed regions have been reported to lie within three subsystems of the DMN:  

1. Medial Temporal Lobe Subsystem (ventral medial prefrontal cortex 

(vMPFC), posterior inferior parietal lobule (pIPL), retrosplenial cortex 

(Rsp), parahippocampal cortex (PHC), hippocampal formation (HF+), 

engaged during the construction of self-relevant mental simulations.  

2. Dorsal Medial Prefrontal Cortex Subsystem (dorsal medial prefrontal 

cortex (dMPFC), temporal parietal junction (TPJ), lateral temporal 

cortex  (LTC), temporal pole (TempP), engaged during the assessment 

of the personal significance of these events  
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3. Midline Core (posterior cingulate (PCC) and anterior medial 

prefrontal cortex (aMPFC)), engaged during self-relevant, affective 

decision making (Andrews-Hanna et al., 2010).  

We used right- and left-lateralized/midline spherical seed ROIs 

(diameter = 5 mm) with MNI coordinates selected based on 11 left-lateralized 

seeds used in Andrews-Hanna (2010) (Table 5.1). For each subject, residual 

BOLD time series of voxels within each seed region were averaged to 

generate reference time series for each respective seed region. The 20 seed 

ROIs reported here represent what we defined as the “DMN.” 

OCD Network: Our previous reports on HSAM revealed a tendency towards 

Obsessive Compulsive behavior in our participants (Chapter 2 / LePort et al., 

2012; Chapter 3). We therefore included 2 a priori seeds ROI, the right and 

Table 5.1  
Resting-state functional connectivity reference seeds 

Reference Seed Abb. BA L X Y Z R X Y Z 

Anterior medial prefrontal  aMPFC 10,32   -6 52 -2   6 52 -2 

Posterior cingulate  PCC 23,31   -8 -56 26   8 -56 26 

Dorsal medial prefrontal  dMPFC 9,32   0 52 26   0 52 26 
Temporal parietal 
junction 

TPJ 40,39 
  

-54 -54 28 
  

54 -54 28 

Lateral temporal  LTC 21,22   -60 -24 -18   60 -24 -18 

Temporal pole TempP 21   -50 12 -27   50 13 -27 

Ventral medial prefrontal  vMPFC 11,24,25   0 26 -18   0 26 -18 

Posterior inferior parietal  pIPL 39   -44 -69 30   44 -69 30 

Retrosplenial cortex Rsp 29,30,19   -14 -52 8   14 -52 8 

Parahippocampal cortex PHC 20,36,19   -28 -40 -12   28 -40 -12 

Hippocampal formation HF* 20,36   -22 -20 -16   36 -20 -16 

Thalamus Thal     -12 -20 7   12 -20 7 
Ventral striatum VS     -10 15 0   10 15 0 

First 11 seeds compose DMN. All coordinates are in MNI space. DMN seed coordinates 
adapted from Andrews-Hanna et al. (2010). OCD seed coordinate was adapted from Sakai et 
al. (2010). 
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left ventral striatum (VS), due to their consistent involvement in the 

pathophysiology of OCD (Table 5.1; Alexander, DeLong, Strick, 1986; 

Menzies, Chamberlain, Laird, et al, 2008; Sakai; Jang, Kim, Jung, et al., 

2010) and the orbitofronto-striatal circuitry during resting-state in OCD 

patient populations (Narumoto, Nishida, et al., 2011). The same protocol as 

mentioned above was used to generate the VS seed. 

Functional Connectivity combined-groups analysis: Data analysis was 

performed using the Analysis for Functional NeuroImages (AFNI) software 

(Cox, 1996). Three scans, per participant, during the same session were 

acquired. Data for each participant were concatenated across runs. Subject 

specific masks of the brain, using 3dAutomask, were created and applied for 

denoiseing, via CompCorr (Behnzadi, Restom, Liau et al., 2007) using ANTs 

ImageMath. Next, we removed nuisance variables (6 motion paramaters, 

WM, and CSF) using AFNI’s 3dDeconvolve and extracted the residuals. The 

average time series from each aforementioned ROI were collected using 

3dmaskave. Functional connectivity maps were then produced by computing 

the Pearson’s correlation coefficients (Pearson’s r) of time courses in each ROI 

from all other voxels in the whole-brain. Correlation coefficients were 

normalized with Fisher’s z transform. Functional data were iteratively 

spatially smoothed using an isotropic 6-mm FWHM Gaussian kernel. AFNI’s 

3dBlurInMask estimated the intrinsic smoothness of the residuals. 

Connectivity maps between the reference seed and voxels in the whole-brain 
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were produced and combined between groups (HSAM and control). AFNI’s 

3dClustSim estimated probability of false positives. The expected proportion 

of Type I errors was limited by setting a threshold at Pcorrected < 0.05, 

corresponding to Puncorrected < 0.05 with a minimum cluster size of 541mm3 

voxels. We were interested only in brain regions with positive correlation 

because the interpretation of negative correlation remains controversial when 

using global signal regression during the initial processing step. Only two 

combined-group analyses were performed using the two reference seeds 

which, in our opinion, best represented the DMN and OCD networks: PCC 

and VS respectively. Identification of the location of regions that were  

correlated to the reference seeds was determined using the anatomically 

labeled Eickhoff Zilles Atlas template via AFNI (TT_caez_ml_18). 

