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Abstract

Converging evidence points to a neural network that supports a range of abilities including 

remembering the past, thinking about the future, and introspecting about oneself and others. 

Neuroimaging studies find hippocampal activation during event construction tasks, and patients 

with hippocampal amnesia are impaired in their ability to (re)construct events of the past and the 

future. Neuroimaging studies of constructed experiences similarly implicate the medial prefrontal 

cortex (mPFC), but it remains unknown whether the mPFC is critical for such processes. The 

current study compares performance of five patients with bilateral mPFC damage, six patients 

with bilateral hippocampal damage, and demographically matched comparison participants on an 

event construction task. Participants were given a neutral cue word and asked to (re)construct 

events across four time conditions: real past, imagined past, imagined present, and future. These 

event narratives were analyzed for the number of internal and external details to quantify the 

extent of episodic (re)experiencing. Given the literature on the involvement of the mPFC in self-

referential processing, we also analyzed the event narratives for self-references. The patients with 

mPFC damage did not differ from healthy comparison participants in their ability to construct 

highly detailed episodic events across time periods but displayed disruptions in their incorporation 

of the self. Patients with hippocampal damage showed the opposite pattern; they were impaired in 
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their ability to construct highly detailed episodic events across time periods but not in their 

incorporation of the self. The results suggest differential contributions of hippocampus and medial 

prefrontal cortex to the distributed neural network for various forms of self-projection.
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1. Introduction

A core neural network has been proposed to underlie a range of abilities including 

remembering the past, thinking about the future, introspecting about oneself and others, and 

other complex cognitive and social behaviors (Buckner & Carroll, 2007; Schacter & Addis, 

2007a). The neural substrates contributing to the proposed network include the medial 

temporal lobes, medial prefrontal cortex, lateral temporal cortices and lateral posterior 

parietal cortices (Addis, Wong, & Schacter, 2007; Buckner & Carroll, 2007; Spreng, Mar, & 

Kim, 2009). While the range of abilities supported by the network may seem disparate at 

first blush (e.g., imagining multiple futures, reconstructing the events of our past, 

considering the thoughts and feelings of ourselves and others) each contributes to the 

flexibility of human cognition and behavior and requires the flexible and creative 

(re)construction and use of mental representations for adaptive function (Buckner & Carroll, 

2007). The collection of abilities supported by this network has been given various umbrella 

terms such as ‘self-projection’, ‘simulation’, and ‘prospection’ in an attempt to capture and 

describe the set of shared behavioral phenomena. Less is known, however, about the 

individual mechanisms and the unique contributions of each neural system to this complex 

set of abilities.

Given the role of hippocampus in representational flexibility (Cohen & Eichenbaum, 1993; 

Eichenbaum & Cohen, 2001) and in flexible cognition more broadly (Rubin, Watson, Duff, 

& Cohen, 2014) the hippocampus and medial temporal lobes have figured prominently in 

the work on the network for self-projection (we will use this umbrella term for the range of 

cognitive abilities from here on). Indeed, converging evidence reveals that in addition to the 

well established role of the hippocampus in recovering and reconstructing the past (Scoville 

& Milner, 1957; Cohen & Eichenbaum, 1993; Squire, 1992), the hippocampus also plays a 

critical role in constructing or imagining the future (e.g., Addis, Wong, & Schacter, 2007; 

Gaesser, Spreng, McLelland, Addis, & Schacter, 2013; Hassabis, Kumaran, Vann & 

Maguire, 2007; Okuda, Fujii, Ohtake, Tsukiura, Tanji, Suzuki, Kawashima, et. al., 2003; 

Race, Keane, & Verfaellie, 2011; Szpunar, Watson, & McDermott, 2007; Tulving, 1985; 

Zeman, Beschin, Dewar, & Della Sala, 2012), scene construction (e.g., Hassabis & Maguire, 

2009; Mullallly & Maguire, 2014), creative thinking (Duff, Kurczek, Rubin, Cohen, & 

Tranel, 2013), and in the binding of relational information (co-occurrences of people, places, 

and things) across time and events (e.g., Davachi, 2006; Duff, Hengst, Tranel, & Cohen, 

2007; Konkel, Warren, Duff, Tranel, & Cohen, 2008; Ranganath, 2010).
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Methodologically, a common approach to investigating the role of the hippocampus in self-

projection has been to employ modified versions of the Autobiographical Interview (AI) 

(Levine, Svoboda, Hay, Winocur, & Moscovitch, 2002) where participants are asked to 

(re)construct events that are real or imagined and that come from any time from the remote 

past to the distant future (e.g., Addis, Wong & Schacter, 2008). In those studies, the 

narratives are scored using the original AI scoring system to identify internal and external 

details (which map on to episodic and semantic memory respectively) for an index of 

“episodic-ness” of the narratives, i.e., how much they conveyed an impression of actually 

(re)experiencing the event (Irish, Addis, Hodges, & Piguet, 2012; Race, Keane, & 

Verfaellie, 2011). A consistent finding in patients with hippocampal amnesia using these 

methods is a deficit in the ability to project oneself into the past and into the future as 

measured by significantly fewer episodic details in their narratives relative to healthy 

participants (e.g., Hassabis et al., 2007; Kwan, Carson, Addis, & Rosenbaum, 2010; Race et 

al., 2011; although see Squire, van der Horst, McDuff, Frascino, Hopkins, & Mauldin, 

2010). An open question is whether the hippocampus contributes to other forms of self-

projection. Such data would be informative in answering questions about the specificity of 

individual neural systems to different aspects of self-projection and self-representation.

