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Abstract 

Cognitive theories like Fuzzy Trace Theory or Multiple Memory Trace Theory have implied a 

distinction between coarse- and fine-grained processing of details for constructs of episodic 

memory. These distinctions in memory constructs possess similar attributes when compared to 

specialized functional processing of the anterior and posterior hippocampus segments, being 

pattern completion and pattern separation. This study attempted to combine both behavioural and 

imaging theories to uncover the neural mechanism responsible for the distinction in memory 

type. Participants viewed a 20-minute short film, interleaved with 5-minute rest segments, and 

later gave a free recall of the film. Free-recall audio files were transcribed and analysed for 

content, assessing the composition of gist and detail statements. These transcript scores were 

regressed onto hippocampal segment volume to reveal the predictive value of hippocampal 

segment volume on memory type. The results of this study showed larger left anterior and 

smaller right posterior hippocampal volume predicted more detail statements in a free recall 

transcript. Additionally, this study attempted to show the mechanism by which gist memory 

representations were consolidated. Using Representational Similarity Analysis, encoding and rest 

fMRI data were analysed to observe whether the re-emergence of encoding patters could predict 

successful recall. While the data did not support this theory, results from this study provided 

valuable methodological insights for future data collection involving complex naturalistic 

stimuli.  
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Chapter 1 

Introduction 

Pioneering research on specialized functions of the hippocampus (HPC) began in the 

early 1950s after a catastrophic bilateral resection was performed on a patient experiencing focal 

intractable seizures in his medial temporal lobe (Squire, 2009). Since then, science has advanced 

significantly in understanding the contributions of the HPC to a host of cognitive functions, 

including novelty detection (Strange et al., 1999), spatial processing (Best et al., 2001), and 

episodic memory (Tulving & Markowitsch, 1998). Most recently, observations of anatomical 

and functional differences along the long-axis of the HPC has drawn attention to functional 

specializations of segments in the HPC, allowing for a more precise evaluation of its 

contributions to cognitive processes (Poppenk et al., 2013). Most relevant to this thesis are 

propositions of anterior and posterior segment contributions to gist and detail forms of episodic 

memory, respectively, through variance in structural connectivity and functional specialization 

(Poppenk et al., 2013). This study explores the implications of hippocampal segment volume on 

the composition of free recall for episodic memories, as well as attempts to explain consolidation 

processes using existing theories and novel data collection methods. I first review neural 

evidence regarding hippocampal structural connectivity and functional specialization before 

discussing cognitive implications through evidence relevant to constructs of gist and detail 

memory. 

Functional Specialization of the Hippocampus 

 Most commonly the HPC is bisected along the uncal apex into anterior (aHPC) and 

posterior (pHPC) segments, which together include the Cornu Ammonis fields (CA1-CA4), the 

dentate gyrus (DG) and the subiculum (Poppenk & Moscovitch, 2011). Structurally, the aHPC 
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and pHPC differ greatly in their connectivity with both neighbouring and distant anatomical 

regions. Most relevant to the current research are the differences in network connectivity that 

exist in the medial and lateral bands of the entorhinal cortex (ERC). The medial band, connected 

to the aHPC, provides a reciprocal connection to the perirhinal cortex (PRC), commonly known 

for its contribution to object recognition, whereas the lateral band, connected to the pHPC, 

provides a reciprocal connection to the parahippocampal cortex (PHC), commonly known for its 

contribution to visuospatial episodic memory (Kier et al., 2004; Berron et al., 2020). Also 

notable is the direct connection between the aHPC and the ventromedial prefrontal cortex 

(vmPFC), known to monitor outcomes expected from ongoing actions (Boorman et al., 2009), 

and the temporal pole, otherwise known as the semantic hub (Kier et al., 2004). This difference 

in structural connectivity is likely to be the underlying mechanisms for variance in functional 

specialization of the anterior and posterior segments of the HPC. 

Functionally, we also see stark differences between anterior and posterior segments of the 

HPC, specifically considering the variability in coarse- and fine-grained information processing. 

For example, studies evaluating the processing of syntactically novel or semantically novel 

sentences found greater aHPC activation for semantically similar sentences, suggesting that the 

aHPC is disinterested in fine-grained differences in sentence structure and more responsive to the 

underlying semantic meaning (Poppenk et al., 2008). Similar trends are observed when testing 

incidental encoding, showing regions in the aHPC exhibit poor discrimination for perceptually 

different but functionally identical stimuli (Gutchess & Schacter, 2012). All together this 

evidence suggests a functional specialization of the aHPC toward tasks that require assessing the 

overarching theme of a stimulus, or identifying commonalities between different stimuli, termed 

pattern completion.  Contrarily, research focusing on functional specializations of the pHPC 
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found it to be particularly sensitive to fine-grained differences in stimuli, for example, multiple 

studies assessing the contributions of the HPC to spatial processing found activity reflective of 

the precise position of landmarks or environmental features was localized in the pHPC (Doeller 

et al., 2008; Xu et al., 2010). This suggests that the pHPC is particularly sensitive identifying 

specific details that distinguish similar stimuli from one another, pattern separation. 

Fuzzy Trace Theory 

Cognitive theories have also implied a distinction between coarse- and fine-grained 

informational processing, which by logical extension could be attributed to functions of the 

anterior and posterior HPC. Proponents of the Fuzzy Trace Theory (FTT), or dual-process 

memory, argue that memory traces are stored either as meaning-based gist representations, or as 

superficial-verbatim representations (Brainard & Reyna, 1992). Early research in FTT proposed 

verbatim traces to be accumulated in working memory where the respective gist traces were then 

derived and encoded into long-term memory (Fletcher, 1992). However, more recent fMRI 

research analyzing the onset of neural activity reflecting the consolidation of new episodic 

memory traces would instead suggest that gist representations are the product of a synthesis of 

multiple detail traces (Ben-Yakov & Dudai, 2011); ultimately, this shows that the processes 

responsible for the consolidation of gist representations happen after some form of manipulation 

to several related detail traces. Research investigating the onset of neural activity reflecting the 

consolidation of gist representations for movie stimuli found initiation only began at the offset of 

the event, regardless of the duration of the movie clip (Ben-Yakov & Dudai, 2011). The results 

of this experiment suggest higher-order memory consolidation begins only after all detail 

information has been collected, after which all relevant components are extracted and bound 

together into an all-encompassing gist representation. 
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FTT has proven to be an effective tool in pushing the boundaries of our understanding of 

memory processes, specifically including reconstruction errors like false memories or elusive 

details (Brainard & Reyna, 1992); however, a shortcoming of this theory is a lack of biological 

grounding, as no research thus far has linked constructs of gist and detail memory traces to 

neural underpinnings. Intuitively one might believe that a larger hippocampus would lead to 

better memory processing, as a result of many possible structural benefits including a greater 

number of total neurons, more neural synapses, or increased structural connectivity. However, a 

meta-analysis of 33 studies found bigger isn’t always better when no significant relationship was 

found between total HPC volume and memory performance  (Van Petten, 2004). Research 

focused on hippocampal segment volume, as opposed to the HPC as a whole, found supporting 

evidence for a distinction between gist and detail memory showing that pHPC volume was 

positively correlated with source memory (a type of detail memory), while aHPC volume 

showed a negative correlation (Poppenk & Moscovitch, 2011). 

Studies evaluating the volume of HPC segments during development have brought to 

light a potential biological basis for FTT (Krogsrud et al., 2014; Li, et al., 2018). Krogsrud et al. 

(2014) found that despite an overall increase in hippocampal segment volume during 

development, posterior hippocampal segments were initially larger, and showed a smaller overall 

increase in volume when compared to anterior hippocampal regions. Corroborating FTT 

hypotheses, children in younger developmental phases were less likely to generate false 

memories in the Deese/Roediger/McDermott paradigm than older children and adults, despite 

showing access to relevant semantic structures (Metzger et al., 2008). These findings imply that 

despite being able to access a semantic network, younger children are not able to engage 

functions of their aHPC for gist-related memory tasks and must instead rely primarily on 
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functions of the pHPC. Whether this phenomenon is due to underdeveloped structural or 

functional connectivity requires further research. 