Seed to whole-brain individual group-level analysis: We performed a voxel-

wise functional connectivity analysis, using the same method stated in the 

combined-groups analysis, with the exception that the correlation map 

between a reference seeds and voxels in the whole-brain were generated 

separately for each group (HSAM and control) and contrasted. Maps 

revealing statistical differences between the two groups were identified. An 

increase in connectivity indicated HSAM > control while a decrease in 

connectivity indicated HSAM < control. All 22 seed regions were used for our 

whole-brain analysis: left and right aMPFC, pIPL, LTC, TempP, PCC, Rsp, 

PHC, TPJ, HF+, VS and midline dMPFC and vMPFC (Table 5.3).  
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5.4 Results  

5.4.1 T1 and Diffusion-weighted imaging results 

 To examine neuroanatomical differences between HSAM and control 

structural scans, thirty-two regions were found to have differences that 

passed statistical criteria from seven analyses (AAL, VBM-GM, VBM-WM, 

JAC, DTI-FA, -RD and -MD). The first four analyses revealed changes in size 

and shape of fourteen of the thirty-two regions, while DTI-FA revealed 

increases in white matter coherence of eleven of the thirty-two regions, DTI-

RD revealed decreases in perpendicular diffusivity of nine of the thirty-two 

regions and DTI-MD revealed decreases in total diffusion within a voxel of 

eight of the thirty-two regions. Results were mapped together in MNI space, 

and overlaid on an averaged brain template (template 2). Regions in which 

there was only partial coverage in the dataset (e.g., brainstem and 

cerebellum) or that failed to reach a 500 mm3 volume were excluded. The 

method of analysis used, resulting ROI, corresponding cluster centers (in 

MNI space), sizes, maximums and average z-scores are given in Tables 5.2 

and 5.3. Because we are comparing two “healthy” groups here, we choose the 

term “contraction” instead of “atrophy,” and “expansion” instead of “growth” 

to describe group-related shape differences. 
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Table 5.2 
Compilation of anatomical group-related differences as found by VBM and TBM 

analysis of T1-weighted data 
Method Region Coordinates Size Zmax Zmin 

  x      y     z mm3   

GM Left Paracentral Lobule -12  -37  56 743 3.896 2.825 

GM Right Cingulate Gyrus 5     2   46 581 3.364 2.848 

GM Left Cuneus -1    89   9 485 3.656 2.842 

GM Right Thalamus 12   -17  10 1036 3.62 2.87 

JAC Left Frontal Lobe -22   -37  44 1758 3.605 2.931 

JAC Left Middle Frontal Gyrus -39    55   4 1004 -4.015 -2.994 

JAC Left Superior Frontal Gyrus -26    39   37 1226 3.596 2.918 

JAC Left Inferior Frontal Gyrus -51    37    3 2040 -3.68 -2.971 

JAC Right Precentral Gyrus 49    -5    16 1625 -4.293 -3.085 

JAC Left Parietal Lobe -19   -58   28 1095 3.333 2.788 

JAC Right Parietal Lobe 22   -46   34 2065 4.197 3.057 

JAC Right Fusiform Gyrus 51   -13  -27 1527 3.449 2.84 

JAC Left Superior Temporal Gyrus -55   -55   20 1292 -3.956 -2.988 

JAC Left Middle Temporal Gyrus -67   -21  -5 742 -3.112 -2.734 

JAC Right Middle Temporal Gyrus 57   -30  -4 1535 -3.832 -2.887 
Regions(are(specified(by(their(center((in(Talairach(coordinates),(their(size,(peak(and(average(
z;score(for(the(group(regressor.(Positive(z;scores(indicate(a(positive(difference(for(HSAM(
subjects.((
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Table 5.3  
Compilation of anatomical group differences as found by the analysis of diffusion-

weighted data.  
Method Region Coordinates Size Zmax Zmin 

  x      y     z mm3   

FA Right Medial Front Gyrus WM 12   -26   55 3376 4.112 2.892 

FA Left Medial Frontal Gyrus WM -8   -26   60 946 3.996 2.894 

FA Left Middle Frontal Gyrus WM -34   -7   54 568 3.27 2.787 

FA Left Cuneus -21   -78   16 503 3.595 2.863 

FA Right Cuneus 12   -78   16 1322 3.744 2.828 

FA Right Precuneus 13    -53   48 656 3.784 2.887 

FA Right Precuneus 12   -64   34 1402 3.738 2.908 

FA Left Insula -36   -12   24 2306 4.045 2.904 

FA Right Extra-Nuclear WM 25   -34    20 832 3.755 2.871 

FA Right Lingual Gyrus WM 18   -77   -4 723 3.267 2.669 

FA Left Cingulate Gyrus WM -7   -24   42 1020 3.304 2.711 

FA Left Cingulate Gyrus WM -8   -50   29 1170 3.674 2.84 

FA Left Temporal Lobe -49  -59   -13 2454 3.64 2.685 

FA Left Superior Temporal Gyrus WM -47   -32   9 560 4.052 2.809 

FA Left Middle Temporal Gyrus WM -56   -53   -3 1353 3.489 2.781 
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Table 5.3 continued  
Method Region Coordinates Size Zmax Zmin 

    x      y     z mm3     

RD Left Superior Frontal WM -12   43   50 1301 -3.8 -2.954 

RD Right Superior Frontal WM 19    52   10 892 -3.792 -2.964 

RD Right Medial Front WM 9    11    53 7436 -4.752 -3.047 

RD Right Frontal Lobe 36   37   13 1218 -4.039 -2.902 

RD Right Precuneus 11   -53   48 706 -3.681 -2.881 

RD Right Precuneus 11   -66   38 1260 -3.892 -2.814 

RD Left Inferior Parietal Lobule WM -38   -56   43 529 3.365 2.794 

RD Left Extra-Nuclear WM -45   -5   20 5018 -3.716 -2.85 

RD Left Extra-Nuclear WM -32   -24   -2 1698 -3.641 -2.825 

RD Left Extra-Nuclear WM -21    10   -7 1046 -3.522 -2.798 

RD Right Extra-Nuclear WM 24   -29    27 1048 -3.906 -2.875 

RD Left Parahippocampal WM -21   -15   -21 741 -3.883 -2.873 

RD Lef Temporal Lobe -46   -23   -18 772 -4.306 -3.023 

RD Left Middle Temporal WM -54   -53   -3 1481 3.548 2.772 

MD Left Superior Frontal WM -11   38   53 1448 -3.78 -2.928 

MD Right Superior Frontal WM 8   28   54 4196 -4.534 -3.15 

MD Right Superior Frontal WM 19    53    10 896 -3.64 -2.924 

MD Right Medial Frontal WM 9    -17   56 609 -3.854 -2.886 

MD Right Inferior Frontal WM 39   25    17 3066 -4.15 -2.864 

MD Left Precentral WM -49    -4    15 1326 -3.563 -2.847 

MD Left Extra-Nuclear WM -20   -54   21 905 -3.255 -2.744 

MD Right Extra-Nuclear WM 23   -27    29 924 -4.044 -2.892 

MD Left Putamen -26    -13   -4 689 -3.427 -2.789 

MD Left Parahippocampal GM -21   -13   -21 632 -368 -2.838 

MD Left Temporal Lobe -38   -33   0 519 -3.224 -2.719 
Regions are specified by their center (in Talairach coordinates), their size, peak and 
average z-score for the group regressor. Positive z-scores indicate a positive difference 
for HSAM subjects. 
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Our central hypothesis was that differences in brain morphology of regions 

related to OCD and autobiographical memory would be found. Furthermore, 

we expected to find overlap between current results and our previous report. 

