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ABSTRACT 

Recent functional neuroimaging evidence suggests that recalling autobiographical 

memories, imagining fictitious autobiographical episodes, and taking the perspective of 

another person activate a similar network of brain regions. Results from the two studies 

presented here provide further evidence of this common neural network.  Previous 

evidence also suggests that recalling autobiographical memories from a first person or 

from a third person perspective can influence the way in which those memories are 

experienced as well as the brain regions that are engaged; however, the effect of 

perspective on imagining autobiographical events remains unclear.  Results from Study 1 

indicated that brain regions implicated in both remembering and imagining were 

differentially engaged during these tasks depending on whether a first person or a third 

person perspective was taken.  In addition, while recalling autobiographical memories 

from a third person perspective can result in the feeling that a past self is more like 

another person, imagining oneself in the position of another person can result in the 

feeling that that person is more similar to oneself; this suggests a possible link between 

perspective in memory and social perspective taking.  In Study 2, we identified several 

brain regions exhibiting a pattern of increasing or decreasing activation as a function of 

whether socially interactive events were recalled from a first person perspective, by 

imagining oneself as one’s partner, or from a third person perspective (i.e., as a function 

of distance from one’s own perspective).  Together, our findings suggest that perspective 

plays an important role in the way in which brain regions that are part of this common 

neural network are engaged during memory, imagination, and socially interactive tasks. 
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Chapter 1 

 

INTRODUCTION 

 When you recall your 21st birthday party, imagine yourself hypothetically 

jumping out of an airplane, or try to understand what your significant other was thinking 

when he/she bought the collected works of Arnold Schwarzenegger on DVD, evidence 

from cognitive and social neuroscience suggests that a similar network of brain regions is 

engaged when carrying out these different tasks.  Interestingly, all of these scenarios 

involve removing oneself from the present and one’s current perspective and engaging in 

“self-projection,” whether into the past, the future, or the mind of another person 

(Buckner & Carroll, 2007).  Projecting oneself into the past or the future can occur in two 

ways: you may recall blowing out the candles on your cake through your own eyes, as if 

you were reliving the moment, or you may recall it as if you were an observer standing in 

the room watching yourself.  The perspective from which memories are recalled can 

affect the way in which they are experienced (how vivid, detailed, emotional, etc.; Nigro 

& Neisser, 1983; McIsaac & Eich, 2002) as well as the brain regions that are active 

during memory retrieval (Eich, Nelson, Leghari, & Handy, 2009).  It remains unclear, 

however, whether perspective has similar effects when imagining something that has 

never happened.  Does imagining the first person experience of jumping out of a plane 

differ from imagining that you are watching yourself jump (as if you were an observer) in 

the same way that recalling an event that actually occurred differs between perspectives? 
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Perspective not only influences the characteristics of memory but also influences 

the way in which we perceive ourselves.  Recalling your 21st birthday as if you were an 

outside observer might lead you to feel that you are a different person now than you were 

then, more so than if you had recalled it from a first person, participant point of view (of 

course, this could be qualified by your behavior and the actions in which you took part at 

said birthday party).  Recalling oneself from a third person perspective can serve to 

distance one’s current self from oneself in the past, and lead to a perception of that past 

self as a different person (Frank & Gilovich, 1989; Libby, Eibach, & Gilovich, 2005).  

The opposite may be said of engaging in a different kind of perspective taking that 

involves imagining oneself in the position of another person.  When imagining that you 

were your significant other during the purchase of such a questionable yet potentially 

genius DVD collection, and imagining what you would have been thinking in his/her 

position, you may find that you feel that you are more similar to your partner than you 

did previously.  Engaging in such mental perspective taking can lead to the perception of 

another person as more similar to oneself, possibly by increasing overlap in both the 

cognitive and neural representations of oneself and the other person (Davis, 1996).  What 

remains to be seen is whether recalling memories from the first person perspective, the 

third person perspective, and imagining the experience of a past event as if one were 

another person with whom one interacted would elicit activity in a similar network of 

brain regions.  Additionally, it remains unclear whether the process of being distanced 

from oneself in the past and reducing the distance between oneself and another person 
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would be reflected in patterns of activity in brain regions associated with self-related 

processing and taking a perspective that differs from one’s own.  

The studies described in this paper were designed to address some of these 

questions.  Study 1 compared the cognitive and neural correlates of recalling and 

imagining autobiographical events from both the 1st and 3rd person perspectives.  Study 2 

compared the cognitive and neural correlates of recalling autobiographical, socially 

interactive events from a 1st person perspective, 3rd person perspective, and from an 

imagined perspective of the other person in the event.  Before describing the details of 

each study, I will discuss behavioral and neuroimaging findings describing the effects of 

perspective on autobiographical memory retrieval, as well as the potential neural 

correlates of these effects.  Next, I will discuss recent neuroimaging studies reporting 

overlap in neural activation when recalling and imagining autobiographical events, 

previously reported phenomenological differences between these two tasks, and evidence 

that perspective may have differential effects on remembering and imagining events in 

several regions of the brain.  I will then describe what we know about the effects of 

perspective taking on perceptions of self and other, and correlated changes in neural 

activation that may reflect these effects.  Finally, I will discuss evidence of a common 

neural network involved in recalling and imagining autobiographical events as well as 

engaging in mental perspective taking tasks, and the possible effects of perspective taking 

on activation in regions of this network. 

Perspective and Memory 
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It has long been known that perspective plays an important role in 

autobiographical memory retrieval.  Events recalled from a first person perspective, 

through one’s own eyes as if reliving the experience, are reported as more emotional, 

vivid, and detailed than those recalled from a third person, outside observer’s point of 

view (Nigro & Neisser, 1983; Berntsen & Rubin, 2006).  McIsaac and Eich (2002) asked 

participants to complete a series of manual tasks in the laboratory, and then later asked 

them to recall those tasks from either a 1st person (field) or 3rd person (observer) 

perspective.  Memories recalled from a 1st person perspective contained more references 

to affective reactions, physical sensations, and psychological states, whereas memories 

recalled from a 3rd person perspective contained more references to personal appearance, 

physical actions, and spatial relations.  In a study on the effects of perspective on 

traumatic memory retrieval, McIsaac and Eich (2004) reported that patients with 

posttraumatic stress disorder who recalled their traumatic memories from a 3rd person 

observer perspective reported those memories as less emotional and anxiety provoking 

than those who recalled them from a 1st person perspective.  A similar effect was also 

shown for negative intrusive memories in a sample of individuals with depression 

(Williams & Moulds, 2007); and recalling a negative experience from the 3rd compared to 

the 1st person perspective was associated with smaller increases in blood pressure 

reactivity (Ayduk & Kross, 2008).  Robinson and Swanson (1993) reported that when 

participants were instructed to change their memory perspective from 1st person to 3rd 

person, they reported a reduction in their affective experience of the memory (i.e., 

reduced feelings of pleasantness and intensity); and Berntsen and Rubin (2006) similarly 



14 

reported reduced emotional intensity as well as reduced ratings of reliving and 

visual/sensory imagery when changing from a 1st to a 3rd person perspective during 

autobiographical memory retrieval.  All of these studies suggest that there are substantial 

qualitative differences in phenomenological experience between memories recalled from 

a 1st person and those recalled from a 3rd person perspective.   

In addition to phenomenological differences, a recent neuroimaging study by Eich 

and colleagues (2009) reported differences in neural activation, measured by fMRI, 

between memories recalled from the 1st and 3rd person perspectives.  They found 

significantly greater activation for the 1st compared to 3rd person perspective in several 

brain regions, including the insula and fronto-parietal somatosensory cortex.  The authors 

claim that their results suggest that these brain regions, which are involved in monitoring 

internal body states, and therefore in representations of an “embodied” self, are less 

engaged when recalling an event from a detached observer perspective than when 

recalling from a perspective grounded in one’s own body.  Although not in the context of 

autobiographical memory retrieval, Vogeley and colleagues (2004) reported increased 

activation in medial prefrontal and medial parietal cortex for visuo-spatial judgments 

made about an environment from the 1st compared to the 3rd person perspective, brain 

regions previously implicated in self-referential processing (Northoff et al., 2006).  They 

also reported increased activation in the precuneus, a more superior region of medial 

parietal cortex, and in lateral parietal cortex for judgments made from the 3rd compared to 

the 1st person perspective.  The precuneus has been previously implicated in the updating 

of changes in a spatial environment (Wolbers, Hegarty, Buchel, & Loomis, 2008), and 
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lateral parietal cortex has been implicated in taking a perspective that differs from one’s 

own, such as simulating actions from a 3rd person perspective (Jeannerod & Anquetil, 

2008).  These results suggest that taking a 1st person perspective when recalling 

personally experienced events engages brain regions involved in processing information 

about one’s own body, and may also engage regions involved in processing information 

about the self.  In contrast, recalling events from a 3rd person perspective may engage 

brain regions involved in processing spatial information and perspective.   

In summary, it appears that the perspective from which autobiographical events 

are recalled can influence their phenomenological experience as well as activation in 

brain regions associated with processing information about one’s body, more abstract 

self-relevant information, changes in the spatial environment, and the actions and mental 

states of others.   

Remembering and Imagining Autobiographical Events 

Several studies in the human memory literature have shown that recalling events 

experienced in one’s past (autobiographical memories) and imagining oneself taking part 

in fictitious events (imagined autobiographical episodes) elicit activation in a strikingly 

similar network of brain regions, including the medial temporal lobes, medial prefrontal 

cortex, and medial parietal cortex (Addis, Wong, & Schacter, 2007; Okuda et al., 2003; 

Szpunar, Watson, & McDermott, 2007; Hassabis, Kumaran, & Maguire, 2007; Addis, 

Pan, Vu, Laiser, & Schacter, 2009).  Several authors have further noted that the common 

recruitment of this neural network for recalling or imagining autobiographical events may 

reflect the importance of a cognitive and neural system that is able to flexibly reconstruct 
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and recombine information, and which plays a key role in allowing us to predict possible 

future scenarios (Schacter & Addis, 2007; Suddendorf & Corballis, 2007).  Though both 

recalling and imagining oneself taking part in events appear to involve similar neural 

processing, people are generally able to distinguish between events that really happened 

and events that did not really happen and were only imagined.   

One set of criteria that people may use to distinguish between real and imagined 

events is their phenomenological experience while recalling those events, namely how 

vivid, detailed, salient, emotional, etc. their memories are (Johnson, Foley, Suengas, & 

Raye, 1988).  Johnson and colleagues (1988) reported that recollections of events that 

had been previously imagined were described in less perceptual and contextual detail 

than events that had been previously experienced; experienced events included more 

visual details, sensorial details, realism, spatial details, and temporal information.  In 

addition, when participants were asked how they knew whether an autobiographical event 

had been experienced or only imagined, they referred to more perceptual, contextual, 

spatial, and emotional details about their memories for those events that had actually been 

experienced.  D’Argembeau and Van der Linden (2004) asked participants to either recall 

(re-experience) a variety of past autobiographical events or imagine (pre-experience) 

future autobiographical events and then rate their phenomenological experience.  

Participants in their study reported that recalled past events contained more sensory and 

spatial details than imagined future events.  These studies together suggest that 

experienced events and imagined events are qualitatively different in terms of their 
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phenomenological characteristics, and this is one way by which they can be distinguished 

from one another.  

Given the reported phenomenological differences between remembered and 

imagined events, it is interesting that none of the functional neuroimaging studies cited 

above reported that differences in ratings of subjective experience modulated neural 

activation between conditions.  One study by Addis and Schacter (2008) reported that 

increased level of detail was associated with increased activation in the medial temporal 

lobe structure of the hippocampus for both remembered past and imagined future 

autobiographical events, and additionally with increased activation in the medial 

prefrontal cortex for imagined events only.  However, there were no overall differences 

in ratings of level of detail between these two conditions.  A recent study in our 

laboratory (Cox, Nadel, & Ryan, in preparation) asked participants to recall 

autobiographical events from their past and to imagine fictitious autobiographical events 

while their brains were scanned using functional magnetic resonance imaging (fMRI), as 

well as to rate each event on a variety of phenomenological characteristics.  Similar to 

previously reported findings, autobiographical memories were rated as more vivid and 

important than imagined events, and they were more likely to be recalled from a 1st 

person perspective compared a 3rd person perspective.  Imagined events were more likely 

to be seen from a 3rd person perspective than remembered events.  Parametric modulation 

analyses of the neuroimaging data revealed that the fMRI signal elicited by remembering 

and imagining autobiographical events was modulated not only by ratings of vividness 

and emotionality, but also by the perspective from which participants saw themselves in 
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the event.  The effect of perspective differed in several brain regions, including the 

medial prefrontal cortex and medial and lateral parietal cortices, depending on whether 

the event had been recalled or imagined.  Our findings suggested that, in addition to other 

phenomenological differences between remembered and imagined events, perspective 

appeared to play an important role in distinguishing between the two.  Though 

remembering and imagining autobiographical events engaged a similar network of brain 

regions, it appeared that the effects of phenomenological experience, and notably the 

effects of perspective on neural activation differed between these conditions.  The 

phenomenological effects of perspective on autobiographical memory have been well 

characterized, but little is known about the effects of perspective on the neural correlates 

of remembering (and even less of imagining) autobiographical events. 

Given that remembering and imagining autobiographical events engage a similar 

neural network, and given that perspective may influence activation in several regions of 

that network during autobiographical remembering, it would follow that perspective may 

also affect the phenomenological experience of and neural activation for imagined 

autobiographical events.  What remains to be seen is whether perspective differentially 

influences the neural correlates of remembering and imagining autobiographical events. 

Perspective Taking and Perceptions of Self and Other 

The perspective from which autobiographical memories are recalled not only 

influences their phenomenological characteristics, such as perceptions of detail and 

emotionality, but can also affect perceptions of the self in the past.  Recalling an event 

from a 3rd person perspective can result in the distancing of a past self from one’s current 
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self, effectively leading the self in the past to be perceived as a different person (Frank & 

Gilovich, 1989; Libby & Eibach, 2002; Pronin & Ross, 2006).  Sutin and Robins (2008) 

describe this distancing effect as the “Dispassionate Observer” view of the 3rd person 

perspective, which allows an individual to observe his/her behavior in a detached manner, 

be more objective, and disengage from the self in the past.  When participants were 

instructed to recall autobiographical memories of past socially awkward behavior from a 

3rd person perspective, they were more likely to believe that they had changed (i.e., were 

more socially skilled in the present), and they were more likely to behave in a socially 

appropriate way in the present than participants who recalled memories from a 1st person 

perspective (Libby, Eibach, & Gilovich, 2005).   

In addition to these behavioral findings, a recent fMRI study reported that 

judgments about past selves, which were perceived as distinct from one’s current self, 

were neurally more similar to judgments about others (D’Argembeau et al., 2008).  

Neural activity, measured by fMRI, during judgments about a past self and judgments 

about a friend exhibited similarly decreased activation in the medial prefrontal cortex and 

in regions of medial parietal cortex, regions involved in processing self-related 

information (Northoff et al., 2006), compared to judgments about one’s current self.  

Though this study did not explicitly involve the retrieval of autobiographical event 

memories, one might predict that similar decreases in cortical midline activity would be 

produced if one’s past self were distanced from one’s current self via the recollection of 

past events from a 3rd person perspective. 
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In addition to perspective taking in memory, or recalling oneself in a past event 

from either a 1st or 3rd person perspective, people engage in a related yet distinct form of 

perspective taking on a daily basis while navigating their social worlds.  The ability to 

take the perspective of another person, or to put oneself in another’s shoes, is a defining 

feature of human social cognition, and has been linked with increased social functioning 

and the ability to be empathic toward others (Davis, 1983).  There is evidence that 

imagining how one would think or feel in another person’s situation results in greater 

perceived similarity between oneself and the other person (Davis et al., 2004).  Davis and 

colleagues (1996) asked participants to watch a video of a stranger and either imagine 

how that person felt, imagine how they would feel if they were the person in the video, or 

simply observe the person.  Participants were also asked to separately rate themselves and 

the person in the video on a list of traits.  Results indicated that both perspective taking 

conditions in comparison to the observe condition resulted in a greater proportion of traits 

identified as representative of oneself being attributed to the other person as well, leading 

the authors to propose that perspective taking results in a greater overlap in the 

representation between oneself and the other person. 

Functional neuroimaging studies have shown that this type of social perspective 

taking, imagining that one is in another person’s position, also leads to increased 

activation in the medial prefrontal cortex, a region of the brain sensitive to the degree of 

perceived similarity between oneself and others (Mitchell, Macrae, & Banaji, 2006).  

Ames and colleagues (2008) asked participants to write a brief narrative about two people 

experiencing a common life event. In the first person condition (Imagine Self), 
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participants imagined that they were that person and wrote about how they would have 

experienced the event if they had been in that person’s position.  In the second person 

condition (Imagine Other), participants were instructed to gather clues about what the 

person might be like and write about how that person might have experienced the event.  

Then participants underwent fMRI scanning while making opinion judgments about 

questions pertaining to themselves and the people about whom they had written the 

narratives.  Results indicated that the medial prefrontal cortex was most active during 

self-judgments, followed by judgments about the Imagine Self person, and the least 

activation was observed during judgments about the Imagine Other person. 

Together, these findings suggest that recalling oneself from a 3rd person observer 

perspective can lead to a past self being represented more like another person. Cortical 

midline regions of the brain (medial prefrontal and medial parietal cortex) also exhibited 

decreased activation when processing information about a past self perceived as 

distanced from one’s current self, and such distancing has been associated with recalling 

oneself in the past from the 3rd person perspective.  These findings also suggest that 

taking the perspective of another person can lead to the other person being represented 

more similarly to the way the self is represented, both cognitively and neurally; and this 

increase in self-similarity appears to be evident in increased medial prefrontal activation.   

A Common Neural Network for Remembering, Imagining, and Perspective Taking 

Recently, Buckner and Carroll (2007) observed that cortical midline brain 

regions, the medial prefrontal cortex and medial parietal cortex, as well as regions of 

lateral temporoparietal cortex, are consistently active across a wide range of tasks 
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involving autobiographical memory retrieval, imagining oneself in the future 

(prospection), and attempting to understand the mental states of others (Theory of Mind), 

which also overlap with regions shown to be functionally connected to medial temporal 

lobe structures critical for episodic memory, such as the hippocampus and 

parahippocampal gyrus.  A recent meta-analysis of neuroimaging studies on 

autobiographical memory, prospection, navigation, Theory of Mind, and the default mode 

provided quantitative evidence confirming the existence of this core network (Spreng, 

Mar, & Kim, 2009).  Overlapping activation in this functional network suggests that 

projecting oneself into the past or future and taking the perspective of another person, 

which involves imagining oneself in another’s position, share cognitive processes 

involving these brain regions.   

Cortical midline regions (medial prefrontal and medial parietal cortices) are active 

during both self- and other-referential tasks, but this activity is differentially increased 

when processing information about the self (Northoff et al., 2006).  This corresponds 

with functional neuroimaging data showing that activation in the medial prefrontal and 

medial parietal cortex is sensitive to perceived similarity to the self (Mitchell et al., 2005; 

D’Argembeau et al., 2008).  Activation in another region of this network, lateral 

temporoparietal cortex, appears to be differentially involved when taking a perspective 

that differs from one’s own, such as imagining another’s reaction to social emotional 

information (Ruby & Decety, 2004), simulating an action from a third person perspective 

(Jeannerod & Anquetil, 2008), or reasoning about the beliefs of another person (Saxe, 

Moran, Scholz, & Gabrieli, 2006).  Taken together, previous research suggests that 
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recalling events from one’s own perspective, from an outside observer perspective, or by 

taking the perspective of another person should involve this cortical midline and lateral 

temporoparietal network, but that activity within these regions may differentiate these 

tasks as a function of the degree of perceived self-relatedness and the extent to which the 

perspective taken differs from one’s own.  

In summary, there is evidence that recalling and imagining autobiographical 

events rely on a similar neural network.  This same network of brain regions is involved 

in taking the mental perspective of another person, suggesting a link between processes 

important for (re-)constructing personally relevant events and processes important for 

navigating the human social environment.  If recalling an autobiographical event from an 

outside observer perspective can serve to distance a past self from one’s current self, and 

imagining oneself as another person can serve to increase the perception that the other 

person is more similar to oneself, it remains to be seen whether these patterns of 

closeness to/distance from the self may be reflected in activation in brain regions 

sensitive to self-relatedness and perspective taking. 

OVERVIEW OF STUDIES 

The two studies described here were designed to link findings from research in 

autobiographical memory retrieval, the imagination of autobiographical events, 

perspective in memory, and social cognitive perspective taking to more fully understand 

the role of perspective in memory for self and other.   