There is also an extensive literature on the role of the medial prefrontal cortex (mPFC) in 

various aspects of self-projection. Neuroimaging studies show involvement of the mPFC in 

self-referential processing and the neural representation of the self (e.g., Brunet, Sarfati, 

Hardy-Bayle, & Decety, 2000; Calarge, Andreasen, & O'Leary, 2003; Frith & Frith, 1999; 

D'Argembeau, Collette, Van der Linden, Laureys, Del Fiore, Degueldre, Luxen, A., et al., 

2005; Fossati, Hevenor, S.J., Lepage, M. Graham, S.J. Grady, C., Keightley, M.L., Craik, F. 

et al., 2004; Gusnard, Akbudak, Schulman, & Raichle, 2001; Kelley, Macrae, Wyland, 

Caglar, Inati, & Heatherton, 2002), episodic memory (Addis, McIntosh, Moscovitch, 

Crawley, & McAndrews, 2004; Cabeza, Prince, Daselaar, Greenberg, Budde, Dolcos et al., 

2004; Gilboa, 2004; Rogers, Kuiper, & Kirker, 1977; Symons & Johnson, 1997) and social 

functioning (Eisenberger & Lieberman, 2004). Research using neuropsychological patients 

with mPFC damage converges with many of the neuroimaging findings. Specifically, 

patients with mPFC damage show deficits in future thinking (e.g., Harlow, 1868; Benton, 

1968; Bechara, Damasio, Damasio, & Anderson, 1994; Levine, Black, Cabeza, Sinden, 

McIntosh, Toth, Tulving, et al., 1998) and temporal discounting (e.g., Fellows & Farah, 

2005); they also fail to show the self-reference effect (e.g., Philippi, Duff, Denburg, Tranel, 

& Rudrauf, 2012). While the mPFC has been implicated in various forms of self-projection 

across imaging and neuropsychological studies, a remaining gap in the literature is the study 

of self-projection using the same methods commonly employed in the memory literature. 

Furthermore, while other studies have examined different aspects of self-projection (e.g., 

past and future thinking) in patients whose damage includes the mPFC (Irish, Hodges, & 

Piguet, 2013) there are no studies to our knowledge that have examined different aspects of 

self-projection (e.g., into the past/future and into the self) within the same task in this 

population.

In the current study, we asked six patients with bilateral hippocampal damage and five 

patients with bilateral medial prefrontal cortex damage to complete a modified version of the 

AI where they (re)constructed events in four conditions: real past, imagined past, imagined 
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present, and future. We then analyzed those narratives for internal and external details and 

the use of self-references. Given the previous literature on deficits in self-projection (i.e., the 

ability to remember the past and think about the future), we expected hippocampal amnesic 

patients to produce significantly fewer details across all time periods relative to 

demographically-matched healthy comparison participants, replicating previous findings. An 

open question, however, is if these deficits extend to other forms of self-projection or self-

representation. Given the extensive literature on the use of personal pronouns as a measure 

of self-referential processing and self-representation (e.g., Carmody & Lewis, 2012; Davis 

& Brock, 1975; Esselen, Metzler, Pascual-Marqui & Jancke, 2008; Ingram, Cruet, Johnson, 

& Wisnicki, 1988; Kircher, Senior, Phillips, Benson, Bullmore, Brammer, et al., 2004; 

Lewis & Carmody, 2008; Rude, Gortner, & Pennebaker, 2004; Lombardo & Baron-Cohen, 

2010; Lombardo, Chakrabarti, Lai, & Baron-Cohen, 2012), we also examined the narratives 

for the use of self-referential pronouns. In contrast, for the mPFC patients we expected to 

find deficits, consistent with the literature, in the ability to introspect about the self as 

measured by the use of self-referential pronouns in their narratives. Such an outcome would 

extend this literature by documenting deficits in self-referential processing in the narrative 

discourse of mPFC patients. While there is strong evidence from fMRI studies of mPFC 

involvement in episodic memory and future thinking, the necessity of the mPFC is unclear. 

The current study, with two groups of well-characterized neurological patients completing 

the same task, promises to further our understanding and characterization of the specificity 

of individual neural systems to different aspects of self-projection.

2. Methods

2.1. Participants

Participants were six (one female) patients with bilateral hippocampal damage, five patients 

(two female) with bilateral mPFC damage, and eleven healthy demographically-matched 

comparison participants (CP). The patients were recruited from the Patient Registry of the 

University of Iowa's Division of Behavioral Neurology and Cognitive Neuroscience and 

were characterized neuropsychologically and neuroanatomically according to established 

protocols in our laboratory (Frank, Damasio, & Grabowski, 1997; Tranel, 2007). The 

Institutional Review Board approved all procedures for Human Subjects Research at the 

University of Iowa.