Memory Consolidation Theories 

The observed gist/detail dichotomy is further supported by observing differences in post-

encoding consolidation activity. Theories assessing consolidation processes have evolved to 

suggest that gist information is extracted from memories over time at the expense of episodic 

detail, ultimately creating more abstract or semantic structures to the new gist memory 

representation. A study investigating neural representation of consolidation found neural 

representations in the HPC showed overlapping features across memories, but only after one 

week of consolidation (Tompary & Davachi, 2017). This evidence supports the notion that 

discrete episodes of information, or event summaries, are gradually organized into structured 

knowledge. While it is commonly accepted that, through hippocampal-cortical interactions, fast 

sleep spindles (sudden bursts of oscillatory brain activity) are thought to support memory 

consolidation (Cowan et al., 2020), other research has shown that brief periods of waking rest 

after encoding can facilitate the consolidation of new knowledge (Wamsley, 2019). Studies 

evaluating the benefits of task-free resting phases following learning phases in sensory-motor 

and cognitive tasks have shown an increase in memory performance (Brokaw et al., 2016; Dewar 

et al., 2012; Craig et al., 2018). A plausible explanation for this phenomenon is the selective 

reactivation of memories during an offline wakeful state that later results in improved 

performance. 

Systems Level Consolidation. According to the systems-level consolidation theory, a 

memory trace undergoes a transformation process during post-encoding stages wherein the 

unique neural representation of a specific memory is reorganized to involve different neural 
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networks than were originally used to encode the trace (Winocur & Moscovitch, 2011). 

Consolidation processes strengthen memory traces by contributing to their permanent storage in 

long-term memory, as well as prevent forgetting, misremembering, and trace decay (Ben-Yakov 

& Dudai, 2011; Murty, et al., 2018). Once initially encoded, the neural representation of a 

memory is dependent on the hippocampal structure to bind information coming from spatially 

distinct parts of the cortex into one cohesive unit. Rapid alterations in the synaptic connections of 

the neocortex, responsible for memory storage, result in catastrophic interference and are 

detrimental to previously stored information (McClonskey & Cohen, 1989). As such, the 

hippocampal complex is involved in this gradual learning process so new information can be 

absorbed quickly and then slowly integrated with existing knowledge housed in the neocortex 

(McClelland et al., 1995). For semantic memories, the memory trace is simultaneously integrated 

into the neocortex for storage in long-term memory and the hippocampal complex becomes less 

involved in recall. This phenomenon is mainly attributed to the increasing loss of episodic details 

from the memory (Winocur et al., 2007). 

Multiple Memory Trace Theory. Case studies investigating hippocampal contributions 

to consolidation in episodic memories however found similar hippocampal dependence for 

recently encoded memories compared to episodic memories encoded up to 25-years prior. This 

suggests that some component intrinsic to episodic memory is dependent on the hippocampal 

structure for recall and elaboration (Nadel et al., 2000). Multiple memory trace theory asserts 

that unlike semantic memories, episodic memories remain dependent on the hippocampus 

throughout storage. A meta-analysis of clinical studies involving patients with medial temporal 

lobe damage restricted to the HPC proper (CA1-4 and the dentate gyrus) found remote semantic 

and episodic memories were left almost completely intact, while patients with lesions extending 
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beyond the HPC proper showed remote memory loss reflective of the size of the lesion (Nadel et 

al., 2000). Most important to consider in this study is that memory loss was restricted to 

autobiographical memory, memory for public events, and for personalities, while personal 

semantic memory was hardly impacted, thus proving the necessity of the hippocampal structure 

in episodic memory.  

The Transformation Hypothesis. Confirmation of the transformation hypothesis 

provides further support for the cohesion of systems-level consolidation and Multiple Memory 

Trace theories. The transformation hypothesis states that consolidated memory traces are 

manipulated to become independent of the context they were encoded in, and transform into a 

more schematic representation of the original memory (Winocur & Moscovitch, 2011). As this 

transformation is taking place, the HPC becomes less involved in recall and elaboration of the 

memory, much like semantic memories. This research further supports end-state independence of 

a memory trace from the HPC by showing there is a gradient of dependency where episodic 

memories bearing details unique to the encoding environment remain dependent on the HPC for 

the duration of storage, where memories that transform to become predominantly gist-based with 

a semantic structure emerge as independent from the HPC. 

Current Research 

Combining structural and functional HPC research, and diverse memory theories leads to 

the overarching hypothesis that functional and structural variance in the anterior and posterior 

segments of the hippocampus bias functions toward pattern completion and pattern separation, 

respectively (e.g., Bakker et al., 2012; Poppenk et al., 2013). In order to assess gist and detail 

episodic memory in an experimental context also relevant to FTT, we designed a study using 

naturalistic stimuli, ecologically valid recall probes, and novel transcript analysis methods. This 
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approach allowed me to assess the implications of this theory in an environment with greater 

ecologically validity. Participants watched two films and freely recalled what they remembered 

from the movies. I analyzed the data using two methods: Transcript Analysis for the behavioural 

data and RSA for the neuroimaging data. I will detail my hypotheses for each dataset below.  

The free-recall transcripts were coded for gist and detail statements which would produce 

a memory score. Memory scores were regressed onto hippocampal segment volumes where I 

hypothesized that individual differences in absolute volume of anterior and posterior segments of 

the HPC would predict whether an individual can more reliably retrieve the gist or detail 

information from the film. 

To assess the neuroimaging data, I followed methods from a precedent study which 

investigated the representational similarity of complex movie viewing and recall data. Using 

Representational Similarity Analysis (RSA) on neural activity in core episodic memory regions 

in the MTL this study found strikingly complimentary representations within and between 

participants (Rugg et al., 2013; Chen et al., 2018). This suggests not only that strong narrative 

sequence can guide neural representations of a film, but that manipulations to encoding 

representations might be responsible for deviations in later recall. I predicted that neural 

representations of movie viewing undergo a transformation in memory consolidation that can be 

observed by comparing successfully encoded neural representations from movie viewing data to 

immediate post-encoding rest data. Here I expected that activity patterns reflective of 

successfully encoded events from the film, assessed by statements made in the free-recall 

transcript, would bear a similarity to activity patterns in the resting state scans. 
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Chapter 2 

Method 

Participants 

Archival data from a 2019 multi-session observational MRI study, the ‘MEMRI’ project, 

was used to complete this analysis; as such, portions from the methods section of this paper 

might resemble others that used the same data. In this collection effort, 66 participants, all of 

whom lived in the Kingston, Ontario area for the duration of data collection, met the following 

criteria: native English speaker, between the ages of  20 and 35, right-handed, have normal or 

corrected-to-normal vision and hearing, regularly sleep at least 5 h per night, no 

contraindications for fMRI scanning, no history of neurological, sleep, or psychological 

disorders, no recent history of substance abuse or use of psychotropic medication, and acceptable 

literacy skills  (scoring above 26.3 on the TOWRE Sight Word Efficiency test and Nelson-

Denny score of 2). Participants then underwent a 2 hour screening session to confirm 

demographic eligibility, assess memory performance by scoring above chance on a simple 

memory test (Gutchess & Schacter, 2012), and complete a mock MRI scan to exclude those who 

felt claustrophobic, those who fell below the 95th percentile of low-frequency motion, and those 

who were unable to stay awake for a 20-minute resting session.  