In Study 1, we compared the effects of taking a 1st or a 3rd person perspective on 

the neural correlates of recalling and imagining autobiographical events.  Participants 
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performed a series of actions and imagined themselves performing a series of actions on 

Day 1; on Day 2, while undergoing fMRI scanning, they recalled the actions they 

performed and the actions they imagined on the previous day and additionally imagined 

themselves performing new actions, half from a 1st person perspective and half from a 3rd 

person perspective.  By combining remembering/imagining and 1st/3rd person perspective 

taking into a within-subjects design, we were able to directly investigate whether 

perspective differentially influenced patterns of activation in brain regions previously 

reported to be involved in both tasks.  Instructing participants in the actions they would 

be recalling/imagining as well as the perspective they should take also provided more 

control than previous studies of autobiographical remembering and imagining, allowing 

us the advantage of a fully-crossed design. 

In Study 2, we investigated the effects of perspective on the neural correlates of 

recalling events experienced in a socially interactive setting.  Participants performed a 

series of actions with a partner on Day 1; on Day 2 during fMRI scanning, they were 

asked to recall those actions from a 1st person perspective, a 3rd person perspective, and 

by imagining that they had been their partner during the action.  By combining social 

interaction with a memory paradigm, and additionally by having perspective as a within-

subjects variable, we were able to investigate the behavioral and neural correlates of the 

effects of perspective on memory for self and other.  Specifically, we were able to 

determine whether perspective influenced perceived similarity between current and past 

selves, as well as perceived similarity between oneself and one’s partner.  We were also 

able to determine whether brain regions previously reported to be sensitive to self-
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relatedness and/or perspective taking exhibited different patterns of activation as a 

function of increasing or decreasing distance from the 1st person, self perspective. 

Details of the design, specific hypotheses, and results for Study 1 and Study 2 are 

discussed in Chapters 2 and 3 respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



26 

Chapter 2 

 

STUDY 1 

Introduction 

Previous studies indicate that recalling and imagining autobiographical events 

elicit activation in a similar network of brain regions (Addis, Wong, & Schacter, 2007; 

Hassabis, Kumaran, & Maguire, 2007).  However, these studies did not account for the 

potential effects of perspective on activation within this common network.  The 

perspective from which autobiographical memories are recalled can affect their 

subjective experience (Nigro & Neisser, 1983; McIsaac & Eich, 2002); and perspective 

can affect activation in brain regions implicated in processing awareness of one’s bodily 

states, self-related information, changes in spatial environments, and simulating the 

actions and mental states of others (Eich et al., 2009; Vogeley et al., 2004; Wolbers et al., 

2008; Jeannerod & Anquetil, 2008).  Given that perspective appears to influence the 

cognitive and neural correlates of remembering personally experienced events, and given 

that recalling and imagining autobiographical events share similar neural substrates, it is 

probable that perspective influences imagining as well as remembering.  Although they 

engage similar processes, remembering and imagining are not identical; otherwise, there 

would be vast confusion between things that actually happened and hypothetical events 

and situations that were only imagined.  In fact, remembered events are usually 

distinguished from imagined events based on their phenomenological characteristics, 

such as being more vivid, detailed, and emotional (Johnson et al., 1988).  In addition to 
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these qualities, remembered and imagined events may also be distinguished based on the 

perspective that people are likely to assume during each.  In a previous fMRI study from 

our laboratory (Cox, Nadel, & Ryan, in preparation), participants were asked to recall 

autobiographical events from their past and to imagine fictitious autobiographical events 

which never happened, and then to report which perspective they saw themselves in each 

event.  Results indicated that imagined events were more likely to be seen from a 3rd 

person compared to a 1st person perspective than recalled events.  In addition, we 

observed that perspective appeared to have a different effect on activation in certain brain 

regions depending on whether the events were recalled or imagined.  Recalling 

autobiographical events from a 1st person perspective was associated with greater 

activation in the medial prefrontal cortex, while recalling events from a 3rd person 

perspective was associated with greater activation in the precuneus and lateral parietal 

cortex (Figure 1A).  Conversely, imagining fictitious autobiographical events from a 1st 

person perspective was associated with greater activation in lateral parietal cortex, while 

imagining events from a 3rd person perspective was associated with greater activation in 

medial prefrontal and lateral parietal cortices (Figure 1B). 

These preliminary results led us to question whether there were qualitative 

differences in recalling an experienced event and imagining a fictitious event from one’s 

own perspective and from that of an outside observer.  If there is a greater propensity to 

imagine events from a 3rd person perspective and to recall events from a 1st person 

perspective, then, even though remembering and imagining rely on similar cognitive and 

neural processes, there may be significant differences in patterns of activation associated  
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Figure 1.  (A) During autobiographical memory retrieval, activation in the medial prefrontal cortex was 
more associated with a 1st person perspective (red), and activation in the precuneus and lateral parietal 
cortex was more associated with a 3rd person perspective (blue).  (B) During autobiographical event 
imagination, activation in lateral parietal cortex was more associated with a 1st person perspective (red), 
and activation in medial prefrontal and lateral parietal cortex was more associated with a 3rd person 
perspective (blue). 

 
with recalling and imagining autobiographical events from these different perspectives. 

Study 1 was designed to investigate this possibility by directly comparing the 

effects of perspective on the cognitive and neural correlates of remembering and 

imagining autobiographical events.  While undergoing fMRI scanning, participants were 

asked to recall actions they had physically performed in the laboratory the previous day, 

to recall actions they had imagined themselves performing in the laboratory the previous 

day, and to imagine themselves performing new actions.  Half of the actions in each 

condition were recalled/imagined from the 1st person perspective, and half were 

recalled/imagined from the 3rd person perspective (see Figure 2).  This design allowed us 

to investigate activation in brain regions common across conditions and perspectives, and 

to ask whether the effects of perspective on neural activation were different across 
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conditions.  Participants also rated each action that was recalled/imagined on a variety of 

phenomenological characteristics, which allowed us to investigate differences in 

subjective experience as a function of condition and perspective.   

 

 Condition 
Perspective Old Performed Old Imagined New Imagined 

First Person 
Remember Performed 

1st pp 
Remember Imagined 

1st pp 
New Imagine  

1st pp 

Third Person 
Remember Performed 

3rd pp 
Remember Imagined 

3rd pp 
New Imagine  

3rd pp 
 

Figure 2.  Actions within each condition in Study 1 were recalled/imagined from both the 1st and 3rd person 
perspectives, resulting in six total condition x perspective combinations.  Participants were instructed to 
recall actions they had previously performed, recall actions they had previously imagined, and newly 
imagine themselves performing actions from both perspectives.  

 

Based on previous findings (Johnson et al., 1988; Hassabis, Kumaran, & Maguire, 

2007), we predicted that previously performed actions would be rated as more vivid, 

more coherent, and less difficult to recall than previously imagined or newly imagined 

actions.  Also based on previous findings (Berntsen & Rubin, 2006; McIsaac & Eich, 

2002), we predicted that actions recalled/imagined from a 1st person perspective would 

potentially be rated as more vivid, more coherent, and less difficult to recall than those 

from a 3rd person perspective.  It is unclear whether there would be an interaction 

between condition and perspective in these ratings. 

 In terms of the neuroimaging data, we predicted activation in a common network 

of regions previously shown to be active when recalling and imagining autobiographical 

events (Addis, Wong, & Schacter, 2007; Hassabis, Kumaran, & Maguire, 2007), when 
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recalling autobiographical events from the 1st and 3rd person perspectives (Eich et al., 

2009), and when making judgments about a spatial environment from the 1st and 3rd 

person perspectives (Vogeley et al., 2004).  These regions include medial prefrontal and 

medial parietal cortices, lateral parietal cortex, and the medial temporal lobes.   

It is difficult to make predictions regarding the differential effects of perspective 

on activation between conditions, due in large part to a lack of data on how perspective 

influences autobiographical imagining.  In this respect, Study 1 is exploratory in nature 

and designed to provide preliminary evidence as to whether remembering and imagining 

autobiographical events from a 1st and 3rd person perspective elicit different patterns of 

activation in brain regions implicated in carrying out these tasks.  Results from a previous 

study in our laboratory (Cox, Nadel, & Ryan, in preparation) provided some evidence 

that this is the case, and that differential patterns of activation could be observed in 

medial prefrontal and medial parietal regions.  Based on these results, we predicted that 

there would be a differential effect of perspective in medial prefrontal cortex, with greater 

activation for previously performed actions recalled from a 1st compared to a 3rd person 

perspective, and greater activation for actions newly imagined from a 3rd compared to a 

1st person perspective.  Previously imagined actions could potentially follow either 

pattern, depending on whether they are processed more similarly to remembered or to 

imagined autobiographical events.  In addition, we predicted a differential effect of 

perspective in the precuneus, with greater activation for previously performed actions 

recalled from a 3rd compared to a 1st person perspective, and no effect of perspective for 

newly imagined actions.  Again, previously imagined actions could potentially follow 
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either pattern.  Activation in other brain regions critically involved in remembering and 

imagining autobiographical events, such as the medial temporal lobes, may or may not 

show differential effects of perspective.  Although we did not previously observe these 

differential effects in the medial temporal lobe, since the effects of perspective on the 

neural correlates of autobiographical imagining are unknown, it remains an empirical 

question whether these brain structures important for remembering, imagining, and 

perspective taking are engaged differently depending on the perspective from which 

events are recalled and imagined. 

Methods 

Participants 

Twenty University of Arizona undergraduates and graduate students participated 

in the study for course credit or monetary compensation (9 males, 11 females; mean age 

20.55 years; mean years of education 13.95).  Participants were screened to exclude drug 

and/or alcohol abuse, neurological disorder, head injury with sequellae, psychiatric 

illness, and contraindications to MRI.  One participant was excluded due to excessive 

movement during scanning, and two participants were excluded due to a failure to 

successfully complete the tasks.  Therefore, a total of 17 participants (8 male, 9 female) 

were included in the final analyses.  All participants gave their written informed consent, 

and all procedures were approved by the Human Subjects Protection Program at the 

University of Arizona. 

Materials and procedure: Day 1 
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 Study 1 took place over the course of two days.  On Day 1, participants were 

asked to physically perform a series of actions and to imagine themselves performing a 

series of actions, which they were told they would be asked to remember roughly 24 

hours later during the scanning session on Day 2.  All of the activities on Day 1 took 

place in a large room in the Psychology building and in two smaller side rooms that were 

attached to it.  The first side room contained a computer that presented participants with 

descriptions of the actions they would physically carry out in the large main room.  The 

second side room also contained a computer that presented participants with descriptions 

of the actions they would imagine themselves performing. 

Initially, participants were taken to the first side room and told they would be 

asked to perform a series of physical actions with the objects located around the large 

main room.  The main room contained several pieces of office furniture, such as 

bookcases, desks, tables, and filing cabinets, arranged around the perimeter as well as in 

the middle of the room.  Located at various stations around the room were various 

objects, which were needed to complete the actions (e.g., a pile of Legos, a blow-up 

Spiderman doll, a cup of water next to bottles of food coloring).  The objects were 

arranged in such a way that each action took place in a specific location in the room (e.g., 

on the desk in the back right corner, on the floor by the main door, on the table in the 

middle of the room).  In the first side room, participants were visually presented with 

short, one-sentence action descriptions on a computer.  For each action, participants were 

instructed to thoroughly read the action description, go into the main room, find the 

object(s) indicated, and carry out the action.  Each action was designed to take roughly 20 
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sec to complete, and participants were asked to complete each action in this amount of 

time.  After completing an action, participants were instructed to return to the computer 

in the side room and advance it to the next action description by pressing the spacebar.  

They carried out this series of events until they had physically performed a total of 20 

actions.  The actions were designed to be novel and unusual in order to facilitate 

successful memory retrieval on Day 2 (e.g., “Sort the Legos by color and then build a 

house using 5 from each color group”; “Once you are standing facing the blow-up 

Spiderman doll, punch it continuously for 10 seconds”; “Put 3 drops of red and 3 drops of 

yellow food coloring in the cup of water on the table and stir”, etc.). 

Immediately after completing all 20 physical actions, participants were taken to 

the second side room adjacent to the large main room and told they would now be asked 

to imagine themselves performing a second series of actions.  Similar to the physical 

actions, participants were visually presented with a series of short one-sentence action 

descriptions on a computer; however, this time they were instructed to close their eyes 

after reading each description and to imagine themselves performing the actions.  They 

were told to imagine performing each action from a first person perspective (i.e., seeing it 

through their own eyes and not from a third person observer point of view), just as they 

would have if they had been physically performing the action.  It was also stressed that 

participants should imagine these actions taking place in the same large main room where 

they had physically performed the actions, and that the same series of events should be 

followed (i.e., they should imagine entering the main room, finding the objects in a 

specific location, and leaving the main room when the action was completed).   Since the 
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actions they would be imagining were brand new and distinct from the actions they had 

physically performed, participants were instructed to avoid incorporating objects or 

actions they had previously encountered into their imagined scenarios, and to imagine the 

new objects in different locations around the room.  Since the imagined actions were to 

take place in the same context as the performed actions, the instructions were not to avoid 

thinking of the objects and actions they had previously encountered; participants were 

only instructed to make sure they imagined the new objects and actions as distinct from 

the previous ones and did not imagine carrying out a new action with an object already 

associated with another action.  In order to ensure that participants understood the 

instructions, the experimenter provided them with an example of how to imagine an 

action, and then gave them a hypothetical action description and asked them to verbally 

describe how they would imagine performing that action in their minds.  The 

experimenter went through these examples with the participants until he/she was satisfied 

that they understood the instructions and would successfully carry out the task. 

Participants were instructed to carefully read the action description, which was 

presented for 8 sec; then the description went off the computer screen and was followed 

by a 20 sec blank screen.  During these 20 seconds (the same amount of time allotted to 

physically perform the previous actions), participants closed their eyes and imagined 

themselves performing the described action.  At the end of the 20 seconds, a tone was 

presented auditorily to alert participants that the imagine period for that action was over, 

that they should open their eyes, and that the next action description would be presented 

shortly.  Participants carried out this series of events for a total of 20 imagined actions.   
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 During both phases of Day 1, it was stressed to participants that they would be 

asked to remember the actions that they were about to both physically perform and 

imagine themselves performing during the scanning session on Day 2, so it was important 

that they paid close attention to each action description, and either fully carried out each 

action or created a vivid and detailed imagination of each action so that they would be 

able to recall it the following day. 

Materials and procedure: Day 2  

Roughly 24 hours later on Day 2, participants were taken to the MRI suite at the 

University Medical Center, where they underwent fMRI scanning while carrying out 

tasks in three different conditions.  They were asked to recall the 20 actions they had 

physically performed on Day 1, to recall the 20 actions they had imagined themselves 

performing on Day 1, and to imagine themselves performing 20 new actions.  In addition, 

participants were asked to remember/imagine half of the actions in each condition from a 

1st person perspective and half from a 3rd person perspective (Figure 2). 

There were six blocks of trials total, with 10 trials in each block.  One 10 minute 

functional scan was collected for each block.  In one block of trials, participants recalled 

10 of the actions they had physically performed from a first person perspective, through 

their own eyes as they had originally experienced the actions (Old Performed 1st); and in 

another block, they recalled 10 of the actions from a third person, outside observer 

perspective, as if they were watching themselves perform the actions (Old Performed 3rd).  

In another block of trials, participants recalled 10 of the actions they had previously 

imagined themselves performing from a first person perspective (Old Imagined 1st), and 
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in another block, they recalled 10 of these previously imagined actions from a third 

person perspective (Old Imagined 3rd).  In another block of trials, participants imagined 

themselves performing 10 new actions, identically to the way they carried out Phase 2 on 

Day 1, from a first person perspective (New Imagined 1st), and in another block, they 

imagined themselves performing 10 new actions from a third person perspective (New 

Imagined 3rd).  There were six blocks of trials total, and the block order was 

counterbalanced.  In addition, the specific actions in each condition were counterbalanced 

to ensure that all actions appeared in all conditions and from both perspectives. 

Participants were given extensive instructions and examples prior to the scanning 

session to ensure that they understood the different conditions and the distinction between 

the 1st and 3rd person perspectives.  The experimenter provided participants with an 

example of how one would recall an action from a third person perspective, stressing that 

they would be viewing themselves as if they were an observer in the room, watching 

themselves perform the action.  Participants were asked to verbally describe how they 

would recall or imagine a hypothetical action from the 3rd person perspective, and the 

experimenter went through the examples with the participants until he/she was confident 

that they could successfully complete the tasks.  Participants were also told they would be 

asked to answer follow-up questions after each remembered/imagined action.  The 

experimenter provided examples of each of these questions and explained what the 

questions meant.  It was explained that responses to the questions would be recorded by 

mouse button press, and participants were shown how to hold the mouse in their hands 

prior to entering the scanner.  A detailed description of the follow-up questions and their 
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specific instructions is provided below in the section “Behavioral measures and 

analyses.” 

Figure 3 presents examples of the experimental procedure in the scanner.  At the 

beginning of each block, participants were presented with an instruction screen alerting 

them to the task they would be asked to perform during that particular block (e.g., 

“Remember: Performed 3rd Person”, “New Imagine: 1st Person”).  For the memory blocks 

(Old Performed and Old Imagined), participants were then presented with a series of 10 

action cues corresponding to some of the actions they had performed or imagined 

performing the previous day (e.g., “Punching Spiderman doll”, “Mixing food coloring”).  

Underneath each cue was also a reminder for the perspective (“1st PP” or “3rd PP”) from 

which they should recall the actions in order to ensure that participants were always 

aware of the instructions for the current block of trials.  Each cue was presented for 3 sec, 

followed by a 20 sec blank screen, during which participants were instructed to close 

their eyes and recall in their minds in as much detail as possible that particular action, 

recalling either what they remembered performing the previous day or what they 

remembered imagining themselves performing.  It was stressed that it was very important 

that they maintained the correct perspective the entire time they were recalling the action.  

An alert tone indicated the end of the 20 sec memory period for the action and was the 

signal for participants to open their eyes and prepare to answer follow-up questions about 

what they just remembered. 

During the follow-up questions, participants responded by button press using two 

mice they were holding while in the scanner.  Five questions were presented sequentially  
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Figure 3.  Experimental procedure for Day 2 of Study 1, including examples from the Old Performed, Old 
Imagined, and New Imagined conditions. 

 
for 4 sec each, and asked whether or not participants were able to recall the action, from 

which perspective they recalled the action, how difficult it had been to recall the 

action, how vivid their memory for the action was, and how coherent their memory for 

the action was (see the section “Behavioral measures and analyses” below for a more 

detailed description of these follow-up questions). 

In the New Imagined blocks, participants imagined themselves performing actions 

in the same way as Day 1, imagining themselves in the same large room, but this time 

they imagined themselves from the 1st as well as the 3rd person perspectives.  Brand new 

short one-sentence action descriptions with a perspective reminder were presented for 8 
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sec, followed by a 20 sec blank screen during which participants were instructed to 

imagine themselves performing each action in as much detail as possible from the 

perspective in the instructions for that block.  This was followed by an alert tone, and 

then participants were asked to answer follow-up questions.  The questions were identical 

to those asked in the memory blocks, with the exception of the first question regarding 

their ability to remember the action since these were all brand new. 

The control task used as a baseline with which to compare neural activity in our 

experimental conditions was an attentional vigilance task.  Participants were presented 

with a cue screen with the instructions, “Keep track of the number of dots that appear.”  

During the next 10 seconds, a sequence of 1, 2, or 3 dots would appear at random 

intervals in the middle of a blank screen.  Then a question would appear on the screen 

asking how many dots they had seen, during which time participants would respond by 

pressing the mouse button corresponding to the number of dots they counted.  Control 

trials were randomly interspersed throughout the experimental trials in each block, with a 

total of 3 control trials per block.  A 4 sec “Rest” screen was presented between each trial 

in the block.  

Behavioral measures and analyses 

As mentioned above, participants were asked to answer several follow-up 

questions after each trial regarding their ability to successfully carry out the tasks as well 

as their phenomenological experience while recalling/imagining each action1.  The first 

                                                 
1 Results from behavioral piloting of a number of different ratings indicated that vividness, difficulty, and 
coherence were relatively independent from one another and provided information regarding potential 
important differences between conditions.  Other ratings included sense of presence, how much the 
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question in the memory blocks asked whether or not they were able to recall the specific 

action to which the cue referred (1 – Yes, 2 – No).  In the case of a “No” response, no 

further questions were asked, but a “Rest” screen was presented for the remainder of the 

time it would have taken to answer the remaining questions before proceeding to the next 

cue.  Only actions that were successfully recalled were included in the neuroimaging 

analyses. 