At the time of data collection, the patients with hippocampal damage were in the chronic 

epoch of amnesia, with time-post-onset ranging from 8 to 18 years. Hippocampal patients 

were, on average, 53.2 years old (range 45 – 61 years), and had, on average, 15 years of 

education (range 12 – 16 years). Etiologies included anoxia/hypoxia (1606, 1846, 2363, 

2563), resulting in bilateral hippocampal damage, as well as herpes simplex encephalitis 

(HSE; 1951, 2308), resulting in more extensive bilateral medial temporal lobe damage 

affecting the hippocampus, amygdala, and surrounding cortices (see Figure 1). For patients 

who were MRI compatible (excluding 2563) high-resolution volumetric MRI analyses 

revealed significant reduction to the hippocampus bilaterally with volumes reduced by more 

than 4.74 studentized residuals on average (SD = 2.35) compared to age matched 

comparisons. Visual inspection of a CT scan from patient 2563, who wears a pacemaker, 
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confirmed damage limited to hippocampus. Performance on tests of neuropsychological 

functioning revealed a severe and selective impairment in declarative memory functioning 

(e.g., WMS-III GMI = 60.2 SD = 9.6) while performance across other cognitive domains 

was within normal limits (see Table 2). One participant with amnesia (1606) was unable to 

complete the entire protocol, completing one past, one imagined past, two present and two 

future constructions.

Patients with mPFC damage were, on average, 67.6 years of age (range: 61-73 years) and 

had, on average, 13.8 years of education (range: 11-18 years). Etiologies included 

meningioma resection (318, 2391, 3350) and sub-arachanoid hemorrhage and/or anterior 

communicating artery aneurysm (2352, 2577; see Table 1 for demographic information; see 

Figure 2 for lesion overlap map) with time post-onset ranging from 10 to 38 years. All 

mPFC patients had lesions that overlapped with the Montreal Neurological Institute (MNI) 

coordinates (x = 10, y =52, z = 2; putatively corresponding to BA 10 in the right 

hemisphere, a region that previous neuroimaging (Kelley, et al., 2002) and lesion (Phillipi, 

Duff, Denburg, Tranel & Rudrauf, 2012) work have implicated in self referential processing 

(this region has also been demonstrated to be differentially recruited during future 

simulation, e.g., Addis et al., 2007; Okuda et al., 2003). All mPFC patients have well-

documented post-morbid changes in emotion processing, decision-making, personality, 

and/or social and interpersonal functioning (Croft, Duff, Kovach, Anderson, Adolphs, & 

Tranel, 2010; Koenigs & Tranel, 2008; Young, Bechara, Tranel, Damasio, Hauser, & 

Damasio, 2010). These deficits in various aspects of social and emotional processing are in 

stark contrast to relatively intact neuropsychological profiles, including performance within 

normal limits on neuropsychological tests of language, memory, intelligence and visual 

discrimination (see Table 2 for neuropsychological data).

Eleven healthy comparison participants were matched pair-wise on sex, age, and education 

separately to the each of the participants with brain damage in the hippocampus (n = 6; age – 

mean = 54.3; SD = 5.8; p = 0.29; education – mean =16.2; SD = 1.6; p = 0.43) and mPFC (n 

= 5; age – mean = 69.8; SD = 4.7; p = 0.51; education – mean = 16.8l; SD = 2.6; p = 0.11) 

groups.

2.2. Procedures

2.2.1. Dynamic Narrative Construction Elicitation Protocol—Participants were 

provided with a neutral cue word (e.g., clock, hotel, bird, restaurant) and asked to produce 

three unique narratives of autobiographical events in each of four distinct time periods (Real 

Past, Imagined Past, Imagined Present, and Future) for a total of twelve narratives. Neutral 

cue words were selected from the Affective Norms for Emotional Words database (Bradley 

& Lang, 1999). The cue words were well balanced across time period and did not differ 

significantly on measures of valence (p = 0.21), arousal (p = 0.26), frequency (p = 0.43), or 

imaginability (p = 0.53) (norms from Coltheart, 1981). For each event, participants were 

instructed that the event had to be autobiographical rather than an event that happened to 

someone else. Participants were also told that events should have actually occurred (Real 

Past) or be possible and reasonable to happen (Imagined Past, Present, Future) and that the 

events could have/should last between a few minutes and several hours but not more than a 
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day. Participants were instructed to choose Real Past events and to construct Imagined Past 

events that happened to them only once and before they were 25 years old. For Present and 

Future events, participants were asked to construct events that had not happened to them 

before. For Future events, there was no limit for how far into the future the event could be 

set. These constraints were placed on the events to encourage participants to draw 

disproportionately from their episodic memory for which they had specific (but infrequent) 

autobiographical experiences rather than “a pool of generalized knowledge” (Cermak & 

O'Connor, 1983).

Once participants had selected an event that fit the criteria, participants were asked to 

provide a title, time, and location for the event. Participants then were asked to provide a one 

to two minute overview of what happened or might have happened during the event (i.e., the 

event that lasted a few minutes to a few hours). Participants were subsequently asked to 

select a specific moment from the event they described and were then given one to two 

minutes to produce a narrative of the setting and experience of that specific moment. All 

subsequent data analysis was focused on these one to two minute descriptions of the specific 

moment of the (re)constructed event. All instructions were given orally to participants and 

written instructions in bullet point format were also provided and left within view of 

participants to reduce memory demands. Participants were encouraged to use the full-

allotted time. If a participant indicated they could not think of any thing else, the 

experimenter encouraged the participant to keep thinking and would remind the participant 

of the instructions. Sessions were video and audio taped.

2.2.2. Transcript Processing—All sessions were transcribed in their entirety using a 

two-stage consensus transcription procedure (e.g., Duff, Hengst, Tranel, & Cohen, 2008). 

During the first stage, the original transcriber recorded all utterances, audible sounds, and 

pause times of both the examiner and participant. In the second stage, the consensus 

transcriber and the original transcriber viewed the video together to generate the final 

version of the transcript – the consensus transcript. Any corrections or additions to the 

transcripts were rendered after discussion and consensus. Throughout the transcription 

process, words were broadly defined with little emphasis placed on morphological or 

syntactic form, consistent with our previous work. Each of the following were counted as 

words: false starts (e.g., getting the boat, actually getting the boat to go out = 10 words), 

fillers (e.g., uh, um = 2 words), and contractions (e.g., can't = 1 word).

