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A B S T R A C T   

Recent work shows that vividly imagining oneself helping others in situations of need (episodic simulation) 
increases one’s willingness to help. The mechanisms underlying this effect are unclear, though it is known that 
the medial temporal lobe (MTL) is critical for supporting episodic simulation in general. Therefore, individuals 
who have compromised MTL functioning, such as older adults and those who have undergone resection of medial 
temporal lobe tissue as treatment for epilepsy (mTLE patients), may not show the prosocial effects of episodic 
simulation. Our lab previously found that older adults and mTLE patients are impaired on a problem-solving task 
that requires the simulation of hypothetical scenarios. Using similar logic in the present study, we predicted that 
older adults and mTLE patients would show reduced effects of episodic simulation on their empathic concern for, 
and willingness to help, people in hypothetical situations of need, compared to young adults and age-matched 
healthy controls, respectively. We also predicted that the subjective vividness and the amount of context- 
specific detail in imagined helping events would correlate with willingness to help and empathic concern. 
Participants read brief stories describing individuals in situations of need, and after each story either imagined 
themselves helping the person or performed a filler task. We analyzed the details in participants’ oral de
scriptions of their imagined helping events and also collected subjective ratings of vividness, willingness to help, 
and empathic concern. Episodic simulation significantly boosted willingness to help in all groups except for 
mTLE patients, and it increased empathic concern in young adults and healthy controls but not in older adults or 
mTLE patients. While the level of context-specific detail in participants’ oral descriptions of imaged events was 
unrelated to willingness to help and empathic concern, the effects of episodic simulation on these measures was 
completely mediated by subjective vividness, though to a significantly lesser degree among mTLE patients. These 
results increase our understanding not only of how episodic simulation works in healthy people, but also of the 
social and emotional consequences of compromised MTL functioning.   

1. Introduction 

Episodic recollection has been shown to contribute to various other 
functions such as imagining future events (Mullally and Maguire, 2014; 
Schacter et al., 2012), open-ended problem-solving (Sheldon et al., 
2011; Sheldon et al., 2015), economic decision-making (Benoit et al., 
2011; Palombo et al., 2015), and theory of mind (Ciaramelli et al., 2013; 
Cohn et al., 2015; Rabin and Rosenbaum, 2012). The medial temporal 
lobe (MTL), among other regions, is crucial for episodic memory (for 
review see Eichenbaum et al., 2012; Moscovitch et al., 2016; Sheldon 
and Levine, 2016). The links between the MTL and the diverse 

aforementioned functions have important implications for everyday life, 
especially among individuals with compromised autobiographical 
memory and MTL functioning, such as older adults (e.g., Driscoll et al., 
2003; Jernigan et al., 2001; Raz et al., 2005) and people with MTL ep
ilepsy (mTLE; e.g., St-Laurent et al., 2014; St-Laurent et al., 2009). The 
mechanisms underlying many of these MTL-mediated phenomena are 
not yet clearly understood, but the vivid imagination of specific sce
narios (episodic simulation) seems to be a key feature. Behavioural and 
functional neuroimaging research indicates a very strong relationship 
between the retrieval of contextual detail from prior experience and 
simulating such detail in service of other cognitive functions (Madore 

* Corresponding author. 
E-mail address: caspian.sawczak@mail.utoronto.ca (C. Sawczak).  

Contents lists available at ScienceDirect 

Neuropsychologia 

journal homepage: http://www.elsevier.com/locate/neuropsychologia 

https://doi.org/10.1016/j.neuropsychologia.2019.107243 
Received 30 March 2019; Received in revised form 29 October 2019; Accepted 30 October 2019   

mailto:caspian.sawczak@mail.utoronto.ca
www.sciencedirect.com/science/journal/00283932
https://http://www.elsevier.com/locate/neuropsychologia
https://doi.org/10.1016/j.neuropsychologia.2019.107243
https://doi.org/10.1016/j.neuropsychologia.2019.107243
https://doi.org/10.1016/j.neuropsychologia.2019.107243
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuropsychologia.2019.107243&domain=pdf


Neuropsychologia 135 (2019) 107243

2

et al., 2019; Rubin et al., 2014; Schacter et al., 2012). While other brain 
regions are implicated in these processes, the primary aim of the present 
study is to examine how critical the MTL is for enabling episodic 
simulation to influence prosocial intentions and empathy. 

Previous work by Gaesser and Schacter (2014) demonstrated that 
when healthy young adults vividly imagined themselves helping 
strangers in specific scenarios of need, they later reported being more 
willing to help in those scenarios. Importantly, this prosocial effect of 
episodic simulation surpassed the effect of merely thinking about and 
enumerating ways to help, which did not increase willingness to help 
above “baseline” levels (Gaesser and Schacter, 2014, Exp. 2; Gaesser 
et al., 2017a). Participants’ ratings of the vividness of their imagined 
helping events correlated with their self-reported willingness to help. 
Furthermore, manipulating the familiarity of the location in which the 
helping episode takes place has been shown to heighten the subjective 
detail and subsequently increase willingness to help (Gaesser et al., 
2018). Vividness ratings continued to predict willingness to help even 
when accounting for individual differences in empathic and prosocial 
traits (Gaesser et al., 2018). 

In other words, imagining these helping scenarios does not increase 
willingness to help solely by priming conceptual knowledge about 
helping; there is something special about imagining episodes that are 
specific in time and place from a first-person perspective (or even from 
someone else’s perspective, for that matter; see Gaesser et al., 2015) that 
enhances motivation. This notion dovetails with earlier work showing 
that people are more likely to do things they have imagined concretely 
as opposed to abstractly (e.g., Gollwitzer and Brandstatter, 1997; 
McCrea et al., 2008), perhaps because context-specific detail increases 
the subjective plausibility and likelihood of the scenario or task in 
question (e.g., D’Argembeau and Van der Linden, 2012; Szpunar and 
Schacter, 2013). Interestingly, fMRI experiments have found that MTL 
activity correlates with the vividness of episodic memories and imagined 
events (Addis et al., 2004; Addis et al., 2011; Addis and Schacter, 2008; 
Gilboa et al., 2004). It is possible, therefore, that the enhancement of 
willingness to help by episodic simulation is related to an MTL-mediated 
increase in the vividness of the imagined helping event. If so, people 
with MTL damage or dysfunction should show a reduced effect of 
episodic simulation on willingness to help, after imagining themselves 
helping, compared to control groups in which the MTL is intact. In 
addition, a mediation analysis should show that the effect of episodic 
simulation on willingness to help is significantly mediated by the sce
nario in question being represented more vividly in the mind of the 
prospective helper, compared to a condition in which he or she had not 
previously imagined helping. Last, this mediating effect of vividness 
should be stronger among those with intact MTL function. 

The secondary aim of the present study was to get a clearer idea of 
how vividness contributes to willingness to help. While previous studies 
on healthy individuals have found correlations between participants’ 
willingness to help and their ratings of the vividness of their imagined 
events (e.g., Gaesser et al., 2017b; Gaesser et al., 2018; Gaesser and 
Schacter, 2014), it is unclear whether the role of vividness in that 
relationship is related to a broader phenomenological impression or 
whether it truly reflects an aggregate of episodic details specific to the 
context of the imagined event (see Gaesser et al., 2015). After all, MTL 
activity is related not only to subjective ratings of vividness and amount 
of detail but also to other phenomenological features, such as 
emotionality and personal significance (Addis et al., 2004, 2011; Addis 
and Schacter, 2008; Gilboa et al., 2004). Also, to our knowledge, no 
previously published work has directly compared subjective ratings of 
detail to context-specific details, at least not with respect to imagined 
events. Addis et al. (2007) found that in healthy participants only sub
jective ratings of remembered events were positively, but not signifi
cantly, correlated with context-specific details on the Autobiographical 
Interview (AI; Levine et al., 2002), a test designed to distinguish be
tween episodic and other details in narratives of events; among MTL 
patients, however, vividness and episodic details were negatively 

correlated though, again, not significantly so. One way to ascertain the 
role of context-specific detail per se is to analyze participants’ imagined 
events with a proven measure based on the AI. 

Originally developed as a tool for analyzing narratives of autobio
graphical memories, the AI has since been adapted successfully to the 
analysis of imagined events in both healthy and clinical populations (e. 
g., Addis et al., 2008; Brown et al., 2014; Lechowicz et al., 2016; Sheldon 
et al., 2011). In the AI method, a participant describes a memory (or 
imagined event) in as much detail as possible, while being recorded. The 
transcript is then segmented into chunks of information and each chunk 
is classified as either an “internal” or “external” detail. Internal details 
convey information specific to the spatiotemporal context in which the 
event takes place, while external details convey more general informa
tion (see Method section for examples). Previous experiments with the 
AI show that older adults and people with mTLE generate fewer internal 
(i.e., context-specific, or episodic), but not external (i.e., acontextual, or 
non-episodic) details, compared to young adults and healthy controls, 
respectively (e.g., Addis et al., 2010; Addis et al., 2008; Lechowicz et al., 
2016; Levine et al., 2002; Sheldon et al., 2011; St-Laurent et al., 2014, 
2009). Moreover, the number of internal details in imagined events is 
related to participants’ performance on a social problem-solving task 
(Sheldon et al., 2011, 2015). Since these groups exhibit deterioration 
and damage to the MTL (e.g., Addis et al., 2007; Jernigan et al., 2001; 
Raz et al., 2005; St-Laurent et al., 2009), reduced internal detail pro
duction may reflect impaired MTL functioning. This relationship is 
supported by the finding that healthy adults who are formally trained 
with an “episodic specificity induction” produce more internal details, 
and this benefit is associated with increased MTL activity (Madore et al., 
2016). Using the AI in the present study, therefore, may provide a proxy 
measure of the degree to which the MTL contributes to the effect of 
episodic simulation on willingness to help via the generation of 
context-specific detail. 

We compared the performance of individuals who had undergone 
total unilateral resection of the medial temporal lobe as treatment for 
intractable epilepsy (mTLE patients) and healthy controls on an episodic 
simulation task adapted from Gaesser and Schacter (2014). We also 
compared young and older adults, since previous work has found that 
older adults resemble mTLE patients on episodic simulation tasks, 
though the deficit is not as severe (e.g., Addis et al., 2010; Lechowicz 
et al., 2016; Sheldon et al., 2011), and each group has its own strengths 
and limitations regarding specificity and degree of MTL damage. While 
the MTL is not the only brain region involved in episodic simulation (for 
example, the ventromedial prefrontal cortex is also known to be 
important; Addis, 2018; Bertossi et al., 2016; Verfaellie et al., 2019), it 
was our focus in the present study. We chose to follow in the theoretical 
footsteps of Sheldon et al. (2011), who investigated the relationship 
between episodic simulation and open-ended problem-solving in the 
same two populations from which we sampled here: older adults and 
mTLE patients. To the extent performance is comparable between these 
groups, it suggests a common underlying dysfunction; to the extent that 
performance differs, it suggests that some other factors may be 
implicated. 

Participants read short vignettes describing individuals in situations 
of need and, for each vignette, were asked either to vividly imagine 
themselves helping the person in need, or to perform an unrelated 
control task (to allow collection of “baseline” measures). Participants 
also described each event they imagined, so we could analyze transcripts 
according to the AI method. Last, participants used rating scales to 
answer questions about the vignettes they had seen, such as how willing 
they would be to help the person in each scenario, how vividly they had 
imagined each helping event, and the degree to which they experienced 
various emotions. These emotion ratings were used to calculate an index 
of “empathic concern” (see Method section). As with willingness to help, 
we predicted that older adults and mTLE patients would show a reduced 
effect of episodic simulation on empathic concern compared to their 
respective control groups, and that the effect of episodic simulation on 
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empathic concern would be significantly mediated by the subjective 
vividness of imagined helping events. We measured empathic concern in 
addition to willingness to help because 1) we theorized it would capture 
a relatively more affective dimension of prosocial intent; and 2) we 
suspected it may be less prone to potential demand characteristics, as it 
is an aggregate of several other ratings. Last, we predicted that older 
adults and mTLE patients would produce fewer internal details 
compared to controls, and that internal details would be related to 
willingness to help and to empathic concern. 