Participants were compensated CAD$10 per hour for their time (or a pro-rated amount in 

the case of early withdrawal) and all provided informed consent for participating. Of the 66 

participants, 63 watched at least one of the two free-recall film tasks in this study and thus were 

included in this analysis. Of the 63 participants contributing data to this analysis, 29 were men, 

36 were women, and one described themselves as other. Participants were between the age of 20 

and 35, inclusive, and the average age was 26.81 years (SD = 4.31 years). 



 

10 
 

Prior to any behavioural procedures, participants completed a questionnaire to evaluate 

state contributions to performance. No participants reported feeling intoxicated or indicated it 

would be difficult to stay awake. 

Pre-Registration 

 In line with objectives previously stated in my thesis proposal, this study uses emerging 

methods and procedures in the literature to answer the research questions: (1) does hippocampal 

segment volume predict the type of information (gist or detail) that is ultimately remembered as 

a result of the initial consolidation, and (2) does the re-emergence of particular patterns in post-

encoding consolidation predict what information is recalled? These research questions were 

evaluated used the methods stated in my thesis proposal, and were then supplemented by 

exploratory post-hoc tests to further analyze the results and implications.  

Materials 

The film Bang! You’re Dead (henceforth referred to as Bang!), presented by Alfred 

Hitchcock, was chosen based on its strongly directive narrative style, suspenseful and engaging 

nature (Hasson et al., 2008), and evidence that it induces similar neural activity across 

participants. In particular, a study conducted by Naci, Cusack, Anello, and Owen (2014) 

evaluating conscious experience independent of modification through translation to speech or 

action, found moderate inter-subject correlation (ISC) of neural activity in frontal and parietal 

regions known to support higher order executive functions. Most interesting in that study was not 

the statistically significant difference in ISC comparing resting state functional connectivity and 

frontoparietal functional connectivity during film viewing, but the magnitude of ISC during film 

viewing which is relatively high when comparing the correlation of neural activity across 

participants. This suggests that the similarity in the dips and peaks of fMRI activation was driven 
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primarily by executive demands of coordinating other lower level conceptual processes resulting 

from following and understanding the plot of the film, altogether indicating a similar conscious 

experience for all participants. The film was trimmed to remove an introductory monologue and 

credits to 20 minutes and 1 second. The second film, Blinky, was selected based on its high 

novelty and strong emotional valence, and was trimmed to remove productions logos and credits 

to 12 minutes and 50 seconds. 

Using a naturalistic stimulus aids in producing results with high ecological validity; live-

action films, like Bang! You’re Dead and Blinky, have a plot that evolves meaningfully over time 

in a similar fashion to real life events. This, in turn, allows for the generalization of my findings 

to real world scenarios, and provides utility in understanding individual differences in memory 

performance for real-life events, which can be applied to evaluations of memory. 

Procedure 

All participants completed movie viewing and recall sessions in the same order. 

Participants completed additional behavioural testing sessions with collaborating researchers, 

however the results of other sessions are not relevant to the current experiment and will not be 

discussed in this analysis. 

Biofeedback Session. One day prior to each participants’ MRI scan, each participant 

completed a biofeedback session in the mock MRI scanner. This session helped habituate 

participants to the MRI environment and trained participants in motion reduction. In this session, 

participants watched a 45-minute documentary with live feedback of their head motion, the 

feedback was adaptive to participants’ movement becoming more sensitive as the participant 

improved. When head motion surpassed adaptive threshold several second of static along with a 

loud white noise auditory stimulus was presented. A brief memory task was issued following the 
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documentary to assess whether participants were attending the film or strictly the feedback 

information. 

 Bang! Session. Once a participant completed all required MRI safety and pre-screening 

forms, they were fitted with earphones to listen to the film audio, a breathing belt to monitor 

breathing rate, and a finger pulse oximeter to measure heart rate before they entered the machine. 

A 32-channel head coil was placed over the participant with a mirror in order to watch the film, 

which was displayed via a projector outside of the machine. Once the participant entered the 

machine, a variety of physiological and anatomical scans were collected during the presentation 

of the film. The film was presented in four 5-minute segments, interleaved with four 5-minute 

rest periods. During the first 5-minute film segment anatomical scans were collected, and during 

the first 5-minute rest period no data was collected. The second and fourth segment of the film 

contained the scenes with strongest emotional valence and the climax of the film, for this reason 

resting fMRI, and fMRI movie viewing data was collected during these segments, resting state 

data was collected during the second and fourth 5-minute rest segments. As the second and 

fourth segments of the film were the ones that captured fMRI data, they are referred to as Run 1 

and Run 2, respectively. Similarly, the second and fourth resting scan are referred to as Rest Run 

1 and Rest Run 2, respectively. The third 5-minute film segment was played during DTI scans, 

no data was collected during the third rest segment. After the scan participants were immediately 

moved to an independent testing station (travel time varying between 5 and 15 minutes) where 

they were given a prompt to give a free recall of the film into a microphone: “Please re-tell the 

story BANG! YOU’RE DEAD, in as much detail as you can”. 

 Blinky Session. Participants were first seated at individual testing stations and fitted with 

headphones and galvanic skin response finger electrodes where they viewed the short film. Once 
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the film was complete, participants completed a 20-minute distractor task where they tracked a 

moving dot, among several other distractor dots, with their eyes. Participants were given the 

following instructions and had 12 minutes to complete the free-recall: “In this section, your job is 

simply to re-tell the story you saw earlier, as though you were telling it to someone new, in as 

much detail as you can. Please re-tell the story BLINKY in as much detail as you can. Take as 

much time as you need to completely tell the story, then let your experimenter know when you're 

done. Remember to speak loudly so the microphone can hear you. Please begin. These 

instructions will remain until the task is complete.” 

Instruments 

One day prior to the initiation of MRI data collection, participants were trained in the 

mock scanner using a headband to reduce head motion during actual MRI scans and test for 

claustrophobia. In both the mock and actual MRI scanner, the film stimulus was projected onto a 

screen in the scanner for viewing by the participant. While in the scanner, a head coil placed over 

the head was fitted with a mirror so participants could see out of the scanner, an optical blood 

flow device was attached to the participants’ finger to monitor heart-rate, and a flexible air-filled 

tube was fixed around the lower chest to monitor breathing-rate.  

The experiment was programmed and executed using MATLAB (v.2018b, The 

Mathworks), and analyses of the transcript data were completed in MATLAB and R Studio (R 

Core Team, 2013). Free recall audio files of the movies were recorded privately in a testing 

station using a sound isolating microphone. The recordings were then transcribed by 

undergraduate research assistants into a text file, after which they were annotated using the 

software WebAnno (Yimam et al., 2014).  
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MRI Procedures 

 A whole-body MRI scanner (Magnetom TimTrio; Siemens Healthcare Whole-brain) was 

used to collect a variety of structural and function MRI data (in-plane resolution 0.7 x 0.7 mm2; 

320 x 320 matrix; slice thickness 0.7 mm), structural connectivity data (158 vol; in-plane 

resolution 1.5 x1.5 mm2), and ultra-high resolution MTL data (resolution 0.5 x 0.5 mm2; 384 

x384 matrix; slice thickness 0.5 mm) were gathered. 

 Structural Measures. Three independent raters were trained on segmenting the 

hippocampus at the uncal apex into anterior and posterior segments; achieving a Dice coefficient 

of absolute agreement of 80%. Two of these raters independently segmented all hippocampal 

volume segments in this study using the 0.5 mm T2w scans. 

 Functional Measures. To prepare the T2-weighted fMRI images, reference scans were 

used to identify encoding direction-based spatial distortions and used this distortion map to 

unwarp the images. This step was performed simultaneously with a motion correction step and 

warp to MNI space. In order to mitigate acclimation of the scanner and participant to the 

scanning environment the first five volumes from Run 1 and Run 2 of the scan were dropped, 

and a six second delay was observed between MRI trigger and onset of movie stimulus. For 

more detail on data pre-processing, see Sunavsky & Poppenk, 2020. 