2.2.3 Self-Projection Scoring—The narratives were scored for their episodic and 

semantic content following the scoring procedure protocol prescribed by Levine et al., 

(2002). We chose to examine self-projection using the AI procedures given their extensive 

use in the literature, facilitating comparison to other studies of narratives of event 

(re)construction (Irish et al., 2012; Race et al, 2011; Squire et al., 2010) and more novel uses 

of the procedures applied to narratives of pictures descriptions (e.g., Race et al, 2011; Race, 

Keane, & Verfaellie, 2013; Zeman et al., 2012). The coder isolated the main event, which 

was specific to a time and place, and then segmented it into details. Details were defined as 

unique occurrences, observations, or thoughts, which each independently conveyed 

information; these usually took the form of a grammatical clause, including a subject and 
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predicate. At times, a single clause expressed more than one piece of information, and each 

piece was marked individually. For instance, “I drove to Dallas, Texas last month” includes 

an event (I drove), a place (Dallas, Texas), and a time (last month) detail.

Two overarching categories were used to classify details: internal and external. Internal 

details pertained directly to the main event described by the participant and exhibit episodic 

re-experiencing. Internal details include reference to event, place, time, perceptual, and 

emotion/thought information. Details extraneous to the main event were considered external. 

Sub-categories for external details included those listed above as well as semantic, 

repetition, and other details. The number details were then tallied for each specific sub-

category and summed to form internal and external composites, which were the main 

variables of interest. The proportion of internal-to-total details per memory reflected 

episodic re-experiencing irrespective of the total verbal output.

2.2.4. Self-Referential Processing Scoring—All narratives were coded for self 

references and references to other people. Coders marked all references to people and 

groups of people in both the subject (I went to Dallas) and object (The waiter handed the 

drinks to me) position of a sentence. References coded as self-reference included first person 

singular (I, me) and first person plural (we, us, our) pronouns. References to others included 

third person singular (he, she it, him, her, proper names, you) and third person plural (they, 

them) pronouns. Any repetitions of self and other references contained in a false start (I I 

went to Texas) were counted only once. To account for any differences in verbal output, 

amount or content, a proportion of self- to total-references was calculated.

We chose to examine self-referential processing through the use of personal pronouns for 

several reasons. First, there is an existing literature on self-referential processing and self-

representation as indexed by the presence or absence of personal pronouns in healthy and 

disordered (e.g., autism) populations (e.g., Lombardo et al., 2012; Carmody & Lewis, 2012; 

Lewis & Ramsay, 2004; Mizuno, Liu, Williams, Keller, Minshew, & Just, 2011). In this 

way, tracking and coding pronouns as a tool to gain insight into self-referential processing 

does not differ from tracking and coding nouns, verbs, and adjectives (as internal and 

external details) to gain insight into episodic (re)construction abilities. Second, we wanted a 

measure of self-referential processing that could be applied to the participants’ narratives 

rather than in a second experimental task. This allowed us to mitigate against concerns that 

any observed differences between measures of self-referential processing and episodic 

(re)construction were the result of differences in task demands. Finally, we were interested 

in focusing on capturing self-referential processing ability (thinking about the self) rather 

than on a more general measure of theory of mind (thinking about the self and others).

2.2.5 Reliability of scoring—Raters blind to participant group membership rated 

approximately 20% of the dataset for all analyses. Inter- and intra-rater reliability for coding 

of internal and external details was assessed with intraclass correlation coefficients, 0.940 

and 0.993, for internal and external details respectively. Inter- and intra-rater reliability for 

coding of self and other references was 0.990 and 0.944, respectively.
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2.2.6. Data Analysis—Data analysis was performed on the verbal productions of the 

participants (not the experimenter). All measures (proportion of internal to overall details 

and proportion of self-references) were analyzed separately for each patient group 

(hippocampal and mPFC) and their respective comparison participants on the episodic 

moment with repeated measures ANOVAs with the between-subjects factor, group (patients 

vs. comparisons) and within-subject factor, time (Past, Imagined Past, Present, and Future). 

The patient groups (and their demographically matched comparison participants) were 

analyzed separately because previous research has demonstrated age related decline in the 

measures of interest including self-projection (Gaesser, Sacchetti, Addis, & Schacter, 2011) 

and self-referential processing (Mitchell, Raye, Ebner, Tubridy, Frankel, & Johnson, 2009; 

Rice & Pasupathi, 2010). An ANOVA indicated a significant group difference for age, 

F(3,18) – 15.96, p < 0.001 with follow-up tests indicating that both the hippocampal patients 

and their matched healthy comparison participants were significantly younger than the 

healthy comparison participants matched to the mPFC patients and the mPFC patients 

themselves.

Consistent with the literature (e.g., Cole, Morrison, & Conway, 2013; Murphy, Troyer, 

Levine, & Moscovitch, 2008; Steinworth, Levine, & Corkin, 2005), to account for 

differences in the length and content of the narratives for the event (re)constructions, 

proportions were calculated (e.g., proportion of internal details to the total number of details 

and proportion of self references to the total number of references). All variables were rank-

ordered transformed prior to statistical analysis. Since multiple tests were run on the same 

elicitation data, in order to control for type I error, we applied Sidak corrections to all 

statistical tests separately for data and subsequently all p-values are reported from the Sidak 

correction (which, while reducing Type I error, may increase Type II error, indicating that 

results here are conservative).