Group-related differences that provide the clearest support of our hypothesis 

for the AAL, VBM-GM, VBM-WM, and JAC data are listed below and 

pictured in Figures 5.1, 5.2 : 

 

1. A region with increased GM concentration in the right thalamus 

(VBM-GM).  

2. Region(s) with shape differences in the left basal frontal lobe 

(contraction, JAC), and left superior frontal lobe (expansion, JAC).  

3. Expansion areas in the deep WM of both parietal lobes (JAC), both in 

covering the superior longitudinal fasciculus.  

4. Contraction areas in the temporal gyri on both sides (JAC).  

 

 

 
Figure 5.1 Group-related differences based on voxel-based 
morphometry (grey matter concentration, GM). Regions of 
increased (orange) GM concentration in the left cuneus (axial view) and 
right thalamus (coronal view).  
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Again, our central hypothesis was that we would find differences in 

structural connectivity of regions related to OCD and autobiographical 

memory as well as an overlap in results from our previous report. For the 

DTI data, a general pattern of increased FA, and decreased RD and MD was 

found. Such a pattern might be due to an increased fiber density, increased 

myelinization, or smaller fiber diameter. Group-related differences that 

provide the clearest support of our hypothesis are listed below and pictured 

in Figures 5.3 and 5.4: 

1. Several areas in the superior WM in both hemispheres, including the 

corona radiata and the superior longitudinal fasciculus.  

 
Figure 5.2 Group-related differences based on tensor-based 
morphometry (Jacobian, JAC). Expansion regions in superior 
portions of the WM on left side (bottom, coronal view) and (multiple) 
contraction regions in the left frontal lobe and bilateral temporal gyri.  
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2. Fibers along the superior longitudinal fasciculus reaching the frontal 

and parietal operculum on the left side.  

3. The extra-nuclear WM in overprojection with the uncinate and inferior 

fronto-occipital fasciculus on the left side.  

 

 

 
Figure 5.3 Group-related differences based on diffusion-
weighted measures. A pattern of increased FA (top, orange), 
decreased RD (middle, green) and decreased MD (bottom, green) for 
fibers reaching the left frontal and parietal operculum (i.e. superior 
longitudinal fasciculus. 
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Figure 5.4 Group-related differences based on diffusion-
weighted measures RD (top) and MD (below). A similar 
pattern as in the previous figure, now for fibers in the extra-nuclear 
WM on the left side.  
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5.4.2 Functional connectivity results 

Functional Connectivity combined-groups analysis: We began by testing for 

the presence of the typical DMN and OCD-associated networks in our data.  

To do this, connectivity maps for each reference seed (Pcorrected < 0.05, 

corresponding to Puncorrected < 0.05 with a minimum cluster size of 541mm3) 

were combined between HSAM and control groups. As a sample, results for 

the PCC and VS left-lateralized reference seeds are displayed in Figure 5.5. 

As is typically observed, the strongest functional connectivity in each ROI 

occurred around each left(right)-lateralized seed and in the contralateral 

homologous region. Other distinct regions also exhibited significant 

connectivity with each ROI. More specifically, the VS seeds exhibited 

PCC seed 

•  

VS seed 

•  
• Figure 5.5 Combined-group analysis. Functional connectivity 

maps with ROIs placed in the left hemisphere (shown as pink 
circles in the left column). Maps for the healthy control and 
HSAM groups were generated separately and combined to 
display the brain regions included in the group-level analysis. 
While negative functional connectivity is displayed, only positive 
functional connectivity was interpreted. VS and PCC indicates 
ventral striatum and posterior cingulate cortex, respectively.  
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significant positive connectivity bilaterally in regions of the thalami, caudate, 

putamen, insula, and superior temporal lobes. Furthermore, regions of 

bilateral orbital gyri, superior medial prefrontal cortex, anterior cingulate 

cortex (ACC), middle cingulate, precuneus, PCC and hippocampi exhibited 

significant positive connectivity. The PCC seeds exhibited significant positive 

connectivity with the frontal cortex: bilateral superior medial prefrontal 

cortex, mid orbital gyri, and rectal gyri, as well as the limbic system: bilateral 

hippocampi and cingulate cortices. Furthermore, regions of bilateral thalami, 

caudate nuclei, paracentral lobule, precuneus, cuneus, calcarine gyri 

exhibited significant positive connectivity. As did bilateral superior and 

middle temporal gyri, inferior parietal lobules and angular gyri.    

Seed to whole brain group-level analysis: Having established the presence of 

the expected networks in our dataset, we turned to the question of whether 

there were differences between the HSAM and control participants’ resting-

state networks. To do this, connectivity maps for the HSAM versus healthy 

control group were produced for each of the 20 reference seeds (Pcorrected < 

0.05, corresponding to Puncorrected < 0.05 with a minimum cluster size of 

541mm3). The reference seed, directionality of its connectivity, number of 

clusters found per seed, corresponding ROIs, and MNI coordinates of the 

ROIs and whether there is laterality and at what corresponding p value are 

given in Table 5.4.  
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Table 5.4 
Compilation of group differences analyzed using fcMRI listing seed to whole brain 

findings. 
Left 

seeds 
Direction Cluster ROI Side X   Y    Z On R: 