Transcript Scoring 

Free recall audio files from participants’ recall of the film were transcribed to a text file by 

undergraduate research assistants. The transcripts were then evaluated (as described below) to 

assess which parts of the film were successfully encoded as either gist or detail memory, and 

then further recalled. 
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Narrative Feature Network and Event Segmentation. Natural event boundaries 

compartmentalize events into different categories. In order to capture the boundaries of all 

perceived events, I segmented both films at varying levels of gist and detail by developing a 

network arrangement of distinct categories of statements which I refer to as the narrative feature 

network. The narrative feature network is designed to assess the composition of the participants’ 

free recall statements by classifying all types of statements into detail, gist, error, or theory of 

mind categories. 

Capturing the boundaries of all possible perceived events allowed me to locate the exact 

contribution of specific detail events (as recorded in the fMRI timeseries of participants viewing 

the films) to the construction of gist memories or interpretations (as observed in reactivation 

during the post-encoding rest period). Additionally, this allowed me to investigate whether gist 

memories are a product of specialized functions of the aHPC that do not require specialized 

consolidation that occurs during sleep. The film was segmented individually by two raters, where 

discrepancies were discussed until consensus was reached on a final segmentation of the film. 

The most simplistic components in the narrative feature network are micro-actions, 

which are the smallest dissociable operation performed by an agent or exhibited by an object 

(e.g., “Amanda asks Stevie ‘Do you want to play war with me?’” or “A trip wire is released”). 

One level above are summary actions, which are comprised of several sequential and related 

micro-actions, bound by a common theme or goal (e.g., “Amanda and Billy have a conversation 

about why she’s not allowed to play war”, or “a boy is captured and taken prisoner by the 

enemy”). Based on the requirement of a memory for a specific element of the film, micro-actions 

and summary actions are representative of detail memory traces. Both micro- and summary 
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actions are bound by time, meaning all information nodes pertaining to the common theme must 

occur in the same time space for meaning to be derived. 

Using Datavyu, a program used as a video coding tool, the onset times of each micro-

action were segmented and a description was recorded (Datavyu Team, 2014). All micro-actions 

were exported to a spreadsheet for further analysis. There, summary actions for each participant 

were hand scored individually by two raters which indicated which micro-actions were 

summarized into a single statement, and in what order the summary actions were recalled. An 

example of a participant spread sheet can be found in Table 1. 

Statement Classification.  

Detail memory. Beyond the composition of micro- and summary actions in a 

participants’ recall, detail memory was also assessed by the prevalence of detailed context and 

character statements, meta-movie statements, and verbatim or paraphrased quotes from the film. 

Context facts include statements made about the scene that create a fuller, more detailed 

understanding of the environment or situation (i.e., “Amanda’s house had bushes in the front 

yard”, or “The park where the boys were playing war”). Character facts include statements about 

perceptual details or idiosyncratic information about a character (i.e., “Amanda has red hair”, or 

“Amanda’s mom was pregnant”). Quotes include successful attempts by the participant to 

paraphrase or give a verbatim recall of a statement in the film made by a character. Meta-movie 

statements include statements about the stimulus itself (i.e., “This part happened in slow motion” 

or “The screen zoomed-out”). 

Gist memory. The gist component of the narrative feature network assesses gist level 

memory representations, which are inferences and summaries of events. Unlike detail memory 

representations, the gist components of the network are timeless, meaning that information nodes 
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contributing to the common theme may occur at any point during the film. The extrapolation of 

information from these separate nodes is a result of the ability to make connections between, or 

find commonalities in, information from different parts of the film. Statements from participant 

transcripts were categorized as: summary events, which include a combination of conceptually 

similar summary actions and events that occur throughout the film ultimately contributing to a 

conceptual understanding of the narrative of the film (e.g., “A group of boys is playing a game of 

war”, or “Amanda is continuously loading bullets into the gun”); context inferences, which 

include the inference of an action or information that create a fuller understanding of the 

environment or situation (e.g., “Amanda’s father, Uncle Jack, and Amanda go inside to see 

Amanda’s mother”, or “Uncle Jack has bags from his trip to South America”); and character 

inferences, which include information that is inferred and applicable to a character in a specific 

scene, or the film as a whole, that is synthesized from multiple parts of the film (e.g., “Amanda’s 

friend Stevie” or “The girl was very spoiled”). See Table 2 for a complete list of definitions, 

Table 3 for examples for each tag, and Table 4 for descriptive statistics. 

Rater Agreement. Transcript scores were calculated based on the total number of gist 

and detail statements. Three raters reached an Inter-rater reliability (IRR) criterion ≥ 0.8 

(“good”) on 10 subject transcripts before proceeding with analyses (Koo & Li, 2016). Inter-rater 

reliability (IRR) scores were calculated as the average measure of a one-way random effects 

model where people effects are random, to show that our tag definitions could reliably be 

implemented by different raters on different transcripts. 

Once IRR criterion was met for all individual tags on 10 participant transcripts, the 

remainder of transcripts were analyzed by a single rater. Statements were tallied and 

standardized so that they may be compared between category (as detail statements were much 
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more prevalent than gist statements), and movie (as Bang! was nearly twice the duration of 

Blinky). Reliability for tag scores was assessed using correlation tests and intraclass correlation 

criterion (see Table 5 for the complete list of scores).  

As my hypotheses for this study focused on the constructs of gist and detail episodic 

memory, detail scores were calculated as an aggregate of standardized context fact, character 

fact, quote, meta-movie, micro-action, and summary-action scores; and gist scores were 

calculated as an aggregate of standardized context inference, character inference, and summary 

event scores. Aggregating scores in this fashion created acceptable test-retest reliability statistics 

between movies evaluated using correlation tests, (rgist = .61, rdetail = .79), and intra-class 

correlation scores, (ICCgist = .75, CI = [0.582, 0.855], ICCdetail = .88, CI =  [.788, .926]; 

Fitzpatrick et al., 1998).  

Statistical Analyses 

 Transcript Analysis.  The goal of the transcript portion of my study was to evaluate the 

predictive value of the hippocampal segment volume on gist and detail components of episodic 

memory. I approached this question using a within-subjects design implementing high ecological 

validity through the use of naturalistic stimuli and realistic memory probes. I used a nested linear 

mixed effect model to analyze the data because there were gist and detail memory scores for two 

separate films. A nested design increases power by discriminating memory score variance 

between films and allowed me to include participants who only completed the free-recall task for 

one film (n = 12). In addition, because each film was very different and they were viewed on 

different testing days, if the effect is consistent across films it will affirm the trait-like quality of 

gist and detail measures. 
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Omnibus tests for hippocampal volume ratios were conducted in order to mitigate Type I 

and Type II error rates by only further inspecting the absolute anterior and posterior hippocampal 

volume segment of statistically significant omnibus tests. A value encompassing both the 

anterior and posterior segment volume can evaluate if the predictive value of hippocampal 

segment volume relies on the absolute segment volume, or a relationship between anterior and 

posterior segment volume. Hippocampal volume ratios were calculated as a ratio of pHPC 

volume to total HPC volume, meaning as HPC volume ratio increases the posterior segment 

accounts for more of the total volume. If omnibus tests were found to be significant, absolute 

anterior and posterior HPC volume segments were used as independent variables for follow-up 

regression analyses. 

I predicted participants with a larger posterior hippocampal volume would rely more 

heavily on detail memory representations for recall and will recall more idiosyncratic elements 

of the story. Contrarily, participants with a larger anterior hippocampal volume would rely more 

heavily on gist memory representations and will make more inferences about the story. 