3. Results

3.1 Word Count

All participants were able to provide unique autobiographical narratives for past and future, 

real and imagined conditions (3 Imagined Past, 3 Past, 3 Imagined Present, and 3 Future). 

We found that the patients with hippocampal damage produced significantly shorter 

narratives than their matched comparison participants, (F(1,10) = 6.56, p = 0.028, d = 0.40). 

Within the narratives of the hippocampal patients and their comparison participants, there 

was a significant effect of time, (F(3,30) = 5.28; p = 0.014, d = 0.35), but no group by time 

interaction, (F(3,30) = 1.14; p = 0.340, d = 0.10), indicating that hippocampal participants 

produced shorter narratives regardless of time condition.

For the mPFC patients and their matched healthy comparison participants, there was neither 

a significant effect of group, (F(1,8) = 0.05, p = 0.822, d = 0.001), time, (F(3,24) = 1.17; p = 

0.342, d = 0.13), nor a group by time interaction, (F(3,24) = 2.17; p = 0.118, d = 0.21), 

indicating that mPFC and comparison participants produced narratives of similar length as 

measured by words for all time conditions.
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Consistent with the literature, to account for differences in the length and content of the 

narratives for the event (re)constructions, proportions were calculated (e.g., proportion of 

internal details to the total number of details and proportion of self references to the total 

number of references).

3.2 Findings from the hippocampal patients

3.2.1 Self Projection—Across the entire data set and all participants, 2133 details were 

coded with 1370 of those coded as internal (HC = 448; comparison = 922) and 763 coded as 

external (HC = 385; comparison = 378). A 2 X 4 (group – HC, comparison; time – Past, IM 

Past, Present, Future) repeated measures ANOVA investigated the effect of time on the 

proportion of internal to total details that composed the narrative (re)constructions. 

Hippocampal patients produced a smaller proportion of internal to overall details, indicating 

less “episodicness” in the narratives of their event (re)constructions, (F(1,10) = 16.22, p = 

0.002, d = 0.62). Furthermore, there was neither a main effect of time, (F(3,30) = 2.67, p = 

0.065, d = 0.21), nor any group by time interaction, (F(3,30) = 0.07, p = 0.977, d = 0.01; 

Figure 3), indicating that amnesic participants produced fewer episodic details in their 

narratives irrespective of time period.

3.2.2. Self Referential Processing—Across the entire data set and all participants, 2140 

references to people were coded with 1166 coded as self-references (HC=408; comparisons 

= 758) and 974 coded as references to others (HC = 375; comparison = 599). A 2 X 4 (group 

– HC, comparison; time – Past, IM Past, Present, Future) repeated measures ANOVA 

investigated the use of references to the self and to others in the narratives of the event 

(re)constructions. There was no effect of group on the proportion of self to total references 

(F(1,10) = 0.03, p = 0.859, d = 0.003), nor a group by time interaction (F(3,30) = 1.37, p = 

0.271, d = 0.12; Figure 3) indicating that the hippocampal and comparison participants did 

not differ in the extent to which they incorporated themselves in the narratives of the event 

(re)constructions. There was a significant effect of time (F(3,30) = 3.45, p = 0.029, d = 0.26) 

with Past narratives having a higher proportion of self-to-total references than Imagined Past 

(0.043) and Present (0.025) narratives. Table 3 presents a representative example of a 

narrative for a hippocampal patient coded for word count, proportion of internal to total 

details, and proportion of self-references to total references.

3.3 Findings from the mPFC patients

3.3.1 Self Projection—Across the entire data set and all participants, 2269 details were 

coded with 1716 details coded as internal (mPFC = 815; comparison = 901) and 533 coded 

as external (mPFC = 323; comparison = 230). A 2 X 4 (group – mPFC, comparison; time – 

Past, IM Past, Present, Future) repeated measures ANOVA investigated the effect of time on 

the proportion of internal to total details. There was not an effect of group, (F(1,8) = 1.35, p 

= 0.278, d = 0.14), time, (F(3,24) = 1.57, p = 0.216, d = 0.17) nor a group by time 

interaction, (F(3,24) = 0.28, p = 0.84, d = 0.03; Figure 4), as mPFC patients and comparison 

participants produced similar proportions of internal to total details, indicating highly similar 

levels of “episodiciness” in the narratives of the event (re)constructions.
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3.3.2 Self Referential Processing—Across the entire data set and all participants, 1453 

references to people were coded with 793 references coded as referring to the self (mPFC = 

368; comparison = 425) and 660 references coded as referring to others (mPFC = 380; 

comparison = 280). A 2 X 4 (group – mPFC, comparison; time – Past, IM Past, Present, 

Future) ANOVA investigated the use of self and other references in the narrative 

constructions. There was an effect of group on the proportion of self- to total-references 

(F(1,8) = 8.46, p = 0.020, d = 0.51), but not an effect of time (F(3,24) = 2.12, p = 0.124, d = 

0.21) or a group by time interaction (F(3,24) = 1.33, p = 0.287, d = 0.14; Figure 4) 

indicating that patients with mPFC damage produced fewer self-references across all 

conditions. Table 3 presents a representative example of a narrative for a mPFC patient 

coded for word count, proportion of internal to total details, and proportion of self-

references to total references.