PCC 
Increase 1 

aMPFC/Mid orbital 
gyrus 

L -0  54  4 

p = 0.16 
R   7  54  4 

vMPFC/Rectal 
gyrus 

R 8  38  -13 

L  -3  38  -13 

Decrease 2 
Middle temporal 

lobe 
L -62 -15 0 ✓  

aMPFC 
Increase 

1 
Middle temporal 

lobe 

R  53  -31  -5 p = 0.11 

L -61  -26  -5 ✓  

2 

aMPFC/Mid orbital 
gyrus 

R 8 40 -4 
✓  

L -11 38 -4 

vMPFC/Rectal 
gyrus 

R 10  37  -7 
✓  

L -5  25  -12 

Decrease 3 
Inferior parietal 

lobe 
R 24  -56  46 p = 0.06 

PHC 

Increase 1 PCC 
R 5 -55 11 

p = 0.09 
L -2 -54 14 

Decrease 2 
Superior Occipital 

R 20 -82 23 
✓  

L -14 -82 25 

Lingual gyrus 
R  '15  -61  -5 

p = 0.10 
L  -12   -65  -9 

pIPL 
Increase 1 

Fusiform Gyrus 
R 27 -44 -17 

p = 0.13 
L -23 -44 -17 

Occipital lobe L -15 -92 12 
p = 0.16 

Cuneus 
R  11  -83  19 
L -4  -83  20 

Decrease 2 PHC/Temporal lobe R 27  2  -32 p = 0.21 
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Table 5.4 continued  
Left 

seeds 
Direction Cluster ROI Side X   Y    Z On R: 

Rsp 

Increase 

1 

Somato motor area L -6  6  50 p = 0.25 

dMPFC L -3  20  45 
p = 0.35 

Anterior cingulate L -5  23  30 

2 

aMPFC/mid orbital  
R 7  53  1 

p = 0.10 
L -5  52 1 

vMPFC/Rectal gyrus 
R 7  45  -4 

L -5  53  -4 

Decrease 
3 

Superior parietal R 19  61 53 p = 0.053 

PCC R 9 -61 29 uni. 

4 Middle temporal lobe L -42 -56 9 p = 0.053 

LTC Increase 1 
Superior/inferior 

occipital lobe 
R 23 -84 4 ✓  

TempP 

Increase 

1 PHC  
R 17 -1 -19 

✓  
L -15 -1 -23 

2 
Inferior occipital R 35 -80 -8 p = 0.09 

Lingual gyrus R 23 -62 -7 p = 0.11 

Decrease 

3 

Insula L -33 11 17 p = 0.11 

Putamen L -18 14 5 p = 0.11 

Thalamus L -18 -16 1 p = 0.07 

4 Anterior cingulate 
R 8 40 12 p = 0.30 

L -10 41 12 uni. 

VS Increase 1 

aMPFC/mid orbital  
R 2  44  -3 

✓  
L -3 41 -3 

Anterior cingulate 
R 9 39 9 ✓  

L -5 28 -1 p= 0.15 

vMPFC/Rectal gyrus R 9  46  -4 ✓  

Results reflect group-level differences (HSAM – control). Probability of false positives were 
restricted to the expected proportion of type I errors at p < 0.05. Connectivity maps were 
restricted by a minimum cluster size of 541mm3 voxels. ROIs were determined using the 
anatomically labeled Eickhoff Zilles Atlas template in the SPM toolbox in afni 
(TT_caez_ml_18). “✓” signifies that the difference was also found on contralateral 
hemisphere at p < 0.05. “p=” signifies p value at which difference was found on 
contralateral hemisphere.  “uni” signifies that difference was unilateral.  
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Table 5.4 continued  
Right 
seeds 

Direction Cluster ROI Side X   Y    Z On L: 

PCC Decrease 
1 

Insula R 39 10 -2 
p = 0.13 

Caudate/Putamen R 14 15 2 

2 
Middle temporal 

lobe 
L -62 -15 0 ✓  

aMPFC Increase 

1 
Middle temporal 

lobe 
L -61 -26 -5 ✓  

2 

aMPFC/mid orbital  
R 8 40 -4 

✓  
L -11 38 -4 

vMPFC/Rectal 
gyrus 

R 10  37  -7 
✓  

L -5  25  -12 

Caudate 
R 14 16 9 

p = 0.14 
L -10 2 11 

3 PCC/Rsp/Precuneus L -13 -53 11 p = 0.06 

4 
Superior frontal 

lobe 
R 19 19 53 p = 0.16 

PHC 

Increase 
1 Caudate R 11 8 8  p = 0.26 

2 PHC/Hippocampus R 24 -16 -17  p = 0.13 

Decrease 3 Superior Occipital 
R 20 -82 23 

✓  

L -14 -82 25 

pIPL Increase 

1 
PCC 

R 7 -40 25 
p = 0.15 L -3 -40 24 

Middle cingulate L -3 -27 31 

2 
dMPFC R 2 47 21 uni. 

aMPFC/orbital  
R 10 53 1 

p = 0.13 
L -5 48 4 
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Table 5.4 continued  
Right 
seeds 

Direction Cluster ROI Side X   Y    Z On L: 

Rsp NONE 

LTC 

Increase 

1 Supeirior/Mid/Inferior 
occipital 

R 23 -84 4 ✓  

2 L -22 -88 1 p = 0.07 

3 
Temporal pole 

R -50 7 -10 p = 0.30 

L 44 16 -10 uni. 

Inferior frontal 
R 33 28 -9 p = 0.50 
L -30 27 -9 p = 0.35 

Decrease 
4 Putamen 

R 27 2 2 
p = 0.43 

L -21 8 2 

5 
Middle 

cingulate/SMA 
L -6 -8 48 p = 0.35 

TempP 

Increase 
  

1 PHC  
R 17 1 -19 

✓  
L -15 -1 -23 

Decrease 2 
Inferior parietal R 30 -55 45 p = 0.13 
Precuneus/Rsp R 5 -56 36 p = 0.35 

VS 

Increase 
  
  
  
  

1 

aMPFC/mid orbital  
R 2  44  -3 

✓  
L -3 41 -3 

Anterior cingulate R 9 39 9 ✓  

vMPFC/Rectal gyrus 
R 9  46  -4 

✓  
L -5  45  -4 

Results reflect group-level differences (HSAM – control). Probability of false positives 
were restricted to the expected proportion of type I errors at p < 0.05. Connectivity 
maps were restricted by a minimum cluster size of 541mm3 voxels. ROIs were 
determined using the anatomically labeled Eickhoff Zilles Atlas template in the SPM 
toolbox in afni (TT_caez_ml_18). “✓” signifies that the difference was also found on 
contralateral hemisphere at p < 0.05. “p=” signifies p value at which difference was 
found on contralateral hemisphere.  “uni” signifies that difference was unilateral.  
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Our central hypothesis was that group-related differences in functional 

connectivity would be found in regions of the DMN and OCD network. Three 

of the findings listed below and pictured in Figures 5.6, 5.7 and 5.8 provide 

clear support of this hypothesis. An increase in connectivity signified HSAM 

> control while a decrease signified HSAM < control: 

1. The left PCC reference seed exhibited a cluster with a significant 

increase in connectivity in regions of bilateral aMPFC/mid orbital 

gyrus and vMPFC/rectal gyri. 