The next question (or the first question in the New Imagined blocks) asked from 

which perspective the previous action was recalled or imagined (1 – First, 2 – Third, 3 – 

Switch).  It was explained to participants that they should try to recall/imagine each 

action from the perspective in the instructions for that block, but if for some reason they 

found themselves assuming the opposite perspective, or if they found themselves 

switching between perspectives, they should answer honestly regarding their experienced 

perspective for that trial.  This question was used to determine whether actions had been 

                                                                                                                                                 
imagined event was like an actual memory, emotionality, and valence.  Correlations between ratings 
indicated that sense of presence was highly correlated with vividness (r=.93), difficulty (r=-.82), and 
coherence (r=.90), all p’s < .01, and therefore the rating of sense of presence was not used.  A repeated-
measures ANOVA revealed no significant differences between Imagine conditions in ratings of how much 
the imagined event was like a memory, with non-significant main effects of condition (F(1,15)=.96) and 
perspective (F(1,15)=.97), and a non-significant interaction (F(1,15)=.28), all p’s > .05, and therefore this 
rating was not used.  The following results are all from repeated-measures ANOVA analyses.  There were 
no significant differences between conditions in ratings of emotionality, with non-significant main effects 
of condition (F(2,30)=.95) and perspective (F(1,15)=1.99), and a non-significant interaction 
(F(2,30)=1.06), all p’s > .05.  There were no significant differences between conditions in ratings of 
valence, with non-significant main effects of condition (F(2,30)=.83) and perspective (F(1,15)=.08), and a 
non-significant interaction (F(2,30)=.50), all p’s > .05, and therefore ratings of emotionality and valence 
were not used.  For ratings of vividness, there was a significant main effect of condition (F(2,30)=40.37, p 
< .001), no effect of perspective (F(1,15)=.412, p > .05), and a marginally significant interaction 
(F(2,30)=1.82, p = .18).  For ratings of difficulty, there were significant main effects of condition 
(F(2,30)=14.36, p < .001) and perspective (F(1,15)=6.16, p < .05) but a non-significant interaction 
(F(2,30)=.573, p > .05).  For ratings of coherence, there was a significant main effect of condition 
(F(2,30)=23.29, p < .001), a marginally significant main effect of perspective (F(1,15)=3.42, p = .08), and a 
non-significant interaction (F(2,30)=.67, p > .05).  These results indicated that ratings of vividness, 
difficulty, and coherence may provide important information regarding differences between our 
experimental conditions and were therefore included in this study. 
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recalled/imagined from the correct perspective in each block.  Actions reported from the 

incorrect perspective, or actions in which participants reportedly felt themselves 

switching back and forth between perspectives were excluded from the neuroimaging 

analyses.   

The remaining questions asked participants to rate how difficult it had been to 

recall/imagine the previous action, how vivid their memory/imagination of the previous 

action had been, and how coherent their memory/imagination of the previous action had 

been, all using a scale from 1 to 5 (1 – Not at all, 2 – Somewhat, 3 – Moderately, 4 – 

Very, 5 – Extremely).  It was explained to participants that by “coherent,” we meant that 

their memory for the action took place in a continuous spatial context, and that the action 

had a beginning, middle, and end (as opposed to a more fragmentary or non-continuous 

recollection).  The coherence rating was included based on previous findings that, in 

addition to an inability to recall past autobiographical events, patients with medial 

temporal lobe damage also could not imagine themselves in fictitious autobiographical 

scenarios, and that a lack of spatial coherence in their construction of imagined events 

appeared to underlie this deficit (Hassabis, Kumaran, Vann, & Maguire, 2007).  It was 

conceivable that there could be differences between conditions and/or perspectives in the 

reported spatial coherence of remembered and imagined events. 

Responses to each question were entered separately into a 3 (condition) x 2 

(perspective) repeated-measures ANOVA in order to determine whether there were any 

significant differences between experimental conditions in participants’ successful 
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completion of each task and/or their subjective experience while recalling or imagining 

the actions from the different perspectives.  

fMRI image acquisition and analyses 

Functional images were acquired on a 3.0T long bore echo-speed scanner with an 

8-channel phased-array coil (HD Signa Excite, General Electric, Milwaukee, WI).  A set 

of 3-plane localizer images was first collected in order to align the functional images.  

Using a two-dimensional single shot spiral in/spiral out sequence (Glover & Law, 2001; 

TR=3200 ms, TE=30 ms, FOV=240 mm, matrix=64 x 64), 35 sections were collected 

(3.8 mm, no skip) in order to collect isotropic voxels and achieve coverage of the entire 

brain.  Sections were collected in an axial orientation along a plane defined by the 

anterior-posterior commissural plane.  High-resolution anatomical 3D spoiled gradient 

recalled (SPGR) images were obtained in the sagittal plane (1.4 mm, -0.7 gap, TR=5.1, 

TE=20, TI=500, FOV=260 mm, matrix=256 x 256, flip angle=15°) for localization of 

functional activity and for registration of fMRI data sets to stereotactic space according to 

the Montreal Neurological Institute template.  Visual stimuli were projected from a Dell 

Dimension 8300 running Windows XP Pro through VisuaStim digital goggles 

(Resonance Technologies, Inc.) with three-dimensional stereoscopic capability, which 

participants wore while in the scanner.  Behavioral responses were collected with two 3-

button mice designed for use in the scanning environment.  DMDX presentation 

software, developed at Monash University and at the University of Arizona by K. I. 

Forster and J. C. Forster, was used to present visual and auditory stimuli, which also 
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allowed the collection of behavioral response data and trial onset timing information for 

use in later neuroimaging analyses. 

Images were reconstructed offline and preprocessed using Statistical Parametric 

Mapping software (SPM5; Wellcome Department of Cognitive Neurology, London, UK) 

implemented in MatLab (Mathworks, Sherborn, MA, USA).  The data in each section 

were interpolated in time to match the acquisition timing of the middle section, and all 

volumes were realigned to the third volume to correct for movement.  Spatial 

normalization parameters were estimated by coregistering each participant’s high 

resolution SPGR images to the functional images, segmenting the SPGR and normalizing 

it to a standard MNI (Montreal Neurological Institute) template, and applying those 

parameters to the functional images.  The normalized images were resliced to 3×3×3 mm 

voxels and smoothed with an isotropic 6mm FWHM Gaussian kernel. The time series in 

each voxel was highpass-filtered to 1/128 Hz and averaged over all voxels and scans 

within a session.   

Statistical analyses were performed by first modeling neural activity with a delta 

function at stimulus onset. The ensuing BOLD response was modeled by convolving 

these delta functions with a canonical hemodynamic response function (HRF; Friston et 

al., 1995) across the entire trial duration.  The resulting time courses were downsampled 

to form covariates in a General Linear Model.  Covariates were modeled for the 

canonical HRFs of the experimental conditions previously described, the control 

condition, parameters characterizing movement within each scan, and single covariates 

representing scan means (only canonical HRF covariates were used to make contrasts and 
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move to second level analyses).  Stereotactic coordinates were generated in the standard 

MNI brain by SPM, and are reported here in MNI space.  Results were visualized using 

MRIcroN (v. Beta 31; Rorden, Karnath, & Bonilha, 2007). 

Contrasts of parameter estimates were then used in second-level analyses, which 

treated participants as a random effect.  A full-factorial ANOVA was carried out in SPM 

by entering individual statistical maps from the contrast of each condition from each 

perspective vs. control into the model, resulting in a 3 (condition) x 2 (perspective) 

design.  These six contrasts of interest were entered into a conjunction analysis using the 

conjunction null method (Nichols, Brett, Andersson, Wager, & Poline, 2005; Friston, 

Penny & Glaser, 2005), thresholded at p < .05, corrected for multiple comparisons using 

a False Discovery Rate procedure (Benjamini & Hochberg, 1995; Nichols & Hayasaka, 

2003), to determine regions of significant activation common to remembering and 

imagining from both perspectives.  In addition, the statistical map of activation exhibiting 

a significant condition x perspective interaction was thresholded at p < .05, corrected for 

multiple comparisons by applying an extent threshold of 30 voxels.  This extent was 

determined using a Monte Carlo simulation (Slotnick, 2009).  Since an FDR correction 

has been shown to be conservative at smoothness levels greater than ~4mm FWHM 

(Nichols & Hayasaka, 2003), and our data was smoothed using a 6mm kernel, the cluster 

extent threshold was used as an alternative method to control for multiple comparisons 

while avoiding being too conservative to identify potentially subtle differences in 

perspective across conditions.  Estimates of effect size for each condition vs. control were 

extracted from regions surrounding each local maxima of activation.  These regions of 
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interest (ROI) were created using 6-10mm spheres surrounding coordinates of local 

maxima within each cluster showing a significant condition x perspective interaction.  

The estimates of effect size were entered into three separate 37 (region) x 2 (perspective) 

repeated-measures ANOVAs in SPSS (SPSS for Windows, Rel. 17.0.0. 2008. Chicago: 

SPSS Inc.), one for each condition, in order to characterize the effect of perspective 

within these regions.  

Results 

Behavioral results 

Table 1 presents the mean values of participants’ behavioral ratings, and Table 2 

presents the results from a 2 (condition) x 2 (perspective) repeated measures ANOVA on 

the number of actions successfully recalled, and the results from 3 (condition) x 2 

(perspective) repeated-measures ANOVAs on the number of actions recalled from the 

correct perspective, and ratings of vividness, difficulty, and coherence.  Overall, Old 

Performed actions were more successfully recalled, more vivid, less difficult to recall, 

and more coherent than both Old Imagined and New Imagined actions, which did not 

differ from each other in any of the ratings; perspective had no effect on these results.  

However, more actions were successfully recalled/imagined from a 1st person perspective 

than from a 3rd person perspective, regardless of condition.  There were no significant 

condition x perspective interactions, suggesting that the effects of perspective did not 

differentially influence participants’ successful completion of the tasks nor their 

phenomenological experience across conditions. 
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Table 1. 
Mean (standard deviation) behavioral responses for Study 1. 
_____________________________________________________________________________________ 

                  Recalled           Correct         Vividness        Difficulty       Coherence 
Condition/Perspective        (out of 10)      Perspective      
_____________________________________________________________________________________ 

Old Performed 1st   9.76 (.44)        8.00 (1.8)        4.38 (.64)        1.17 (.25)        4.06 (.56) 
Old Performed 3rd   9.53 (.72)        6.18 (2.4)        4.24 (.74)        1.26 (.36)        4.03 (.65) 
------------------------------------------------------------------------------------------------------------------------------------  
Old Imagined 1st    8.94 (1.2)        7.41 (1.9)        3.70 (.73)        1.63 (.43)        3.56 (.71) 
Old Imagined 3rd    8.88 (.93)        6.00 (2.2)        3.41 (.76)        1.94 (.53)        3.47 (.59) 
------------------------------------------------------------------------------------------------------------------------------------  
New Imagined 1st       --                 7.59 (2.3)        3.79 (.60)        1.68 (.53)        3.57 (.70) 
New Imagined 3rd       --                 6.44 (2.1)        3.83 (.61)        1.93 (.69)        3.54 (.64) 
_____________________________________________________________________________________ 
 

Table 2. 
Results from 3 (condition) x 2 (perspective) repeated-measures ANOVAs on Study 1 behavioral responses. 
_____________________________________________________________________________________ 

   Main Effect:  Main Effect:  Condition x 
   Condition  Perspective  Perspective 
_____________________________________________________________________________________ 

Recalled*             F(1,16) = 14.62  
(out of 10)       Old Perf > Old Imag       -----        ----- 
                  p < .001           
------------------------------------------------------------------------------------------------------------------------------------  
Correct                  F(1,16) = 6.04  
Perspective       -----        1st > 3rd       ----- 
           p < .05 
------------------------------------------------------------------------------------------------------------------------------------  
Vividness            F(2,32) = 15.73 

        Old Perf > Old Imag 
      p < .001       -----        ----- 
        Old Perf > New Imag 
        p < .01 
------------------------------------------------------------------------------------------------------------------------------------  
Difficulty              F(2,32) = 18.90  F(1,16) = 3.95  

        Old Perf < Old Imag       1st < 3rd 
      p < .001       p = .064        ----- 
        Old Perf < New Imag 
        p < .001 
 
------------------------------------------------------------------------------------------------------------------------------------  
Coherence            F(2,32) = 11.11 

        Old Perf > Old Imag 
      p < .005       -----        ----- 
        Old Perf > New Imag 
        p < .005 
_____________________________________________________________________________________ 

* 2 (condition) x 2 (perspective) repeated-measures ANOVA 
Old Perf – Old Performed actions; Old Imag – Old Imagined actions; New Imag – New Imagined actions. 
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Neuroimaging results 

A conjunction analysis was performed to determine regions of significant 

activation common to remembering and imagining actions across both perspectives.  A 

network of regions commonly associated with recalling and/or imagining personally 

experienced events was observed, including activation in the medial temporal lobes, 

lateral prefrontal cortex, cingulate gyrus, lateral temporoparietal cortex, medial parietal 

cortex, and the cerebellum.  Table 3 and Figure 4 illustrate these results. 

 
Table 3. 
Brain regions exhibiting significant activation common to remembering and imagining actions from both 
1st and 3rd person perspectives. 
_____________________________________________________________________________________ 

Cluster    # voxels  L/R BA T-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Inferior Frontal Gyrus   21 L 46 4.17  -51 39 0 
Middle Frontal     22 
 Middle frontal gyrus   L 46 3.51  -51 33 18 
 Middle frontal gyrus   L 46 3.46  -51 27 30 
Superior Frontal   961 
 Cingulate gyrus (SMA)   L 32 5.38  -6 15 45 
 Cingulate gyrus    R 32 4.00  9 15 42 
 Middle frontal gyrus   L 6 7.01  -30 0 51 
 Medial frontal gyrus   L 6 5.27  -18 6 54 
 Superior frontal gyrus (SMA)  R 6 3.38  9 9 54 
Superior Frontal   60 
 Superior frontal gyrus   R 6 3.62  24 -3 60 
 Superior frontal gyrus   R 6 3.48  24 0 54 
Medial Parietal    364 
 Superior parietal lobule/Precuneus  L 7 6.29  -12 -66 54 
 Precuneus/Superior parietal lobule  L 7 6.19  -15 -72 51 
 Superior parietal lobule   L 7 3.29  -27 -57 57 
 Precuneus    R 7 3.58  6 -57 48 
 Precuneus    R 7 3.38  15 -66 48 
Posterior Cingulate   16 L 31 3.48  -18 -66 12  
Posterior Cingulate   18 R 30 3.34  18 -60 9 
Lateral Parietal    29 
 Supramarginal gyrus   L 40 3.43  -42 -54 36 
 Inferior parietal lobule   L 40 3.36  -45 -51 42 
 Superior temporal/Angular gyrus  L 39 3.11  -39 -57 27  
Middle Occipital Gyrus   12 L 39 3.40  -51 -78 3 
Lateral Temporal   7 
 Middle temporal gyrus   R 39 3.26  42 -78 24 
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Table 3 (continued). 
Brain regions exhibiting significant activation common to remembering and imagining actions from both 
1st and 3rd person perspectives. 
_____________________________________________________________________________________ 

Cluster    # voxels  L/R BA T-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Lateral Temporal (continued) 
 Middle temporal gyrus   R 39 3.18  51 -72 18 
Cerebellum/Posterior Temporal  96 
 Cerebellum/Lingual gyrus/PHG  L 19 5.50  -15 -57 -12 
Cerebellum/Posterior Temporal  132 
 Cerebellum/Lingual gyrus /PHG  R 19 5.38  9 -54 -6 
_____________________________________________________________________________________ 

Abbreviations: L – left, R – right, BA – Brodmann’s Area, MNI – coordinates for local maxima within 
each cluster reported in MNI space, SMA – supplementary motor area, PHG – parahippocampal gyrus.   
Results are from a conjunction analysis of all conditions vs. control, p < .05, corrected for multiple 
comparisons. 
 

 

Figure 4.  Regions of significant activation common to remembering and imagining actions across 1st and 
3rd person perspectives.  Results are overlaid on sagittal sections of a template brain, with the coordinates in 
the x-plane displayed above. 

 
A full factorial 3 (condition) x 2 (perspective) ANOVA in SPM indicated that a 

network of regions exhibited a significant condition x perspective interaction, including 

medial and lateral prefrontal cortex, insula, basal ganglia, thalamus, medial temporal 

regions, and medial and lateral parietal cortex (Table 4). 
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Table 4. 
Brain regions exhibiting a significant Condition x Perspective interaction. 
_____________________________________________________________________________________ 

Cluster    # voxels  L/R BA F-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Medial Prefrontal   58 
 Medial frontal gyrus   L/R 10 7.42  3 60 9 
Left Lateral Frontal   142   
 Inferior frontal gyrus   L 45 5.87  -48 12 3 
 Inferior frontal gyrus   L 45 5.67  -48 30 6 
 Middle frontal gyrus   L 10 3.81  -36 60 12 
 Precentral gyrus    L 6 3.59  -48 -3 6 
 Superior temporal gyrus   L 22 3.47  -54 0 0 
Right Lateral Frontal   212 
 Inferior frontal gyrus   R 44 5.95  45 15 21 
 Inferior frontal gyrus   R 46 3.86  51 39 12 
 Middle frontal gyrus   R 46 6.28  42 27 21 
 Pre/Postcentral gyrus   R 6 6.56  57 -6 27 
Superior Temporal   31 
 Superior temporal gyrus   R 22 7.09  66 -9 9 
Insula     46 
 Insula     R 13 4.62  39 6 6 
 Insula     R 13 4.33  39 15 3 
Basal Ganglia/Medial Temporal  105 
 Putamen     L  5.31  -30 -9 6 
 Hippocampus/Amygdala   L  5.22  -24 -9 -15 
Basal Ganglia/Thalamus   114 
 Thalamus    R  4.33  15 -12 9 
 Putamen     R  4.07  27 -15 3 
Medial Temporal   87 
 Parahippocampal gyrus   L 36 6.14  -30 -33 -15 
 Hippocampus    L  4.20  -27 -36 -3 
Cingulate Gyrus    57 

Cingulate gyrus    L 31 5.90  -21 -33 39 
Posterior Midline/Thalamus  321 
 Posterior cingulate   R 31 5.48  12 -42 27 
 Posterior cingulate/Retrosplenial  R 29 6.59  6 -36 12 

Precuneus/Retrosplenial   L 30 3.98  -15 -45 0 
Precuneus/Retrosplenial   R 30 4.28  15 -42 3 
Thalamus    L  5.62  -9 -24 9 
Thalamus    L  3.71  -6 -9 3 
Thalamus    R  3.75  12 -27 6 

Medial/Lateral Parietal   171 
 Cingulate gyrus    R 31 5.28  18 -36 45 
 Precuneus    R 7 3.65  12 -66 39 

Cuneus/Precuneus   R 31 4.68  24 -69 24 
 Supramarginal gyrus   R 40 3.83  51 -39 36 
Inferior Temporal   49 
 Inferior temporal/Fusiform  R 37 6.05  48 -42 -18 
Fusiform/Lingual/Cerebellum  279 
 Fusiform gyrus    L 19 4.47  -21 -66 -15 
 Fusiform gyrus    L 37 3.63  -30 -48 -18 
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Table 4. (continued) 
Brain regions exhibiting a significant Condition x Perspective interaction. 
_____________________________________________________________________________________ 

Cluster    # voxels  L/R BA F-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Fusiform/Lingual/Cerebellum (continued) 
 Lingual gyrus    R 19 4.45  15 -39 -12 
 Cerebellum    L  5.29  -3 -57 -9 
 Cerebellum    R  8.25  12 -63 -21 
_____________________________________________________________________________________ 

Abbreviations: L – left, R – right, BA – Brodmann’s Area, MNI – coordinates for local maxima within 
each cluster reported in MNI space; Retrosplenial – retrosplenial cortex. 
 

Further analyses were focused on characterizing the nature of this interaction 

within these regions.  Estimates of effect size were extracted for each condition (Old 

Performed 1st, Old Performed 3rd, Old Imagined 1st, Old Imagined 3rd, New Imagined 1st, 

and New Imagined 3rd) vs. control from regions of interest surrounding local maxima of 

activation defined by the significant interaction in SPM, and three separate 37 (region) x 

2 (perspective) repeated-measures ANOVAs (one for each condition) were conducted in 

SPSS to examine the effects of perspective in these regions.  Only results from significant 

main effects of perspective or region x perspective interactions are reported since 

differences in the absolute level of activation across regions, as indicated by a main effect 

of region, were not of interest in these analyses. 