4. Discussion

A core neural network comprising the MTL, the mPFC, and other structures, has been 

proposed to underlie the ability to remember the past, think about the future, and introspect 

about oneself and others (Buckner & Carroll, 2007; Schacter & Addis, 2007b; Addis, Wong, 

& Schacter, 2007; Spreng, Mar, & Kim, 2009). The current study asked five patients with 

bilateral mPFC damage, six patients with bilateral hippocampal damage, and 

demographically matched comparison participants to complete an event construction task, 

and the participants’ narrative productions of those event (re)constructions were then 

analyzed for internal and external details and the use of self-references to investigate 

whether distinct neural systems make specific and unique contributions to various aspects of 

self-projection. We found a double dissociation where patients with hippocampal damage, 

relative to healthy comparison participants, showed disruptions in their ability to construct 

highly detailed episodic events across all time periods, but this deficit did not extend to their 

ability to incorporate themselves in the narratives of those (re)constructions. The patients 

with mPFC damage showed the opposite pattern. They were able to construct highly 

detailed episodic events but incorporated themselves in the narratives of those 

(re)constructions less often than healthy participants. The results suggest differential 

contributions of the hippocampus and the mPFC to the core neural network for self-

projection.

The findings here demonstrate that the patients with hippocampal damage were impaired in 

their ability to (re)construct events from the real (remote) past, the imagined past, the 

imagined present, and the future— results which are consistent with a growing body of work 

pointing to the role of the hippocampus in remembering the past and imaging the future in 

both neuroimaging studies (Addis et al., 2007; Addis & Schacter, 2008; Okuda et al., 2003; 

Schacter & Addis, 2007a; 2007b; Szpunar et al., 2007) and studies with patients with adult 

onset hippocampal amnesia (Hassabis et al., 2007; Kwan et al., 2010; Race et al., 2011, but 

see Squire et al, 2010). The deficit in (re)constructing events has been linked to the role of 

the hippocampus in scene construction (e.g., Hassabis et al., 2007; Hassabis & Maguire, 

2009; Mullally & Maguire, 2014) and in the relational binding and subsequent retrieval of 

the temporal, spatial, and relational content that forms our mental representations of events, 

whether real or imagined, past or future (e.g., Buckner & Carroll, 2007; Cohen & 
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Eichenbaum, 1993; Eichenbaum & Cohen, 2001; Schacter &Addis, 2007; Schacter, Addis, 

& Buckner, 2007; Race et al., 2011).

The novel finding here, in regard to the hippocampus, is that those deficits do not extend to 

the incorporation of the self in the narratives produced by the hippocampal patients. The 

patients with hippocampal damage produced shorter narratives overall, those narratives 

contained fewer details overall, and there were fewer references to characters in their 

narratives, i.e., fewer people (self or other) in the (re)constructed events. However, there was 

no difference in the proportion of self- to total- references relative to the healthy comparison 

participants, indicating that the patients with hippocampal damage have no deficit in self-

referential processing.

These results from patients with hippocampal damage provide further support for the 

proposed contribution of the hippocampus to the core neural network in support of 

remembering the past and thinking about the future. The lack of disruption in self-referential 

processing in these patients, as measured by the use of self-referential pronouns, is 

consistent with previous work demonstrating an intact self-reference effect in a single case 

study of an individual with hippocampal amnesia (Sui & Humphrey, 2013). However, while 

the hippocampus does not appear to be critical for self-referential processing, future studies 

should investigate the possibility that the hippocampus does support other aspects of 

thinking about the self and others. Indeed, previous investigations have found connections 

between hippocampal functioning, declarative memory, and empathy – the ability to put 

your self in another person's shoes (Beadle, Tranel, Cohen, & Duff, 2013), prosocial 

behavior (Gaesser & Schacter, 2014) and social cognition (Rubin, Watson, Duff, & Cohen, 

2014; Spreng, 2013). However, the hippocampus and declarative memory do not appear to 

be necessary for engaging all aspects of theory of mind (Rabin, Braverman, Gilboa, Stuss & 

Rosenbaum, 2012; Rosenbaum, Stuss, Levine, & Tulving, 2007).

The lack of impairment in self-referential processing in patients with hippocampal damage 

is in contrast to the deficit in the patients with mPFC damage. The current findings with 

patients with mPFC damage are consistent with the literature indicating the critical 

contributions of the medial frontal lobes to self-referential processing (Craik, Moroz, 

Moscovitch, Stuss, Winocur, Tulving, & Kapur, 1999; D'Argembeau et al., 2005; Fossati et 

al., 2004; Gusnard, et al., 2001; Kelley et al., 2002; Philippi et al., 2012). While the 

literature on self-referential processing generally focuses on how information is encoded, 

here all information was self-generated by the participants, with the deficit in self-referential 

processing in individuals with mPFC damage evident in their discourse and narratives. This 

result is also particularly striking given that a requirement of our study was that the events 

had to personally involve the participant. That is, while the patients with mPFC damage 

were successful at producing highly detailed narratives of autobiographical events they do 

not reference themselves to the same degree as they do other characters in the 

(re)constructed events.