2. Experiment 1 method 

2.1. Participants 

Our target total sample size for the aging experiment was 62, based 
on a power analysis performed on data from a contemporary study that 
used a very similar paradigm (Gaesser et al., 2017b). Altogether, we 
recruited 30 young and 43 older adults from the University of Toronto 
and surrounding community, but excluded two young and two older 
adults because they failed to comply with task instructions (i.e., on at 
least half of the trials they described imagined events but did not include 
themselves helping). Another four older adults were excluded because 
their willingness to help ratings were at ceiling even in the baseline 
condition. In addition, we administered the Montreal Cognitive 
Assessment (MoCA; Nasreddine et al., 2005) to our older adult partici
pants, and excluded three who scored below an independently validated 
cut-off score for screening out individuals who might have mild cogni
tive impairment (i.e., a MoCA score below 23 out of 30; see Carson et al., 
2018). Thus, our final sample consisted of 28 young (20 females, age 
range: 17–34 years old, M ¼ 19.0, SD ¼ 3.32) and 34 older adults (23 
females, age range: 65–81 years old, M ¼ 73.2, SD ¼ 4.73). Inclusion 
criteria required fluency in English, no prior diagnosis of a psychiatric or 
neurological condition, and normal or corrected-to-normal hearing and 
vision. Young adults were compensated with course credit if enrolled in 
an introductory psychology course at the University of Toronto, or with 
$20 otherwise. Older adults were compensated with $32 according to 
the standards in our department. Our experiment protocol was approved 
by the University of Toronto Research Ethics Board (protocol #31031). 

2.2. Materials & design 

2.2.1. Vignettes 
Eight single-sentence vignettes served as the bases for participants’ 

imagined events, each featuring a nondescript individual in a specific 
situation of need (adapted from Gaesser and Schacter, 2014). The vi
gnettes were presented one at a time on a computer screen, in black text 
against a grey background, using E-Prime 2.0 (Psychology Software 
Tools Inc. Release candidate version 2.0.10.242). They were randomly 
and equally assigned to conditions, for a total of eight trials (four per 
condition), with presentation order counterbalanced across participants. 

2.2.2. Adapted Autobiographical Interview (AI) transcript scoring 
Participants’ oral descriptions of imagined events were transcribed 

and analyzed according to guidelines established by Levine et al. (2002) 
and adapted by others for use with imagined events (e.g., Addis et al., 
2008; Sheldon et al., 2011). First, the text was segmented into chunks, 
with each chunk defined as a single observation, fact, thought, emotion, 
or judgment. These were then classified as either “internal” details (i.e., 
specific to the context of the event being imagined, such as perceptual 
details; references to a particular time or place; moment-by-moment 
happenings in the unfolding of the narrative; any thoughts or emo
tions the participant imagined themselves having) or “external” details 
(i.e., not specific to the event being imagined, such as factual knowl
edge; repeated details). After scoring, we counted the total number of 
internal details in each transcript and also tallied the subcategories of 
internal details (time, place, perceptual, emotion-thought, event). We 

counted external details as well but did not distinguish among sub
categories, as they were of no theoretical interest. To establish 
inter-rater reliability, another person, blind to the purpose of the study 
and to which group of participants produced the transcripts, scored a 
third of the transcripts. Intraclass correlation coefficients indicated high 
inter-rater reliability (young adults: internal and external details ¼ .981 
and .922, respectively; older adults: internal and external de
tails ¼ 0.956 and 0.839, respectively; for a similar procedure and values 
see Sheldon et al., 2011). 

2.2.3. Trait empathy 
We administered two self-report measures of trait empathy to iden

tify possible age-related group differences as they might obscure group 
differences in the effect of episodic simulation on willingness to help or 
empathic concern. Participants completed the 16-item Toronto Empathy 
Questionnaire (TEQ), which is designed to tap into a single trait 
empathy factor shared by various empathy measures (Spreng et al., 
2009). The TEQ has high internal consistency (Cronbach’s α ¼ 0.85) and 
test-retest reliability (r ¼ 0.81, p < .001), correlates with behavioural 
measures of social inference, such as the “Reading the Mind in the Eyes” 
Test (Baron-Cohen et al., 2001), and has been used in previous aging 
studies (e.g., Gould and MacNeil Gautreau, 2014). Participants also 
completed the widely-used Interpersonal Reactivity Index (IRI; Davis, 
1980), and our focus was on the empathic concern subscale (IRI-EC), 
since it is intended to reflect the respondent’s tendency to feel 
compassion, warmth, and concern for other individuals (Davis, 1983). 

2.2.4. Procedure 
Participants gave written consent to be involved in the study, and 

were seated at a computer in a well-lit room. The experimenter told 
them they would view a series of short stories adapted from the media, 
and that after reading each one they would either imagine themselves 
helping the person in the story or think of as many words as possible 
starting with a certain letter that would be provided (see Supplementary 
Material for task instructions). 

2.2.5. Task block 
After instructions were given, participants were told they would later 

need to answer questions about the vignettes, their reactions to them, 
and what they had done after reading each one. Then the experimenter 
guided participants through several practice trials to ensure that they 
understood and were comfortable with everything that was required of 
them, especially imagining and orally describing hypothetical scenarios. 
No ratings were collected on practice trials. When participants were 
finished practicing, the experimenter remained in the room and allowed 
participants to work in silence as the computer guided them through 
each of eight trials (four imagine and four words trials intermixed), and 
only interacted with participants when it was time to record their oral 
responses. 

On a given trial, a vignette would appear in the centre of the screen 
for 10s, followed by brief instructions depending on which task condi
tion the vignette had been assigned to (imagine: “Imagine an event in 
which you help this person. Try to make it as vivid as possible”; words: 
“Think of as many words as you can that begin with the letter ***“). 
Instructions remained on screen until participants pressed the ENTER 
key to indicate they were ready to begin the trial. 

2.2.5.1. “Imagine” trials. On imagine trials, the screen became blank for 
60 s while participants closed their eyes and imagined helping the per
son mentioned in the vignette. After 60 s, the computer played a bell 
sound and displayed a message instructing participants to provide a 
verbal description of what they had imagined. The experimenter 
recorded the description using a handheld digital recording device. Once 
participants were finished, the experimenter terminated the recording 
and pressed a key on the computer to advance to the next trial. If on a 
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given trial participants needed longer than 3 min to finish describing 
what they imagined, they were allowed it, but then only the first 3 min 
of the transcript was used in subsequent analyses. 

2.2.5.2. “Words” trials. On words trials, the screen read, “Please say 
each word out loud” and, for 2 min, participants spoke words out loud 
that began with whichever letter had been given in the preceding in
structions. The letter was randomly selected from a set based on previ
ous studies on phonemic fluency (Ferrett et al., 2014; Sheldon and 
Moscovitch, 2012). The experimenter digitally recorded the responses. 
After 2 min, a new letter was presented and participants generated new 
words for another 2 min. When they finished, the experimenter termi
nated the recording and pressed a key to advance to the next trial. Note 
that words trials provided a baseline by controlling for the effects of 
exposure to the vignette and, importantly, administering the phonemic 
fluency task is expected to recruit brain regions other than the hippo
campus (Sheldon and Moscovitch, 2012), such as lateral frontal cortex 
(e.g., Smirni et al., 2017; Troyer et al., 1997; Tupak et al., 2012), making 
it less likely that participants will imagine themselves helping or 
mind-wander (Andrews-Hanna et al., 2014). 

Whenever a trial was finished, the screen became blank for 2.5 s; 
then the next vignette appeared on the screen. After a block of four trials 
had passed (two imagine and two words trials, in counterbalanced order), 
there came a question block. 

2.3. Question block 

In the question block, the vignettes were displayed again, one by one, 
but this time participants answered a series of questions on the computer 
after each vignette. Participants used 7-point rating scales to indicate 
how willing they would be to help (1 ¼ not at all willing; 7 ¼ very 
willing). They also rated the degree to which the scenario made them 
experience various emotions (compassionate, sympathetic, tender, warm; 
1 ¼ not at all; 7 ¼ very much) when they first saw it during the task 
block; these ratings were averaged together to form an index of 
empathic concern (as per Batson, 2011; Batson et al., 1997). Participants 
also rated how vivid each event was when they imagined it during the 
task block: “The imagined scene in your mind was?” (1 ¼ vague; 
7 ¼ detailed). See Supplementary Material for descriptions of other 
ratings collected but not reported here. The question block was 
self-paced. 

After the first question block, participants completed a second trial 
block and question block. We split the eight trials into two blocks of four 
so that older adults (and, later, mTLE patients) would have an easier 
time remembering what they imagined and experienced for each 
vignette when making their ratings in the question blocks. 

Last, participants completed the TEQ and the IRI. The entire session 
typically lasted about 2 h. 

3. Experiment 1 results 

3.1. Trait empathy 

Independent samples t-tests revealed no significant difference be
tween young adults (YAs) and older adults (OAs) on the TEQ (OAs: 
M ¼ 46.2, SE ¼ 1.24; YAs: M ¼ 49.1, SE ¼ 1.24), t(60) ¼ -1.66, p ¼ .103, 
nor on the IRI-EC (OAs: M ¼ 21.1, SE ¼ 3.98; YAs: M ¼ 19.9, SE ¼ 4.39), 
t(60) ¼ 1.12, p ¼ .266, indicating that the groups were well-matched on 
levels of trait empathy. 

3.2. Willingness to help, empathic concern, and vividness 

We ran a two-way mixed ANOVA with task condition (2: imagine; 
words) as a within-participants variable, age group (2: OAs; YAs) as a 
between-participants variable, willingness to help as the dependent 

variable, and gender as a covariate (since females were overrepresented 
in both groups). We found a main effect of task, F(1, 59) ¼ 15.60, p < .001, 
η2

p ¼ .209, with willingness to help being greater in the imagine condi
tion compared to the words condition (see Fig. 1), essentially replicating 
Gaesser and Schacter (2014, Exp. 1). We also detected a significant effect 
of age group (F(1, 59) ¼ 10.19, p ¼ .002, η2

p ¼ .147), with OAs being more 
willing to help than YAs overall, but no interaction between task con
dition and age group (F(1, 59) ¼ 1.47, p ¼ .230, η2

p ¼ .024), meaning that, 
contrary to our prediction, the ES effect was not stronger in YA 
compared to OA. Means are as follows: in the imagine condition, YAs 
M ¼ 5.21, SD ¼ 1.11; OAs M ¼ 5.78, SD ¼ 0.97; and in the words condi
tion, YAs M ¼ 4.4, SD ¼ 1.05; OAs M ¼ 5.29, SD ¼ 1.04 (see Supple
mentary Material for exploration of baseline differences). There was no 
effect of the gender covariate (F(1,59) ¼ 0.81, p ¼ .373). 

A second ANOVA specified as above, except with empathic concern 
as the dependent variable, showed that empathic concern was signifi
cantly higher in the imagine condition, F(1, 60) ¼ 11.96, p ¼ .001, 
η2

p ¼ .169, and among OAs, F(1, 60) ¼ 4.91, p ¼ .031, η2
p ¼ .077. We also 

found a significant interaction between task and age group, F(1, 

60) ¼ 5.30, p ¼ .025, η2
p ¼ .082, which indicated that the difference in 

empathic concern between tasks was greater in YAs than in OAs (see 
Fig. 1). Post-hoc paired-samples t-tests, conducted separately for each 
age group, revealed that YAs’ empathic concern was significantly higher 
in the imagine condition compared to the words condition, t(27) ¼ 4.38, 
p < .001, while OAs’ was not, t(33) ¼ 1.63, p ¼ .226. Means are as fol
lows: in the imagine condition, YAs M ¼ 4.18, SD ¼ 1.18; OAs M ¼ 4.42, 
SD ¼ 0.86; and in the words condition, YAs M ¼ 3.46, SD ¼ 1.12; OAs 
M ¼ 4.19, SD ¼ 0.93 (see Supplementary Material for exploration of 
baseline differences). There was also a significant effect of the gender 
covariate indicating that empathic concern was greater among women 
(F(1,59) ¼ 5.04, p ¼ .029, η2

p ¼ .079). 
We ran a third ANOVA with vividness as the dependent variable to 

verify that our episodic simulation task boosted vividness as compared 
to any spontaneous mental imagery associated with the vignettes in the 
words condition. This was confirmed with a main effect of the imagine 
condition, F(1,60) ¼ 37.41, p < .001. There was no effect of age group, 
F(1,60) ¼ 1.31, p ¼ .257, and no interaction, F(1,60) ¼ 0.610, p ¼ .438. 
Means are as follows: in the imagine condition, YAs M ¼ 5.16, SD ¼ 1.03; 
OAs M ¼ 5.33, SD ¼ 1.05; and in the words condition, YAs M ¼ 3.44, 
SD ¼ 1.57; OAs M ¼ 3.94, SD ¼ 1.94. There was no effect of the gender 
covariate (F(1,59) ¼ 1.11, p ¼ .296). 