Representational Similarity Analysis. Functional MRI data (collected during the 

second and fourth segment of the Bang! You’re Dead movie viewing session) was used for the 

RSA. Dissimilarity measures were calculated in order to assess the degree of similarity between 

hippocampal reactivation during post-encoding resting stages and encoding representations using 

the RSAToolbox (Nili et al., 2014). In order to calculate activity patterns reflective of individual 

summary actions, the average activity between the onset of the first and offset of the last micro-

action was calculated. Offset times of micro-actions were calculated as onset times of the 

subsequent micro-action, in order to ensure only information from the target micro-action was 

included. The activity patterns of summary actions were operationalized as the average of all 
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scans between the onset of the first and offset of the last micro-action summarized. A 

Representational Dissimilarity Matrix (RDM) was then calculated for each participant by 

calculating the Euclidean distance between representations of summary actions and each fMRI 

resting scan volume from each of Run 1 and Run 2 (a total of 153 images). This matrix describes 

the degree of dissimilarity between the hippocampal activity pattern of a summary action and 

every resting state scan.  

Euclidean distance captures an indiscriminate degree of dissimilarity between two 

activity patterns and thus does not capture a meaningful measure when used at a whole brain 

level; for this reason, unique hippocampal masks were created for each participant using 

volumetric segmentation performed with the FreeSurfer image analysis suite (FreeSurfer is 

documented and freely available for download online at http://surfer.nmr.mgh.harvard.edu; Dale 

et al., 1999). Using participant specific hippocampal masks constrains the measure of 

dissimilarity between activity patterns to a specific region of interest (ROI), disregarding 

differences in sensory regions and other task irrelevant activity. 

Participant RDMs should be segregated into quadrants discriminating comparisons 

between summary action from Run 1 and Run 2 compared to resting state data from Rest Run 1 

and Rest Run 2. As participants have a variable number of total summary actions, median scores 

for each quadrant would be calculated and compared across participants. I predict that the re-

emergence of activity patterns in immediate post-encoding consolidation periods will predict 

which summary actions are successfully retrieved. In RDM-space, this will be represented with 

the smallest Euclidean distances when comparing activity patterns from summary actions in Run 

1 to Rest Run 1 scans, and summary action from Run 2 in Rest Run 2 scans, see Figure 3. 

Following, I hypothesize there will be larger Euclidean distances between activity patterns from 
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summary actions in Run 1 and Rest Run 2 scans as memories from the previous scan will still be 

consolidating, and the largest Euclidean distances between activity patterns from Run 2 and Rest 

Run 1 scans, as the participant has not yet seen the stimulus so it is not possible for them to be 

consolidating that information. 

To further corroborate this hypothesis, activity patterns capturing the encoding of 

summary actions that were not mentioned during free recall would have been compared to post-

encoding rest data. Here I predicted summary actions that weren’t recalled would show a high 

degree of dissimilarly to all resting scans, and the lack of repeated representation predicted that 

the memory would not be recalled. 
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Chapter 3 

Results 

Transcript Analysis 

I used a 3-level multilevel model with a random intercept using the nlme package 

(Pinheiro, et al., 2017) in R. Memory scores were nested within film, nested within participant, 

as seen in Figure 1. Level two of the model, film, was contrast coded (Blinky = -.5; Bang! = .5) 

to ensure any memory effects observed were not specific to either film (no such difference 

existed, b = .025, t(118) = .132, p = .896). In order to prevent multicollinearity, models for both 

left and right hemispheres were run independently and corrected for family-wise error rate 

inflation. 

Multi-Level Models. I conducted a baseline multi-level model in order to calculate the 

model Intraclass Correlation (ICC), which describes variance accounted for by individual 

differences in the design. The model showed that approximately 35% of variance could be 

accounted for by individual differences, which is above the 10% threshold providing support that 

multi-level modeling is appropriate, ICC = .354. AIC and BIC fit indices were also noted to 

interpret future model fits, see Table 6 for a complete list of fit indices. 

Omnibus Hippocampal Model. The right HPC ratio model showed better fit than the 

null model. There was a significant HPC volume X memory type interaction, b = -15.467, t(118) 

= -4.051, p < .001. To follow up the significant interaction I examined the simple right ratio HPC 

volume effects separately for gist and detail memory. Right HPC volume ratio did not 

significantly predict gist, b  = -3.119, t(61) = -0.406, p = .686, but significantly predicted detail 

memory, such that as right HPC volume ratio increased (larger posterior volume, smaller anterior 
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volume), participants made fewer detail statements, b = -34.053, t(61) = -4.429, p < .001 (see 

Figure 2A). 

The left HPC ratio model showed better fit than the null model. There was a significant 

left HPC volume ratio X memory type interaction, b = -12.458, t(118) = -2.959, p = .004. To 

follow up the significant interaction I examined the simple left HPC volume ratio effects 

separately for gist and detail memory. Left HPC volume ratio did not significantly predict gist, b 

= -7.139, t(61) = -0.865, p = .391, but significantly predicted detail memory such that as left 

HPC volume ratio increased (larger posterior volume, smaller anterior volume) participants made 

fewer detail statements, b = -7.139, t(61) = -0.865, p < .001 (see Figure 2B). 

 As both right and left HPC volume ratio omnibus tests were significant, models for 

absolute aHPC and pHPC volumes were run in order to assess whether the anterior or posterior 

segment was driving the relationship. 

Anterior HPC Model. There was no significant right aHPC volume X memory 

performance interaction, b = .002, t(118) = 1.849, p = .067; all simple effects were also non-

significant, ps > .067 (see Figure 2C). 

There was a significant left aHPC volume X memory performance interaction, b = .002, 

t(118) = 2.077, p = .040 (see Figure 2D). To follow up the significant interaction, I examined the 

simple left aHPC volume effects separately for gist and detail memory. Left aHPC significantly 

predicted detail memory such that as left aHPC volume increased, participants made more detail 

statements, b = .006, t(61) = 2.308, p = .024. Left aHPC volume did not predict gist memory, b = 

.0006, t(61) = .244, p = .808. 



 

24 
 

I hypothesized that aHPC volume would have a positive relationship with gist memory 

statements, however contrary to my hypothesis, left anterior hippocampal segment volume was 

positively associated with detail memory statements. 

Posterior HPC Model. There was a significant right pHPC volume X memory 

performance interaction, b = -.006, t(118) = -3.759, p < .001 (see Figure 2E). To follow up the 

significant interaction I examined the simple right pHPC volume effects separately for gist and 

detail memory. Right pHPC volume significantly predicted detail memory such that as right 

pHPC volume increased participants made fewer detail statements, b =  -.011, t(61) = -3.640, p < 

.001. Right pHPC volume did not significantly predict gist memory, b = .0002, t(61) = .064, p = 

.949.  

There was no significant left pHPC volume X memory performance interaction, b = -

.002, t(118) = -1.633, p = .105; and no significant simple main effects, left posterior volume: b = 

-.004, t(61) = -1.913, p = .060; memory type: b = 2.494, t(118) = -1.605, p = .111 (see Figure 

2F). I hypothesized that pHPC volume would have a positive relationship with detail memory 

statements, however contrary to my hypothesis, right posterior hippocampal segment volume 

was negatively associated with detail memory statements. 

A summary of the omnibus results can be found in Table 6, all follow up results can be 

found Table 7, and all results in Figure 2.  

Representational Similarity Analysis 

Using the RSA toolbox (Nili et al., 2014) in MATLAB (v.2018b, The Mathworks), I 

conducted a RSA in order to asses if the re-emergence of activity patterns reflective of summary 

actions during the resting phase predicts which summary actions participants would later recall. 

Before conducting and interpreting such an analysis, it was appropriate to conduct a sanity check 
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on my data wherein I could assess whether the analysis was interpretable on a subject level. I 

visually compared hippocampal activity patterns from Run 1 of the movie viewing data and Rest 

Run 1 scans from the post-encoding rest data (see Figure 4). The off-diagonal comparisons 

revealed no distinguishable difference comparing movie to resting data, suggesting that encoding 

patterns were as different among themselves as they were to post-encoding rest data. 