Three patterns of activation were observed.  First, for Old Performed actions, 

there was greater activation for the 1st compared to 3rd person perspective in a subset of 

regions, but no regions exhibited greater activation for the 3rd compared to 1st person 

perspective. The ANOVA for the Old Performed condition indicated a marginal main 

effect of perspective (F(1,16) = 3.11, p = .097), and a significant region x perspective 

interaction (F(36,576) = 1.63, p < .01).  Follow-up paired samples t-tests indicated that 
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this interaction was characterized by a subset of regions exhibiting significantly greater 

activation for the 1st compared to the 3rd person perspective, including medial prefrontal 

cortex, lateral prefrontal cortex, superior temporal gyrus, and fusiform gyrus (Figure 5).  

There was no difference between perspectives in the other regions, and no regions 

exhibited a significant increase in activation for 3rd compared to 1st person perspective for 

the Old Performed condition. 

Second, for Old Imagined actions, there was greater activation for the 1st 

compared to the 3rd person perspective in a subset of regions that differed from those 

observed in the Old Performed condition, but again, no brain region exhibited greater 

activation for the 3rd compared to 1st person perspective.  The ANOVA for the Old 

Imagined condition was similar to that for the Old Performed condition and indicated no 

main effect of perspective (F(1,16) = 2.92, p = .60), and a significant region x perspective 

interaction (F(36,576) = 2.20, p < .001).  Follow-up paired samples t-tests indicated that 

this interaction was characterized by a different subset of regions exhibiting significantly 

greater activation for the 1st compared to the 3rd person perspective, including the 

posterior cingulate gyrus, precuneus, thalamus, and cerebellum (Figure 5).  There was no 

difference between perspectives in the other regions, and similar to the Old Performed 

condition, no regions exhibited a significant increase in activation for 3rd compared to 1st 

person perspective for the Old Imagined condition. 

Third, for New Imagined actions, a completely different pattern was observed; 

greater activation for the 3rd compared to the 1st person perspective was observed in all 

brain regions, indicating a double dissociation between actions newly imagined and 
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actions recalled (both previously performed and previously imagined).  The ANOVA for 

the New Imagined condition indicated a significant main effect of perspective (F(1,16) = 

7.12, p < .01), while the region x perspective interaction did not approach significance 

(F(36,576) = .80, p = .79), demonstrating that all regions exhibited significantly greater 

activation for the 3rd compared to the 1st person perspective (Figure 5).  

Figure 5 illustrates the differences between the 1st and 3rd person perspectives for 

each condition within each brain region. 

 

Region Old 
Performed 

Sig Old 
Imagined 

Sig New 
Imagined 
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Medial Frontal 
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** 
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Middle Frontal 
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(Left) 
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(Left) 
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(Left) 
 

 

 

 

 

**  
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**  
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** 
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Precuneus 
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Cerebellum 
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** 

Cerebellum 
(Right) 

 
 

 

 

 

 

** 

 

Figure 5.  Differences in activation between the 1st and 3rd person perspectives in each condition are 
graphed separately for all of the regions exhibiting a significant condition x perspective interaction.  Local 
maxima within the same cluster are indicated by bold outlines.  Significance values for the comparison 
between perspectives in the follow-up 37 (region) x 2 (perspective) repeated-measures ANOVAs are 
indicated in the “Sig” columns: *p<.05; **p<.01; *** p<.001. 
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Discussion 

 Perspective did not appear to affect ratings of phenomenological experience for 

remembered and imagined actions; however, neuroimaging results from Study 1 

suggested that perspective differentially influenced activation in several brain regions as 

a function of whether actions were being recalled or newly imagined.  I will discuss 

differences in behavioral ratings, how they correspond with previous findings, and their 

implications for our neuroimaging results.  Then I will discuss our findings of activation 

in a common network of brain regions when recalling and imagining from both 1st and 3rd 

person perspectives and its similarity to previously reported networks.  And finally, I will 

discuss patterns of activation in three brain regions (medial prefrontal cortex, medial 

parietal cortex, and the medial temporal lobes) that exhibit differential patterns of 

activation when recalling and imagining actions from the 1st and 3rd person perspectives.  

Possible explanations for these differential effects of perspective across conditions are 

discussed. 

Phenomenological experience of performed vs. imagined events from the 1st vs. 3rd 

person perspectives 

 Results from Study 1 indicated that memories for actions that were physically 

performed were rated as more successfully recalled, more vivid, less difficult to recall, 

and more coherent than memories for actions that participants had previously imagined 

themselves performing, or actions that participants newly imagined themselves 

performing on the day of the scan.  These differences in phenomenological ratings are 

similar to previously reported differences between real and imagined events (Johnson et 



57 

al., 1988; D’Argembeau & Van der Linden, 2004).  Our paradigm was similar to that of 

Hassabis, Kumaran, and Maguire (2007), in which participants underwent fMRI scanning 

while they recalled recently experienced autobiographical events, recalled fictitious 

autobiographical events they had previously imagined, and imagined new fictitious 

autobiographical events.  They reported that real autobiographical memories were rated 

as significantly better remembered than memories for imagined events, and were rated as 

significantly more vivid and less difficult to remember than the other two imagine 

conditions, findings very similar to those reported here.   

Our results also indicated that participants were overall more successful in 

recalling/imagining actions from a 1st compared to a 3rd person perspective.  These results 

are similar to those of Eich and colleagues (2009), who reported that participants were 

more able to successfully maintain a 1st person compared to a 3rd person perspective 

when recalling events they had recently performed.  However, we did not observe any 

differences between perspectives in phenomenological ratings.  This may not be so 

surprising, given that previous studies have mostly reported differences in the type of 

information recalled (1st person: sensory and affective details vs. 3rd person: physical and 

spatial details; McIsaac & Eich, 2002) and a decrease in emotional intensity from 1st to 

3rd person perspectives (McIsaac & Eich, 2004; Robinson & Swanson, 1993; Eich et al, 

2009).  Behavioral piloting for Study 1 indicated that ratings of emotionality and valence 

did not differ across conditions or perspectives, and were therefore not included in the 

current neuroimaging study.  This may be due to the fact that our participants 

recalled/imagined events performed in a laboratory setting, and they were not as 
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emotionally charged as the typical autobiographical life events recalled in other studies.  

Our ratings of vividness, difficulty, and coherence may not have tapped into differences 

in the phenomenological experience of events recalled/imagined from 1st compared to 3rd 

person perspectives. 

Interestingly, the behavioral main effects of condition and perspective were not 

qualified by any significant condition x perspective interactions.  This is an important 

point, because our neuroimaging analyses were specifically focused on brain regions in 

which taking a 1st compared to a 3rd person perspective differentially influenced 

activation across the three conditions: recalling previously experienced events, recalling 

previously imagined events, and imagining new events.  Therefore, our neuroimaging 

results cannot simply be explained by differences in successful completion of the tasks or 

differences in phenomenological experience across conditions and perspectives. 

Neural activation common to recalling and imagining events from 1st and 3rd person 

perspectives 

 Results from a conjunction analysis indicated that recalling and imagining actions 

from both the 1st and 3rd person perspective commonly activated a network of brain 

regions, including left ventrolateral prefrontal cortex, the cingulate gyrus and posterior 

medial frontal cortex, the precuneus and posterior cingulate gyrus, temporoparietal 

cortex, the parahippocampal gyrus, lingual gyrus, and the cerebellum.  A similar network 

common to remembering and imagining autobiographical events has been previously 

reported (e.g., Addis, Wong, & Schacter, 2007; Hassabis, Kumaran, & Maguire, 2007; 

Addis et al., 2009), but medial prefrontal activation in all of these studies tended to 
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extend more anterior and ventromedial (BA 10/11) to the anterior cingulate cortex/medial 

frontal (BA 32/6) activation reported in the current study.   

Eich and colleagues (2009) reported a similar common network of brain regions 

active during the retrieval of recently experienced autobiographical events from the 1st as 

well as 3rd person perspectives, including medial and lateral frontal cortex, medial and 

lateral parietal cortex, and the medial temporal lobes.  Common medial frontal activation 

in their study appeared to be more posterior and dorsal (BA 8/9) to that reported in 

studies comparing remembering with imagining.  Vogeley and colleagues (2004) have 

shown that making visuo-spatial judgments about an environment from a 1st person 

perspective results in greater activation in more ventromedial prefrontal regions than 

those from a 3rd person perspective.  The majority of previous studies reporting a 

common network for remembering and imagining events either did not collect ratings of 

perspective, or reported that participants recalled/imagined almost all of the events from a 

first person perspective.  The common network observed in Study 1 included events 

recalled and imagined from both the 1st and 3rd person perspectives; so the fact that 

ventromedial prefrontal regions have been more associated with taking a 1st vs. a 3rd 

person perspective may explain why we did not observe common activation in more 

ventral cortex, but we did in more posterior and dorsomedial cortex.   

In summary, our results suggest that recalling and imagining personally 

experienced events from both 1st and 3rd person perspectives engages a common network 

of brain regions similar to previously reported findings. 
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Differential effects of perspective on the neural correlates of remembering and imagining 

events 

 Although there was significant overlap in activation across all of our conditions, 

the effects of perspective were not identical for remembering and imagining events.  

Previous studies comparing remembered and imagined autobiographical events have not 

directly examined the effects of perspective during these tasks.  Previous studies 

comparing autobiographical events recalled from the 1st and 3rd person perspectives have 

not examined whether perspective similarly (or differentially) affects imagined 

autobiographical events.  Previous work in our laboratory suggested that brain regions 

involved in recalling and imagining autobiographical events were differentially engaged 

depending on the perspective from which participants experienced the events, and results 

from Study 1 indicate that this appears to be the case.   

Within a subset of brain regions exhibiting a significant condition x perspective 

interaction, actions that were recalled from a 1st person perspective were associated with 

greater activation than those recalled from a 3rd person perspective, although the specific 

regions differed depending on whether actions had been previously performed or 

previously imagined.  None of the regions exhibited significantly greater activation for 

recalling events from a 3rd compared to a 1st person perspective.  In contrast, every brain 

region identified by the condition x perspective interaction exhibited significantly greater 

activation for actions that were newly imagined from a 3rd compared to a 1st person 

perspective, a pattern opposite to the one observed for recalled actions.   
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It is unclear why certain brain regions appeared to respond differently when 

taking a 1st person perspective and when taking a 3rd person perspective depending on 

whether the events were recalled or newly imagined.  It could be that people are more 

likely to take a 3rd person perspective during imagining than during remembering, leading 

to more successful processing in these regions.  Alternatively, it may be more difficult to 

imagine events than to recall events from the 3rd person perspective, leading to increased 

activation specifically in that condition; however, there were no differential effects of 

perspective across conditions in ratings of difficulty, which would argue against such an 

explanation. 

Several brain regions previously implicated in recalling and imagining 

autobiographical events, as well as taking a 1st and/or a 3rd person perspective, exhibited 

differential patterns of activation as a function of perspective and condition, including 

medial prefrontal cortex, medial parietal cortex, and the medial temporal lobes.  The 

specific patterns observed in these regions are discussed below, along with potential 

explanations as to why perspective appeared to differentially engage these regions for 

events that were remembered and those that were imagined. 

Perspective differentiates remembering previously performed and imagining new actions 

in the medial prefrontal cortex 

Several brain regions exhibited opposite patterns of activation during the recall of 

previously performed (but not previously imagined) actions and during the imagination 

of new actions.  Greater activation was associated with recalling performed actions from 

a 1st person perspective specifically in one region of medial prefrontal cortex, but greater 
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activation was associated with newly imagining actions from a 3rd person perspective in 

this region.  These results are consistent with previous research in our laboratory, where 

we observed increased activation in a similar regions of medial prefrontal cortex for real 

autobiographical events recalled from a1st compared to 3rd person perspective, but 

increased activation for fictitious autobiographical events imagined from a 3rd compared 

to a 1st person perspective.  Previous studies have reported increased activation in this 

region during visuo-spatial judgments about an environment made from a 1st compared to 

a 3rd person perspective (Vogeley et al., 2004; Vogeley & Fink, 2003), as well as during 

the processing of self-referential information across a variety of domains (Northoff et al., 

2006).  Our results could suggest that autobiographical events recalled from a 1st person 

perspective were automatically processed in a self-related manner, engaging the medial 

prefrontal cortex to a greater extent than those recalled from a 3rd person perspective.  

This is supported by previous research showing that recalling oneself in the past from a 

3rd person perspective is more associated with feelings of dissimilarity between one’s 

current and past self (Pronin & Ross, 2006; Libby, Eibach, & Gilovich, 2005).  What is 

less straightforward is the fact that the opposite pattern of activation was observed in this 

region of medial prefrontal cortex for actions that were newly imagined (greater for the 

3rd compared to 1st person perspective).  This could suggest that imagining oneself taking 

part in an event from a 3rd person perspective engaged self-related processing in this 

region to a greater extent than imagining oneself from a 1st person perspective.  We did 

not collect ratings of perceived similarity between current and past selves in this study, 
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and to our knowledge, no previous studies have compared the effects of perspective on 

the perceptions of the self in both recalled and imagined autobiographical events.   

Our results indicate a dissociation in medial prefrontal activation between 

recalling experienced events and imagining events from the 1st and 3rd person 

perspectives, but the nature of this difference remains unclear.  One possibility is that 

recalling and imagining events from different perspectives differentially engages self-

related processing in this region, but further investigation is needed to support or refute 

this interpretation.  An alternative explanation is that the differential effects of 

perspective may be due to differences in the phenomenological characteristics of 

recalling previously performed and imagining new actions. In both our previous study 

(Cox, Nadel, & Ryan, in preparation) and the current study, remembered events differed 

from imagined events in ratings of subjective experience, such that remembered events 

were rated as more vivid, less difficult to recall, more important, etc. than imagined 

events.  Phenomenological characteristics have been shown to modulate activation for 

imagined future events in a region of medial prefrontal cortex (BA 10) similar to the one 

we observed, with increased level of detail associated with increased activation (Addis & 

Schacter, 2008).  This could suggest that the differential effects of perspective observed 

for recalling and imagining events may be driven by differences in phenomenological 

characteristics across conditions.  Our results provide evidence against this interpretation, 

because significant differences were observed in phenomenological ratings between 

recalling previously performed actions and both recalling previously imagined actions 

and imagining new actions.  If these differences were driving the differences in 
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perspective observed between conditions in medial prefrontal activation, then one would 

expect that previously imagined actions would also exhibit a significant increase in 

activation for the 3rd compared to 1st person perspective.  However, we do not observe 

any significant effects of perspective in this condition. 

Perspective differentiates remembering previously imagined and imagining new actions 

in the medial parietal cortex 

 Several brain regions exhibited opposite patterns of activation during the recall of 

previously imagined (but not previously performed) actions and during the imagination 

of new actions.  Greater activation was associated with recalling previously imagined 

actions from a 1st person perspective specifically in a cluster of activation encompassing 

the posterior cingulate/precuneus/retrosplenial cortex, but greater activation was 

associated with newly imagining actions from a 3rd person perspective in these regions.  

A previous study in our laboratory indicated that recalling autobiographical events from a 

1st person perspective was associated with greater activation in the precuneus than events 

recalled from a 3rd person perspective (Cox, Nadel, & Ryan, in preparation).  It is 

interesting that in the current study, this pattern was observed when recalling actions that 

had been previously imagined, and no differences in perspective were observed for 

actions that were previously performed.  Newly imagining oneself performing actions 

resulted in greater activation for the 3rd compared to 1st person perspective in medial 

parietal cortex, consistent with the pattern of results observed in the medial prefrontal 

cortex, but which was not observed in our previous study.   
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 Similar regions of medial parietal cortex have been associated with taking a 1st 

compared to a 3rd person perspective when making judgments about a spatial 

environment (Vogeley et al., 2004; Vogeley & Fink, 2003), and this region of the brain 

has been widely implicated in visuo-spatial processing, episodic memory retrieval, and 

self-related processing (for reviews, see Cavanna & Trimble, 2006; Northoff et al., 2006).  

Previous findings are consistent with our results of greater activation in this region for 

events remembered from a 1st compared to a 3rd person perspective, but it remains 

unclear why this effect of perspective was observed for memories of previously imagined 

events, but not for memories of previously performed events.  Our results so far suggest 

that recalling and imagining personally experienced events from different perspectives 

can involve very different types of processing.  The same may be true for recalling events 

that were experienced and those that were merely imagined, which is supported by the 

fact that we observe differential effects of perspective across all three conditions, which 

cannot simply be characterized as remembered vs. newly imagined or performed vs. 

imagined.  It appears that memory, imagination, and perspective taking all interact, 

resulting in a more complicated story than may have been predicted. 

 Greater activation for newly imagined events from the 3rd compared to 1st person 

perspective was observed in medial parietal cortex, similar to the results in medial 

prefrontal regions.  Again, this suggests that the effects of perspective can result in a very 

different pattern of activation when recalling events from the past (even if they were 

imagined and not actually experienced) and when newly imagining oneself in an event.  

Similar to the medial prefrontal cortex, medial parietal cortex has been associated with 
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self-referential processing and 1st person perspective taking, but regions of the precuneus 

have also been shown to be more involved in making judgments about others compared 

to judgments about oneself (Modinos, Ormel, & Aleman, 2009), and in making 

judgments about a spatial environment from a 3rd compared to a 1st person perspective 

(Vogeley et al., 2004).  Given that these medial parietal regions are strongly associated 

with the processing and transformation of spatial information (Burgess, 2002), our results 

suggest that imagining oneself performing an action from a 3rd person perspective may 

engage these regions to a greater extent due to the visuospatial demands of constructing a 

brand new scenario and additionally of having to transform one’s spatial perspective.  

The effects of taking a different perspective may not have been as pronounced when 

recalling actions that were physically performed since the representation of the physical 

context was readily available.  It remains unclear why actions that were previously 

imagined would have engaged the medial parietal cortex to a greater extent when recalled 

from the 1st compared to the 3rd person perspective.  It is possible that the previously 

imagined actions were generally more likely to be recalled from a 3rd person perspective, 

and therefore this difference in activation in medial parietal regions reflected the 

increased demands of transforming the memory from a 3rd to a 1st person perspective.  

Previous results in our laboratory suggested that imagined autobiographical events were 

more likely to be seen from a 3rd person perspective than recalled autobiographical 

memories.  It is unclear whether this would also be true when recalling previously 

imagined autobiographical events, but differences in the propensity to recall and imagine 

events from different perspectives may underlie some of our results.  
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Perspective differentiates remembering actions and imagining new actions in the medial 

temporal lobes 

 Finally, several brain regions exhibited a pattern of activation where there were 

no differences between perspectives for recalling events (previously performed as well as 

previously imagined), but greater activation was observed for the 3rd compared to the 1st 

person perspective for imagining new actions.  Most notably, this pattern was observed in 

the hippocampus and parahippocampal gyrus, medial temporal lobe structures widely 

connected to other brain regions commonly involved in recalling and imagining 

autobiographical events (for review, see Buckner & Carroll, 2007).  Specifically, the 

hippocampus is anatomically connected to the medial parietal cortex and has also been 

associated with the processing of spatial information and spatial navigation (Burgess, 

2002; Maguire et al., 1998).  The fact that activation in the medial temporal lobes was 

significantly greater for actions newly imagined from a 3rd compared to 1st person 

perspective, but did not differ between perspectives for remembered actions, again 

suggests there are qualitative differences in the neural correlates of taking a 1st compared 

to a 3rd person perspective as a function of whether one is retrieving an autobiographical 

memory or imagining oneself in a fictitious event.   

 Previous studies have not reported differences in medial temporal lobe activation 

when making judgments about spatial environments (Vogeley et al., 2004) or recalling 

previously experienced events (Eich et al., 2009) from 1st and 3rd person perspectives.  

Addis and colleagues (2007) reported increased activation in the hippocampus for 

imagined future compared to remembered past autobiographical events; however, their 
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participants reported recalling and imagining the majority of events from a 1st person 

perspective.  The hippocampus has been associated with processing spatial environments 

in an allocentric, or map-like, framework instead of an egocentric framework, where 

objects in the environment are located with respect to one’s own body (O’Keefe & Nadel, 

1978; Burgess, 2002).  It is possible that, in the retrieval of memories for previous actions 

(whether performed or imagined), the hippocampus is equally involved in processing the 

1st and 3rd person perspectives because the allocentric spatial map for these actions had 

been encoded previously.  On the other hand, when imagining oneself carrying out new 

actions, the hippocampus may be differentially involved in processing 3rd compared to 1st 

person perspectives because taking a 3rd person perspective requires the initial encoding 

and transformation of the imagined spatial environment from a different perspective.  