The patients with mPFC damage were not impaired in their (re)construction of events: the 

patients with mPFC damage produced as many internal details as healthy comparison 

participants for all time periods. This result is somewhat surprising given the literature 
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describing the role of mPFC in future thinking (Addis et al., 2004; Buckner & Carroll, 2007; 

Cabeza et al., 2004; Gilbert & Wilson, 2007; Gilboa, 2004; Philippi, Tranel, Duff & 

Rudrauf, 2014; Schacter & Addis, 2007a; Schacter et al., 2007; Schacter, Addis, & Buckner, 

2008) and autobiographical memory more broadly (Addis et al., 2004; Cabeza et al., 2004; 

Gilboa, 2004; Levine, 2004; Maguire, Mummery, & Buchel, 2000). In fact, in a recent study 

of patients with diffuse damage caused by various forms of dementia, voxel-based 

morphometry revealed divergent neural correlates related to performance on past and future 

thinking within each patient group, with frontal atrophy in bvFTD patients associated with 

deficits in future thinking (Irish, et al., 2013). We speculate that one possibility for the lack 

of impairment may be task demands. For example, Saver and Damasio (1991) asked patient 

EVR to describe what he would do in a number of future situations and scenarios and EVR 

was able to give the correct response to what he could or should do, despite his inability to 

actually perform in the correct/appropriate manner in real-life circumstances. We asked 

patients to construct narratives from different time periods, both real and imagined, in a 

laboratory setting but did not ask them to make a plan or representation that would be the 

basis for a future act. This distinction between successfully generating an appropriate 

response and the ability to act on that response is reminiscent of the dissociation noted in the 

literature in patients with mPFC damage between their normal intellectual abilities and 

performance on standardized tests and their real-life application of those abilities (Anderson, 

Bechara, Damasio, Tranel & Damasio, 1999; Bechara, Tranel, Damasio & Damasio, 1996; 

Bechara, Tranel, & Damasio, 2000; Burgess, Veitch, Costello, & Shallice, 2000; Damasio, 

Tranel, & Damasio, 1991; Shallice & Burgess, 1991).

While the event construction task used here has not, to our knowledge, been used with other 

patients with mPFC damage, previous work has looked at performance using similar 

(although not identical) methods in patients with damage to other frontal regions 

(dorsomedial and ventrolateral PFC; regions outside the “core network” proposed by 

Schacter et al., 2007) as well as damage to posterior parietal cortices (PPC). Berryhill and 

colleagues (2010) reported that the patients with damage to dorsomedial and ventrolateral 

PFC were impaired in their ability to construct imagined experiences while the PPC patients 

were unable to construct autobiographical or imagined experiences. The findings from 

Berryhill et al (2010) appear consistent with the proposal by Stuss and Levine (2002) 

suggesting that more dorsal portions of the frontal lobe contribute to functions that are more 

cognitive while more ventral portions contribute to abilities that are more affective in nature. 

We wonder if we might have observed a different outcome in the mPFC group if the event 

(re)construction cue words had been socially or emotionally salient (e.g., family vs tree). 

Indeed, in addition to the proposal by Stuss and Levine (2002), the mPFC has been 

implicated in the more emotional aspects of autobiographical memory (Addis et al., 2004; 

Cabeza et al., 2004; Gilboa, 2004; Levine, 2004; Maguire et al., 2000) and theory of mind 

(Brunet, et al., 2000; Calarge, et al., 2003; Frith & Frith, 1999; Gallagher, 2000).

Recent writings have emphasized the interactions of the hippocampus and the medial 

prefrontal cortex in supporting various cognitive abilities (e.g., Preston & Eichenbaum, 

2013; Rubin, Watson, Duff, & Cohen, 2014; Simons & Spiers, 2003). Here, we find 

differential contributions of the hippocampus and medial prefrontal cortex to the various 

forms of self-projection within the proposed network. We speculate that these two systems 
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interact along the following lines: The hippocampus makes an early contribution to the 

ability to flexibly create or re-instantiate the relational information (i.e., co-occurrences of 

people, places, and things, along with the spatial, temporal, and interactional relations 

among them) that makes up an episode (past or future, real or imagined). Once those 

representations are made available by the hippocampus, the mPFC may perform additional 

social and emotional processes and update those representations, perhaps in an iterative 

fashion (see Wang, Cohen, & Voss, 2015). The idea that hippocampus and mPFC differ in 

the nature and timing of their contributions to complex behavior is supported by other work 

from our lab in which we have shown distinct patterns of performance in patients with 

hippocampal and mPFC damage across a variety of domains including decision-making 

(Bechara et al., 1994; Gupta, Duff, Denburg, Cohen, Bechara, & Tranel, 2009), language 

use and processing (Duff & Brown-Schmidt, 2012), and moral updating (Croft et al., 2010) 

(see Rubin et al., 2014 for review).

One further aspect of the current findings that may be noteworthy, although may be 

qualified since no direct comparison was made, is that the magnitude of the deficit in the 

hippocampal patients in the ability to (re)construct narratives of episodic events appears 

larger than the deficit in mPFC patients in self-referential processing, although both findings 

are statistically significant. This pattern of behavioral results could be predicted from 

functional connectivity research. Andrews-Hanna and colleagues have demonstrated distinct 

functional contributions of default network components including the hippocampus as a part 

of a MTL subsystem that increases activity during episodic decisions and the default 

network hub, the amPFC, with activity during decisions of personal significance, 

introspection about one's mental states, and evoked emotion (Andrews-Hanna, Reidler, 

Huang, & Buckner, 2010; Andrews-Hanna, Reidler, Sepulrcre, Poulin, & Buckner, 2010). 