To perform an alternative hypothesis driven analysis, I compared only target encoding 

scans to resting data, as opposed to all encoding scans. Here, activity patterns reflective of 

summary actions from individual participant transcripts in Run 1 were isolated and compared to 

all Run 1 and Rest Run 1 data. This method increases the signal-to-noise ratio by using 

information from the movie to summarize scans over time and thereby create more robust target 

encoding scans to search for. Summary action activity patterns showed a low degree of 

dissimilarity to the scans that were used to calculate the activity patterns in Run 1, but a high 

degree of dissimilarity to all resting state scans (see Figure 5). To quantify these results, the 

median score of dissimilarity for summary action activity patterns and encoding data was 

calculated for each participant and then averaged into a group-level RDM, see Figure 6A. Three 

model RDMs were created to explain the relationship between summary action activity patterns 

and encoding or rest data. The null model predicts there is no relationship between summary 

action activity patterns and encoding or rest data, and that activity patterns contain no unique 

information about events and are not discriminable from one another, see Figure 6B. Model 2 

predicts summary actions activity patterns bear a degree of similarity to encoding data, but not 

rest data, see Figure 6C. This model shows summary action activity patterns are reflective of 

encoding data but does not support further hypotheses about the re-emergence of the pattern in 

immediate post-encoding consolidation. In line with my hypothesis, Model 3 predicts summary 
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action activity patterns show similarity to encoding data, as well as rest data as a result of the re-

emergence of the pattern during immediate post-encoding rest, see Figure 6D. 

 Comparing the group-level RDM to the model RDMs, model 2 shows the strongest 

degree of similarity, r = .88, by measure of rank correlation. The null model shows the second 

strongest degree of similarity, r = .82, with Model 3 showing the lowest degree of similarity to 

the data, r = .78. The results of this analysis show no discriminable difference when comparing 

summary action activity patterns to encoding and rest data for this parcellation of event 

encoding, and thus no further representational similarity analyses were conducted.   
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Chapter 4 

Discussion 

 This observational study was conducted to examine the extent to which hippocampal 

segment volume could predict gist and detail components of episodic memory. Considering 

theories in the literature showing conceptual and behavioural distinctions between types of 

episodic memory (Brainerd, 1992; Gutchess, 2012), this study sought to explain how individual 

differences in free recall could be predicted by variance in hippocampal volume. I used an 

ecologically valid approach which provides utility for application of the results to real life 

scenarios, like interrogations or witness statements. While many studies to date have shown 

conflicting results when analysing the relationship between hippocampal volume and memory 

performance (Roth et al., 2010; Pohlack, et al., 2014), this study contributes to the existing 

literature by analysing the relationship between absolute and relative HPC segment volume and a 

unique memory performance task. The results of this analysis showed that although there was no 

relationship between hippocampal segment volume and gist memory, the left aHPC positively 

predicted and the right pHPC negatively predicted detail memory statement prevalence. 

Additionally, fMRI data collected during film presentation and rest phases was used to 

observe if neural activity during immediate post-encoding phases could predict which events 

were later recalled. Similar to forward and backward replay in the hippocampal complex during 

recall of spatial navigation tasks (Huang et al., 2018; Ólafsdóttir et al., 2018), I explored whether 

the re-emergence of activity patterns reflective of the encoding of target events could predict 

successful recall. The data from this analysis mainly provided methodological insights for future 

data collection involving film segmentation and data collection procedures. Preliminary analyses 
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showed that the parcellation of data was too fine to perform the target analysis. Segmenting 

micro-actions by milliseconds resulted in several events occurring in one scan, as opposed to one 

event occurring over several imaging volumes. While the results showed that our summary 

action activity patterns bear some similarity to encoding patterns, they had the same degree of 

similarity to resting data too. This resulted in non-distinguishable differences when comparing 

summary action activity patterns to encoding and rest data. 

Transcript Analysis 

The free-recall transcript analysis in this study takes a similar approach as the methods 

outlined in the Autobiographical Interview (AI) (Levine et al., 2002). The AI study categorized 

free recall statements as either internal or external based on their relevance to the main event of 

the story. In this study, statements were classified into categories that better describe the degree 

to which a participant could recall specific aspects of the film. The Narrative Feature network 

reliably classifies character, context, verbatim, theory of mind, error, and summary statement 

types, which can then be analyzed at different levels of detail or gist. Using the transcript 

analysis method employed in this study will allow for any researcher to measure different 

content from a free-recall session, as opposed to simply autobiographical or episodic. While free-

recall statements have recently been shown to not be predictive of an individuals’ performance 

on memory tasks or overall memory performance (Saraiva et al., 2020), studies have shown the 

value of free-recall transcripts in evaluating the success of particular encoding strategies 

(Unsworth et al., 2019). The Narrative Feature Network shows to be a more complex 

classification system for free recall transcripts including a variety of categories that encompass 

all statement types; this provides utility in application for a broader set of hypotheses in 

transcript analysis. 
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Unlike absolute hippocampal volume measures, hippocampal volume ratio measures 

capture the relative value of anterior and posterior segments. In my study, I used hippocampal 

volume ratios as omnibus tests to judge whether there was a relationship between hippocampal 

segment volume and gist and detail components of episodic memory. Both left and right 

hippocampal volume ratios showed a significant interaction with memory performance. To 

further understand the specific contributions of the anterior and posterior segments to episodic 

memory, I analyzed the association between memory performance and absolute anterior and 

posterior segment volume. These results would indicate whether absolute segment volume would 

best predict memory performance, or if the relative size of hippocampal segment volume was the 

important factor. Contrary to my hypothesis, the results showed a positive relationship between 

left aHPC volume and prevalence of detail statements. Additionally, the results showed a 

negative relationship between right pHPC volume and prevalence of detail statements. 

Ultimately, these results show that the significant HPC volume ratio effects are driven by the 

opposite effects on detail memory in each hemisphere – by the aHPC in the left hemisphere and 

by the pHPC in the right hemisphere. 

Structural hemispheric asymmetries in the hippocampus have been shown to predict free 

recall and spatial memory impairment in Alzheimer’s patient groups (del Toledo-Murrell et al., 

2000). While not necessarily indicative of cognitive function in healthy populations, similar 

patterns in functional activity have been observed in control groups. Robinson et al., (2016) 

conducted a functional connectivity analysis which showed a large, distributed network 

connected to the right aHPC, but a primarily fronto-limbic network connected to the left aHPC. 

The pattern for the posterior segments was constrained to a smaller network and reversed. These 

results support functional differences in studies which have demonstrated a left lateralization for 
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verbal memory processing and right lateralization for non-verbal spatial processing in the 

hippocampal formation (Smith et al., 1981; Jones-Gotman, 1986; Maguire et al., 1997; 

Abrahams et al., 1997). While this evidence does not provide clarity on opposite effect observed 

in this study for the predictive value of hippocampal segment on detail memory performance, it 

highlights the precendented lateralization of not only the hippocampal formation but anterior and 

posterior hippocampal segments.  

Limitations and Future Directions. A relatively simple explanation for the overall lack 

of a gist effect could be the lack of power in the design as opposed to a lack of gist phenomenon. 

With plentiful detail statements from each participant in both films (averaging 170 detail 

statements for Bang! and 136 for Blinky), gist statements were far less prevalent (averaging 17 

gist statements for Bang! and 11 for Blinky), such a lack of variability reduced the ability of the 

model to detect a significant effect. Creating a design with sufficient data for both gist and detail 

memory will ensure an adequate analysis of the mechanism responsible for the variance in 

episodic memory. This could be done by prodding participants for information after a free-recall 

session by asking questions that force participants to synthesize or abstract information 

presented. Further, by allowing participants to respond with unsure or information not presented 

responses, we could assess which participants include gist memories in their construction of the 

movie narrative in order to understand concepts in the story and those that rely on detail 

memories to understand concepts and reconstruct information. This design would also be 

beneficial in showing which participants are susceptible to false memories.  