3.3. Mediation analyses 

Next, we ran two mediation analyses to test our predictions about the 
mediating role of vividness for both willingness to help and empathic 
concern. In each of our mediation models, the a path refers to the effect 
of episodic simulation on vividness; the b path refers to the effect of 
vividness on willingness to help (or empathic concern); the c’ and c 
paths refer to the effect of episodic simulation on willingness to help (or 
empathic concern) with and without accounting for the mediating effect 
of vividness, respectively; and the product of the a and b paths (ab) is 
equivalent to the mediating effect of vividness (or c – c’). We specified 
our models using the MLmed macro for SPSS (Rockwood and Hayes, 
2017), which automatically provides an estimate of ab (the mediation 
effect) with 95% confidence intervals generated using 10,000 Monte 
Carlo samples (Bauer et al., 2006; Zhang et al., 2009), and can also 
provide an index of moderated mediation (Bauer et al., 2006; Hayes, 
2015). Episodic simulation was specified as the predictor and repre
sented by a binary variable (1 ¼ imagine condition; 0 ¼words condition), 
willingness to help (or empathic concern) was the outcome variable, 
vividness was a mediator, and a binary variable for age group (1 ¼OA; 
0 ¼ YA) was a potential moderator of the a path (that is, the effect of 
episodic simulation on vividness). It is also important to note that, for 
our mediation analyses, we adopted a multi-level modeling approach, 
nesting individual trials within participants (with a random intercept for 
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the effect of participant) instead of averaging over trials for each 
participant, which made the tests more sensitive and allowed us to 
examine relationships at the trial level (Bauer et al., 2006; Zhang et al., 
2009; for a similar approach, without mediation, see Gaesser and 
Schacter, 2014). 

In the model for willingness to help, we found that episodic simu
lation was a significant predictor of vividness (β ¼ 1.72, SE ¼ 0.20, 
p < .001) with no moderating effect of being an older adult (esti
mate ¼ � 0.08, 95% CI ¼ [-0.26, 0.09]) consistent with our participant- 
level ANOVA. Vividness was a significant predictor of willingness to 
help (β ¼ 0.31, SE ¼ 0.05, p < .001; see Fig. 2), replicating previous 
work (Gaesser et al., 2015, 2017a; 2018; Gaesser and Schacter, 2014). 
The effect of episodic simulation on willingness to help was completely 
mediated by vividness (β ¼ 0.54, SE ¼ 0.10, p < .001), as the c’ path (the 
effect of episodic simulation on willingness to help after accounting for 
vividness) was non-significant (β ¼ .17, SE ¼ 0.15, p ¼ .248; see Fig. 2). 
Note that, when the moderated mediation component of the model was 
excluded, the effect of episodic simulation on willingness to help (i.e., 
the c path) was significant (β ¼ 0.67, SE ¼ 0.14, p < .001). 

Similar results were found in the model for empathic concern. 
Episodic simulation was a significant predictor of vividness (β ¼ 1.72, 
SE ¼ 0.20, p < .001) with no moderating effect of being an older adult 
(estimate ¼ � 0.05, 95% CI ¼ [-0.17, 0.06]), vividness was a significant 
predictor of empathic concern (β ¼ 0.20, SE ¼ 0.04, p < .001), and 

completely mediated the effect of episodic simulation on empathic 
concern (β ¼ 0.35, SE ¼ 0.08, p < .001), as the c’ path was non- 
significant (β ¼ 0.13, SE ¼ 0.12, p ¼ .292). Note that, when the moder
ated mediation component of the model was excluded, the effect of 
episodic simulation on empathic concern (i.e., the c path) was signifi
cant (β ¼ 0.45, SE ¼ 0.11, p < .001). 

3.4. Internal and external details in transcripts of imagined helping events 

Note that verbal descriptions (and therefore internal and external 
details) were collected for imagine trials only. A mixed ANOVA with 
detail type (internal vs. external) as a within-participant measure and 
age group as a between-participant measure revealed that participants 
produced significantly more internal than external details, 
F(1,60) ¼ 206.99, p < .001, and that YAs produced more details than OAs, 
F(1,60) ¼ 12.85, p ¼ .001. Importantly, there was also a significant 
interaction between age group and detail type, F(1,60) ¼ 20.05, p < .001, 
consistent with our expectation that the groups would differ on internal 
details in particular. Post-hoc independent samples t-tests revealed that, 
as expected, YAs produced significantly more internal details in their 
descriptions of imagined helping events (M ¼ 34.0, SD ¼ 10.22) 
compared to OAs (M ¼ 22.2, SD ¼ 11.21), t(60) ¼ 4.28, p < .001, but the 
age groups did not differ with respect to external details (YAs M ¼ 10.58, 
SD ¼ 5.32; OAs M ¼ 9.9, SD ¼ 4.51), t(60) ¼ 0.551, p ¼ .583 (post-hoc p’s 

Fig. 1. Mean willingness to help (WH), empathic concern (EC), and subjective vividness by age group and condition. ***p < .001. Error bars represent the SE.  

Fig. 2. Mediation analysis in YAs and OAs, with scatterplot for willingness to help and vividness. All values are beta coefficients. ***p < .001.  
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corrected for multiple comparisons as per Holm [1979]; see Fig. 3). 
These findings were expected and are generally consistent with previous 
studies using the AI method to assess the imagined events of YAs and 
OAs, although sometimes OAs generate more external details compared 
to YAs (e.g., Addis et al., 2010; Addis et al., 2008; Levine et al., 2002; but 
see Sheldon et al., 2011). 

Next, we were interested in whether internal details predicted will
ingness to help or empathic concern, whether they correlated with 
subjective vividness ratings, and whether any of these relationships 
varied between YAs and OAs, especially given that YAs produced 
significantly more internal details compared to OAs. To address these 
questions, we ran a multi-level model (with a random slope for the effect 
of participant) on all of the trials from the imagine condition. The 
number of internal details was the outcome variable, and the predictors 
were willingness to help, empathic concern, vividness, and a binary 
variable for age group (1 ¼OA; 0 ¼ YA) along with terms representing 
the interaction between age group and each of the other three pre
dictors. After accounting for the negative effect of being an OA on the 
number of internal details (β ¼ � 19.69, SE ¼ 6.65, p ¼ .004), no other 
predictor was significant, except for the term representing the interac
tion between age group and empathic concern (β ¼ 3.26, SE ¼ 1.17, 
p ¼ .006). Running separate models for OAs and YAs, with empathic 
concern as the predictor and internal details as the outcome, revealed 
that empathic concern was significantly related to internal details in OAs 
(β ¼ 2.49, SE ¼ 0.67, p < .001) but not in YAs (β ¼ 0.07, SE ¼ 0.66, 
p ¼ .911; post-hoc p’s adjusted for multiple comparisons as per Holm 
[1979]). When we ran the full model again, as specified above, only with 
external details as the outcome variable instead of internal details, no 
predictor was significant (all p’s � 0.303). Analyses of subtypes of in
ternal details can be found in the Supplementary Material. 

3.5. Auxiliary analyses 

We also compared OAs and YAs on their performance in the pho
nemic fluency task used in the words condition. We conducted this 
analysis primarily to help alleviate potential concerns that group dif
ferences in episodic simulation could be due to frontal lobe issues in 
OAs, as phonemic fluency is known to involve frontal regions (e.g., 
Madden et al., 2019; Manenti et al., 2013; Smirni et al., 2017; Troyer 
et al., 1997; Tupak et al., 2012). Beyond this purpose, we had no 

predictions for the phonemic fluency data. First, we found that OAs 
produced significantly more words (M ¼ 23.38, SD ¼ 5.66) than did YAs 
(M ¼ 19.99, SD ¼ 5.62), t(60) ¼ 2.35, p ¼ .022. When we excluded 
repeated words and other errors, however, there was no longer a sig
nificant difference (OAs: M ¼ 20.60, SD ¼ 5.09; YAs: M ¼ 18.74, 
SD ¼ 5.27), t(60) ¼ 1.41, p ¼ .165. Either way, the results are consistent 
with the notion that frontal lobe function was not significantly impaired 
among our OA participants (see Supplementary Material for additional 
descriptive statistics). 

Next, to address potential concerns about demand characteristics (e. 
g., participants may have believed they were expected to be more 
willing to help in the imagine condition), we took advantage of our block 
design and, for OAs and YAs separately, compared all measures between 
the first and second block. If demand characteristics influenced our re
sults, we would expect them to emerge on later trials when the partic
ipant was better acquainted with the task. These analyses revealed that 
YAs produced significantly more internal details in their descriptions of 
imagined helping events in the first block (M ¼ 36.86, SD ¼ 12.26) 
compared to the second (M ¼ 31.38, SD ¼ 10.45), t(27) ¼ 3.49, p ¼ .002, 
and that OAs generated significantly more words in the phonemic 
fluency task in the second block (M ¼ 24.34, SD ¼ 6.46) compared to the 
first (M ¼ 22.41, SD ¼ 5.52), t(33) ¼ -2.81, p ¼ .008. We attribute these 
differences to simple effects of fatigue and practice, respectively, that 
can be expected in any experiment. Critically, there were no significant 
differences regarding willingness to help or empathic concern (see 
Supplementary Material), which we believe addresses and alleviates, 
albeit indirectly, potential concerns that demand characteristics may 
have been at play. There were also no significant differences for sub
jective vividness. 

4. Experiment 1 discussion 

While our prediction that episodic simulation would have a greater 
effect on empathic concern in young compared to older adults was borne 
out by the data, our prediction regarding willingness to help was not, as 
episodic simulation increased willingness to help to a similar degree in 
both groups. This finding, however, replicates that of Gaesser et al. 
(2017b), who saw a similar increase in young and older adults when 
episodic simulation was compared to a baseline condition. The same 
study only found a difference between young and older adults when 

Fig. 3. Mean number of details in transcripts of imagined helping events, by age group. Error bars represent the SE. ***p < .001.  
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episodic simulation was compared to a condition involving directed 
retrieval of conceptual helping information (Gaesser et al., 2017b). 
Second, our mediation analyses indicated that vividness completely 
mediated the effects of episodic simulation on willingness to help and 
empathic concern, but there was no moderating effect of age. Third, 
while our prediction that young adults would produce more internal 
details than older adults was borne out by the data, we found that in
ternal details were unrelated to vividness or to willingness to help, and 
were related to empathic concern only among older adults. 

First, it is worth noting that the larger effect of episodic simulation on 
empathic concern among young adults was due to older adults 
expressing significantly more empathic concern in the words condition. 
In other words, the older adults had less room for improvement, and the 
interaction effect may be best described as a phenomenon wherein 
episodic simulation allows young adults to catch up to the level of 
empathic concern that older adults already exhibit at baseline. Impor
tantly, we did not find significant age-related differences in trait 
empathy, suggesting that it is the act of considering the specific cir
cumstances of other people, whether or not the situation is represented 
episodically, that distinguishes young and older adults when it comes to 
expressing empathy. This difference may be related to the fact that older 
adults, naturally, tend to have accumulated a wider variety of life ex
periences compared to young adults, and are therefore able to express 
empathic concern in relation to the hypothetical scenarios used in this 
study by drawing on crystallized, conceptual knowledge (Ardelt, 2010; 
Moore et al., 2015), without needing to engage in episodic simulation. 
Thus, if older adults do have some mild level of MTL deterioration 
(suggested by their production of fewer internal details), they are able to 
compensate for any adverse effects this may have on their ability to 
empathize with others by drawing on their extensive prior knowledge (e. 
g., Umanath and Marsh, 2014). 

In the literature on the adapted AI, we and others have taken the 
number of internal details as an objective expression of the vividness of 
recollection. Thus, we were surprised to find 1) internal details were not 
related to vividness ratings in either age group; and 2) despite the age 
difference in internal details, age was not a significant moderator in 
analyses showing vividness to be a strong mediator of the relationship 
between episodic simulation and both willingness to help and empathic 
concern; and 3) internal details were related to empathic concern only 
among older adults. One clue to interpreting these results can be found 
in a neuroimaging study in which subjective detail ratings were related 
to different neural substrates in young and older adults (Addis et al., 
2011). Specifically, in both remembered and imagined events, subjec
tive detail ratings in young adults were related to activity in the MTL and 
other medial regions affiliated with the brain’s autobiographical mem
ory network, whereas in older adults they were related to the lateral 
temporal cortex, the insula, and the cerebellum (Addis et al., 2011), 
structures that do not typically mediate detailed episodic memory. Also, 
while the authors of that study found no significant difference in detail 
ratings between young and older adults, they did find that older adults 
rated episodes as being more emotional and more personally significant 
compared to young adults (Addis et al., 2011). In light of these findings, 
our results suggest that the subjective, phenomenological experience of 
episodic simulation is more important for its role in willingness to help 
and empathy than context-specific detail as measured by the AI. The fact 
that internal details were significantly related to empathic concern only 
among older adults may indicate that older adults were more motivated 
to generate internal details when describing episodes they found 
particularly emotional. Indeed, motivation is an important factor to 
consider, given that older adults have been shown to be capable of 
producing more internal details after undergoing an “episodic specificity 
induction” training session (Madore et al., 2016). Future research should 
clarify these issues by measuring brain activity, as well as physiological 
indices of emotional responsivity, in young and older adults during tasks 
involving episodic simulation and the expression of empathy. 