Table 5.4 continued  
Midline 
Seeds 

Direction Cluster ROI Side X   Y    Z 

dMPFC Decrease 

1 = R Middle frontal gyrus 
R 36  25  38 

L -36  33  35 

2 = L 
Inferior frontal 

gyrus 
R 33  25  34 

L -38  38  23 
Insula lobe R 37  21  5 

vMPFC NONE 

Results reflect group-level differences (HSAM – control). Probability of false 
positives were restricted to the expected proportion of type I errors at p < 0.05. 
Connectivity maps were restricted by a minimum cluster size of 541mm3 
voxels. ROIs were determined using the anatomically labeled Eickhoff Zilles 
Atlas template in the SPM toolbox in afni (TT_caez_ml_18). 
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2. The left aMPFC reference seed exhibited significant increases in 

connectivity in regions of the left PCC, bilateral aMPFC/mid orbital 

gyri, vMPFC/rectal gyri, middle temporal gyri. 

3. The right VS reference seed exhibited significant increases in 

connectivity to bilateral regions of aMPRC/mid orbital gyri, 

vMPFC/rectal gyri and right ACC.  

 

 

 

 

 

 

 

 

 

PCC seed 

(
Figure 5.6 PCC Seed. Significantly increased connectivity 
between the left PCC seed and one orange cluster representing 
regions of bilateral aMPFC/mid orbital gyri and vMPFC/rectal 
gyri. Significantly decreased connectivity between the left PCC 
and one blue cluster representing the left middle temporal 
lobe. 

aMPFC seed 

•  
• Figure 5.7 aMPFC seed. Significantly increased connectivity 

between the left aMPFC reference seed and three orange 
clusters representing regions of bilateral aMPFC/mid orbital 
gyri, vMPFC/rectal gyri (sagittal view) and middle temporal 
lobe (axial view). 
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5.5 Discussion 

5.5.1 Introduction to anatomical discussion 

Seven standard structural imaging analyses were applied in this 

study: four complementary methods for quantifying grey and white matter 

structure (AAL, VBM-GM, VBM-WM and TBM) and three distinct methods 

for assessing white matter alone (DTI-FA, RD, MD). We identified thirty-two 

brain regions that differed most consistently and meaningfully across 

analyses in HSAM participants as compared to controls in terms of grey 

matter/white matter concentration, regional shape, or white matter tract 

coherence (see Tables 5.2-5.4 and Figures 5.1-5.8). While our analyses 

identified directionality of change among the specified regions, we refrain 

from interpreting it. Concluding that higher GM concentrations in healthy 

adults correlate with improvements in behavior or memory is tempting, but 

conclusive evidence on this topic has yet to be demonstrated (e.g. Van Petten, 

2004). Below (5.5.1), we highlight regions that were identified as 

VS seed 

 
• Figure 5.8 VS Seed. Significantly increased connectivity 

between the right VS seed and one orange cluster representing 
regions of bilateral aMPFC/mid orbital gyri, vMPFC/rectal gyri 
and anterior cingulate cortices. 
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neuroanatomically distinct from controls that may also have possible 

relevance to HSAM participants’ memory abilities and obsessional 

tendencies. A substantial literature indicates associations between changes 

in human brain structure and behavior, including memory (Golestani, 2002; 

Shlaug, Norton, Overy et al., 2005; Draganski et al., 2006; Bohbot et al. 2007; 

Boyke et al. 2008; Fujie et al., 2008; Scholz et al., 2009; Haut, Lim, & 

MacDonald, 2010). HSAM could potentially stem from or be the basis of 

observed neural changes. Here, we also consider overlap between our first 

neuroanatomical study on HSAM discussed in LePort et al. (2012).  

5.5.2 Anatomical results discussion 

 As detailed in our previous behavioral and neuroanatomical reports on 

HSAM, HSAM participants display both obsessive-compulsive tendencies and 

brain morphology similar to that of OCD patients (LePort et al., 2012; 

Chapter 3). Again we find evidence that the HSAM brain is similar in ways to 

that of OCD patients. The OCD literature has established fronto-striatal 

brain regions in OCD patients as metabolically hyperactive, functionally 

hyperconnected and anatomically anomalous (showing a combination of both 

regional volume expansions and reductions; Harrison et al., 2009; Menzies et 

al., 2008; Pujol et al., 2004; Rotge et al., 2009). Activity in this loop has been 

linked to the establishment of cognitive habits (Saxena et al., 1998; Saxena et 

al., 2001) and its dysfunction plays an important role in the manifestation of 

inhibitory deficits associated with OCD (Elliott et al., 2000). Among the 
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regions that comprise the frontal-striatal circuitry are the thalamus, frontal 

gyrus, and cingulate gyrus: three regions, in comparison to controls, that 

resulted in differences in shape or size. As in HSAM participants, OCD 

patients exhibit increases in GM density in regions of the right thalamus 

(Yoo, Roh, Choi et al., 2008). In terms of shape change, global patterns of 

deformity in frontobasal regions, encompassing the medial frontal gyri have 

been found in both HSAM participants and patients with OCD (Pujol, 

Soriano-Mas, Gispert et al., 2011); Similarly to HSAM participants, 

frontobasal deformation patterns were not associated with reductions in 

regions of the frontal lobe (Pujol et al., 2011). Expansions found in bilateral 

parietal lobes of HSAM participants may also be linked to their obsessive-

compulsive tendencies. The parietal cortex has direct anatomical connections 

to regions of the frontal-subcortical circuitry: orbito frontal cortex and 

thalamic nucleus. Moreover, parietal cortex dysfunction has been detected in 

patients with OCD and has been associated with several functions relevant to 

the clinical expression of it (Clark, Egan, McFarlane et al., 2000; Huettel, 

Misiurek, Jurkowski et al., 2004; van den Heuvel et al., 2005).  