Representational Similarity Analysis 

 The goal of the RSA was to examine whether memory consolidation is a result of the re-

emergence of activity patterns similar to encoding. In order to observe this phenomenon, 
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hippocampal activity patterns reflective of encoding patterns for unique summary actions were 

isolated. These activity patterns were then compared to activity patterns captured in the post-

encoding resting scans to assess the degree of similarity the representations bear. I predicted 

activity patterns of recalled summary actions would bear a greater degree of similarity to patterns 

captured in immediate post-encoding resting scans rather than activity patterns of summary 

actions that were not recalled, or summary action activity patterns and later post-encoding rest 

scans. This would be identified by segmenting the RDM into quadrants and assessing the 

comparisons between summary actions and the immediate post-encoding rest scan, a later post-

encoding rest scan, and a pre-encoding rest scan. Additionally, confirmation of my hypothesis 

would require me to compare activity patterns of summary actions that were not mentioned by 

participants to immediate post-encoding scans. This result would affirm if the re-emergence of 

encoding patterns results in later recall by showing the lack of emergence during immediate post-

encoding leads to forgetting during free recall. 

Before conducting this analysis, I performed a sanity check comparing summary action 

activity patterns to immediate encoding and rest data. Here I expected to see varying degrees of 

dissimilarity between summary action activity patterns and patterns captured during encoding 

scans, and high degrees of similarity between summary action activity patterns and resting state 

scans. What I found, however, was that the degrees of dissimilarity comparing summary action 

activity patterns to encoding and rest data were not discriminable from one another. Summary 

action activity patterns only showed a degree of similarity to the encoding scans that were used 

to construct the activity pattern. I expect that the activity pattern I am fishing for in the post-

encoding scan is too specific a representation to discover. Micro-actions used to construct 

summary actions were discriminated from one another by only milliseconds. A 1.9 s TR length 
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provides coarse snapshots of activity during encoding and consolidation processes that may not 

allow for such fine-grained RSA. 

Limitations and Future Directions. An interesting way to conduct the RSA would be to 

segment the film at a higher, coarser, level. Instead of creating unique timepoints for each 

participants’ unique summary actions, pre-defined salient events could be categorized, and 

participants could be scored on which events they recall. This would allow for broader windows 

of activity to be used to calculate activity patterns, and would provide more time for an event to 

be more thoroughly captured, as opposed to having many micro-actions captured in the same 

volume. Besides a different methodical approach, data collected for this analysis would benefit 

from a more constrained approach where higher resolution data were collected for a smaller ROI. 

Collecting data at the whole brain level constrained the amount of data that was collected during 

the session, by restricting the number of blocks fMRI data could be collected during the film 

session and restricting the number of scans collected during those blocks. These restrictions 

would allow for a richer view of target regions that would be more compatible with a finer 

grained event segmentation. 

Conclusions 

The results of the transcript analysis show that all components of free recall can reliably 

be arranged into a sub-category of gist or detail memory, being context or character related, etc. 

While the free recall paradigm of the study did not support enough variability in data collection 

for gist memory analysis, the results show that detail memory is a unique facet of episodic 

memory that can be reliably analyzed and distinguished from other components of memory. 

Although this experiment appeared not to have sufficient data to detect associations between 

HPC segment volume and gist memory, gist constructs of memory were also operationally 
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defined and reliably isolated leading one to believe that a gist construct does in fact exist and is 

measurable, but requires a different approach for a conclusive analysis. 

Effects observed could have been driven by a function of a particular region in the 

anterior and posterior hippocampal segments. For example, a study conducted by Mueller et al. 

(2011) showed an improved episodic memory performance for individuals with larger CA-1 

volume. Considering theories presented in the current study, the Mueller et al. (2011) study 

might have benefited from segmenting episodic memory into discrete categories.  

Likewise, the event segmentation established for the RSA proved to be too specific a 

search for such coarse-grained movie viewing resting data. An alternative approach using events 

with a longer duration or higher resolution fMRI data would increase signal-to-noise ratio and 

therefore increase power for discovering representational similarities. Preliminary results of the 

RSA suggest no conclusions should be drawn from the data. However, this thesis succeeded in 

providing valuable methodological insights for future studies to refine their approach to 

analysing complex movie stimuli.  
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Figure 1. Three Level Model Diagram. This figure shows the hierarchical structure of the multi-
level model, where gist and detail scores (level 1) are nested within movie (level 2), nested 
within participant (level 3). This model discriminates variance in both films when analyzing 
individual differences in gist and detail memory. 
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Figure 2. Transcript Analysis Results. 2A Right HPC volume ratio model shows the significant 
interaction between memory scores: as right HPC volume ratio increases detail scores decrease. 
2B Left HPC volume ratio model shows a significant interaction between memory scores: as left 
HPC volume ratio increases detail scores decrease. 2C Right aHPC model showed no significant 
interaction. 2D Left aHPC model shows a significant interaction between memory scores: as the 
left aHPC volume increased, participants made more detail statements. 2E Right pHPC model 
showed a significant interaction between memory scores and right pHPC volume: as right pHPC 
volume increased participants made fewer detail statements. 2F left pHPC model showed no 
significant interaction. 
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Figure 3. Hypothesis Model RDM. This figure shows the RDM comparing the median score for 
Euclidean distance measures of summary action activity patterns to both immediate and delayed 
post-encoding consolidation activity patterns. This model RDM explains my hypothesis wherein 
activity patterns reflective of summary actions from Run 1 and Run 2 would show the lowest 
dissimilarity with the immediate post encoding rest period suggesting the re-emergence of the 
target activity pattern. As summary actions from Run 1 are connected with summary actions 
from Run 2, I hypothesize that some carry over will occur between Run 1 summary actions and 
Rest Run 2. Also noteworthy, activity patterns reflective of summary actions from Run 2 show 
the highest degree of dissimilarity from Rest Run 1 scan, as the memories have not yet been 
encoded and should therefore never emerge during that time.  
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Figure 4. Single Subject Sanity Check: Run 1 x Rest Run 1. This figure shows the RDM 
comparing hippocampal activation patterns from Run 1 and Rest Run 1.  The prominent blue 
vertical bars are likely an artifact of participant movement resulting in a high correlation and a 
low degree of dissimilarity. A lack of distinguishability between upper and lower portions of the 
horizontal vertical bars suggests that there is no meaningful variation in the re-emergence of 
movie patterns between Movie Run 1 and Rest Run 1. 
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Run 1 Scans (1-153) 
Rest Run 1 Scans (154-306) 
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Figure 5. Single Subject Sanity Check. This figure shows the RDM comparing hippocampal 
representation of summary actions from Run 1 (x-axis) compared to Run 1 and Rest Run 1 scans 
(y-axis).  The diagonal of low dissimilarity circled above reflects the dissimilarity between 
averages of activity patterns compared to their underlying raw scans (autocorrelation). This 
shows summary action patterns reflect similar representations to encoding activity, but do not 
display any degree of similarity to any resting state scans. 
  