The potential explanations we have suggested above can be 

addressed to some degree in Experiment 2 by comparing individuals 
with MTL excisions to age-matched healthy controls. First, we can be 
relatively certain that the MTL will be playing less of a role in supporting 
phenomenological features of imagined helping events in these patients, 
because each of them has a significant and uniform amount of MTL 
tissue excised from one hemisphere. Second, given that the patient and 
control groups are not only matched very closely for age, but do not 
include anyone over the age of 65 (which was our criterion for inclusion 
in the older adult group in Experiment 1), any compensatory benefit of 
greater life experience accumulated with age should have relatively 
little bearing on the results of Experiment 2. Note that our controlling for 
age in Experiment 2 also addresses the possibility that age-related dif
ferences in Experiment 1 could be related to issues with the frontal lobe 
or frontoparietal circuitry (e.g., Campbell et al., 2012; Grady, 2008; 
Manenti et al., 2013; Troyer et al., 1997) that our analysis of the pho
nemic fluency data was not sensitive enough to detect. 

5. Experiment 2 method 

The materials, design, and procedure for Experiment 2 were identical 
to those of Experiment 1; the only methodological difference was in the 
sample collected. Interclass correlation coefficients for inter-rater reli
ability on the adapted AI scoring were 0.920 and 0.822 for healthy 
controls and 0.926 and 0.844 for mTLE patients, for internal and 
external details, respectively. 

5.1. Participants 

Through the epilepsy clinic at Toronto Western Hospital, we 
recruited 16 mTLE patients (11 females; M age ¼ 37.6, SD ¼ 11.7; M 
years of education ¼ 15.3, SD ¼ 2.3) who had undergone unilateral 
anterior temporal lobectomy for the treatment of intractable epilepsy a 
minimum of six months previously and who had been seizure-free for 
that post-resection interval. These resections included the entirety of the 
amygdala, hippocampus, and anterior parahippocampal gyrus as well as 
neocortical resections of 4–5 cm from the temporal pole on the inferior 
temporal gyrus, 2–3 cm on the middle temporal gyrus and 1–2 cm on the 
superior temporal gyrus. Note that while there were eight patients with 
left-sided resections and eight with right, previous work from our lab has 
found that laterality is not a significant factor with respect to autobio
graphical memory deficits (Sheldon et al., 2011; St-Laurent et al., 2009; 
Viskontas et al., 2000). In addition, as alluded to above, all patients had 
had the same amount of hippocampal tissue resected (i.e., all of it) from 
the epileptogenic hemisphere. These participants were compensated 
with coffee shop gift cards preloaded with $25, in accordance with 
pre-established standards in our lab at Toronto Western Hospital. 
Through the University of Toronto community, we recruited 16 healthy 
controls matched to the patients, on an individual basis, for age, sex, and 
years of education (11 females; M age ¼ 37.1, SD ¼ 11.7; M years of 
education ¼ 16.3, SD ¼ 2.7), and with no history of psychiatric or 
neurological conditions. These participants were compensated with $32, 
according to the standards of our department (see above). Our experi
ment protocol was approved by the University Health Network Research 
Ethics Board. 

6. Experiment 2 results 

6.1. Trait empathy 

As in Experiment 1, we did not observe any significant differences 
when comparing patients to controls on the TEQ (mTLE patients: 
M ¼ 47.7, SE ¼ 1.63; healthy controls: M ¼ 50.1, SE ¼ 1.19), t(30) ¼ 1.21, 
p ¼ .237, or on the IRI-EC (mTLE patients: M ¼ 20.7, SE ¼ 4.98; healthy 
controls: M ¼ 20.8, SE ¼ 3.45), t(30) ¼ 0.09, p ¼ .933, and thus the 
groups were well-matched on levels of trait empathy. 
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6.2. Willingness to help, empathic concern, and vividness 

A mixed ANOVA, specified the same way as in Experiment 1, showed 
a marginally significant effect of episodic simulation on willingness to 
help, F(1,29) ¼ 3.80, p ¼ .061, η2

p ¼ .116, but no effect of group, 
F(1,29) ¼ 0.156, p ¼ .696. There was, however, an interaction between 
task and group, F(1,29) ¼ 4.22, p ¼ .049, η2

p ¼ .127. Post-hoc paired 
samples t-tests showed that willingness to help was significantly higher 
in the imagine vs. words condition among healthy controls, t(15) ¼ 4.29, 
p ¼ .003, but not among mTLE patients, t(15) ¼ 0.59, p ¼ .695 (see 
Fig. 4). Means are as follows: in the imagine condition, healthy controls 
M ¼ 5.76, SD ¼ 0.71; mTLE patients M ¼ 5.42, SD ¼ 1.2; and in the 
words condition, healthy controls M ¼ 4.67, SD ¼ 0.83; mTLE patients 
M ¼ 5.22, SD ¼ 1.04. There was no significant effect of the gender co
variate (F(1,29) ¼ 0.007, p ¼ .933). 

A second ANOVA, this time with empathic concern as the dependent 
variable, showed no significant effect of task, F(1,29) ¼ 0.234, p ¼ .632, 
nor of group, F(1,29) ¼ 0.02, p ¼ .882, but did show a significant inter
action between the two, F(1,29) ¼ 4.77, p ¼ .037, η2

p ¼ .141. As above, 
we ran two sets of post-hoc tests. As with willingness to help, the first set 
showed that empathic concern was significantly higher in the imagine vs. 
words condition among healthy controls, t(15) ¼ 2.91, p ¼ .043, but not 
among mTLE patients, t(15) ¼ -0.49, p ¼ .634 (see Fig. 4). Means are as 
follows: in the imagine condition, healthy controls M ¼ 4.43, SD ¼ 0.57; 
mTLE patients M ¼ 3.99, SD ¼ 1.13; and in the words condition, healthy 
controls M ¼ 3.78, SD ¼ 0.78; mTLE patients M ¼ 4.13, SD ¼ 1.14. There 
was no significant effect of the gender covariate (F(1,29) ¼ 0.274, 
p ¼ .604). 

As in Experiment 1, we ran a third ANOVA to verify that episodic 
simulation increased the vividness of any spontaneous mental imagery 
associated with the helping scenarios. We found a significant main effect 
of the imagine condition, F(1,29) ¼ 21.26, p < .001, η2

p ¼ .423, and, while 
there was no main effect of participant group, F(1,29) ¼ 0.592, p ¼ .448, 
there was a significant interaction between task and group, 
F(1,29) ¼ 11.41, p ¼ .002, η2

p ¼ .282. Post-hoc paired samples t-tests 
(corrected for multiple comparisons as per Holm [1979]) indicated this 
was due to episodic simulation inducing a larger increase in vividness in 
controls, t (15) ¼ 6.16, p < .001, compared to patients, t (15) ¼ 2.26, 
p ¼ .039 (see Fig. 4). Means are as follows: in the imagine condition, 

healthy controls M ¼ 5.59, SD ¼ 0.91; mTLE patients M ¼ 4.91, 
SD ¼ 1.19; and in the words condition, healthy controls M ¼ 2.73, 
SD ¼ 1.89; mTLE patients M ¼ 4.06, SD ¼ 1.67. There was no significant 
effect of the gender covariate (F(1,29) ¼ 2.24, p ¼ .146). 

6.3. Mediation analysis 

As in Experiment 1, we ran a multi-level moderated mediation 
analysis with episodic simulation as the predictor, willingness to help as 
the outcome, vividness as the mediator, and a binary moderator variable 
for participant group (1 ¼ healthy control; 0 ¼mTLE patient). We were 
unable to run an analogous moderated mediation analysis for empathic 
concern because, consistent with our participant-level ANOVA, the 
relationship between episodic simulation and empathic concern before 
accounting for vividness (i.e., the c path) was not significant (β ¼ .26, 
SE ¼ 0.15, p ¼ .089). To check whether vividness predicted empathic 
concern outside of a mediation model, we ran a regression model with 
vividness, participant group, and their interaction term as predictors, 
and empathic concern as the outcome variable, collapsing across imagine 
and words trials to allow for greater statistical power and fewer degrees 
of freedom. This analysis confirmed that vividness significantly pre
dicted empathic concern (β ¼ .28, SE ¼ 0.06, p < .001), with no signifi
cant effect of the interaction term (β ¼ 0.03, SE ¼ 0.08, p ¼ .695). 

In the mediation model for willingness to help, episodic simulation 
was a significant predictor of vividness, but there was a significant 
moderating effect of being an mTLE patient (estimate ¼ .59, 95% 
CI ¼ [0.29, 0.95]) consistent with our participant-level ANOVA. Spe
cifically, the effect of episodic simulation on vividness was significantly 
greater for healthy controls (β ¼ 2.88, SE ¼ 0.26, p < .001) than it was 
for mTLE patients (β ¼ 0.84, SE ¼ 0.26, p ¼ .001). Regardless of group 
membership, vividness was a significant predictor of willingness to help 
(β ¼ .29, SE ¼ 0.06, p < .001; see Fig. 5), again replicating previous work 
(Gaesser et al., 2015, 2017a; 2018; Gaesser and Schacter, 2014) and our 
Experiment 1. The effect of episodic simulation on willingness to help 
was completely mediated by vividness, as the c’ path (the effect of 
episodic simulation on willingness to help after accounting for vivid
ness) was non-significant (β ¼ .10, SE ¼ 0.22, p ¼ .637; see Fig. 5). 
Importantly, however, as indicated by the index of moderated mediation 
reported above, the mediating effect of vividness was significantly 

Fig. 4. Participants’ ratings of willingness to help (WH), empathic concern (EC), and vividness by group and task. Error bars represent the SE. Post-hoc t-tests within 
groups: ***p < .001, **p < .01, *p < .05. 
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greater for healthy controls (β ¼ 0.83, SE ¼ 0.20, p < .001) than it was 
for mTLE patients (β ¼ 0.24, SE ¼ 0.09, p ¼ .009). Note that, when the 
moderated mediation component of the model was excluded, the effect 
of episodic simulation on willingness to help (i.e., the c path) was sig
nificant (β ¼ 0.64, SE ¼ 0.19, p ¼ .001). Altogether, these results indi
cate that the diminished effect of episodic simulation on willingness to 
help in mTLE patients, compared to healthy controls, is driven by a 
diminished effect of episodic simulation on the vividness of imagined 
events in mTLE patients. 

6.4. Internal and external details in transcripts of imagined helping events 

Regarding the transcripts, an ANOVA showed main effects of detail 
type, F(1,30) ¼ 57.28, p < .001; and of being a healthy control, 
F(1,30) ¼ 8.39, p ¼ .007; along with an interaction between the two, 
F(1,30) ¼ 10.31, p ¼ .003. Post-hoc t-tests confirmed, as predicted, that 
controls produced more internal details (M ¼ 26.67, SD ¼ 7.73) than 
mTLE patients (M ¼ 15.75, SD ¼ 8.26), t(30) ¼ 3.858, p ¼ .001, but the 
groups did not differ on external details (controls: M ¼ 13.02, SD ¼ 6.47; 
patients: M ¼ 10.23, SD ¼ 7.76), t (30) ¼ 1.101, p ¼ .280 (post-hoc p’s 
corrected for multiple comparisons as per Holm [1979]). Next, we used 
a multi-level model with the same specifications as in Experiment 1, to 
examine whether internal details were related to vividness, willingness 
to help, and empathic concern, and whether these relationships differed 
by participant group. None of the variables predicted, nor interacted 
with participant group to predict, internal details. In an analogous 
model with external details as the outcome variable, empathic concern 
significantly predicted fewer external details (β ¼ � 1.79, SE ¼ 0.77, 
p ¼ .022) but interacted with identification as a healthy control to pre
dict more external details (β ¼ 3.78, SE ¼ 1.09, p < .001). Running 
separate models for controls and patients, with empathic concern as the 
predictor and external details as the outcome, revealed that empathic 
concern was marginally related to external details in controls (β ¼ 1.57, 
SE ¼ 0.72, p ¼ .070 [p ¼ .035 uncorrected]) but not in patients 
(β ¼ � 0.64, SE ¼ 0.57, p ¼ .264; post-hoc p’s adjusted for multiple 
comparisons as per Holm [1979]). Analyses of subtypes of internal de
tails can be found in the Supplementary Material. 