 In terms of structural connectivity and what is typically seen in OCD 

patients our evidence indicates a stark contrast. Increasing evidence of white 

matter abnormalities has been accumulating in patients with obsessive-

compulsive disorder. While results of previous DTI studies remain somewhat 

inconsistent, generally, studies of OCD patients have established patterns of 
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decreased DTI-FA in the cingulum bundles, inferior fronto-occipital 

fasciculus, and superior longitudinal fasciculus as well as increased DTI-FA 

in the left uncinate fasciculus (for meta-analysis see Peng, Lui, Cheung, et 

al., 2012). While differences in DTI were also found in the cingulum bundle, 

inferior fronto-occipital fasciculus, and superior longitudinal fasciculus of our 

HSAM participants (compared to healthy controls), global increases in DTI-

FA and decreases in DTI-RD and DTI-MD resulted.  

 These differences are most likely not contributors to the 

obsessive-compulsive behaviors observed in our HSAM participants. Rather, 

considering that these respective global increases and decreases in DTI are 

primarily located in regions related to autobiographical memory, changes in 

white matter integrity may be related to their augmented autobiographical 

memory. Specifically, differences were found in the white matter of the left 

temporal gyrus, left frontal gyrus, left inferior parietal lobule, left cingulate 

gyrus, and left parahippocampal gyrus: regions synonymous with the Default 

Mode Network (Buckner et al., 2008; Buckner et al., 2009; Andrews-Hanna et 

al., 2010). Additionally, the left insula, an area that becomes engaged during 

affect-laden autobiographical memory ecphory, exhibited increases in 

structural connectivity (Fink et al., 1996). 

 Increases in DTI-FA have been associated with amplified white matter 

tract coherence (Wahl et al., 2007; Yasmine et al., 2008). Increases(decreases) 

in RD have been associated with increasing(decreasing) degrees of 
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demyelination (Qiu, Tan, Zhou et al., 2008; Song, Sun, Ramsbottom et al., 

2002; Klawiter, Schmidt, Trinkaus, et al., 2011). Therefore, DTI results could 

connote a greater efficiency in the transfer of information between connecting 

brain regions: Many of which form physical and functional networks (a.k.a. 

the default mode network; see Buckner et al., 2008) amongst regions known 

to contribute to autobiographical memory performance. 

Differences between HSAM and control participants were also found in 

bilateral extra-nuclear white matter in overprojection with the uncinate 

fascicle. While this finding does overlap with that of OCD patients, the 

uncinate is appreciably related to episodic and autobiographical memory 

retrieval: It’s density is positively correlated with free-recall performance 

(Schott et al., 2011), its FA is positively correlated with episodic memory 

performance (with decreases in FA leading to greater degrees of mild 

cognitive impairment; Fujie et al., 2008) and traumatic brain injury to itself 

and surrounding areas has led to impairment in the retrieval of 

autobiographical information (Levine, Black, Cabeza et al., 1998).  

The presence of convergence between the current study and our former 

(LePort et al., 2012) is promising as it distinguishes regions that may be of 

particular relevance to HSAM and/or OCD behavior. Namely, a pattern of 

global increase in DTI-FA was similarly found. Most intriguing is the 

reemergence of the left uncinate fascicle, because of its strong association 

with autobiographical recollection (Kapur, Ellison, Smith et al., 1992; 
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Markowitsch, Calabrese, Liess et al., 1993; Levine et al., 1998). Parallels 

were also found in DTI of the right lingual gyrus and left parahippocampal 

gyrus as well as decreases in TBM in regions of the left middle temporal 

gyrus.   

5.5.3 Introduction to resting-state functional connectivity discussion  

Seed to whole brain resting-state functionally connectivity analyses 

were also applied in this study. Twenty different seed regions (left-, right-

lateralized and medial) representing the DMN and two seed regions (left- and 

right-lateralized) representing an OCD model were used to identify 

connectivity between the individual seed region and the whole brain.  

Our interest in the DMN stems from its contribution to internal 

mentation, which becomes prominent when people are engaged in stimulus-

independent thought (Buckner et al., 2008; Raichle, MacLeod, Snyder et al., 

2001). Moreover, an emphasis has been placed on the DMN’s role in the 

construction of mental scenes (Hassabis and Maguire, 2007) and self-

referential or social processing (Wicker et al, 2003; Mitchell, 2006; 

D’Argembeau et al., 2005; Schilbach et al., 2008). Differences found in DMN 

connectivity between HSAM and controls participants and their possible 

relevance to HSAM are considered.  

Our decision to explore an OCD model of connectivity stems from 

neuroimaging studies suggesting OCD’s potential mediation by distinct 

neural systems (Mataix-Cols, Wooderson, Larence et al., 2004; van den 
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Heuvel, Remijnse, Mataix-Cols et al., 2009), namely the orbitofrontal-striatal 

circuit (Alexander et al., 1986; Sakai et al., 2011). Here we also discuss 

findings from the resting state functional connectivity analysis of an OCD 

model that provides possible insight into HSAM participants’ obsessional 

tendencies.  