Further investigation is needed to determine the specific contributions of processing in 

the medial temporal lobes to recalling and imagining autobiographical events from 

different perspectives. 

 In summary, patterns of activation in medial prefrontal, medial parietal, and 

medial temporal regions illustrate that recalling and imagining oneself in events from a 

1st and a 3rd person perspective are processed differently in these brain regions.  Recalling 

autobiographical events was associated with either greater activation for the 1st compared 

with 3rd person perspective or with no difference between perspectives.  In contrast, 

imagining new autobiographical events was associated with greater activation for the 3rd 

compared with the 1st person perspective.  Potential differences in self-referential and/or 

spatial processing associated with activation in the regions above may underlie the 
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differential effects of perspective across these tasks.  To our knowledge, this is the first 

study to investigate the effects of perspective on both remembering and imagining 

autobiographical events.  And though these findings are preliminary and more work is 

needed to determine the mechanisms underlying these differences, our results point to a 

striking dissociation in patterns of activation in brain regions associated with both 

remembering and imagining autobiographical events as a function of the perspective that 

is assumed.  
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Chapter 3 

 

STUDY 2 

Introduction 

The same brain regions commonly activated by recalling and imagining 

autobiographical events are also active when attempting to understand the mental states 

of others by putting oneself in their perspective (Buckner & Carroll, 2007; Spreng, Mar, 

& Kim, 2009).  In Study 1, we observed a similar common network of regions active 

when recalling and imagining events from a 1st and 3rd person perspective, with 

indications that perspective can engage these regions differently depending on the task.  

In Study 2, we expanded on the notion of perspective in memory to investigate not only 

the neural correlates of recalling personally experienced events from a 1st and 3rd person 

perspective, but to determine how taking the perspective of another person with whom 

one interacted in an event engages this network of regions.   

Behavioral studies on perspective and memory suggest that recalling an event 

from a 3rd person perspective can result in increasing the perceived distance between a 

past self and one’s current self, which can lead to the feeling that a past self is a different 

person than oneself in the present (Frank & Gilovich, 1989; Libby & Eibach, 2002; 

Pronin & Ross, 2006; Libby, Eibach, & Gilovich, 2005; Sutin & Robins, 2008).  

Neuroimaging evidence suggests that past selves that are perceived as different from 

one’s current self are represented in the brain more like another person, exhibiting 

decreased activation in the medial prefrontal cortex and medial parietal cortex 
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(D’Argembeau et al., 2008).  These brain regions are part of the previously mentioned 

neural network commonly involved in recalling autobiographical events and taking the 

perspective of others, and have been shown to be specifically involved in processing self-

related information (Northoff et al., 2006).  These findings suggest that recalling oneself 

in the past from a 3rd person perspective should lead to decreased perceived similarity 

between current and past selves, and this may be reflected in decreased activation in 

cortical midline brain regions.   

Results of social psychological studies on perspective taking demonstrate that 

imagining oneself in the position of another person can lead to a decrease in the 

perceived distance between the self and the other person, which can lead to the feeling 

that the other person is more similar to oneself (Davis et al., 1996; Davis et al., 2004; 

Batson, Early, & Salvarani, 1997).  Neuroimaging evidence suggests that imagining 

oneself in the position of another person results in increased activation in the medial 

prefrontal cortex, resulting in a level of activation more similar to that observed when 

thinking about oneself (Ames et al., 2008); this has been interpreted as an indication that 

the other person is represented more similarly to the way the self is represented as a result 

of perspective taking.  These findings suggest that imagining oneself in the position of 

another person should lead to increased perceived similarity between the self and that 

other person, and this may be reflected in increased activation in the medial prefrontal 

cortex. 

Together, these findings suggest that recalling a past self from a 3rd person 

perspective and imagining oneself in the position of another person may engage similar 
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cognitive and neural processes associated with processing perceived similarity to the self, 

but with opposite effects.  These processes may be reflected in relative increases and 

decreases in activation in brain regions shown to be sensitive to self-relatedness, such as 

medial prefrontal cortex and medial parietal cortex, which includes regions of posterior 

cingulate cortex, precuneus, and retrosplenial cortex. 

Another region of the brain commonly involved in recalling and imagining 

autobiographical events and taking the perspective of others is lateral temporo-parietal 

cortex.  Activation in this region, mostly reported in the inferior parietal lobule near the 

angular gyrus (temporoparietal junction) but sometimes extending into the superior 

parietal lobule (BA7), appears to be differentially involved when taking a perspective that 

differs from one’s own, such as imagining another’s reaction to social emotional 

information (Ruby & Decety, 2004), simulating an action from a third person perspective 

(Jeannerod & Anquetil, 2008), or reasoning about the beliefs of another person (Saxe et 

al., 2006).  Additionally, similar regions of lateral parietal cortex have been implicated in 

making judgments about a spatial environment from a 3rd as opposed to a 1st person 

perspective (Vogeley et al., 2004).  These findings suggest that recalling a past self from 

a 3rd person perspective and imagining oneself in the position of another person may 

engage similar cognitive and neural processes also associated with taking a perspective 

different from one’s own.  These processes may be reflected in relative increases in 

activation with increased distance from a self perspective in brain regions shown to be 

sensitive to these forms of perspective taking, such as lateral temporo-parietal cortex. 
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Study 2 was designed to combine perspective in memory with social perspective 

taking in order to investigate the neural correlates of these two processes in the same 

paradigm and within the same participants.  In this study, we investigated the effects of 

perspective on the neural correlates of recalling events experienced in a socially 

interactive setting, allowing for the comparison between recalling events from a 1st 

person perspective, a 3rd person perspective, and imagining oneself in the perspective of a 

person with whom one had interacted.  Participants physically performed a series of 

interactive actions together with a partner, and 24 hours later they underwent fMRI 

scanning while recalling the actions from the previous day from four different 

perspectives (Figures 6 & 7).  Actions recalled from the Self perspective were 

experienced from a 1st person point of view, through one’s own eyes.  Actions recalled 

from the Close to Self perspective were experienced as if one were a 3rd person observer 

standing close to where one’s partner was during the action.  Actions recalled from the 

Away from Self perspective were experienced as if one were a 3rd person observer 

standing on the periphery of the room far from where the action occurred.  Actions 

recalled from the Self as Partner perspective were experienced by imagining oneself to be 

one’s partner during the action.  Participants also rated each action on a several 

phenomenological characteristics, as well as perceived similarity between self and 

partner and perceived similarity between current and past selves. 

Based on previous findings (Frank & Gilovich, 1989; Pronin & Ross, 2006), we 

predicted that recalling events from a 3rd person perspective would result in a distancing 

of one’s current self from oneself in the past, reflected in reduced perceived similarity 
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Perspective 

Self Close to Self Away from Self Self as Partner 

1st Person 
 

Through own eyes 

 

3rd Person 
 

Standing next to 
partner 

 

3rd Person 
 

Standing on 
perimeter of room 

Imagine being 
partner 

 

Figure 6.  Actions in Study 2 were recalled from four different perspectives. 

 

 

Figure 7.  Instruction images presented to participants to illustrate the four different perspectives from 
which they should recall the actions from the previous day.   

 
 
ratings between current and past selves.  Also based on previous findings (Davis et al., 

1996; Davis et al., 2004; Batson, Early, & Salvarani, 1997), we predicted that imagining 

experiencing past events as one’s partner would result in an increase in perceived 

similarity ratings between oneself and one’s partner.   
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In terms of the neuroimaging data, we predicted activation in a common network 

of regions previously shown to be active when recalling autobiographical events and 

taking the perspective of others (Buckner & Carroll, 2007; Spreng, Mar, & Kim, 2009), 

including medial prefrontal and medial parietal cortices, lateral temporoparietal cortex, 

and the medial temporal lobes.  Based on previous findings (D’Argembeau et al., 2008; 

Ames et al., 2008), we predicted that activation in brain regions associated with self-

referential processing, such as medial prefrontal and medial parietal cortices, would 

exhibit increasing activation when recalling actions from perspectives progressively more 

similar to one’s own.  Since recalling events from a 3rd person perspective serves to 

distance oneself in the past, and since imagining oneself as one’s partner serves to bring 

self and other closer together, we predicted activation in these cortical midline regions 

following the pattern Self > Self as Partner > Close to Self > Away from Self.   

Also based on previous findings (Jeannerod & Anquetil, 2008; Vogeley et al., 

2004), we predicted that brain regions associated with taking a perspective that differs 

from one’s own, such as lateral temporo-parietal cortex, would exhibit increasing 

activation when recalling actions from perspectives progressively more distanced from 

one’s own.  We predicted activation in this region would follow a pattern Away from Self 

> Close to Self > Self as Partner > Self.   

Medial temporal lobe structures (the hippocampus and parahippocampal gyrus) 

are also part of the common remembering and perspective taking neural network.  Since 

these regions are strongly associated with the processing of spatial information (Maguire 

et al., 1998), and since recalling an event from a perspective that differs from one’s own 
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involves transforming the spatial context in which the event occurred, we predicted that 

these regions would also exhibit increasing activation when recalling actions from 

perspectives progressively more distanced from one’s own.  This should also follow the 

pattern Away from Self > Close to Self > Self as Partner > Self. 

Methods 

Participants 

Twenty-one University of Arizona undergraduates and graduate students 

participated in the study for course credit or monetary compensation (11 males, 10 

females; mean age 21.43 years; mean years of education 14.86).  Participants were 

screened to exclude drug and/or alcohol abuse, neurological disorder, head injury with 

sequellae, psychiatric illness, and contraindications to MRI.  One participant was 

excluded due to excessive movement during scanning; therefore, a total of 20 participants 

(11 male, 9 female) were included in the final analyses.  All participants gave their 

written informed consent, and all procedures were approved by the Human Subjects 

Protection Program at the University of Arizona. 

Materials and procedure: Day 1 

 Similar to Study 1, Study 2 took place over the course of two days.  On Day 1, 

participants were asked to physically perform a series of interactive tasks with a partner, 

which they were told they would be asked to remember roughly 24 hours later during the 

scanning session on Day 2.  Unlike Study 1, participants physically performed all of the 

actions in Study 2 in a socially interactive setting.  None of the actions were imagined.  In 

most cases, the partner was also a participant in the study, and participants were always 
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paired with a partner of the same gender with whom they had no previous relationship.  

In one case, a confederate was used as a partner because another participant could not be 

scheduled.  All of the activities on Day 1 took place in a large room in the Psychology 

building and in a smaller side room that was attached to it.  The side room contained a 

computer that presented participants and their partners with descriptions of the actions 

they would carry out together in the large main room. 

 Initially, participants and their partners were taken to the side room and told they 

would be asked to perform a series of interactive actions with the objects located around 

the large main room.  The main room contained several pieces of office furniture, such as 

bookcases, desks, tables, and filing cabinets, arranged around the perimeter as well as in 

the middle of the room.  Located at various stations around the room were various 

objects, which were needed to complete the actions (e.g., a pile of Legos, a blow-up 

Spiderman doll, a cup of water next to bottles of food coloring).  The objects were 

arranged in such a way that each action took place in a unique, specific location in the 

room (e.g., on the desk in the back right corner, on the floor by the main door, on the 

table in the middle of the room).  Since a large number of actions were carried out, each 

area of the room may have contained objects used in different actions.  For example, on 

the table in the middle of the room, the pile of Legos may have been placed in one corner 

while the cup of water and food coloring were placed on another corner; however, no two 

objects and their associated actions were in exactly the same location.   

In the side room, participants and their partners were visually presented with 

short, one-sentence action descriptions on a computer.  For each action, they were 
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instructed to thoroughly read the action description, go into the main room, find the 

object(s) indicated, and carry out the action together.  Each action was designed to take 

roughly 20 sec to complete, and participants were asked to complete each action in this 

amount of time.  After completing an action, participants were instructed to return to the 

computer in the side room and advance it to the next action description by pressing the 

spacebar.  They carried out this series of events until they had performed a total of 46 

interactive actions.  The actions were designed to be novel and unusual in order to 

facilitate successful memory retrieval on Day 2 and were also designed to similarly 

engage both participants while carrying out the task (e.g., “Take turns sorting the Legos 

by color and then build a house together using 5 from each color group”; “Standing on 

opposite sides of the Spiderman doll, push the doll back and forth to each other 10 

times”; “Person 1 puts 3 drops of blue and 3 drops of yellow food coloring in the cup of 

water while Person 2 mixes it”, etc.).  Some action descriptions contained instructions for 

“Person 1” and “Person 2”; the experimenter did not assign a specific role to each 

partner, so it was left up to participants how to carry out each of the tasks. 

After completing all tasks, participants were asked individually to complete 

several questionnaires.  One questionnaire was a modified version of the Inclusion of 

Other in the Self (IOS) Scale (Aron, Aron, & Smollan, 1992), in which participants were 

presented with Venn diagrams of two progressively more overlapping circles and were 

asked to choose the one that best described how similar or different they thought they and 

their partner were, with more overlapping circles representing more similarity (Figure 8).   

In addition, participants were asked to answer several questions, including the extent to  
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Figure 8.  A modified version of the Inclusion of Others in the Self Scale (Aron, Aron, & Smollen, 1992). 

 

which they felt embarrassed or awkward performing the tasks and to describe their 

rationale for their choice of how similar or different they felt to their partner.2 

It was stressed to participants that they would be asked to remember the actions 

that they were about to perform together during the scanning session on Day 2, so it was 

important that they paid close attention to each action description and fully carried out 

each action. 

Materials and procedure: Day 2 

Roughly 24 hours later on Day 2, participants were taken to the MRI suite at the 

University Medical Center, where they underwent fMRI scanning while recalling the 

interactive actions they had performed on Day 1.  They were asked to recall the actions 

from four different perspectives (Figures 6 & 7): a 1st person perspective (Self 

perspective), a 3rd person perspective close to the action (Close to Self perspective), a 3rd 
                                                 
2 Results from behavioral piloting of 50 total actions identified several actions that were either 
embarrassing and/or awkward to perform with a partner, and those actions were excluded from the fMRI 
version of the study.   
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person perspective far from the action (Away from Self perspective), and by imagining 

that they were their partner during the action (Self as Partner perspective).  In one block 

of trials, participants were asked to recall 11 of the actions from their own 1st person 

perspective, through their own eyes as they had originally experienced them (Self).  In 

another block of trials, participants were asked to recall 11 of the actions from the 

perspective of a third person observer in the room that was standing close to where their 

partner had been standing (Close to Self).  In another block of trials, participants were 

asked to recall 11 of the actions from the perspective of a third person observer in the 

room that was far from where the action was happening, on the periphery of the room 

(Away from Self).  And in another block of trials, participants were asked to imagine that 

they actually were their partner for 11 of the actions, and think about how they would 

have experienced the action if they had been in their partner’s position (Self as Partner).  

There were four blocks of trials total, and the block order was counterbalanced.  In 

addition, specific actions were counterbalanced for the perspective from which they were 

recalled and for presentation order.  Although participants had originally performed 46 

actions on Day 1, two of the actions were excluded on Day 2 to achieve an equal number 

of trials per condition.  Four scripts were created for use on Day 2, counterbalancing 

block order as well as the specific actions recalled from each perspective.  For each 

script, a different two actions were excluded; so across all scripts, all of the 46 actions 

from Day 1 were recalled. 

Participants were given extensive instructions and examples prior to the scanning 

session to ensure that they understood the distinction between the different perspectives.  
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They were presented with photographic examples of each of the perspectives, in which 

two research assistants unknown to the participants had posed while completing a 

hypothetical task (Figure 7).  These same instruction images were presented again at the 

beginning of each block to remind participants of the instructions for the different 

perspectives.  An example trial was also presented during the instructions to familiarize 

participants with the series of events in the scanner and the amount of time given to recall 

each action.  Participants were told they would be asked to answer follow-up questions 

after each remembered action.  The experimenter provided examples of each of these 

questions and explained what the questions meant.  It was explained that responses to the 

questions would be recorded by mouse button press, and participants were shown how to 

hold the mouse in their hands prior to entering the scanner.  A detailed description of the 

follow-up questions and their specific instructions is provided below in the section 

“Behavioral measures and analyses.” 

Figure 9 presents examples of the experimental procedure in the scanner.  At the 

beginning of each block, participants were presented with an instruction screen alerting 

them to the task they would be asked to perform during that particular block (e.g., 

“Remember: Self Perspective”, “Remember: Self as Partner Perspective”).  These 

instruction screens also included photographs to further remind participants of the 

instructions for each perspective.  They were then presented with a series of 11 action 

cues corresponding to some of the actions they had performed with a partner the previous 

day (e.g., “Pushing Spiderman doll”, “Mixing food coloring”).  Underneath each cue was 

a reminder for the perspective from which they should recall the actions (“Self”, “Close 
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to Self”, “Away from Self”, “Self as Partner”) in order to ensure that participants were 

always aware of the instructions for the current block of trials.  Each cue was presented 

for 3 sec, followed by an 18 sec blank screen, during which participants were instructed 

to close their eyes and recall in their minds in as much detail as possible that particular 

action from the perspective in the instructions for that block.  It was stressed that it was 

very important that they maintained the correct perspective the entire time they were 

recalling the action.  An alert tone indicated the end of the 18 sec memory period for the 

action and that participants should open their eyes and prepare to answer follow-up 

questions about what they just remembered. 

  

 

Figure 9. Experimental procedure for Day 2 of Study 2, including examples from the “Self” and “Away 
from Self” perspective blocks. 
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During the follow-up questions, participants responded by button press using two 

mice they were holding while in the scanner.  Six questions were presented sequentially 

for 4 to 5 sec each, and asked whether or not participants were able to recall the action, 

from which perspective they recalled the action, how vivid their memory for the action 

was, how difficult it had been to recall the action, how similar or different they felt they 

and their partner were, and how similar or different they felt that they were in the present 

compared to themselves when they had performed the action the previous day (see the 

section “Behavioral measures and analyses” below for a more detailed description of 

these follow-up questions). 

The control task used as a baseline with which to compare neural activity in our 

experimental conditions was an attentional vigilance task, identical to that used in Study 

1.  Participants were presented with a cue screen with the instructions, “Keep track of the 

number of dots that appear.”  During the next 10 seconds, a sequence of 1, 2, or 3 dots 

would appear at random intervals in the middle of a blank screen.  Then a question would 

appear on the screen asking how many dots they had seen, during which time participants 

would respond by pressing the mouse button corresponding to the number of dots they 

counted.  Control trials were randomly interspersed throughout the experimental trials in 

each block, with a total of 3 control trials per block.  A 3 sec “Rest” screen was presented 

between each trial in the block. 

Immediately following fMRI scanning, participants were asked to complete 

several questionnaires outside of the scanner.  They again completed the modified IOS 

Scale describing how similar to/different from their partner they felt.  Participants also 
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completed the Perspective Taking subscale of the Interpersonal Reactivity Index (Davis, 

1980), which measures one’s ability to “step outside the self” or take the perspective of 

others (Appendix A).  Participants rated on a scale from 1 to 5 (1 – Does NOT describe 

me well to 5 – Describes me well) how well certain statements described themselves 

(e.g., “Before criticizing somebody, I try to imagine how I would feel if I were in his/her 

place”).  And finally, participants were asked to answer several questions, including 

whether or not they were able to successfully take the correct perspective in each block, 

how they distinguished between perspectives (especially between the Close to Self 

perspective and the Self as Partner perspective), whether they felt more similar to or 

different from their partner than they did the previous day, and if so, why they though 

that might have been.3 

Behavioral measures and analyses 

As mentioned above, participants were asked to answer several follow-up 

questions after each recalled action regarding their ability to successfully carry out the 

tasks, their phenomenological experience while recalling each action, and their 

perceptions of themselves and their partners4.  The first question asked whether or not 

                                                 
3 Responses from participants during behavioral piloting indicated that they were able to successfully take 
the correct perspective in each block and that they understood the differences between perspectives, 
confirming that they understood the instructions and were able to carry out the tasks. 
4 Results from behavioral piloting indicated that participants were able to recall almost all of the actions, 
and that there was no difference across perspectives in the number of actions successfully recalled, with a 
repeated-measures ANOVA showing no main effect of perspective (F(3,39) = .80, p > .05).  A repeated-
measures ANOVA on the number of actions recalled from the correct perspective resulted in a significant 
main effect of perspective (F(3,39) = 6.03, p < .005), with participants slightly more successful in recalling 
actions from the Self perspective than Close to self (p < .05) and Away from Self (p < .01) perspectives, 
but with no differences between the other conditions (p’s > .05).  Results from further repeated-measures 
ANOVAs indicated no difference between perspectives in ratings of vividness (F(3,39) = 2.11, p > .05) and 
difficulty (F(3,39) = .59, p > .05).  There were also no differences between perspectives in ratings of 
perceived similarity between themselves and their partners (F(3,39) = .08, p > .05) and perceived similarity 
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they were able to recall the specific action to which the cue referred (1 – Yes, 2 – No).  In 

the case of a “No” response, no further questions were asked, but a “Rest” screen was 

presented for the remainder of the time it would have taken to answer the remaining 

questions before proceeding to the next cue.  Only actions that were successfully recalled 

were included in subsequent analyses. 