6.5. Auxiliary analyses 

To be consistent with Experiment 1, we compared mTLE patients and 
healthy controls on their performance in the phonemic fluency task. 
There was no significant difference in the total number of words 
generated, t(29) ¼ -1.80, p ¼ .083, so we did not conduct any further 
analyses (see Supplementary Material for descriptive statistics). 

As in Experiment 1, we compared all measures, for mTLE patients 

and healthy controls separately, between the first and second block. 
Healthy controls generated more words in the phonemic fluency task in 
the second block (M ¼ 24.93, SD ¼ 6.01) compared to the first 
(M ¼ 23.17, SD ¼ 5.85), t(14) ¼ -2.66, p ¼ .019, as did mTLE patients 
(first block: M ¼ 18.84, SD ¼ 7.19; second block: M ¼ 21.19, SD ¼ 6.33), 
t(15) ¼ -3.54, p ¼ .003. We assert that these are simple practice effects, as 
can be expected in any experiment. More importantly, there were no 
significant differences regarding willingness to help or empathic 
concern (see Supplementary Material), and we believe this helps address 
potential concerns about demand characteristics. There were also no 
significant differences for subjective vividness. 

6.6. Exploratory analysis: age of seizure onset 

Previous work from our lab (Cohn et al., 2015) and in other labs (e.g., 
Giovagnoli, 2014; Sidhu et al., 2015) has found that earlier age of 
seizure onset in mTLE patients is associated with greater impairments in 
memory and in theory of mind. In addition, the early years of life are 
known to be a critical period for social development (e.g., Anderson 
et al., 2018), so we were curious whether age of seizure onset was 
playing an unanticipated role in our present sample, even with the 
extent of resected hippocampal tissue being the same for all the patients. 
We computed a difference score for each mTLE patient by subtracting 
his or her mean willingness to help rating in the words condition from 
that in imagine condition; the same was done for empathic concern. We 
then ran a simple correlation and found that age of onset was signifi
cantly correlated with difference scores for willingness to help (r ¼ .643, 
R2 ¼ 0.414, p ¼ .01; see Fig. 6), a relationship that remained significant 
after controlling for the effect of age in a partial correlation (r ¼ .561, 
p ¼ .037). The results for empathic concern, however, were not signifi
cant (p’s � 0.383). 

7. Experiment 2 discussion 

We had predicted that healthy controls, compared to mTLE patients, 
would produce a greater number of internal details in their descriptions 
of imagined helping events, and that this would be accompanied by a 
more pronounced effect of episodic simulation on both willingness to 
help and empathic concern in controls. Each of these predictions were 
borne out by the data. In fact, among mTLE patients, episodic simulation 
did not significantly increase willingness to help, nor empathic concern. 
Our predictions regarding the mediating role of vividness were also 
fulfilled, at least for willingness to help. Not only did vividness mediate 
the effect of episodic simulation on willingness to help, but its mediation 
was significantly weaker in mTLE patients compared to controls. This 
result dovetails with our finding that episodic simulation influenced 

Fig. 5. Mediation analysis in healthy controls and mTLE patients, with scatterplot for willingness to help and vividness. All values are beta coefficients. ***p <
.001, **p < .01. 
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vividness ratings to a lesser degree in the mTLE group, but is compli
cated by the fact that mTLE patients’ vividness ratings appear to be 
higher at baseline (even if they are not significantly so) than those of 
controls. 

There are at least two plausible explanations as to why our mTLE 
patients gave relatively high vividness ratings at baseline. One is that 
they are so severely impaired in their ability to mentally render episodes 
in detail, and in their ability to recognize this lack of detail, that they not 
only rated scenarios in the imagine condition as being as vivid as those in 
the words condition, but they rated both as quite vivid (whereas controls 
rated scenarios in the words condition as much less vivid). 

A second, and more interesting, possibility has to do with greater 
emotional reactivity on the part of mTLE patients. This idea is supported 
by a recent study on moral decision-making in (non-epileptic) MTL 
patients (McCormick et al., 2016). In that study, MTL patients were less 
likely than healthy controls to endorse “cold-blooded” utilitarian re
sponses to highly sensitive moral dilemmas and, when interviewed af
terward, cited emotional reasons for this behaviour. Further, they also 
exhibited more intense skin conductance in response to these scenarios, 
compared to controls, “corroborating” their oral accounts of emotional 
aversion (McCormick et al., 2016). Similarly, in the present study, our 
mTLE patients may have responded to our “helping” scenarios more 
emotionally, such that they experienced relatively vivid imagery even in 
the baseline condition. After all, another moral decision-making study, 
among healthy individuals, found links between “emotional” (as 
opposed to utilitarian) responses and spontaneous imagery of the in
dividuals in the hypothetical scenarios suffering (Amit and Greene, 
2012). Perhaps subjective, phenomenological qualities are more 
important for prosocial responding than are context-specific details. 
Indeed, we did not find internal details to be related to either willingness 
to help or empathic concern in either mTLE patients or healthy controls. 
Moreover, our mediation analysis showed that the effect of episodic 
simulation on willingness to help was fully mediated by subjective 
vividness. Thus, much as in Experiment 1, where episodic simulation 
apparently allowed young adults to catch up to older adults in terms of 
empathic concern, episodic simulation may have allowed healthy con
trols to catch up to mTLE patients in both willingness to help and 
empathic concern. This interpretation is consistent with reports from 
other labs of temporal lobe epilepsy patients giving significantly higher 
ratings of emotional arousal in response to both narratives (Múnera 
et al., 2015) and scenes (Ciuffini et al., 2018; Hennion et al., 2015) when 
compared to healthy controls. 

These findings, however, are qualified by the results of our 

exploratory analysis on age of seizure onset. We found that mTLE pa
tients who did not develop seizures until later in life (roughly speaking, 
after childhood) performed more similarly to healthy controls with 
respect to the effect of episodic simulation on willingness to help. While 
these data mesh with other work linking earlier age of onset to greater 
difficulties both with psychosocial functioning in general and with 
theory of mind in particular (for review see Bora and Meletti, 2016), we 
did not find the same pattern with respect to empathic concern. Broadly 
speaking, these findings may indicate a relatively stronger influence of 
MTL function on one’s emotional reactivity (e.g., Ciuffini et al., 2018; 
Hennion et al., 2015; Múnera et al., 2015) compared to one’s hypo
thetical willingness to help, which may be more strongly influenced by 
environmental factors. Experiencing seizures in public, or among one’s 
peers, early in one’s life may have unforeseen social and emotional 
consequences that, depending on a variety of environmental factors, 
could either enhance or impede empathic responding and be closely 
intertwined with the patient’s quality of life and perceived support (e.g., 
Aydemir et al., 2004; Giovagnoli and Avanzini, 2000; Giovagnoli et al., 
2013; Lehrner et al., 1999). 

Most important for the present investigation, however, is that the 
mTLE patients in Experiment 2 performed similarly to the older adults in 
Experiment 1, at least with respect to internal detail production and the 
effect of episodic simulation on empathic concern. Not only does this 
mirror previous studies (Addis et al., 2010, 2008; Lechowicz et al., 2016; 
Levine et al., 2002; Sheldon et al., 2011, 2015; St-Laurent et al., 2014, 
2009), but it suggests that the difference we observed between young 
and older adults, in the effect of episodic simulation on empathic 
concern, is related, in part, to deteriorating MTL function. 

8. General discussion 

We found that, in healthy young, older, and middle-aged (control) 
adults, episodic simulation can significantly increase one’s willingness 
to help people in situations of need, replicating previous work (Gaesser 
et al., 2015, 2017a; 2018; Gaesser and Schacter, 2014). Such an in
crease, however, may depend on whether episodic simulation is 
compared to a “baseline” condition or a condition that involves directed 
retrieval of conceptual helping information (cf. Gaesser et al., 2017b). 
We also found that episodic simulation can increase empathic concern in 
healthy young and middle-aged adults, but has no significant effect on 
the empathic concern of older adults or mTLE patients, both of whom 
express a relatively high level of empathic concern even without the use 
of episodic simulation. We again replicated previous work showing that 

Fig. 6. Willingness to help (WH) difference score (mean imagine rating – mean words rating) plotted against age of seizure onset.  
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participants’ ratings of the vividness of their imagined helping events is 
associated with their willingness to help, and showed that vividness is 
also related to empathic concern. Further, we showed that the positive 
effects of episodic simulation on willingness to help are completely 
mediated by vividness in all of our participants. As predicted, however, 
the mediation was significantly weaker in mTLE patients compared to 
healthy controls, due to a diminished effect of episodic simulation on 
vividness in the mTLE group. Last, while our predictions regarding 
diminished production of internal (context-specific) details in older 
adults and mTLE patients were supported, we did not find a strong 
relationship between internal details and either willingness to help, 
empathic concern, or even vividness. Rather, our findings highlight the 
importance of subjective, phenomenological aspects of episodic 
simulation. 

Previous work has shown that the overall positive valence of the 
imagined event increases willingness to help (Gaesser et al., 2017a), but 
the present study is the first to test and demonstrate an increase spe
cifically in empathic concern as a consequence of episodic simulation, at 
least in young and middle-aged adults. While empathic concern and 
willingness to help are closely related constructs, they are clearly not 
synonymous given our finding that, in older adults, episodic simulation 
influenced willingness to help but not empathic concern. Indeed, will
ingness to help suggests a controlled and planned exercise of volition, 
which may or may not be influenced by emotion, while empathic 
concern represents a more affective construct, being the average of 
several different emotional reactions (compassion, sympathy, tenderness, 
warmth; Batson, 2011; Batson et al., 1997). One of the broader impli
cations of our findings is the notion that, while episodic simulation can 
influence various psychological functions, from empathizing to eco
nomic decision-making to open-ended problem-solving (e.g., Benoit 
et al., 2011; Boyer, 2008; Gaesser and Schacter, 2014; Palombo et al., 
2015; Rubin et al., 2014; Sheldon et al., 2011, 2015), the underlying 
mechanisms may be quite different depending on the specific cognitive 
and emotional parameters associated with the task at hand. Perhaps 
solving problems and making judgments or decisions that are less 
emotionally charged or value-based benefits more from the mental 
construction of context-specific detail, while the resolution of emotional 
or interpersonal dilemmas is more clearly informed by the subjective 
vividness with which hypothetical outcomes can be represented. Inter
estingly, while there is evidence that the effect of episodic simulation on 
temporal discounting is associated with the subjective vividness of 
imagined events (Peters and Büchel, 2010), that study found increased 
activation not in the hippocampus but in other nodes of the autobio
graphical memory network such as the retrosplenial, ventromedial 
prefrontal, and left parietal cortices. The parietal cortex in particular has 
been associated with the richness of semantic information (e.g., Ferreira 
et al., 2015). In addition, while Benoit et al. (2011) also showed that 
episodic simulation decreases temporal discounting, and that this was 
associated with hippocampal activity, they found that the effect was 
strongest when imagined events were rated with higher emotional in
tensity. Hence, our study harmonizes with other voices in the literature 
proclaiming that understanding the subjective qualities of imagined 
events is paramount to understanding the effects of episodic simulation 
on tasks involving judgment and decision-making. Just as important is 
the delineation of the roles played by different brain areas within the 
autobiographical memory network. 