5.5.4 Resting state functional connectivity results discussion 

 Consistency between current default mode network and OCD models 

and our own results was demonstrated in our resting-state combined-group 

analysis of 14 HSAM participants and 22 healthy age- and sex-matched 

controls. Multiple predicted brain regions exhibited significantly high positive 

functional connectivity with the Posterior Cingulate Cortex (PCC) and 

ventral striatum (VS) reference seeds (Figure 5.5).  Specifically, significantly 

greater positive functional connectivity between the left PCC and regions of 

the frontal cortex, namely aMPFC and dMPFC, the limbic system, temporal 

gyri and inferior parietal lobules was revealed. These findings are consistent 

with the proposed Default Mode Network (Buckner et al., 2008). Significantly 

greater positive functional connectivity between the right VS reference seed 

and brain regions including bilateral, orbito-frontal cortices, superior 

temporal gyri, dMPFC, aMPFC, thalami, limbic structures such as the 

hippocampi and cingulate cortices and striatal structures such as the caudate 

and putamen was revealed. These findings are consistent with the proposed 

model for OCD (Menzies et al., 2008).  
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 In group-level analyses, concerning both the DMN and OCD model, 

resulting connectivity of left- and right-lateralized seeds generally 

corresponded with one another, especially as the stringency of alpha levels 

was decreased; Results can be, by and large, considered as bilateral. 

 In the group-level analysis expressly concerning the DMN, results 

indicate the “midline core” (i.e. PCC and aMPFC) as being more functionally 

connected in our HSAM population compared to controls. While significant 

increases and decreases of functional connectivity were found with our other 

DMN seeds, we focus our discussion on the PCC and aMPFC seeds and their 

possible relationship to HSAM.  

This focused discussion stems from the PCC and aMPFC regions being 

the most prominent components of the DMN. The “midline core” has been 

shown, through functional connectivity combined with network and 

hierarchical clustering analyses, to hold significant correlations with the rest 

of the DMN (Andrews-Hanna et al., 2010). Its widespread connectivity is 

further supported by connectional anatomy studies of the DMN (for review 

see Buckner et al., 2008). HSAM participants exhibited greater functional 

connectivity between the PCC seed and regions of the aMPFC/mid orbital 

gyurs and vMPFC/rectal gyrus as well as decrease to the caudate/putamen 

(Table 5.4, Figure 5.6). Moreover, greater functional connectivity resulted 

between the aMPFC seed and regions of the PCC, aMPFC/mid orbital gyrus, 

vMPFC/rectal gyrus, and middle temporal lobes (Table 5.4, Figure 5.7).  
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The relationship the aMPFC and PCC has to autobiographical 

memory, the increased functional connectivity of them in HSAM participants 

and HSAM participants’ enhanced autobiographical memory implicates the 

PCC and aMPFC as important players in HSAM. There is a consensus across 

studies on the importance of the aMPFC and PCC to autobiographical 

recollection. Andrews-Hanna et al. (2010) found that self-referential decisions 

functionally contrasted to assessments reliant upon general-semantic 

knowledge resulted in significantly increased activity within the aMPFC and 

PCC regions. The three variables that correlated most highly with this 

activity were personal significance, introspection about one’s own mental 

states, and evoked emotion (Andrews-Hanna et al., 2010). Moreover, activity 

in the aMPFC and PCC has been shown to be strongest for events that 

actually happened (Hassabis et al., 2007), are likely to happen (Suzpunar et 

al., 2009), are consistent with one’s personal future goals and/or are 

correlated with self-referential thought (D’Argembeau et al., 2009).  

Our most interesting finding from the DMN resting-state analysis is, 

once again, related to the uncinate fasciculus. Increases in functional 

connectivity between the aMPFC and the middle temporal lobe may be linked 

to increases in DTI-RD found along the uncinate fasciculus, providing a 

further associate of structural and functional anatomical differences to 

HSAM. The uncinate fascicle is a white matter tract creating a cortico-

cortical loop connecting the postero-lateral temporal and ventrolateral frontal 
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corticies, from the temporal pole to the orbital gyri (Kier, Staib, David, & 

Bronen, 2004). Steinvorth et al. (2006) observations offer an additional layer 

of support to our conclusions: When healthy adults performed an fMRI 

autobiographical ecphory task, preferential activation in the two regions 

conjoined by the uncinate fascicle, the orbital gyrus and middle temporal 

gyrus, were found. 

In the group-level analysis concerning the OCD model, HSAM 

participants exhibited a pattern of functional connectivity very similar to 

those of OCD patients. In particular, significantly greater functional 

connectivity between the VS seed and the aMPFC/mid orbital gyrus, anterior 

cingulate and vMPRC/rectal gyrus was found (Table 5.4, Figure 5.8). The 

OCD model of dysfunction of the orbitofronto-striato-thalamic circuitry places 

a particular emphasis on hyperactivity of the circuitry among the OFC, 

striatum and thalamus (Saxena et al., 1998). The resting-state functional 

connectivity study, for which we modeled our seed to whole brain analyses 

upon, revealed hyperconnectivity in non-medicated OCD patients between 

bilateral ventral striatal seeds and bilateral OFC as well as vMPFC and 

ventral striatum (Sakai et al., 2011). Another resting-state OCD study 

developed by Harrison et al. (2009) was also congruent with connectivity in 

HSAM, showing increased connectivity of the ventral caudate (a seed region 

in close vicinity to our VS seed) to the OFC and anterior cingulate cortex 

(ACC). Moreover, specific strength of connectivity between the ventral 
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caudate/nucleus accumbens and the anterior orbitofrontal cortex predicted 

patients’ overall symptom severity Harrison et al. (2009).  

Collectively, results suggest that differences in the default mode 

network and orbitofrontal-striatal circuitry may be a basis for or result of 

HSAM and OCD behavior. 

5.5.5 Conclusions 

 The data do not, of course, allow the conclusion that all regions 

detected in our analyses contribute to autobiographical memory, the 

autobiographical memory network or OCD. However, it is striking that many 

regions identified as structurally different, that also maintain anomalous 

functional connectivity in our HSAM participants, overlap with regions that 

have been implicated in previous autobiographical memory and OCD studies. 

A crucial and necessary comparison is that between an HSAM and OCD 

patient population. In this way we can properly elucidate neural similarities 

and differences between the HSAM and OCD brain, bringing us steps closer 

to understanding what may be uniquely driving HSAM. Very importantly, 

anatomical and functional connectivity differences observed in our analyses 

may be either the source or result of HSAM. Currently, HSAM has been 

reported in children and also identical twins. Subsequent research on these 

two populations may help answer which came first. 
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Chapter 6: Conclusion 

6.1 Summary and general conclusions  

“My memory has ruled my life…It is like my sixth sense…There is no 

effort to it..I want to know why I remember everything.” This quote from a 

conversation we had with Jill Price summarizes just how profound 

autobiographical memory can be. It also captures what compelled us to study 

HASM: a drive to understand how autobiographical memory could be 

augmented to this extent. In 2000, McGaugh and colleagues began an 

investigation of Jill’s exceptional autobiographical memory (Parker et al., 

2006). Jill became the first reported case of an individual with HSAM. 