Since the amPFC is identified as one of two hubs (along with the posterior cingulate cortex - 

PCC) in the default network while the hippocampus was a component of one of two 

subsystems, the smaller deficit in self-referential processing for patients with mPFC damage 

may be due to intact contributions from the PCC where the hippocampus has no secondary 

neural contributions. While we find this potential connection between our behavioral data 

and the neuroimaging literature to be intriguing and a future direction worth pursing, such 

connections are speculative, as we did not directly compare the groups and the groups differ 

in age.

The current study differed in some ways from previous work that are worth mentioning. 

First, the bulk of work on episodic (re)construction has asked participants to narrative an 

entire event (e.g., a trip to a museum, wedding day). Reflecting on these previous studies, 

we wondered it in asking participants to narrate an entire event (which can last a few 

minutes or a several hours) the product is some aggregate measure of multiple moments that 

occurred across the event (moments that could differ considerably with respect to time, 

place, people and other relational details but that still make up the event). More specifically, 

we hypothesized that such tasks possibly dilute the rich representational information in the 

specific moments. Given our interest in investigating the role of the hippocampus in 

(re)construction processes we believed focusing on a specific moment was a robust measure 

of such capabilities. We also believed that focusing on a specific moment, rather than the 

knitting together of moments across an extended event, would give the hippocampal patients 
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the best chance of success. We take the striking deficit in (re)constructing an individual 

moment across all time conditions as further evidence of the critical role of the hippocampus 

in (re)construction processes more generally. While the nature of the deficit in patients with 

hippocampal damage observed here using this modified elicitation technique is remarkably 

similar to previous work using the traditional event method, future work comparing the two 

methods is warranted. Second, we did not control for temporal distance, which has been 

shown to influence retrieval and simulation processes in healthy individuals (e.g., Anderson, 

Dewhurst, & Nash, 2012). How temporal distance may interact with moment 

(re)construction is unknown and is an interesting topic for future research. Certain 

limitations of this study should also be noted, principally the relatively small sample size. 

However, our sample size is nearly identically to other investigations on this topic (e.g., 

Race, et al., 2011, Race, et al., 2013; Squire et al., 2010; Zeman, et al., 2012) and our effect 

sizes are in the moderate to large range.

In summary, we report differential contributions of the hippocampus and medial prefrontal 

cortex to the core neural network for self-projection. It appears that the hippocampus is 

required to (re)construct the mental representation of a specific event as patients with 

hippocampal damage, but not mPFC damage, are impaired relative to healthy comparison 

participants in the (re)creation of richly detailed narratives of specific autobiographical 

events across time. The mPFC appears to integrate and highlight relevant social information, 

measured here as the number of self-references, into these mental representations as patients 

with mPFC damage, but not hippocampal damage, had a small proportion of self-references 

in their narratives. Future studies might be aim to further delineate the nature and time-

course of interaction between hippocampus, mPFC, and the rest of the neural network for 

self-projection in order to provide a finer-grained understanding of the roles of and 

interactions between these neural systems in service of remembering the past, thinking about 

the future, introspecting about oneself and others, and other complex cognitive and social 

behaviors.
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Highlights

-We examined the role of the MTL and mPFC in self-projection and self-referential 

processing

--MTL patients were impaired in self-projection but not self-referential processing

-mPFC patients were impaired in self-referential processing but not self-projection

-MTL and mPFC make differential contributions to the neural network supporting 

the ability to remember the past, think about the future, and introspect about oneself 

Differential contributions of hippocampus and medial prefrontal cortex to self-

projection and self-referential processing
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Figure 1. 
Magnetic resonance scans of hippocampal patients. Images are coronal slices through four 

points along the hippocampus from T1-weighed scans. Volume changes can be noted in the 

region of the hippocampus bilaterally for patients 1606, 1846, and 2363 and significant 

bilateral damage to the MTL, including hippocampus, can be observed for 1951 and 2308. R 

= right; L = left; A = anterior; P = Posterior; NC = a healthy comparison brain.
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Figure 2. 
Lesion overlap map of patients with damage to the medial prefrontal cortex (mPFC).

Note: Warmer colors indicate areas of greater overlap across participants.
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Figure 3. 
Patients with hippocampal damage display significant disruptions in self-projection but not 

in self-referential processing.

Note: A) Proportion of internal to total details; B) Proportion of self to total references.
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Figure 4. 
Patients with mPFC damage display significant disruptions in self-referential processing but 

not in self-projection.

Note: A) Proportion of internal to total details; B) Proportion of self to total references.
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Table 1

Demographic characteristics of the participants with hippocampal and mPFC damage

Group Patient Sex Age Hand Ed Chron Etiology

Hippocampus

1606 M 61 R 12 18 Anoxia

1846 F 45 R 14 15 Anoxia

1951 M 56 R 16 28 HSE

2308 M 52 L 16 9 HSE

2363 M 52 R 18 10 Anoxia

2563 M 53 R 16 8 Anoxia

Mean (SD) 53.2 (5.3) 15.0 (1.7) 14.7 (7.6)

mPFC

318 M 73 R 14 38 Meningioma Resection

2352 F 64 R 14 15 SaH; ACoA

2391 F 67 R 12 14 Meningioma Resection

2577 M 73 R 11 15 SaH; ACoA

3350 M 61 R 18 10 Meningioma Resection

Mean (SD) 67.6 (5.4) 13.8 (2.7) 18.4 (11.1)

Note: M = Male; F = Female; R = Right handed; Ed = years of education; Chron = chronicity, years between lesion onset and the current study; 
SaH = sub-arachnoid hemorrhage; ACoA = Anterior communicating artery aneurism; HSE = Herpes Simplex Encephalitis
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