That being said, and regardless of which subjective quality is car
rying the day, the similar performance of older adults and mTLE pa
tients, compared to their respective control groups, suggests that the 
positive effects of episodic simulation on empathic concern and will
ingness to help, in healthy young adults, are related, in part to MTL 
function, as we suspected. This interpretation is consistent with previous 
work on episodic simulation, which indicates that both older adults and 
mTLE patients are impaired in their ability to imagine detailed, context- 
specific events (Addis et al., 2010, 2008; Lechowicz et al., 2016; Sheldon 
et al., 2011, 2015). As we have acknowledged earlier, the MTL is not the 

only brain region implicated in episodic simulation, and it is not the only 
the brain region affected by aging. Therefore, it is conceivable that the 
differences we saw in OAs could be related to frontal lobe issues (e.g., 
Campbell et al., 2012; Grady, 2008; Manenti et al., 2013; Troyer et al., 
1997). While assessing frontal lobe functioning is beyond the scope of 
the present study, we note that OAs did not show a deficit on our pho
nemic fluency task, which is known to rely on lateral frontal regions (e. 
g., Madden et al., 2019; Manenti et al., 2013; Smirni et al., 2017; Troyer 
et al., 1997; Tupak et al., 2012). What is more puzzling, however, is that 
the reason the older adults and mTLE patients in the present study 
showed smaller effects of episodic simulation compared to their 
respective control groups is that they gave higher ratings of empathic 
concern and willingness to help at baseline (even if not significantly 
higher, in the case of the patients). In the next section, we discuss 
possible explanations for this phenomenon. 

First, as we discussed earlier, mTLE patients may respond more 
emotionally to scenario-based stimuli than do healthy controls (e.g., 
Ciuffini et al., 2018; Hennion et al., 2015; Múnera et al., 2015). Though 
the literature is inconsistent in this regard (cf. Beadle et al., 2013; Craver 
et al., 2016), differences in etiology may have important implications for 
social cognition and emotional decision-making. For example, a 
30-year-old who has had recurrent seizures since childhood prior to MTL 
surgery may have had very different social and emotional experiences 
compared to someone who has been relatively healthy until sustaining 
an anoxic brain injury in adulthood (see Experiment 2 discussion). Such 
individual differences may also explain why the patients in our study 
responded more emotionally than those in others, and future research is 
needed to delineate such differences more clearly. 

With respect to older adults, there is evidence that they, too, respond 
more emotionally than young adults (e.g., Albouy and D�ecaudin, 2018; 
Fern�andez-Aguilar et al., 2018). Such behaviour may be related to 
greater life experience and prior knowledge (Ardelt, 2010; Carstensen, 
2006; Moore et al., 2015; Umanath and Marsh, 2014; see also Gaesser 
and Schacter, 2014, Exp. 3), as well as a positivity bias (for reviews see 
Carstensen and DeLiema, 2018; Carstensen and Mikels, 2005) which 
may influence empathy. Another possibility is that older adults take a 
more rule-oriented (or “deontological”) approach to making judgments 
in hypothetical social situations (e.g., “one must always help those in 
need”), instead of considering the plausibility or desirability (among 
other factors) of helping on a case-by-case basis, which may have led 
some of their ratings to be lower, as were those of young adults (for 
examples of deontological decision-making in older adults, see Lim and 
Yu, 2015; McNair et al., 2018). 

Such an approach may also have been taken by our mTLE patients, 
though perhaps for different reasons. There is behavioural and neuro
imaging evidence from both healthy and clinical samples that the MTL is 
important for responding to idiosyncratic, open-ended problems that 
require creative, context-specific solutions (e.g., Madore et al., 2019; 
Rubin et al., 2014; Sheldon et al., 2011, 2015). Indeed, our findings 
related to MTL impairment in the present manuscript nicely converge 
with emerging evidence in healthy individuals showing that activity 
within the MTL subsystem, specifically in the parahippocampus and 
hippocampus, predicted willingness to help when participants imagined 
and remembered helping events (Gaesser et al., in press), suggesting a 
direct link between episodic processing in the MTL and prosocial in
tentions. Nevertheless, the MTL not only supports episodic simulation 
(Andrews-Hanna et al., 2014) but is also associated with individual 
differences in creativity (Beaty et al., 2014), acting in concert with a 
frontoparietal network to support goal-directed cognition (Spreng et al., 
2010) and divergent thinking (Beaty et al., 2015). Future research 
should employ neuroimaging techniques to examine how the MTL in
teracts with other systems, and with the frontoparietal network in 
particular, to contribute to the prosocial effects of episodic simulation. 
Moreover, future studies using a neuroimaging approach may shed 
additional light on the unique contributions and interplay among 
vividness, internal detail, emotionality, and other aspects of imagined 
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events. 
Last, we did not find an association between subjective vividness and 

internal details in any participant group, which was somewhat surpris
ing. Other studies, however, have also reported a dissociation between 
these two variables (e.g., Addis et al., 2007, 2011; Kirwan et al., 2008; 
Levine et al., 2009). Recent work suggests that indeed they are sup
ported by different neural substrates, with the hippocampus being sen
sitive to subjective vividness and lateral parietal cortex being sensitive 
to internal details (Thakral et al., in press). It is noteworthy, given our 
hypothesis of the role of the hippocampus in episodic simulation and 
prosociality, that in our study it is subjective vividness, not internal 
details, that mediates the effect of episodic simulation on willingness to 
help. It may be that subjective vividness ratings reflect the salience 
(Cooper et al., 2019) or availability (D’Angiulli et al., 2013) of internal 
details, regardless of their number. 

What we can say conclusively is that, while episodic simulation leads 
to greater willingness to help and empathic concern in healthy in
dividuals, this effect appears to rely more on the subjective vividness of 
imagined events than on context-specific detail that can be measured by 
independent observers. In MTL patients, the link between vividness and 
some prosocial behaviours and attitudes may be compromised. This is 
not to detract from the importance of previous work linking context- 
specific detail to open-ended problem-solving (e.g., Sheldon et al., 
2011, 2015) or concrete (as opposed to abstract) construal to future 
intentions (e.g., Gollwitzer and Brandstatter, 1997; McCrea et al., 2008). 
Rather, it underscores the value of also studying the subjective, 
phenomenological features of imagined events. Future research on 
episodic simulation should also investigate more concrete measures of 
prosocial responding, as well as moral decision-making, to paint a more 
complete picture of the role of the MTL in the everyday lives in healthy 
controls and in people with compromised MTL functioning, be it due to 
trauma or normal aging. 

Declaration of competing interest 

None of the authors have any conflicts of interest to declare. 

CRediT authorship contribution statement 

Caspian Sawczak: Conceptualization, Methodology, Software, 
Validation, Formal analysis, Investigation, Data curation, Writing - 
original draft, Writing - review & editing, Visualization. Mary Pat 
McAndrews: Conceptualization, Methodology, Validation, Resources, 
Writing - review & editing, Supervision, Project administration, Funding 
acquisition. Brendan Gaesser: Writing - review & editing, Supervision. 
Morris Moscovitch: Conceptualization, Methodology, Validation, Re
sources, Writing - review & editing, Supervision, Funding acquisition. 

Acknowledgments 

This research was supported by grants from the Canadian Institutes 
of Health Research (M.M.) and the Natural Sciences and Engineering 
Research Council (M.P.M.), a Templeton Science of Prospection Award 
(B.G.), and University of Toronto graduate student fellowship (C.S.). We 
are also grateful to our undergraduate research assistants for scoring 
transcripts of imagined helping episodes in order to establish inter-rater 
reliability (Katherine Jin and Dennis Mameri) and for helping to analyze 
data from the phonemic fluency task (Anna Waisman, Dennis Mameri, 
Leanne Fernandes, and Irene Yue Jiang). 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.neuropsychologia.2019.107243. 

References 

Addis, D.R., 2018. Are episodic memories special? On the sameness of remembered and 
imagined event simulation. J. R. Soc. N. Z. 48, 64–88. https://doi.org/10.1080/ 
03036758.2018.1439071. 

Addis, D.R., Schacter, D.L., 2008. Constructive episodic simulation: temporal distance 
and detail of past and future events modulate hippocampal engagement. 
Hippocampus 18 (2), 227–237. https://doi.org/10.1002/hipo.20405. 

Addis, D.R., Moscovitch, M., Crawley, A.P., McAndrews, M.P., 2004. Recollective 
qualities modulate hippocampal activation during autobiographical memory 
retrieval. Hippocampus 14 (6), 752–762. https://doi.org/10.1002/hipo.10215. 

Addis, D.R., Moscovitch, M., McAndrews, M.P., 2007. Consequences of hippocampal 
damage across the autobiographical memory network in left temporal lobe epilepsy. 
Brain 130 (9), 2327–2342. https://doi.org/10.1093/brain/awm166. 

Addis, D.R., Wong, A.T., Schacter, D.L., 2008. Age-related changes in the episodic 
simulation of future events. Psychol. Sci. 19 (1), 33–41. https://doi.org/10.1111/ 
j.1467-9280.2008.02043.x. 

Addis, D.R., Musicaro, R., Pan, L., Schacter, D.L., 2010. Episodic simulation of past and 
future events in older adults: evidence from an experimental recombination task. 
Psychol. Aging 25 (2), 369–376. https://doi.org/10.1037/a0017280. 

Addis, D.R., Roberts, R.P., Schacter, D.L., 2011. Age-related neural changes in 
autobiographical remembering and imagining. Neuropsychologia 49 (13), 
3656–3669. https://doi.org/10.1016/j.neuropsychologia.2011.09.021. 

Albouy, J., D�ecaudin, J.-M., 2018. Age differences in responsiveness to shocking 
prosocial campaigns. J. Consum. Mark. 35 (3), 328–339. https://doi.org/10.1108/ 
JCM-02-2016-1713. 

Amit, E., Greene, J.D., 2012. You see, the ends don’t justify the means: visual imagery 
and moral judgment. Psychol. Sci. 23 (8), 861–868. https://doi.org/10.1177/ 
0956797611434965. 

Anderson, D.H., Trinh, S.M., Caldarella, P., Hansen, B.D., Richardson, M.J., 2018. 
Increasing positive playground interaction for kindergarten students at risk for 
emotional and behavioral disorders. Early Child. Educ. J. 46 (5), 487–496. https:// 
doi.org/10.1007/s10643-017-0878-2. 

Andrews-Hanna, J.R., Smallwood, J., Spreng, N., 2014. The default network and self- 
generated thought: component processes, dynamic control, and clinical relevance. 
Ann. N. Y. Acad. Sci. 1316 (1), 29–52. https://doi.org/10.1111/nyas.12360. 

Ardelt, M., 2010. Are older adults wiser than college students? A comparison of two age 
cohorts. J. Adult Dev. 17 (4), 193–207. https://doi.org/10.1007/s10804-009-9088- 
5. 

Aydemir, N., €Ozkara, Ç., Canbeyli, R., Tekcan, A., 2004. Changes in quality of life and 
self-perspective related to surgery in patients with temporal lobe epilepsy. Epilepsy 
Behav. 5 (5), 735–742. https://doi.org/10.1016/j.yebeh.2004.06.022. 

Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., Plumb, I., 2001. The “Reading the 
Mind in the Eyes” Test revised version: a study with normal adults, and adults with 
Asperger syndrome or high-functioning autism. J. Child Psychol. Psychiatry Allied 
Discip. 42 (2), 241–251. https://doi.org/10.1017/s0021963001006643. 

Batson, C.D., 2011. Altruism in Humans. Oxford University Press, New York, NY.  
Batson, C.D., Early, S., Salvarani, G., 1997. Perspective taking: imagining how another 

feels versus imagining how you would feel. Personal. Soc. Psychol. Bull. 23 (7), 
751–758. https://doi.org/10.1177/0146167297237008. 

Bauer, D.J., Preacher, K.J., Gil, K.M., 2006. Conceptualizing and testing random indirect 
effects and moderated mediation in multilevel models: new procedures and 
recommendations. Psychol. Methods 11 (2), 142–163. https://doi.org/10.1037/ 
1082-989X.11.2.142. 

Beadle, J.N., Tranel, D., Cohen, N.J., Duff, M.C., 2013. Empathy in hippocampal 
amnesia. Front. Psychol. 4, 1–12. https://doi.org/10.3389/fpsyg.2013.00069. 

Benoit, R.G., Gilbert, S.J., Burgess, P.W., 2011. A neural mechanism mediating the 
impact of episodic prospection on farsighted decisions. J. Neurosci. 31 (18), 
6771–6779. https://doi.org/10.1523/JNEUROSCI.6559-10.2011. 

Beaty, R.E., Benedek, M, Wilkins, R.W., Jauk, E., Fink, A., Silvia, P.J., Neubauer, A.C., 
2014. Creativity and the default network: A functional connectivity analysis of the 
creative brain at rest. Neuropsychologia 64, 92–98. https://doi.org/10.1016/j. 
neuropsychologia.2014.09.019. 

Beaty, R.E., Benedek, M., Barry Kaufman, S., Silvia, P.J., 2015. Default and Executive 
Network Coupling Supports Creative Idea Production. https://doi.org/10.1038/ 
srep10964. Scientific Reports, 5, art. no. 10964.  