The next question asked from which perspective the previous action had been 

recalled (1 – Self, 2 – Close to Self, 3 – Away from Self, 4 – Self as Partner).  It was 

explained to participants that they should try to recall each action from the perspective in 

the instructions for that block, but if for some reason they found it difficult to maintain 

the perspective, or if they found themselves recalling an action from a different 

perspective, they should answer honestly regarding their experienced perspective for that 

trial.  This question was used to determine whether actions had been recalled from the 

correct perspective in each block.  Actions reported from the incorrect perspective were 

excluded from subsequent analyses.   

The next two questions asked participants to rate how vivid their memory for the 

previous action had been and how difficult it had been to recall the previous action, both 

using a scale from 1 to 5 (1 – Not at all, 2 – Somewhat, 3 – Moderately, 4 – Very, 5 – 

Extremely).  Participants were then presented with the same modified IOS Scale Venn 

diagrams they had seen on Day 1, with overlapping circles representing “Self” and 

“Other”.  Participants were instructed that, based on their memory for the particular 

                                                                                                                                                 
between themselves in the present and themselves in the past (F(3,39) = 1.30, p > .05).  Since piloting was 
focused on ensuring that participants could successfully carry out the tasks and understand the perspective 
instructions, only 14 participants were included, which led us to believe that the absence of differences in 
perceived similarity ratings could potentially be explained by a lack of power. 
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action they had just recalled, they should respond with the number corresponding to the 

circles that best represented how similar or different they felt they and their partner were 

(1 – least overlapping circles to 5 – most overlapping circles).  And the final question 

presented participants with similar Venn diagrams of overlapping circles, but this time 

the circles represented “Self Now” and “Self Then”.  Participants were instructed that, 

based on their memory for the particular action they had just recalled, they should 

respond with the number corresponding to the circles that best represented how similar or 

different they felt now compared to themselves in the past when they were performing 

that specific action (1 – least overlapping circles to 5 – most overlapping circles). 

Mean responses to each question were entered separately into a one-way 

repeated-measures ANOVA in order to determine whether there were any significant 

differences in participants’ successful completion of each task, their subjective 

experience while recalling the actions, and/or perceptions of themselves and their 

partners when recalling the actions from the four different perspectives. 

fMRI image acquisition and analyses 

Functional images were acquired on a 3.0T long bore echo-speed scanner with an 

8-channel phased-array coil (HD Signa Excite, General Electric, Milwaukee, WI).  A set 

of 3-plane localizer images was first collected in order to align the functional images.  

Using a two-dimensional single shot spiral in/spiral out sequence (Glover & Law, 2001; 

TR=3300 ms, TE=30 ms, FOV=240 mm, matrix=64 x 64), 34 sections were collected 

(3.8 mm, no skip) in order to collect isotropic voxels and achieve coverage of the entire 

brain. Sections were collected in an axial orientation along a plane defined by the 
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anterior-posterior commissural plane.  High-resolution anatomical 3D spoiled gradient 

recalled (SPGR) images were obtained in the sagittal plane (1.4 mm, -0.7 gap, TR=5.1, 

TE=20, TI=500, FOV=260 mm, matrix=256 x 256, flip angle=15°) for localization of 

functional activity and for registration of fMRI data sets to stereotactic space according to 

the Montreal Neurological Institute template.  Visual stimuli were projected from a Dell 

Dimension 8300 running Windows XP Pro through VisuaStim digital goggles 

(Resonance Technologies, Inc.) with three-dimensional stereoscopic capability, which 

participants wore while in the scanner.  Behavioral responses were collected with two 3-

button mice designed for use in the scanning environment.  DMDX presentation 

software, developed at Monash University and at the University of Arizona by K. I. 

Forster and J. C. Forster, was used to present visual and auditory stimuli, which also 

allowed the collection of behavioral response data and trial onset timing information for 

use in later neuroimaging analyses. 

Images were reconstructed offline and preprocessed using Statistical Parametric 

Mapping software (SPM5; Wellcome Department of Cognitive Neurology, London, UK) 

implemented in MatLab (Mathworks, Sherborn, MA, USA).  The data in each section 

were interpolated in time to match the acquisition timing of the middle section, and all 

volumes were realigned to the third volume to correct for movement.  Spatial 

normalization parameters were estimated by coregistering each participant’s high 

resolution SPGR images to the functional images, segmenting the SPGR and normalizing 

it to a standard MNI (Montreal Neurological Institute) template, and applying those 

parameters to the functional images.  The normalized images were resliced to 3×3×3 mm 
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voxels and smoothed with an isotropic 6mm FWHM Gaussian kernel. The time series in 

each voxel was highpass-filtered to 1/128 Hz and averaged over all voxels and scans 

within a session.   

Statistical analyses were performed by first modeling neural activity with a delta 

function at stimulus onset. The ensuing BOLD response was modeled by convolving 

these delta functions with a canonical hemodynamic response function (HRF; Friston et 

al., 1995) across the entire trial duration.  The resulting time courses were downsampled 

to form covariates in a General Linear Model.  Covariates were modeled for the 

canonical HRFs of the experimental conditions previously described, the control 

condition, parameters characterizing movement within each scan, and single covariates 

representing scan means (only canonical HRF covariates were used to make contrasts and 

move to second level analyses).  Stereotactic coordinates were generated in the standard 

MNI brain by SPM, and are reported here in MNI space.  Results were visualized using 

MRIcroN (v. Beta 31; Rorden, Karnath, & Bonilha, 2007). 

Contrasts of parameter estimates were then used in second-level analyses, which 

treated participants as a random effect.  A full-factorial ANOVA was carried out in SPM 

by entering individual statistical maps from the contrast of each perspective vs. control 

into the model, resulting in a one-way design.  These four contrasts of interest were 

entered into a conjunction analysis using the conjunction null method (Nichols et al., 

2005; Friston et al., 2005), thresholded at p < .05, corrected for multiple comparisons 

using a False Discovery Rate procedure (Benjamini & Hochberg, 1995; Nichols & 
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Hayasaka, 2003), to determine regions of significant activation common to recalling 

socially interactive, personally experienced events from all four perspectives.   

Based on our hypotheses regarding potential linear increases and/or decreases in 

activation as a function of the degree and type of perspective taking, several parametric 

contrasts were entered at the group level, each thresholded at p < .05, corrected for 

multiple comparisons by applying an extent threshold of 30 voxels.  This extent was 

determined using a Monte Carlo simulation (Slotnick, 2009).  Since an FDR correction 

has been shown to be conservative at smoothness levels greater than ~4mm FWHM 

(Nichols & Hayasaka, 2003), and our data was smoothed using a 6mm kernel, the cluster 

extent threshold was used as an alternative method to control for multiple comparisons 

while avoiding being too conservative to identify potentially subtle linear increases and 

decreases in activation across perspectives.  The first two contrasts were constructed to 

illustrate activation that significantly decreased with increasing distance from one’s own 

first person perspective.  These contrasts produced statistical maps of activation 

exhibiting a pattern of [Self > Close to Self > Away from Self > Self as Partner], and a 

pattern of [Self > Self as Partner > Close to Self > Away from Self].  Both contrasts 

should capture activation in regions most engaged when recalling events from a 1st 

person perspective, but should distinguish between regions based on their engagement 

when recalling events from the perspective of another person.  The second contrast 

identified regions in which recalling events from the Self as Partner perspective was more 

similar to the Self perspective than recalling events from a detached 3rd person observer 

perspective, a pattern which might be predicted in cortical midline regions, for example, 
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if imagining oneself as another person engages processing more similar to that engaged 

for one’s own perspective. 

An additional contrast was constructed to illustrate activation that significantly 

increased with increasing distance from one’s own 1st person perspective.  This contrast 

produced a statistical map of activation exhibiting a pattern of [Away from Self > Close 

to Self > Self as Partner > Self], the complement of the second contrast described above. 

This third contrast should identify activation in regions most engaged when recalling 

events from a 3rd person observer perspective, and less engaged with increasing similarity 

it one’s own Self perspective, potentially evident in regions such as lateral 

temporoparietal cortex. 

Results 

Behavioral results 

 Table 5 presents the mean values of participants’ behavioral responses to the 

follow-up questions.  Separate one-way repeated-measures ANOVAs for responses to 

each question5 indicated that a similar number of actions was successfully recalled, and a 

similar number of actions was recalled from the correct perspective across all four 

perspective conditions.  Actions recalled from the Self perspective were rated as 

                                                 
5 The same analyses were performed as mixed design ANOVAs with perspective as a within-subjects 
factor and gender as a between-subjects factor in order to determine whether the behavioral results were 
influenced by gender.  There were no significant effects of gender or gender x perspective interactions for 
the number of actions recalled, the number of actions recalled from the correct perspective, perceived 
similarity between participants and their partners, nor perceived similarity between participants in the 
present compared to themselves in the past.  There was a significant effect of gender for ratings of 
vividness (F(1,18) = 5.97, p < .05), with females rating their memories for the actions as more vivid than 
males (mfemale = 4.28; mmale = 3.82).  However, there was no significant gender x perspective interaction.  
There was also a significant effect of gender for ratings of difficulty (F(1,18) = 4.19, p = .05), with males 
rating the actions as more difficult to recall than females (mfemale = 1.32; mmale = 1.60).  Again, there was no 
significant gender x perspective interaction. 
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marginally more vivid than the other perspectives; however, all other comparisons 

indicated no significant differences between perspectives.  

 
Table 5. 
Mean (standard deviation) behavioral responses for Study 2. 
_____________________________________________________________________________________ 

Recalled         Correct         Vividness†     Difficulty         Self/            Self/ 
Perspective         (out of 11)     Perspective          Partner            Self 
_____________________________________________________________________________________ 

Self            10.85 (.37)      10.55 (.94)      4.22 (.47)      1.39 (.44)      3.19 (.61)      4.22 (.87) 
Close                  10.85 (.37)      10.00 (1.1)      3.92 (.58)      1.45 (.37)      3.18 (.67)      4.22 (.76) 
Away                 10.80 (.41)        9.00 (3.4)      3.96 (.57)      1.48 (.36)      3.17 (.64)      4.21 (.74) 
Partner               10.80 (.41)      10.10 (1.7)      4.01 (.69)      1.57 (.50)      3.19 (.60)      3.97 (.95) 
_____________________________________________________________________________________ 

† A one-way repeated-measures ANOVA indicated a marginal effect of perspective (F(3,57) = 2.37, p = 
.08), with Self perspective actions slightly more vivid than Close to Self and Away from Self. 

 

Responses from the IOS Scale questionnaires indicated that participants rated 

their partners as moderately similar to themselves both after completing the actions on 

Day 1 (m = 3.11, SD = .72) and post-scanning on Day 2 (m = 3.10, SD = .64).  A one-way 

repeated-measures ANOVA confirmed that there was no difference between these 

measures (F(1,17) = .07, p > .05).  Responses from the Perspective Taking subscale 

indicated that participants reported themselves to be relatively likely to take the 

perspective of others (m = 25.40, SD = 4.50) compared to normative data (m = 17.37, SD 

= 4.79; Davis, 1980).  An additional one-way ANOVA with responses from both Day 1 

and Day 2 IOS Scales and the Perspective Taking subscale as dependent variables and 

gender as a between subjects factor indicated that there were no effects of gender for any 

of these measures (p’s > .05).6 

                                                 
6 Responses from both the Day 1 and Day 2 IOS scales and the Perspective Taking subscale were also 
entered as covariates in repeated-measures ANOVAs performed on ratings of perceived similarity between 
participants and their partners (self/partner) as well as ratings of perceived similarity between participants 
in the present compared to themselves in the past (self/self).  These analyses indicated that there were no 
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Neuroimaging results 

A conjunction analysis was performed to determine regions of significant 

activation common to recalling actions across all four perspectives.  A network of regions 

commonly associated with recalling personally experienced events was observed, 

including activation in the medial temporal lobes, lateral prefrontal cortex, medial 

prefrontal cortex/cingulate gyrus, lateral temporoparietal cortex, medial parietal cortex, 

and the cerebellum.  Table 6 and Figure 10 illustrate these results. 

 
Table 6. 
Brain regions exhibiting significant activation for recalling actions from all four perspectives. 
_____________________________________________________________________________________ 

Cluster           # voxels L/R BA T-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Inferior Frontal    1128 
 Inferior frontal gyrus   L 45 4.54  -44 28 2 
 Inferior frontal gyrus   L 45 4.40  -52 26 -2 
 Inferior frontal gyrus   L 47 4.40  -46 34 0 
 Inferior frontal gyrus   L 47 4.02  -44 24 -14 
 Inferior frontal gyrus   L 47 3.95  -34 30 0 
 Inferior frontal gyrus   L 47 3.65  -44 16 4 
Inferior Frontal Gyrus   8 L 47 2.98  -32 24 -18 
 
Superior Frontal   415 
 Superior frontal gyrus   L 10 4.00  -20 54 32 
 Superior frontal gyrus   L 10 3.50  -18 56 22 
 Superior frontal gyrus   L 10 3.04  -22 52 10 
Superior Frontal Gyrus   17 R 9 3.11  6 58 28 
Superior Medial/Lateral Frontal  4888 
 Medial frontal gyrus (SMA)  L 6 5.41  -12 2 64 
 Cingulate gyrus (SMA)   L 32 5.32  -8 16 46 
 Superior frontal gyrus (SMA)  L 6 5.93  -4 10 58 
 Superior frontal gyrus   L 6 6.00  -14 8 60 
 Superior frontal gyrus   L 6 5.55  -22 2 62 
 Superior frontal gyrus   R 6 3.24  24 -2 58 

                                                                                                                                                 
significant interactions between the self/partner or the self/self ratings and responses to both IOS scales and 
the Perspective Taking subscale (p’s > .05).  This suggests that participants’ initial perceived similarity 
between themselves and their partners did not differentially influence their perceived similarity when 
recalling the actions from different perspectives.  These results additionally suggest that participants’ 
propensity to take the perspective of others also did not differentially influence the perceived similarity 
between themselves and their partners (nor themselves in the past), which may have been predicted, 
especially for the Self as Partner perspective. 
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Table 6 (continued). 
Brain regions exhibiting significant activation for recalling actions from all four perspectives. 
_____________________________________________________________________________________ 

Cluster           # voxels L/R BA T-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Superior Medial/Lateral Frontal (continued) 
 Middle frontal gyrus   L 6 3.66  -26 -14 50 
 Middle frontal gyrus   L 6 5.95  -34 6 56 
 Middle frontal gyrus   R 6 2.90  20 2 64 
 Middle frontal gyrus   L 8 4.01  -30 20 44 
 Middle frontal gyrus   L 8 3.92  -22 16 48 
 Middle frontal gyrus   L 8 3.57  -52 14 42 
 Middle frontal gyrus   L 9 3.32  -20 38 42 
 Middle frontal gyrus   L 9 4.15  -44 18 34 
Caudate    27 L  3.18  -18 10 14 
Medial/Lateral Temporoparietal  6875  
 Posterior cingulate   L 30 4.93  -18 -60 10 
 Posterior cingulate   R 23 5.52  12 -62 14 
 Posterior cingulate   R 23 4.70  6 -58 20 
 Precuneus    L 7 6.53  -14 -64 48 
 Precuneus    L 7 4.72  -20 -74 46 
 Precuneus    L 7 4.14  -2 -64 58 
 Precuneus    R 7 3.93  8 -62 48 
 Precuneus    R 7 3.24  14 -82 46 
 Superior parietal lobule   L 7 3.30  -40 -66 50 
 Superior parietal lobule   L 7 6.53  -18 -68 58 
 Superior parietal lobule   R 7 2.79  18 -64 64 
 Angular gyrus    L 39 4.33  -40 -80 30 
 Angular gyrus    L 40 3.05  -48 -58 34 
 Middle temporal gyrus   L 39 5.75  -40 -60 16 
 Middle temporal gyrus   L 39 4.02  -52 -66 22 
 Precuneus    L 19 4.66  -34 -84 34 
 Precuneus    L 31 5.64  -6 -62 28 

Cuneus     L 31 5.17  -14 -58 24 
 Lingual gyrus    R 18 4.23  8 -58 0 
 Cerebellum    R  4.77  12 -58 -10 
Superior Parietal Lobule   5 R 7 2.83  22 -62 62 
Temporo-Parieto-Occipital  312  
 Angular gyrus    R 39 4.14  48 -76 30 
 Middle temporal gyrus   R 39 4.08  42 -70 20 
 Superior occipital gyrus   R 19 2.91  40 -84 24 
 Cuneus     R 19 3.70  28 -86 36 
Middle Temporal Gyrus   7 L 21 2.87  -58 -58 -4 
PHG/Lingual Gyrus/Cerebellum  327 L 19 4.92  -12 -60 -4 
Middle Occipital Gyrus   17 R 19 3.30  30 -62 0 
Cerebellum    71 
 Cerebellum    R  3.47  14 -58 -24 
 Cerebellum    R  3.27  18 -64 -30 
_____________________________________________________________________________________ 

Abbreviations: L – left, R – right, BA – Brodmann’s Area, MNI – coordinates for local maxima within 
each cluster reported in MNI space, SMA – supplementary motor area, PHG – parahippocampal gyrus.   
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Figure 10. Regions of significant activation common to recalling actions across all four perspectives.  
Results are overlaid on sagittal sections of a template brain, with the coordinates in the x-plane displayed 
above. 

 
A series of linear parametric contrasts was created in order to determine which 

brain regions exhibited patterns of increased and decreased activation as a function of 

recalling actions from perspectives progressively closer to and distanced from one’s own 

perspective.  Several brain regions were most active when recalling actions from the Self 

perspective and exhibited decreasing activation with more distanced perspectives; they 

included the posterior medial frontal cortex (BA 6), lateral fronto-parietal cortex (BA 4), 

insula, temporal pole, medial temporal lobe, posterior temporo-occipital cortex, visual 

cortex, and the cerebellum (Table 7).  However, when comparing patterns of 

activation from the [Self > Partner > Close > Away] contrast with the [Self > Close > 

Away > Partner] contrast, several regions distinguished the two, including a region of 

medial frontal gyrus/anterior cingulate cortex (Table 8; Figure 11).  This region of medial 

prefrontal cortex, as well as regions of posterior superior temporal gyrus and visual 

cortex, exhibited a significant pattern of activation uniquely for the contrast in which the 

Self as Partner perspective was more similar to the Self perspective [Self > Partner > 

Close > Away].  Conversely, regions of insular cortex, the temporal poles, medial 

temporal lobes, fusiform and lingual gyri, and the cerebellum exhibited a pattern of 
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activation uniquely for the contrast in which the Self as Partner perspective was the most 

distinct from the Self perspective [Self > Close > Away > Partner].  Common to both 

contrasts was activation in regions of medial and lateral fronto-parietal cortex, including 

the supplementary motor area and somatosensory cortex (BA 4/6; Figure 11). 