Following the original study, 54 adult individuals have come forward 

demonstrating similar capabilities. What is remarkably consistent across the 

group is they all appear to remember virtually all of their own salient daily 

personal experiences, describing the replay of their lives as automatic and 

incessant. 

The focus on HSAM in this dissertation stems from a general interest 

in developing a more comprehensive understanding of autobiographical 

memory. What better way to gain a novel perspective on autobiographical 

memory function than study Olympians of it? We decided to take a 

multifaceted approach its study. Examining the behavior, cognition and 

neurobiological correlates have provided us with a broad overview of what 
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HSAM may entail. It has also brought into focus many avenues for which 

directed exploration is necessary.  

In Experiment I our aim was to behaviorally define HSAM and provide 

a descriptive background of neuroanatomical correlates associated with it. 

HSAM was distinguished as the prodigious ability to recall numerous events, 

from throughout one’s lifetime. While a few modest advantages in other 

forms of memory were found, the ability to recall details of visual and 

auditory stimuli as well as name-face associations, substantial advantages in 

memory were shown to be restricted to the recollection of daily personal 

experiences. Furthermore, obsessive-compulsive behavior along with 

differences in the morphology of various brain regions, previously described 

as contributing to autobiographical memory function and/or obsessive-

compulsive disorder, were associated with it. Experiment I paved the way for 

the next three experiments through its descriptive background of what 

HSAM entails. 

Experiment I indicated that HSAM participants recall significantly 

more autobiographical information than controls. In experiment II our goal 

was to understand how many and what type of details HSAM participants 

encode and retrieve from daily personal experiences. We also aimed to 

determine if their superior retrieval was correlated to their obsessive-

compulsive behavior. Results indicated that HSAM participant do forget 

autobiographical information, but at a much slower rate than controls. It was 



 169 

also determined that HSAM participants do not encode autobiographical 

information differently in terms of quantity or quantity. Furthermore, the 

information they retrieved maintained a truly episodic nature over time in 

comparison to control memory, which became increasingly more generalized. 

Lastly, the more obsessive compulsive they were the more likely details of 

their lives would persist. This, in conjunction with brain data, suggests that 

HSAM may be a specialized form of OCD. 

Experiment III explored the notion of whether enhanced cognitive 

mechanisms, supporting autobiographical memory, may be contributing to 

HSAM. A variety of tasks taxing cognitive processes associated with memory 

were given. Furthermore, in order to further explore our impression that 

HSAM is particular to events participants are partial to, we examined HSAM 

participants’ ability to recall events related to themselves and events other 

people experienced, in comparison to controls. For the most part, HSAMs 

performed similarly or at a modest advantage to controls on the cognitive 

battery. Enhanced cognitive functioning was concluded to not be a 

contributing player. Interestingly though, HSAMs were again modestly 

superior at name-face (and name-occupation) associations. Markedly, we 

established that HSAM is specific to the recollection of personally relevant 

events, with HSAMs showing average recollection of events pertaining to 

others.  
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 In experiment I we found morphological differences in brain regions 

described in the literature as contributing to either autobiographical memory 

function or obsessive compulsive disorder. Given that HSAM participants’ 

superior autobiographical memory seemed to be manifesting structurally, we 

were curious to know if there was a difference in the way neural networks 

related to autobiographical memory were functionally connected. In 

experiment IV we conducted resting state magnetic resonance imaging 

observing connectivity maps of various reference seeds to the whole brain. 

Seed selection was based on regions representing the DMN as well an OCD 

model. Grey matter increases in the thalamus along with global increase in 

DTI-FA in regions of the DMN were derived from our morphological analyses. 

Functional connectivity analyses showed increased connectivity between 

regions of orbitofronto-striatal circuitry and core regions of the DMN. An 

additional motivation for experiment IV was to reassess HSAM participants’ 

neuroanatomy with a larger sample size. The most notable reoccurrence 

across reports was that of increased DTI in the left uncinate fasicle. These 

findings allowed us to speculate on the contribution of brain regions and 

networks to obsessive-compulsive behavior and HSAM. 

As this is the first in depth investigation of HSAM, our findings have 

set a foundation for its continued study. In this dissertation I have indicated 

that HSAM may be a particular form of, or closely tied to, OCD. I also hold 

the suspicion that savant and synesthetic qualities may play a role. HSAMs, 
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when given an Autism Spectrum Quotient were significantly different from a 

control population, falling on the very low end of the autism spectrum and in 

the same range as Memory Champions (Baron-Dohen, Wheelwright, Skinner 

et al., 2001). In terms of synesthesia, HSAMs’ depiction of their mental 

calendar is very similar to the way in which “time-space” synesthesia is 

described: a conscious awareness of mappings between time and space. Many 

HSAMs visualize their mental calendar in a consistent manner (e.g. as an 

ellipse around or in the shape of an L in front of them). Furthering my belief 

is the understanding that time-space synesthetes have been shown to have 

superior (albeit not highly superior) autobiographical memory (Simner, Mayo 

and Spiller, 2009). Notably, a few of our HSAM participants have described 

having the more commonly reported forms of synesthesia: sound-color and 

lexical-gustatory synesthesia.  

Overall, HSAM does not seem to wholly diverge from what a sizeable 

body of research has suggested are main processes contributing to 

autobiographical memory. Our behavioral, cognitive and neuroanatomical 

investigations suggest that HSAM operates in a manner very similar to 

“normal” autobiographical memory function, with certain comparable 

processes performing at a superior level (or in overdrive). HSAM exemplifies 

just how remarkable the human brain’s capacity for memory can be. It 

provides us with a new tool that can be used to research autobiographical 

memory and with it comes the potential to expand our understanding of how 
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autobiographical memory and the brain works: An understanding that could 

afford us the means to improve normal as well as impaired human memory. 
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