Bertossi, E., Tesini, C., Cappelli, A., Ciaramelli, E., 2016. Ventromedial prefrontal 
damage causes a pervasive impairment of episodic memory and future thinking. 
Neuropsychologia 90, 12–24. https://doi.org/10.1016/j. 
neuropsychologia.2016.01.034. 

Bora, E., Meletti, S., 2016. Social cognition in temporal lobe epilepsy: a systematic 
review and meta-analysis. Epilepsy Behav. 60, 50–57. https://doi.org/10.1016/j. 
yebeh.2016.04.024. 

Boyer, P., 2008. Evolutionary economics of mental time travel? Trends Cogn. Sci. 12 (6), 
219–224. https://doi.org/10.1016/j.tics.2008.03.003. 

Brown, A.D., Addis, D.R., Romano, T.A., Marmar, C.R., Bryant, R.A., Hirst, W., 
Schacter, D.L., 2014. Episodic and semantic components of autobiographical 
memories and imagined future events in post-traumatic stress disorder. Memory 22 
(6), 595–604. https://doi.org/10.1080/09658211.2013.807842. 

Campbell, K.L., Grady, C.L., Ng, C., Hasher, L., 2012. Age differences in the 
frontoparietal cognitive control network: implications for distractibility. 
Neuropsychologia 50 (9), 2212–2223. https://doi.org/10.1016/j. 
neuropsychologia.2012.05.025. 

Carson, N., Leach, L., Murphy, K.J., 2018. A re-examination of montreal cognitive 
assessment (MoCA) cutoff scores. Int. J. Geriatr. Psychiatry 33 (2), 379–388. https:// 
doi.org/10.1002/gps.4756. 

C. Sawczak et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.neuropsychologia.2019.107243
https://doi.org/10.1016/j.neuropsychologia.2019.107243
https://doi.org/10.1080/03036758.2018.1439071
https://doi.org/10.1080/03036758.2018.1439071
https://doi.org/10.1002/hipo.20405
https://doi.org/10.1002/hipo.10215
https://doi.org/10.1093/brain/awm166
https://doi.org/10.1111/j.1467-9280.2008.02043.x
https://doi.org/10.1111/j.1467-9280.2008.02043.x
https://doi.org/10.1037/a0017280
https://doi.org/10.1016/j.neuropsychologia.2011.09.021
https://doi.org/10.1108/JCM-02-2016-1713
https://doi.org/10.1108/JCM-02-2016-1713
https://doi.org/10.1177/0956797611434965
https://doi.org/10.1177/0956797611434965
https://doi.org/10.1007/s10643-017-0878-2
https://doi.org/10.1007/s10643-017-0878-2
https://doi.org/10.1111/nyas.12360
https://doi.org/10.1007/s10804-009-9088-5
https://doi.org/10.1007/s10804-009-9088-5
https://doi.org/10.1016/j.yebeh.2004.06.022
https://doi.org/10.1017/s0021963001006643
http://refhub.elsevier.com/S0028-3932(19)30287-8/sref16
https://doi.org/10.1177/0146167297237008
https://doi.org/10.1037/1082-989X.11.2.142
https://doi.org/10.1037/1082-989X.11.2.142
https://doi.org/10.3389/fpsyg.2013.00069
https://doi.org/10.1523/JNEUROSCI.6559-10.2011
https://doi.org/10.1016/j.neuropsychologia.2014.09.019
https://doi.org/10.1016/j.neuropsychologia.2014.09.019
https://doi.org/10.1038/srep10964
https://doi.org/10.1038/srep10964
https://doi.org/10.1016/j.neuropsychologia.2016.01.034
https://doi.org/10.1016/j.neuropsychologia.2016.01.034
https://doi.org/10.1016/j.yebeh.2016.04.024
https://doi.org/10.1016/j.yebeh.2016.04.024
https://doi.org/10.1016/j.tics.2008.03.003
https://doi.org/10.1080/09658211.2013.807842
https://doi.org/10.1016/j.neuropsychologia.2012.05.025
https://doi.org/10.1016/j.neuropsychologia.2012.05.025
https://doi.org/10.1002/gps.4756
https://doi.org/10.1002/gps.4756


Neuropsychologia 135 (2019) 107243

13

Carstensen, L.L., 2006. The influence of a sense of time on human development. Science 
312, 1913–1915. https://doi.org/10.1126/science.1127488. 

Carstensen, L.L., DeLiema, M., 2018. The positivity effect: a negativity bias in youth fades 
with age. Curr. Opin. Behav. Sci. 19, 7–12. https://doi.org/10.1016/j. 
cobeha.2017.07.009. 

Carstensen, L.L., Mikels, J.A., 2005. At the intersection of emotion and cognition: aging 
and the positivity effect. Curr. Dir. Psychol. Sci. 14, 117–121. https://doi.org/ 
10.1111/j.0963-7214.2005.00348.x. 

Ciaramelli, E., Bernardi, F., Moscovitch, M., 2013. Individualized theory of mind (iToM): 
when memory modulates empathy. Front. Psychol. 4 (FEB), 1–18. https://doi.org/ 
10.3389/fpsyg.2013.00004. 

Ciuffini, R., Stratta, P., Marrelli, A., 2018. Emotional reactivity in mesial temporal lobe 
epilepsy: a pilot study. Epilepsy Behav. 82, 87–90. https://doi.org/10.1016/j. 
yebeh.2018.02.011. 

Cohn, M., St-Laurent, M., Barnett, A., McAndrews, M.P., 2015. Social inference deficits in 
temporal lobe epilepsy and lobectomy: risk factors and neural substrates. Soc. Cogn. 
Affect. Neurosci. 10 (5), 636–644. https://doi.org/10.1093/scan/nsu101. 

Cooper, R.A., Kensinger, E.A., Ritchey, M., 2019. Memories fade: the relationship 
between memory vividness and remembered visual salience. Psychol. Sci. 30, 
657–668. https://doi.org/10.1177/0956797619836093. 

Craver, C.F., Keven, N., Kwan, D., Kurczek, J., Duff, M.C., Rosenbaum, R.S., 2016. Moral 
judgment in episodic amnesia. Hippocampus 26 (8), 975–979. https://doi.org/ 
10.1002/hipo.22593. 

D’Angiulli, A., Runge, M., Faulkner, A., Zakizadeh, J., Chan, A., Morcos, S., 2013. 
Vividness of visual imagery and incidental recall of verbal cues, when 
phenomenological availability reflects long-term memory accessibility. Front. 
Psychol. 4 (FEB), 1–18. https://doi.org/10.3389/fpsyg.2013.00001. 

Davis, M.H., 1980. A multidimensional approach to individual differences in empathy. 
JSAS Catalog Sel. Documents Psychol. 10, 85–100. http://www.eckerd.edu/ac 
ademics/psychology/files/Davis_1980.pdf. 

Davis, M.H., 1983. Measuring individual differences in empathy: evidence for a 
multidimensional approach. J. Personal. Soc. Psychol. 44, 113–126. https://doi.org/ 
10.1037/0022-3514.44.1.113. 

Driscoll, I., Hamilton, D.A., Petropoulos, H., Yeo, R.A., Brooks, W.M., Baumgartner, R.N., 
Sutherland, R.J., 2003. The aging hippocampus: cognitive, biochemical and 
structural findings. Cerebr. Cortex 13 (12), 1344–1351. https://doi.org/10.1093/ 
cercor/bhg081. 

D’Argembeau, A., Van der Linden, M., 2012. Predicting the phenomenology of episodic 
future thoughts. Conscious. Cognit. 21 (3), 1198–1206. https://doi.org/10.1016/j. 
concog.2012.05.004. 

Eichenbaum, H., Sauvage, M., Fortin, N., Komorowski, R., Lipton, P., 2012. Towards a 
functional organization of episodic memory in the medial temporal lobe. Neurosci. 
Biobehav. Rev. 36 (7), 1597–1608. https://doi.org/10.1016/j. 
neubiorev.2011.07.006. 

Fern�andez-Aguilar, L., Ricarte, J., Ros, L., Latorre, J.M., 2018. Emotional differences in 
young and older adults: films as mood induction procedure. Front. Psychol. 9 (July) 
https://doi.org/10.3389/fpsyg.2018.01110. 

Ferreira, R.A., G€obel, S.M., Hymers, M., Ellis, A.W., 2015. The neural correlates of 
semantic richness: evidence from an fMRI study of word learning. Brain Lang. 143, 
69–80. https://doi.org/10.1016/j.bandl.2015.02.005. 

Ferrett, H.L., Carey, P.D., Baufeldt, A.L., Cuzen, N.L., Conradie, S., Dowling, T., 
Thomas, K.G.F., 2014. Assessing phonemic fluency in multilingual contexts: letter 
selection methodology and demographically stratified norms for three South African 
language groups. Int. J. Test. 14 (2), 143–167. https://doi.org/10.1080/ 
15305058.2013.865623. 

Gaesser, B., Schacter, D.L., 2014. Episodic simulation and episodic memory can increase 
intentions to help others. Proc. Natl. Acad. Sci. 111 (12), 4415–4420. https://doi. 
org/10.1073/pnas.1402461111. 

Gaesser, B., Hirschfeld-Kroen, J., Wasserman, E.A., Horn, M., Young, L., 2019. A role for 
the medial temporal lobe subsystem in guiding prosociality: the effect of episodic 
processes on willingness to help others. Soc. Cogn. Affect. Neurosci 14 (4), 397–410. 
https://doi.org/10.1093/scan/nsz014 art. no. nsz014.  

Gaesser, B., Horn, M., Young, L., 2015. When can imagining the self increase willingness 
to help others? Investigating whether the self-referential nature of episodic 
simulation fosters prosociality. Soc. Cogn. 33 (6), 562–584. https://doi.org/ 
10.1521/soco.2015.33.6.562. 

Gaesser, B., DiBiase, H.D., Kensinger, E.A., 2017. A role for affect in the link between 
episodic simulation and prosociality. Memory 25 (8), 1052–1062. https://doi.org/ 
10.1080/09658211.2016.1254246. 

Gaesser, B., Dodds, H., Schacter, D.L., 2017. Effects of aging on the relation between 
episodic simulation and prosocial intentions. Memory 25 (9), 1272–1278. https:// 
doi.org/10.1080/09658211.2017.1288746. 

Gaesser, B., Keeler, K., Young, L., 2018. Moral imagination: facilitating prosocial 
decision-making through scene imagery and theory of mind. Cognition 171, 
180–193. https://doi.org/10.1016/j.cognition.2017.11.004. 

Gilboa, A., Winocur, G., Grady, C.L., Hevenor, S.J., Moscovitch, M., 2004. Remembering 
our past: functional neuroanatomy of recollection of recent and very remote personal 
events. Cerebr. Cortex 14 (11), 1214–1225. https://doi.org/10.1093/cercor/ 
bhh082. 

Giovagnoli, A.R., 2014. The importance of theory of mind in epilepsy. Epilepsy Behav. 
39, 145–153. https://doi.org/10.1016/j.yebeh.2014.05.021. 

Giovagnoli, A.R., Avanzini, G., 2000. Quality of life and memory performance in patients 
with temporal lobe epilepsy. Acta Neurol. Scand. 101 (5), 295–300. https://doi.org/ 
10.1034/j.1600-0404.2000.90257a.x. 

Giovagnoli, A.R., Parente, A., Villani, F., Franceschetti, S., Spreafico, R., 2013. Theory of 
mind and epilepsy: what clinical implications? Epilepsia 54 (9), 1639–1646. https:// 
doi.org/10.1111/epi.12255. 

Gollwitzer, P.M., Brandst€atter, V., 1997. Implementation intentions and effective goal 
pursuit. J. Personal. Soc. Psychol. 73 (1), 186–199. https://doi.org/10.1037/0022- 
3514.73.1.186. 

Gould, O.N., MacNeil Gautreau, S., 2014. Empathy and conversational enjoyment in 
younger and older adults. Exp. Aging Res. 40 (1), 60–80. https://doi.org/10.1080/ 
0361073x.2014.857559. 

Grady, C.L., 2008. Cognitive neuroscience of aging. Ann. N. Y. Acad. Sci. 1124, 127–144. 
https://doi.org/10.1196/annals.1440.009. 

Hayes, A.F., 2015. An index and test of linear moderated mediation. Multivar. Behav. 
Res. 50 (1), 1–22. https://doi.org/10.1080/00273171.2014.962683. 