 
Table 7. 
Brain regions exhibiting a pattern of significant activation for the parametric contrast Self > Close to Self > 
Away from Self > Self as Partner. 
_____________________________________________________________________________________ 

Cluster         # voxels L/R BA T-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Posterior Medial Frontal   211  
 Medial frontal gyrus (SMA)  R 6 2.27  8 -20 58 
 Paracentral lobule   R 6 2.66  12 -32 60 
 Postcentral gyrus    R 4 2.18  12 -40 62 
Lateral Fronto-Parietal   1435 
 Precentral gyrus    L 4 2.15  -36 -18 46 
 Postcentral gyrus    L 4 3.58  -38 -26 58 
 Postcentral gyrus    L 3 2.96  -50 -22 54 
 Postcentral gyrus    L 3 2.73  -26 -38 60 
 Postcentral gyrus     L 1 3.60  -58 -20 48 
 Postcentral gyrus    L 2 2.19  -30 -40 68 
 Postcentral gyrus    L 40 2.65  -28 -40 56 
 Inferior parietal lobule   L 40 2.16  -48 -38 58 
Insula     65 L 13 2.43  -32 -16 14 
Insula     57 L 13 2.18  -38 8 4 
Insula/Inferior Frontal   399 
 Insula     R 13 2.42  36 6 -4 
 Insula     R 13 2.09  40 -2 -2 
 Inferior frontal gyrus   R 47 2.06  40 16 -4 
Insula/Superior Temporal  136 L 13 2.99  -40 -20 -6 
Insula/Superior Temporal  108 R 13/22 2.53  46 -16 2 
Superior Temporal/Temporal Pole 148 R 21/38 2.75  38 2 -26 
Superior Temporal Gyrus  55 L 42 2.02  -58 -34 16 
Middle Temporal Gyrus   55 R 20 2.22  50 -32 -18 
Fusiform/PHG/Cerebellum  1347  
 Thalamus    L  2.34  -4 -22 0 
 Hippocampus    R  1.72  34 -14 -16 
 Parahippocampal gyrus   R 36 2.02  32 -24 -18 
 Parahippocampal gyrus   R 30 1.90  20 -44 2 

Parahippocampal gyrus   R 19 2.35  26 -50 -8 
 Fusiform gyrus    R 20 2.74  32 -36 -20 
 Fusiform gyrus    L 37 2.49  -30 -48 -16 
 Fusiform gyrus    R 37 2.21  36 -46 -14 
 Fusiform gyrus    L 19 1.76  -40 -70 -20 
 Fusiform gyrus    R 19 1.91  26 -58 -14 
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Table 7. (continued) 
Brain regions exhibiting a pattern of significant activation for the parametric contrast Self > Close to Self > 
Away from Self > Self as Partner. 
_____________________________________________________________________________________ 

Cluster         # voxels L/R BA T-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Fusiform/PHG/Cerebellum (continued) 
 Lingual gyrus    L 19 2.26  -30 -74 -16 
 Brainstem (midbrain)   L  2.69  -2 -28 -12 
 Brainstem (midbrain)   R  1.74  8 -36 -22 
 Cerebellum    L  2.46  -6 -58 -14 
 Cerebellum    R  2.60  6 -54 -16 
 Cerebellum    L  2.15  -36 -62 -20 
Lingual Gyrus    102 R 18 2.45  16 -82 -10 
Middle Occipital Gyrus   72 L 19 2.14  -38 -88 2 
Visual Cortex    150 
 Middle occipital gyrus   R 19 2.43  32 -90 4 
 Middle occipital gyrus   R 18 2.04  18 -88 1 
 Cuneus     R 18 1.80  26 -86 8 
_____________________________________________________________________________________ 

Abbreviations: L – left, R – right, BA – Brodmann’s Area, MNI – coordinates for local maxima within 
each cluster reported in MNI space, SMA – supplementary motor area, PHG – parahippocampal gyrus.   
Statistical maps were thresholded at  p < .05, corrected for multiple comparisons. 
 
 
Table 8. 
Brain regions exhibiting a pattern of significant activation for the parametric contrast Self > Self as Partner 
> Close to Self > Away from Self. 
_____________________________________________________________________________________ 

Cluster    # voxels  L/R BA T-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Medial Frontal Gyrus/ACC  33 R 11/32 2.36  4 30 -10 
Medial Frontal Gyrus (SMA) 1  38 L 6 1.95  -6 -10 60 
Medial Frontal Gyrus (SMA)1  74 R 6 2.43  10 -18 58 
Medial Frontal Gyrus (SMA) 1  77 R 6 2.07  10 -28 56 
Lateral Fronto-Parietal1   146 
 Middle frontal gyrus   L 6 2.14  -52 4 46 
 Precentral gyrus    L 4 2.29  -56 -8 46 
 Precentral gyrus    L 4 2.36  -62 -14 40 
 Inferior parietal lobule   L 4 2.40  -60 -22 46 
Precentral Gyrus   31 R 4 2.09  56 -10 50 
Superior Temporal Gyrus  81 R 22 2.25  48 -30 -2 
Visual Cortex    592  
 Cuneus     L 18 3.15  -10 -92 6 
 Cuneus     R 18 2.76  2 -96 18 
_____________________________________________________________________________________ 

Abbreviations: L – left, R – right, BA – Brodmann’s Area, MNI – coordinates for local maxima within 
each cluster reported in MNI space, ACC – anterior cingulate cortex, SMA – supplementary motor area.   
Statistical maps were thresholded at  p < .05, corrected for multiple comparisons. 
1 Overlaps activation in the Self > Close to Self > Away from Self > Self as Partner contrast. 
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Figure 11.  Brain regions exhibiting a linear decrease in activation for the [Self > Close > Away > Partner] 
contrast in red, and for the [Self > Partner > Close > Away] contrast in blue, illustrating several regions 
common (posterior fronto-parietal) and unique (ventromedial prefrontal, cerebellum) to each contrast. 
Graphs of parameter estimates for local maxima of clusters in the supplementary motor area, cerebellum, 
and medial frontal gyrus are displayed.  Results are overlaid on a sagittal section of a template brain, with 
the coordinate in the x-plane displayed above. 

 

 

Figure 12.  Brain regions exhibiting a linear decrease in activation for the contrast [Away > Close > 
Partner > Self].  Graphs of parameter estimates for local maxima of clusters in the hippocampus, precuneus, 
medial prefrontal cortex, and temporo-parietal cortex are displayed.  Results are overlaid on sagittal 
sections of a template brain, with coordinates in the x-plane displayed above. 
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Regions least engaged when recalling actions from the Self perspective, and 

exhibiting increasing activation with more distanced perspectives, included distinct 

regions of medial and lateral prefrontal cortex (BA 9/10/11), posterior medial frontal 

cortex (BA 6), lateral temporal cortex (BA 20/21), medial temporal lobe structures, 

medial parietal cortex (BA 29/31/7), and lateral temporoparietal cortex (BA 39).  Table 9 

and Figure 12 detail regions of significant activation for the [Away > Close > Partner > 

Self] contrast. The contrast [Partner > Away > Close > Self] was also conducted, and 

resulted in a less extensive but largely overlapping pattern of activation, and is therefore 

not presented here.  This suggests that there may be less differentiation between the 

Away, Close, and Partner perspectives in these brain regions than there is between Self 

and these different perspectives, and that the specific pattern of activity presented here 

[Away > Close > Partner] should be interpreted with caution. 

 
 
Table 9. 
Brain regions exhibiting a pattern of significant activation for the parametric contrast Away from Self > 
Close to Self > Self as Partner > Self. 
_____________________________________________________________________________________ 

Cluster         # voxels L/R BA T-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Medial Frontal    854 
 Medial frontal gyrus   L 10 2.94  -2 58 0 
 Medial frontal gyrus   R 10 2.63  8 44 -6 
 Medial frontal gyrus   R 10 2.58  8 60 6 
 Medial frontal gyrus   L 11 1.87  -2 44 -12  
 Medial frontal gyrus   R 11 2.05  6 56 -14 
Medial/Lateral Frontal   1374 
 Medial frontal gyrus   L 9 2.37  -16 38 30 
 Middle frontal gyrus   L 9 2.21  -30 28 36 
 Middle frontal gyrus   L 10 1.89  -34 52 26 
 Superior frontal gyrus   L 10 1.88  -28 48 26 
 Cingulate gyrus    R 23 2.05  2 -22 28 
 Insula     L 13 1.93  -32 2 18 
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Table 9. (continued) 
Brain regions exhibiting a pattern of significant activation for the parametric contrast Away from Self > 
Close to Self > Self as Partner > Self. 
_____________________________________________________________________________________ 

Cluster         # voxels L/R BA T-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Orbital Frontal    43 
 Middle frontal gyrus   R 11 2.52  28 34 -16 
 Inferior frontal gyrus   R 47 1.80  24 24 -20 
Posterior Medial Frontal   73 
 Middle frontal gyrus   L 6 2.54  -16 8 68 
 Middle frontal gyrus   L 6 2.56  -20 10 66 
 Superior frontal gyrus   L 6 2.22  -20 0 70 
 Superior frontal gyrus (SMA)  L 6 2.57  -14 12 66 
 Superior frontal gyrus   L 6 2.70  -18 14 64 
Caudate    159 R  2.30  26 -38 10 
Superior Temporal Gyrus  33 R 22 2.17  54 8 -4 
Lateral Temporal   127 
 Fusiform gyrus    R 20 2.82  46 -10 -28 
 Inferior temporal gyrus   R 20 1.74  60 -36 -20 
 Inferior temporal gyrus   R 21 2.70  56 -18 -20 
 Middle temporal gyrus   R 21 2.65  56 -10 -22 
Posterior Lateral Temporal  433 
 Middle temporal gyrus   L 39 3.07  -50 -80 20 
 Middle temporal gyrus   L 39 2.62  -48 -70 22 
 Middle temporal gyrus   L 39 1.79  -58 -70 10 
Middle Temporal Gyrus   73 R 37 2.63  46 -60 -2 
Temporo-Parieto-Occipital  4076 
 Hippocampus    L  2.67  -30 -16 -20 
 Hippocampus/PHG   L  2.97  -34 -8 24 
 Parahippocampal gyrus   L 20 2.52  -34 -12 -26 
 Parahippocampal gyrus   L 35 2.48  -28 -24 -18 
 Parahippocampal gyrus   L 36 2.28  -26 -42 -6 
 Parahippocampal gyrus   L 37 2.98  -32 -38 -14 
 Cingulate gyrus    L 31 3.01  -8 -42 42 
 Cingulate gyrus    L 31 2.70  -2 -58 28 
 Cingulate gyrus    R 31 2.29  12 -48 40 
 Posterior cingulate gyrus   L 29 3.08  -10 -44 18 
 Posterior cingulate gyrus   L 31 2.78  -8 -56 24 
 Posterior cingulate gyrus   R 23 2.65  8 -58 16 
 Precuneus    L 31 2.43  -10 -64 20 
 Precuneus    R 23 2.70  4 -64 18 
 Precuneus    L 7 2.21  -18 -52 50 
 Precuneus    L 7 2.63  -4 -54 40 
 Precuneus    R 7 2.30  4 -56 34 
 Superior parietal lobule   L 7 2.38  -14 -66 56 
 Superior parietal lobule   R 7 2.60  10 -72 56 
 Lingual gyrus    L 19 2.67  -14 -56 -2 
 Superior occipital gyrus   R 19 3.87  38 -84 32 
 Cerebellum    L  2.75  -6 -48 -16 
Hippocampus    40 R  1.94  32 -24 -6 
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Table 9. (continued) 
Brain regions exhibiting a pattern of significant activation for the parametric contrast Away from Self > 
Close to Self > Self as Partner > Self. 
_____________________________________________________________________________________ 

Cluster         # voxels L/R BA T-value  MNI (x,y,z)  
 Region 
_____________________________________________________________________________________ 

Medial Temporal/Cerebellum  437 
 Parahippocampal gyrus   R 35 2.83  16 -30 -14 
 Parahippocampal gyrus   R 36 3.08  28 -40 -12  
 Cerebellum    R  2.78  18 -40 -26 
 Cerebellum    R  2.01  30 -50 -20 
 Brainstem (pons)    R  1.97  8 -30 -24 
 Brainstem (midbrain)   R  1.85  6 -38 -16 
Fusiform Gyrus    40 R 20 2.64  40 -32 -20 
Fusiform Gyrus    35 R 37 2.24  40 -52 -22 
_____________________________________________________________________________________ 

Abbreviations: L – left, R – right, BA – Brodmann’s Area, MNI – coordinates for local maxima within 
each cluster reported in MNI space, PHG – parahippocampal gyrus, SMA – supplementary motor area.   
Statistical maps were thresholded at  p < .05, corrected for multiple comparisons. 

 

Discussion 

 Although perspective did not appear to influence ratings of perceived similarity, 

either between self and partner or between current and past selves, we observed patterns 

of increasing and decreasing activation in a several brain regions as a function of distance 

from the Self perspective.  I will discuss possible reasons why we did not observe the 

predicted differences in behavioral ratings between perspectives, as well as potential 

implications this may have for our neuroimaging results.  Then I will discuss our findings 

of activation in a common network of brain regions when recalling personally 

experienced, socially interactive events from the 1st person, 3rd person, and imagined 

partner perspectives and its similarity to previously reported networks.  And finally, I will 

discuss patterns of both increasing and decreasing activation with distance from the Self 

perspective, focusing on regions of somatosensory cortex, medial prefrontal cortex, 

medial parietal cortex, and lateral temporoparietal cortex in relation to our hypotheses 
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regarding activation in these regions.  Possible explanations for the observed patterns of 

activation are discussed. 

Perspective did not affect ratings of perceived similarity 

Results from Study 2 indicated that there were no differences in the 

phenomenological experience of recalling previously performed actions across the 

different perspectives, similar to results from Study 1.  Contrary to our predictions, and 

inconsistent with previous literature (Frank & Gilovich, 1989; Davis et al., 1996), there 

were also no differences in perceived similarity between oneself and one’s partner or 

between oneself in the present compared to oneself in the past as a function of 

perspective.  There are several possible reasons why these behavioral effects may not 

have been detected in this study.   

One possible reason why ratings of perceived similarity between self and partner 

did not differ across perspectives may have been that the paradigm used in Study 2 was 

different in some critical way from previous behavioral studies that reported imagining 

oneself in the position of another person resulted in increased perceptions of self/other 

similarity.  Previous studies have asked participants to engage in tasks such as watching a 

video of another person and subsequently rating them on a list of trait adjectives (Davis et 

al., 1996), or listening to a radio interview with another person and then rating how much 

empathy they felt with that person (Batson, Early, & Salvarani, 1997).  The current study 

had participants imagine themselves in the position of another person, but in the context 

of recalling events they had previously experienced with that person, and though they 

were instructed to think about how they would have experienced the event as their 
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partner, participants were not given specific instructions to focus on their mental states or 

emotional responses.  It is possible that the act of perspective taking in memory, at least 

in the paradigm of the current study, may not have as much of an impact on inferences 

about the personality or characteristics of the other person as the paradigms used in 

previous studies.  

Partners were not specifically chosen to be different from one another, and most 

participants were university undergraduates of similar age and level of education.  

Therefore, there may not have been sufficient perceived differences between partners 

initially for the perspective-taking task to have a significant effect in this sample.  In 

addition, the fact that these partners had previously engaged in cooperative tasks together 

may have served to increase perceived similarity and superseded any subsequent effects 

of imagining themselves as their partners.  Perceived similarity ratings were not gathered 

on Day 1 prior to carrying out the tasks, before participants had interacted with their 

partners, but only at the end of Day 1, so it is unknown how completing the actions 

together may have changed their initial perceptions.  That being said, during piloting, 

several participants remarked that they felt more similar to their partners after imagining 

themselves as their partners during memory retrieval because it made them consider each 

interaction from their partners’ perspective.  Although this effect may not have been 

apparent in the perceived similarity ratings, participants appeared to be engaging in the 

type of perspective taking that has previously been shown to lead to increased ratings of 

self/other similarity. 
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We may not have observed differences in ratings of perceived similarity between 

the self in the present compared to the self in the past in this study because, again, the 

paradigm may have been sufficiently different from previous behavioral studies in which 

recalling oneself from a more distanced 3rd person perspective was associated with the 

perception of being less similar to a past self.  Such studies generally report these 

findings for autobiographical events recalled across the lifespan, where participants have 

a more extended time line in which to perceive a change in themselves (Pronin & Ross, 

2006; Libby, Eibach, & Gilovich, 2005).  The current study asked participants to recall 

events from just 24 hours previous, potentially limiting the amount of perceived change 

that the perspective manipulation may have elicited.  Again, however, participants were 

able to successfully recall actions as if they were 3rd person observers watching 

themselves, which has previously been associated with decreased feelings of similarity 

between present and past selves. 

Another possible explanation for our lack of predicted behavioral effects is the 

relatively few number of participants in the current study (n=20) compared to the 

behavioral studies cited above, which included anywhere from 40 to 120 participants.  

The restrictions of conducting an fMRI study limited the number of participants that 

could feasibly be included, potentially limiting the power with which to detect previously 

reported differences in perceived similarity. 

Though we did not observe the predicted differences in perceived similarity, 

participants were able to successfully engage in recalling actions from the four different 

perspectives.  We have assumed that engaging in these different forms of perspective 
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taking involved similar cognitive and neural processes as those associated with increased 

perceptions of similarity between self and other as well as increased perceptions of 

dissimilarity between a current and past self.  In addition, with respect to the fMRI 

results, the fact that there were no differences across perspectives in phenomenological as 

well as perceived similarity ratings allows us to conclude that the patterns of activation 

observed are a result of differences in recalling the events from the various perspectives 

and not confounded with other differences in participants’ subjective experience of their 

memories for the actions. 

Neural activation common to recalling events from all four perspectives 

Similar to results from Study 1, a conjunction analysis indicated that recalling 

actions performed interactively with a partner from a 1st person perspective, a 3rd person 

(both proximal and distal to the action) perspective, and by imagining oneself as one’s 

partner commonly activated a network of brain regions, including left ventrolateral and 

anterior prefrontal cortex, the cingulate gyrus and posterior medial frontal cortex, 

posterior lateral frontal cortex, caudate, the precuneus and posterior cingulate gyrus, 

temporoparietal cortex, the parahippocampal gyrus, lingual gyrus, and the cerebellum.  A 

similar common network of brain regions is engaged by both remembering and imagining 

autobiographical events as well as simulating the perspective of another person, all tasks 

requiring the ability to project oneself into an alternate situation (Buckner & Carroll, 

2007).  Additionally, Eich and colleagues (2009) reported a similar common network of 

brain regions active during the retrieval of recently experienced autobiographical events 

from the 1st as well as 3rd person perspectives.   
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These results suggest that recalling memories for personally experienced, socially 

interactive events from one’s own perspective, from the perspective of an observer, and 

by imagining oneself as a person with whom one interacted engages a common network 

of brain regions similar to previously reported findings. 

Brain regions exhibiting DECREASED activation with distance from Self perspective 

The main focus of the fMRI analyses in the current study was to determine 

whether brain regions previously shown to be involved specifically in self-related 

processing (cortical midline regions) and brain regions previously shown to be involved 

in taking a perspective that differs from one’s own (lateral temporoparietal regions) 

would be sensitive to recalling events from perspectives that were either progressively 

more close to or more distanced from one’s own 1st person perspective.  In order to 

address the first of these questions (i.e., which brain regions were most engaged by 

recalling events from a 1st person perspective and progressively less engaged by 

perspectives more distanced from the self), two linear parametric contrasts were 

constructed.  Since the Self � Close to Self � Away from Self progression was clear in 

its increasing distance from the 1st person perspective, what remained unclear was the 

role of the Self as Partner perspective.  On the one hand, imagining oneself as another 

person could be viewed as the perspective most distanced from the self, since it requires a 

transformation from one’s own perspective to a completely opposite perspective, and 

additionally requires the transformation of oneself into the mind of another person.  In 

this case, activation in brain regions sensitive to these differences would show a linear 

decrease from Self � Close to Self � Away from Self � Self as Partner.  Alternatively, 
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imagining oneself as another person appears to engage cognitive and neural processes 

more similar to taking one’s own perspective, which is suggested by an increase in 

perceived similarity between oneself and another person (Davis et al., 1996) and more 

similar activation in medial prefrontal cortex when making judgments about oneself and 

another person (Ames et al., 2008).  If this is the case, then the Self as Partner perspective 

could be viewed as the perspective least distanced from the self, and activation in brain 

regions sensitive to these differences would show a linear decrease from Self � Self as 

Partner � Close to Self � Away from Self. 

Our results indicated that somatosensory regions, including posterior medial 

frontal and lateral fronto-parietal cortex (BA 4/6), exhibited both activation patterns.  

This could suggest that there is insufficient power to distinguish between the two patterns 

([Close � Away � Partner] compared to [Partner � Close � Away]).  Additionally, 

this could suggest that these regions are more sensitive to the differentiation between the 

1st person, Self perspective and taking a non-self perspective than specific differences 

between 3rd person observer perspectives and imagining oneself in the perspective of 

another person.  Therefore, these data do not appear to strongly differentiate between the 

two patterns; they provide evidence that somatosensory cortex is most active when 

recalling actions from the 1st person perspective and less active when recalling actions 

from a non-self perspective.  These findings are similar to those of Eich and colleagues 

(2009), who observed reduced activation in similar somatosensory regions for 

autobiographical memories recalled from a 3rd compared to a 1st person perspective.  