Run 1 Scans (1-153) Rest Run 1 Scans (154-306) 

Run 1 Sum
m

ary Actions 
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Figure 6. Group Level Sanity Check Results. This figure shows the group-level RDM comparing 
hippocampal activity patterns of summary actions from Run 1, Run 1 encoding activity patterns 
and Rest Run 1 activity patterns. A: Group-level RDM; B: there is no relationship between 
summary action activity patterns and encoding or rest data, activity patterns for target summary 
actions contain no unique information and are not discriminable from one another; C: Run 1 
Summary actions contain unique information of an event and are discriminable from one 
another, unique SA information is similar to encoding information and therefore summary 
actions are similar to encoding data; D: recall of a memory can be predicted by the re-emergence 
of activity pattern in rest data, so rest data should bear some degree of similarity to encoding 
data. 
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Table 1 
 
Micro-Action Spreadsheet 

Node Item Description Ppt n: Sequence of Recall 
MA-1 Someone loads a gun 1 
MA-2 Someone is running, only legs visible 

 

MA-3 Rifle aims out of a bush 
 

MA-4 Single person running 
 

MA-5 Groups up with 3 others 
 

…   
MA-32 Amanda walks up to the boys 2 
…   
MA-39 Amanda: 'You said I could play if I got a gun' 2 
MA-40 Billy touches the gun 4 
MA-41 Billy: 'Where did you get it? Somebody’s 

garbage?' 
3 

MA-42 Amanda: 'You still won't let me play?' 
 

MA-43 Billy: 'No' 3 
… 

 
 

MA-51 Amanda: 'If I get a good gun, do you promise I 
can play?' 

6 

MA-52 Billy pulls out his gun 5 
MA-53 Billy: 'I said you could, your ma is never gonna 

buy you one' 
7 

…  
 

MA-62 Amanda walks away 8 
MA-63 Other kids walk through the field of view 
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Table 2 
 
Transcript Tag Definitions 
 
 
Tier 1 

 
 
Tier 2 

Detail 
 
Definition 

  
 
Tier 2 

Gist 
 
Definition 

Character Fact: Information about a 
character presented in the 
film that identifies or helps 
define them, or a reference 
to a specific event in the film 
involving the character. 
 

 Inference: Information (including 
relationship or status) 
inferred of a character 
based on other information 
presented in the film. 

Context Fact: Information presented in the 
film that contributes to the 
understanding of the context 
of a scene or the film. 
 

 Inference: Actions that are inferred to 
have occurred based on 
information presented in 
the film. 

Meta-
Movie 

Fact: Camera angles, cuts, music, 
resolution, context of the 
film, year 
 

   

Quote Verbatim/ 
Paraphrase: 

An attempt by the participant 
to paraphrase or give a 
verbatim quote from the 
film. 
 

   

Summary    Event: Synthesis of several micro-
and summary- actions 
dispersed throughout the 
film.  
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Table 3 
 
Example Transcript Tag Statements 
 
 
Tier 1 

 
 
Tier 2 

Detail 
 
Example 

  
 
Tier 2 

Gist 
 
Example 

Character Fact: “Amanda was wearing a red 
handkerchief” 
 

“Uncle jack wore a three-
piece suit” 
 

 Inference: “Uncle Jack and Amanda’s 
mother were siblings” 
 

“Amanda’s father was 
talking to his brother in-
law” 
 

Context Fact: “The boys were running in a 
forest” 
 

“Amanda’s house had 
bushes in the front yard” 
 

 Inference: “Amanda walked from her 
house to the supermarket” 
 

“Amanda’s dad walks 
upstairs to drop of Uncle 
Jack’s luggage” 
 

Meta-
Movie 

Fact: “The camera panned up to 
the boy’s face” 
 

“The scene cut to Amanda at 
the supermarket” 
 

   

Quote Verbatim/ 
Paraphrase: 

“Then Billy said ‘Yea, but 
your mom is never gonna 
buy you one’” 
 

“The clerk said to Amanda 
‘This isn’t a library; you 
can’t hang out here’” 
 

   

Summary    Event: “The boys were playing a 
game of war” 
 

“Amanda was constantly 
adding bullets to the gun” 
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Table 4 
 
Transcript Tag Descriptive Statistics 
 Bang! You’re Dead (n = 63) Blinky (n = 57) 

Tag Mean (SD) Score Median Score Mean (SD) Score Median Score 

Character Fact 
 

21.2(8.7) 20 11.5(5.1) 11 

Character 
Inference 
 

3.6(2.1) 3 2.1(1.7) 2 

Context Fact 
 

31.8(12.6) 29 22.2(13.8) 20 

Context Inference 
 

10.7(3.6) 10 5.6(2.3) 5 

Quote 12.7(10.9) 10 14.6(9.3) 14 

Meta-Movie 
 

4.1(3.7) 3 7.2(5.4) 7 

Summary Event 
 

2.4(1.2) 2 2.4(1.6) 2 

Micro-Action 
 

71.3(35.8) 70 31.2(15.4) 33 

Summary-Action 29.33(9.3) 30 40.9(25) 37 

Note.  Tag ‘Score’ denotes the number of occurrences of a tag statement in a transcript. 
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Table 5 
 
Transcript Tag Reliability Measures 
 Rater Agreement Session Agreement 

Tag IRR Between-Film 
Correlation 

 

ICC (CI) 

Character Fact .91 .60** 0.696 (.484, .821) 

Character Inference 
 

.82 .26* 0.409 (-.003, .652) 

Context Fact .91 .49** 0.656 (.415, .797) 

Context Inference .82 .37** 0.506 (.162, .709) 

Quote .80 .61** 0.753 (.580, .854) 

Meta-Movie .97 .37** 0.515 (.176, .714) 

Summary Event 
 

.84 .09 0.167 (-.414, .509) 

Micro-Action - .82** 0.766 (.603, .862) 

Summary-Action 
 

- .29* 0.346 (-.109, .615) 

Aggregate Gist - .61** 0.754 (.582, .855) 

Aggregate Detail 
 

- .79** 0.875 (.788, .926) 

Note. IRR scores are the average measure of a one-way random effects model where people 
effects are random. The results shown are representative of three raters analyzing 10 
transcripts. 
Aggregate detail scores were calculated as the sum of standardized context fact, character fact, 
quote, meta-movie, micro-action, and summary-action scores; aggregate gist scores were 
calculated as the sum of standardized context inference, character inference, and summary 
event scores. Gist correlation was only slightly above threshold used in the literature for a 
‘good’ measurement of phenomenon. This is likely due to the difficult nature of 
operationalizing gist memory, be it synthesis, inference, or both. 
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Table 6 
 
Summary of Omnibus MLM Results 

Model Fit Interaction Simple Slopes 

Model AIC BIC Values Gist Detail 
 

Null 1270.863 1284.769 
- - - 

Right 1245.011 1269.258 
b = -15.466, 
t(118) = -4.050, 
p < .001** 

b = -3.119, 
t(61) = -.405, 
p = .686 

b = -34.053, 
t(61) = -4.429, 
p < .001** 

Left 1251.991 1276.238 
b = -12.458, 
t(118) = -2.959, 
p = .004* 

b = -7.139, 
t(61) = -.865, 
p = .391 

b = -7.139, 
t(61) = -.865, 
p < .001** 

Note. Both left and right models showed to be a better fit than the null according to the AIC 
and BIC. Both left and right models showed a significant interaction, such that there was no 
significant predictive value of HPC volume ratio on gist scores, but as HPC volume ratio 
increased, larger posterior segment and/or smaller anterior segment, participants made fewer 
detail statements. 
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Table 7 
 
Summary of Follow-up MLM Results 
Model Fit Interaction Simple Slopes 
Model AIC BIC Term Gist Detail 
Null 1270.863 1284.769 - - - 

Right 
Ant 1295.669 1319.916 

b = .002 
t(118) = 1.849 
p = .067 

- - 

Right 
Post 1281.627 1305.874 

b = -.006 
t(118)=-3.759 
p < .001** 

b =  .0002 
t(61)= .064 
p =  .949 

b =  -.011 
t(61) = -3.640 
p < .001** 

Left 
Ant 1293.951 1318.198 

b = .003, 
t(118) = 2.077, 
p = .040* 

b =  .0006 
t(61) = .244 
p =  .808 

b =  .005 
t(61) = 2.308 
p =   .024* 

Left 
Post 1293.403 1317.649 

b = -.002, 
t(118) = -1.633, 
p = .1051 

- - 
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