Activation in somatosensory regions has been linked to the representation of one’s own 
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body and interoceptive awareness (Critchley, Wiens, Rotshtein, Ohman, & Dolan, 2004) 

as well as self-reflective judgments compared to judgments about others (Modinos, 

Ormel, & Aleman, 2009).  Together, this suggests that the reason that somatosensory 

cortex in the current study was most engaged when recalling events from a 1st person 

perspective and less engaged when recalling events from the 3rd person and Self as 

Partner perspectives is due to the diminished access to interoceptive information 

processed in these regions when recalling events from a perspective not centered in one’s 

own body.  Interoceptive, self-reflective information may not, however, be differentially 

accessed when recalling events from different non-self perspectives. 

The insular cortex is another brain region implicated in interoceptive awareness 

and self-reflection (Critchley et al., 2004; Modinos, Ormel, & Aleman, 2009) and 

recalling autobiographical events from a 1st compared to a 3rd person perspective (Eich et 

al., 2009).  Our results indicated that activation in this region followed the pattern Self � 

Close to Self � Away from Self � Self as Partner, suggesting that accessing information 

regarding one’s own internal bodily state provided by the insula is most involved in 

recalling events from one’s own perspective, less so in recalling events from a 3rd person 

perspective, and the least involved in recalling events from the perspective of another 

person.  Activation in the insula has been associated with empathic responses, such as 

exhibiting similar activation when experiencing pain oneself and when watching videos 

of others experiencing pain (Ochsner et al., 2008).  However, it appears that this 

similarity in self/other processing does not extend to imagining oneself as another person 

while recalling past events. 
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In contrast, a region of ventromedial prefrontal cortex exhibited activation 

consistent with the pattern Self � Self as Partner � Close to Self � Away from Self.  

Activation in this region of the brain has been associated with self-referential processing 

across a variety of domains, and specifically with determining the degree to which stimuli 

are self-related (for review, see Northoff et al., 2006), making visuo-spatial judgments 

about an environment from a 1st compared to a 3rd person perspective (Vogeley et al, 

2004), recalling autobiographical events from a 1st compared to a 3rd person perspective 

(Eich et al., 2009), and is sensitive to the degree to which one has taken the perspective of 

another person (Ames et al., 2008).  By imagining how one would have experienced an 

event from the perspective of another person, especially compared to recalling an event 

from a more detached 3rd person perspective, one would theoretically engage in more 

self-referential processing and the evaluation of information as related to the self.  

Although we did not observe the effects behaviorally in this study, engaging in this type 

of perspective taking has been shown to result in the perception of another person as 

more similar to oneself.  The pattern of activation observed in the ventromedial prefrontal 

cortex is consistent with the idea that imagining oneself in the position of another person 

elicits activation in regions sensitive to the self-relatedness of information that is more 

similar to activation elicited by recalling information from one’s own perspective, 

consistent with the findings of Ames and colleagues (2008). 

These results suggest that brain regions associated with monitoring the internal 

states of one’s own body (somatosensory and insular cortices) are most significantly 

engaged when recalling past events from a 1st person perspective, and not necessarily 



109 

engaged when attempting to imagine oneself as another person during a past event.  In 

contrast, a brain region associated with self-referential processing and 1st person 

perspective taking (ventromedial prefrontal cortex) was most significantly engaged when 

recalling events from a 1st person perspective, but was also engaged when imagining 

oneself as another person, more so than when recalling events from a 3rd person 

perspective.  This may indicate that different types of self-referential processing, with 

access to and evaluation of different types of information, are engaged when taking a 1st 

person perspective and when attempting to take the perspective of another person. 

Brain regions exhibiting INCREASED activation with distance from Self perspective 

 In order to address the question of which brain regions were least engaged by 

recalling events from a 1st person perspective and progressively more engaged by 

perspectives more distanced from the self, another linear parametric contrast was 

constructed.  Our results indicated that activation in several brain regions exhibited a 

pattern of Away from Self � Close to Self � Self as Partner � Self, including a distinct 

region of medial prefrontal cortex more dorsal to that observed in the opposite linear 

contrast.  Activation in this region, in addition to more ventral medial prefrontal cortex, 

has also been associated with taking a 1st compared to a 3rd person perspective (Eich et 

al., 2009; Vogeley et al., 2004), contrary to the pattern observed here, and with making 

judgments about others that are perceived as more similar to oneself compared to others 

that are perceived as more different (Mitchell, Macrae, & Banaji, 2006).  It may be that 

previous findings of activation in this region for recalling memories from a 1st compared 

to 3rd person perspective are confounded with the fact that past selves recalled from a 3rd 
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person compared to a 1st person perspective are more likely to be seen as different from 

one’s current self.  In our paradigm, participants recalled memories of themselves from 

these various perspectives, but reported no differences in perceived similarity between 

current and past selves.  Without perceived similarity as a confound, our results point to a 

dissociation in processing between subregions of ventromedial prefrontal cortex that has 

not been observed previously: a more ventral region (BA 11/32) exhibiting decreased 

activation with increased distance from a 1st person, self perspective, and a slightly more 

dorsal and anterior region (BA 10/11) exhibiting increased activation with increased 

distance from the 1st person, self perspective.  

 In addition to the medial prefrontal cortex, our results indicated that the medial 

parietal cortex, lateral temporo-parietal cortex, and medial temporal lobes also exhibited 

increased activation with increased distance from the 1st person perspective.  All of these 

regions are strongly associated with a common neural network involved in recalling and 

imagining autobiographical events and taking the perspective of other people, or 

engaging in self-projection (for review, see Buckner & Carroll, 2007).  Since all of these 

tasks involve the projection of the self into a situation (previously experienced or 

hypothetical) that differs from one’s current situation (the focus of real-time 1st person 

experience), it may not be surprising that these regions implicated in autobiographical 

memory retrieval and perspective taking exhibit increasing activation with increased 

distance from the self.  It is possible that recalling a past event from an observer 

perspective, or by imagining oneself in the position of a partner, engages these regions to 
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a greater extent than recalling an event from a 1st person perspective because they require 

a greater amount of self-projection.   

It could be that the role of the medial parietal cortex, the lateral parietal cortex, 

and the medial temporal lobes in the processing of spatial information underlies their 

pattern of increased activation with increased distance from the Self perspective.  The 

medial parietal cortex has strong anatomical connections to the other two regions, and all 

three regions are involved in memory and the manipulation of spatial information 

(Northoff et al., 2006; Burgess, 2002).  In the current study, recalling personally 

experienced events from any perspective other than 1st person requires that the spatial 

environment be translated and transformed.  Although activation in medial parietal cortex 

has been associated with the processing of self-related information (Northoff et al., 

2006), Vogeley and colleagues (2004) reported greater activation in the precuneus and 

lateral parietal cortex (inferior parietal lobule) when participants made judgments about 

an environment from a 3rd compared to 1st person perspective.  Greater activation in the 

precuneus and superior parietal cortex was also observed for judgments made about 

others compared to judgments made about oneself (Modinos, Ormel, & Aleman, 2009), 

consistent with the idea that medial parietal regions are not exclusively involved in 

processing self-related information.  Lateral temporo-parietal cortex has also been 

implicated in simulating actions from a 3rd person perspective (Jeannerod & Anquetil, 

2008), and reasoning about the beliefs of another person, or engaging in mental 

perspective taking (Saxe et al., 2006).  These findings, along with the results from the 

current study, suggest that a network of brain regions involved in memory for personally 
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experienced events and the manipulation of spatial information were associated with 

increased activation as a function of increased distance from the 1st person perspective. 

Our results confirmed our predictions regarding temporo-parietal cortex, indicating 

greater activation associated with the increased demands of perspective taking, a pattern 

that was also observed in the medial temporal lobes. 

 In summary, results from Study 2 indicated that brain regions implicated in the 

monitoring of one’s own bodily states and the processing of self-related information 

exhibited a pattern of decreasing activation when recalling socially interactive events 

from perspectives increasing in distance from the self.  Additionally activation in a region 

of ventromedial prefrontal cortex indicated that imagining oneself as one’s partner when 

recalling an event engaged this region to a greater degree than recalling an event from a 

3rd person perspective, more similar to activation elicited by recalling an event from a 1st 

person perspective.  This could indicate that imagining oneself in the position of another 

person increases activation in a brain region sensitive to perceived self-relatedness, while 

recalling oneself from an outside observer perspective decreases activation in this region.  

Results also indicated that brain regions implicated in the processing of spatial 

information, perspective taking, and making judgments about others exhibited a pattern 

of increasing activation when recalling events from perspectives increasing in distance 

from the self.  Although we did not observe the predicted differences in ratings of 

perceived similarity as a function of perspective, our neuroimaging results suggest that 

recalling personally experienced events from the 1st person, 3rd person, and imagined 

other perspectives engage similar processes, and that the perception of a past self as 
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distinct from a current self and the perception of another person as similar to oneself may 

reflect a continuum of activation in a network of regions engaged by memory and 

perspective taking. 
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Chapter 4 

 

GENERAL DISCUSSION 

Results from the two studies described in this paper provide further evidence for a 

common neural network involved in remembering and imagining autobiographical events 

and attempting to understand the minds of others (Buckner & Carroll, 2007; Spreng, Mar, 

& Kim, 2009).  Results from Study 1 confirmed that this network was engaged when 

recalling and imagining events from both 1st and 3rd person perspectives, a distinction 

which had not been made in previous studies.  Results from Study 2 illustrated that a 

similar core network was engaged when recalling events that were experienced in a 

socially interactive setting, not only from 1st and 3rd person perspectives, but also when 

imagining being one’s partner.   

In Study 1, although there was widespread overlap in the neural correlates of 

recalling and imagining events across perspectives, activation in several brain regions 

clearly distinguished between recalling oneself and newly imagining oneself carrying out 

actions from a 1st and 3rd person perspective.  Medial cortical regions (prefrontal and 

parietal) were generally more active for events recalled from the 1st person perspective 

and for events newly imagined from the 3rd person perspective; however, activation in 

medial temporal lobe regions did not distinguish between perspectives for recalled 

events, but was greater for events newly imagined from the 3rd person perspective.  We 

observed these differential effects of perspective on processing in regions previously 

shown to be important for both recalling and imagining autobiographical events, 
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suggesting that these tasks do not necessarily engage these regions in the same way.  

Further work is required to determine the underlying reasons behind this differential 

processing, but our results suggest that commonly engaged brain regions express 

qualitatively different response profiles depending on whether an event is being 

reconstructed or newly constructed and depending on the perspective from which this 

takes place.   

One question that remains unanswered is how we are able to distinguish between 

real and imagined experiences.  If recalling experienced events, recalling previously 

imagined events, and imagining new events all engage similar cognitive and neural 

processes, then there are presumably more subtle differences in the way these processes 

are engaged that differentiate them.  However, anyone who has had to stop and think 

about whether they actually locked the door or only thought about locking it as they were 

preparing to leave the house will know that the line between real and imagined events is 

not so clear.  They can be distinguished based on characteristics such as how vivid or 

emotional they feel, and our results suggest that perspective may also distinguish between 

reality and imagination; but the same processes involved in reconstructing real past 

events are also involved in constructing novel, never-before-experienced scenarios.  If the 

system that provides the basis for both of these abilities is more generally involved in 

flexibly reconstructing and recombining previously acquired information (Schacter & 

Addis, 2007; Suddendorf & Corballis, 2007), then it not surprising that fact and fiction 

often can be confused.  It may also be one of the reasons why memories are so 

susceptible to distortion (Loftus & Hoffman, 1989).  There is evidence that recalling 
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imaginary experiences from a 1st person perspective may increase the likelihood that they 

are mistaken for real events, which has been interpreted as a failure in source monitoring 

(Libby, 2003).  It would be interesting to investigate the neural mechanisms underlying 

this effect, and determining whether the opposite is true (i.e., whether recalling 

experienced events from a 3rd person perspective increases the likelihood that they may 

be mistaken for imagined events). 

In Study 2, although there was widespread overlap in the neural correlates of 

recalling socially interactive events from various perspectives, we were able to identify 

brain regions exhibiting patterns of increasing and decreasing activation as a function of 

distance from or closeness to one’s own perspective.  Regions of somatosensory cortex 

and the insula were most active for events recalled from a 1st person perspective and 

decreased in activation with progressively more distanced perspectives.  This is 

consistent with the role of these regions in interoceptive awareness, monitoring one’s 

own body, and recalling actions from a 1st person perspective (Critchley et al., 2004; Eich 

et al., 2009).  In contrast, regions of medial parietal cortex, lateral temporo-parietal 

cortex, and the medial temporal lobes were least active for events recalled from a 1st 

person perspective and increased in activation with progressively more distanced 

perspectives.  This is consistent with the role of medial parietal cortex and the medial 

temporal lobes in processing and transforming spatial information (Burgess, 2002; 

Wolbers et al., 2008), and with lateral temporo-parietal cortex in taking a 3rd person 

perspective (Vogeley et al., 2004; Jeannerod & Anquetil, 2008).   
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We also identified two subregions of ventromedial prefrontal cortex exhibiting 

opposite patterns of activation: one more ventral in which activation decreased with 

distance from the self, and one slightly more dorsal in which activation increased with 

distance from the self.  Although medial prefrontal regions have been overall more 

associated with processing self-referential information and recalling events from a 1st 

person perspective (Northoff et al., 2006; Heatherton et al., 2006; Eich et al., 2009), the 

patterns of activation observed here suggest that different subregions may be involved in 

tracking how self-like and how non-self-like memories from various perspectives are.  

Activation in the more dorsal region of ventromedial prefrontal cortex identified here was 

observed in Study 1 for events recalled from the 1st compared to 3rd person perspective, 

similar to that reported by Eich and colleagues (2009).  However, the events recalled in 

these studies were actions that participants had previously performed by themselves and 

were not designed to be socially interactive.  It is possible that recalling events that took 

place in a socially interactive context, like those in Study 2, engaged processing in this 

region differently than recalling non-social events, potentially due to differential self-

evaluative processing involved when interacting with others.  This could have led to the 

observed dissociation in activation between subregions of ventromedial prefrontal cortex, 

which has not previously been shown.   

Making judgments about others perceived as more similar to oneself has been 

associated with activation in more ventral regions of medial prefrontal cortex, while 

judgments made about others perceived as dissimilar from oneself were associated with 

activation in a more dorsal medial prefrontal region (Mitchell, Macrae, & Banaji, 2006).  



118 

This ventral/dorsal distinction may also be relevant to the medial prefrontal subregions 

observed in Study 2, since a pattern of increasing activation was observed for 

perspectives with increasing similarity to one’s own in a more ventral region, and a 

pattern of decreasing activation was observed for perspectives with increasing difference 

from one’s own in a more dorsal region.  It is significant that increasing activation in the 

more ventral medial prefrontal region was observed only when the imagined partner 

perspective was characterized as being more similar to a 1st person perspective than a 3rd 

person perspective (1st person > imagined partner > 3rd person).  This provides evidence 

for our hypotheses that taking the perspective of another person may actually result in 

more self-like processing, and taking a distanced 3rd person perspective may result in less 

self-like processing in certain brain regions, and further serves to reveal possible neural 

mechanisms by which perspective taking can alter perceptions of others as well as 

oneself.   

One important unanswered question, which has inspired substantial debate in the 

field, is whether the “self” is special and whether its representation is qualitatively 

distinct from representations of others.  There is evidence that information encoded with 

reference to the self is better remembered than information encoded with reference to 

another person and this mnemonic advantage was specifically associated with increased 

activation in the medial prefrontal cortex (Kelley et al., 2002).  However, this memory 

effect is much less apparent when information is encoded with reference to a close other 

(e.g., significant other, family member, etc.) than a familiar but non-close other (i.e., 

George W. Bush), which has been interpreted as indicating that representations of the self 
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may not be qualitatively different from representations of others, but are just more 

detailed and elaborated (Symons & Johnson, 1997).  However, Heatherton and colleagues 

(2006) reported that judgments made about the self, compared to judgments made about 

an intimate other, also resulted in differentially increased activation in the medial 

prefrontal cortex.  Although evidence suggests that close others may be represented more 

similarly to the self, it appears that there are neural correlates associated with the self that 

are distinct from both close and non-close others.  Our results suggest that processing in 

medial prefrontal regions may reflect more of a continuum of self-relatedness, with 

perspective taking as one means by which representations of oneself and others can 

become more or less “self-like.”  Although this suggests that degrees of “self” 

representation may be a matter of perspective, our data did not directly address whether 

the representation of oneself and others are qualitatively distinct from one another. 

In addition to furthering our understanding of how perspective affects the neural 

correlates of both remembering and imagining autobiographical events, results from these 

studies are relevant to better understanding the cognitive and neural deficits in disorders 

such as autism and schizophrenia, which are characterized by abnormal social cognition 

and memory functioning.  Patients with schizophrenia have been shown to be impaired in 

social cognitive tasks that depend on Theory of Mind, or the ability to take the mental 

perspective of others (Frith & Corcoran, 1996; Bora, Yucel, & Pantelis, 2009), and they 

exhibit a deficit in memory for self-generated information, which is strongly correlated 

with measures of social cognition (Fisher, McCoy, Poole, & Vinogradov, 2008).  Deficits 

in episodic memory associated with abnormal hippocampal volume have also been 
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observed in patients with schizophrenia (Thoma et al., 2009).  Individuals with autism are 

impaired in Theory of Mind tasks (Baron-Cohen, Leslie, & Frith, 1985) and exhibit 

abnormal activation in brain regions involved in processing information about oneself 

and others (Uddin et al., 2008; Iacoboni, 2006).  In addition, autism has been associated 

with impaired memory for personally experienced events (Klein, Chan, & Loftus, 1999; 

Millward, Powell, Messer, & Jordan, 2000).   

Although a large number of studies have been dedicated to the social cognitive 

and memory impairments in these disorders, little is known about whether there are 

corresponding deficits in imagining autobiographical events, or in recalling events from 

different perspectives.  If recalling and imagining autobiographical events depend on 

similar neural substrates, and recalling episodic and autobiographical information is 

impaired in autism and schizophrenia, then our results as well as previously reported 

findings would suggest that individuals with these disorders should exhibit impairments 

in imagining episodic, autobiographical events.  There is some evidence that this may be 

the case, at least in autism, where an impairment in episodic memory has been described 

as concomitant with difficulty in generativity, or the ability to flexibly recombine 

previously learned information to form a new idea (Boucher, 2007), an ability that would 

be important for generating novel imagined events.  If individuals with these disorders 

are impaired in taking a perspective that differs from their own, such as that involved in 

Theory of Mind tasks, then they may also be impaired in recalling and/or imagining 

events from a 3rd compared to a 1st person perspective, and results from the studies 

presented here would provide data useful in characterizing the neural correlates of these 
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deficits.  Our results also suggest that patterns of activation in certain brain regions may 

track the distance between the self perspective, taking the perspective of another person, 

and taking a distanced 3rd person perspective.  If autism and schizophrenia are associated 

with impairments in representations of self and other and an inability to imagine the 

perspective of another person, then our results could be used to make various predictions 

about the nature of these deficits and their potential neural correlates. 

In conclusion, much work is still needed to understand the reasons why 

remembering autobiographical events, imagining autobiographical episodes, and taking 

the perspective of others appear to engage a similar network of brain regions.  The studies 

presented in this paper suggest that recalling and imagining events engage these regions 

differently depending on the perspective taken; and recalling an event from the 

perspective of another person may engage processes similar to those associated with 

recalling an event from one’s own or an outside perspective, which are reflected along a 

continuum of activation in these brain regions.  Future studies should be focused on 

investigating the potential cognitive and neural mechanisms underlying these differences. 
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APPENDIX A 

Perspective Taking subscale of the Interpersonal Reactivity Index 

 
 
The following statements inquire about your thoughts and feelings in a variety of 
situations.  In the space before each item, indicate how well it describes you by choosing 
the appropriate number on the scale at the top of the page.  READ EACH ITEM 
CAREFULLY BEFORE RESPONDING.  Answer as honestly as you can.  Thank you. 
 
 
 1  2   3   4  5 
 Does NOT             Describes 
Describe me              Me Well 
      Well 
 
 
______  1.  Before criticizing somebody, I try to imagine how I would feel  
  if I were in his/her place. 
 
______  2. If I’m sure I’m right about something, I don’t waste much time  
  listening to other people’s arguments. 
 
______  3. I sometimes try to understand my friends better by imagining  
  how things look from their perspective. 
 
______  4. I believe that there are two sides to every question and try to  
  look at them both. 
 
______  5. I sometimes find it difficult to see things from the “other  
  guy’s” point of view. 
 
______  6. I try to look at everybody’s side of a disagreement before I  
  make a decision. 
 
______  7. When I’m upset at someone, I usually try to “put myself in his  

shoes” for a while. 
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