Hennion, S., Sequeira, H., D’Hondt, F., Duhamel, A., Lopes, R., Tyvaert, L., et al., 2015. 
Arousal in response to neutral pictures is modified in temporal lobe epilepsy. 
Epilepsy Behav. 45, 15–20. https://doi.org/10.1016/j.yebeh.2015.02.005. 

Holm, S., 1979. A simple sequentially rejective multiple test procedure. Scand. J. Stat. 6 
(2), 65–70. https://www.jstor.org/stable/4615733. 

Jernigan, T.L., Archibald, S.L., Fennema-Notestine, C., Gamst, A.C., Stout, J.C., 
Bonner, J., Hesselink, J.R., 2001. Effects of age on tissues and regions of the 
cerebrum and cerebellum. Neurobiol. Aging 22 (4), 581–594. https://doi.org/ 
10.1016/S0197-4580(01)00217-2. 

Kirwan, C.B., Bayley, P.J., Galvan, V.V., Squire, L.R., 2008. Detailed recollection of 
remote autobiographical memory after damage to the medial temporal lobe. Proc. 
Natl. Acad. Sci. 105 https://doi.org/10.1073/pnas.0712155105, 2676–1680.  

Lechowicz, M., Miller, L., Irish, M., Addis, D.R., Mohamed, A., Lah, S., 2016. Imagining 
future events in patients with unilateral temporal lobe epilepsy. Br. J. Clin. Psychol. 
55 (2), 187–205. https://doi.org/10.1111/bjc.12107. 

Lehrner, J., Kalchmayr, R., Serles, W., Olbrich, A., Pataraia, E., Aull, S., et al., 1999. 
Health-related quality of life (HRQOL), activity of daily living (ADL) and depressive 
mood disorder in temporal lobe epilepsy patients. Seizure 8 (2), 88–92. https://doi. 
org/10.1053/seiz.1999.0272. 

Levine, B., Svoboda, E., Hay, J.F., Winocur, G., Moscovitch, M., 2002. Aging and 
autobiographical memory: dissociating episodic from semantic retrieval. Psychol. 
Aging 17 (4), 677–689. https://doi.org/10.1037/0882-7974.17.4.677. 

Levine, B., Svoboda, E., Turner, G.R., Mandic, M., Mackey, A., 2009. Behavioral and 
functional neuroanatomical correlates of anterograde autobiographical memory in 
isolated retrograde amnesic patient M.L. Neuropsychologia 47, 2188–2196. https:// 
doi.org/10.1016/j.neuropsychologia.2008.12.026. 

Lim, K.T.K., Yu, R., 2015. Aging and wisdom: age-related changes in economic and social 
decision making. Front. Aging Neurosci. 7, 1–11. https://doi.org/10.3389/ 
fnagi.2015.00120. 

Madden, D.L., Sale, M.V., O’Sullivan, J., Robinson, G.A., 2019. Improved language 
production with transcranial direct current stimulation in progressive supranuclear 
palsy. Neuropsychologia 127, 148–157. https://doi.org/10.1016/j. 
neuropsychologia.2019.02.022. 

Madore, K.P., Szpunar, K.K., Addis, D.R., Schacter, D.L., 2016. Episodic specificity 
induction impacts activity in a core brain network during construction of imagined 
future experiences. Proc. Natl. Acad. Sci. 113 (38), 10696–10701. https://doi.org/ 
10.1073/pnas.1612278113. 

Madore, K.P., Thakral, P.P., Beaty, R.E., Addis, D.R., Schacter, D.L., 2019. Neural 
mechanisms of episodic retrieval support divergent creative thinking. Cerebr. Cortex 
29 (1), 150–166. https://doi.org/10.1093/cercor/bhx312. 

Manenti, R., Brambilla, M., Petesi, M., Miniussi, C., Cotelli, M., 2013. Compensatory 
networks to counteract the effects of ageing on language. Behav. Brain Res. 249, 
22–27. https://doi.org/10.1016/j.bbr.2013.04.011. 

McCormick, C., Rosenthal, C.R., Miller, T.D., Maguire, E.A., 2016. Hippocampal damage 
increases deontological responses during moral decision making. J. Neurosci. 36 
(48), 12157–12167. https://doi.org/10.1523/JNEUROSCI.0707-16.2016. 

McCrea, S.M., Liberman, N., Trope, Y., Sherman, S.J., 2008. Construal level and 
procrastination. Psychol. Sci. 19 (12), 1308–1314. https://doi.org/10.1111/j.1467- 
9280.2008.02240.x. 

McNair, S., Okan, Y., Hadjichristidis, C., de Bruin, W.B., 2018. Age differences in moral 
judgment: older adults are more deontological than younger adults. J. Behav. Decis. 
Mak. 47–60. https://doi.org/10.1002/bdm.2086. 

Moore, R.C., Martin, A.S., Kaup, A.R., Thompson, W.K., Peters, M.E., Jeste, D.V., et al., 
2015. From suffering to caring: a model of differences among older adults in levels of 
compassion. Int. J. Geriatr. Psychiatry 30 (2), 185–191. https://doi.org/10.1002/ 
gps.4123. 

Moscovitch, M., Cabeza, R., Winocur, G., Nadel, L., 2016. Episodic memory and beyond: 
the hippocampus and neocortex in transformation. Annu. Rev. Psychol. 67, 105–134. 
https://doi.org/10.1146/annurev-psych-113011-143733. 

Mullally, S.L., Maguire, E.A., 2014. Memory, imagination, and predicting the future: a 
common brain mechanism? The Neuroscientist 20 (3), 220–234. https://doi.org/ 
10.1177/1073858413495091. 

Múnera, C.P., Lomlomdjian, C., Terpiluk, V., Medel, N., Solís, P., Kochen, S., 2015. 
Memory for emotional material in temporal lobe epilepsy. Epilepsy Behav. 52, 
57–61. https://doi.org/10.1016/j.yebeh.2015.08.009. 

Nasreddine, Z.S., Phillips, N.A., B�edirian, V., Charbonneau, S., Whitehead, V., Collin, I., 
et al., 2005. The Montreal Cognitive Assessment, MoCA: a brief screening tool for 
mild cognitive impairment. J. Am. Geriatr. Soc. 53 (4), 695–699. https://doi.org/ 
10.1111/j.1532-5415.2005.53221.x. 

Palombo, D.J., Keane, M.M., Verfaellie, M., 2015. The medial temporal lobes are critical 
for reward-based decision making under conditions that promote episodic future 
thinking. Hippocampus 25 (3), 345–353. https://doi.org/10.1002/hipo.22376. 

C. Sawczak et al.                                                                                                                                                                                                                               

https://doi.org/10.1126/science.1127488
https://doi.org/10.1016/j.cobeha.2017.07.009
https://doi.org/10.1016/j.cobeha.2017.07.009
https://doi.org/10.1111/j.0963-7214.2005.00348.x
https://doi.org/10.1111/j.0963-7214.2005.00348.x
https://doi.org/10.3389/fpsyg.2013.00004
https://doi.org/10.3389/fpsyg.2013.00004
https://doi.org/10.1016/j.yebeh.2018.02.011
https://doi.org/10.1016/j.yebeh.2018.02.011
https://doi.org/10.1093/scan/nsu101
https://doi.org/10.1177/0956797619836093
https://doi.org/10.1002/hipo.22593
https://doi.org/10.1002/hipo.22593
https://doi.org/10.3389/fpsyg.2013.00001
http://www.eckerd.edu/academics/psychology/files/Davis_1980.pdf
http://www.eckerd.edu/academics/psychology/files/Davis_1980.pdf
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1093/cercor/bhg081
https://doi.org/10.1093/cercor/bhg081
https://doi.org/10.1016/j.concog.2012.05.004
https://doi.org/10.1016/j.concog.2012.05.004
https://doi.org/10.1016/j.neubiorev.2011.07.006
https://doi.org/10.1016/j.neubiorev.2011.07.006
https://doi.org/10.3389/fpsyg.2018.01110
https://doi.org/10.1016/j.bandl.2015.02.005
https://doi.org/10.1080/15305058.2013.865623
https://doi.org/10.1080/15305058.2013.865623
https://doi.org/10.1073/pnas.1402461111
https://doi.org/10.1073/pnas.1402461111
https://doi.org/10.1093/scan/nsz014
https://doi.org/10.1521/soco.2015.33.6.562
https://doi.org/10.1521/soco.2015.33.6.562
https://doi.org/10.1080/09658211.2016.1254246
https://doi.org/10.1080/09658211.2016.1254246
https://doi.org/10.1080/09658211.2017.1288746
https://doi.org/10.1080/09658211.2017.1288746
https://doi.org/10.1016/j.cognition.2017.11.004
https://doi.org/10.1093/cercor/bhh082
https://doi.org/10.1093/cercor/bhh082
https://doi.org/10.1016/j.yebeh.2014.05.021
https://doi.org/10.1034/j.1600-0404.2000.90257a.x
https://doi.org/10.1034/j.1600-0404.2000.90257a.x
https://doi.org/10.1111/epi.12255
https://doi.org/10.1111/epi.12255
https://doi.org/10.1037/0022-3514.73.1.186
https://doi.org/10.1037/0022-3514.73.1.186
https://doi.org/10.1080/0361073x.2014.857559
https://doi.org/10.1080/0361073x.2014.857559
https://doi.org/10.1196/annals.1440.009
https://doi.org/10.1080/00273171.2014.962683
https://doi.org/10.1016/j.yebeh.2015.02.005
https://www.jstor.org/stable/4615733
https://doi.org/10.1016/S0197-4580(01)00217-2
https://doi.org/10.1016/S0197-4580(01)00217-2
https://doi.org/10.1073/pnas.0712155105
https://doi.org/10.1111/bjc.12107
https://doi.org/10.1053/seiz.1999.0272
https://doi.org/10.1053/seiz.1999.0272
https://doi.org/10.1037/0882-7974.17.4.677
https://doi.org/10.1016/j.neuropsychologia.2008.12.026
https://doi.org/10.1016/j.neuropsychologia.2008.12.026
https://doi.org/10.3389/fnagi.2015.00120
https://doi.org/10.3389/fnagi.2015.00120
https://doi.org/10.1016/j.neuropsychologia.2019.02.022
https://doi.org/10.1016/j.neuropsychologia.2019.02.022
https://doi.org/10.1073/pnas.1612278113
https://doi.org/10.1073/pnas.1612278113
https://doi.org/10.1093/cercor/bhx312
https://doi.org/10.1016/j.bbr.2013.04.011
https://doi.org/10.1523/JNEUROSCI.0707-16.2016
https://doi.org/10.1111/j.1467-9280.2008.02240.x
https://doi.org/10.1111/j.1467-9280.2008.02240.x
https://doi.org/10.1002/bdm.2086
https://doi.org/10.1002/gps.4123
https://doi.org/10.1002/gps.4123
https://doi.org/10.1146/annurev-psych-113011-143733
https://doi.org/10.1177/1073858413495091
https://doi.org/10.1177/1073858413495091
https://doi.org/10.1016/j.yebeh.2015.08.009
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1002/hipo.22376


Neuropsychologia 135 (2019) 107243

14

Peters, J., Büchel, C., 2010. Episodic future thinking reduces reward delay discounting 
through an enhancement of prefrontal-mediotemporal interactions. Neuron 66, 
138–148. https://doi.org/10.1016/j.neuron.2010.03.026. 

Rabin, J.S., Rosenbaum, R.S., 2012. Familiarity modulates the functional relationship 
between theory of mind and autobiographical memory. Neuroimage 62 (1), 
520–529. https://doi.org/10.1016/j.neuroimage.2012.05.002. 

Raz, N., Lindenberger, U., Rodrigue, K.M., Kennedy, K.M., Head, D., Williamson, A., 
et al., 2005. Regional brain changes in aging healthy adults: general trends, 
individual differences and modifiers. Cerebr. Cortex 15 (11), 1676–1689. https:// 
doi.org/10.1093/cercor/bhi044. 

Rockwood, N.J., Hayes, A.F., 2017, May. MLmed: an SPSS macro for multilevel 
mediation and conditional process analysis. In: Poster Presented at the Annual 
Meeting of the Association of Psychological Science (APS) (Boston, MA).  

Rubin, R.D., Watson, P.D., Duff, M.C., Cohen, N.J., 2014. The role of the hippocampus in 
flexible cognition and social behavior. Front. Hum. Neurosci. 8 (September), 1–15. 
https://doi.org/10.3389/fnhum.2014.00742. 

Schacter, D.L., Addis, D.R., Hassabis, D., Martin, V.C., Spreng, R.N., Szpunar, K.K., 2012. 
The future of memory: remembering, imagining, and the brain. Neuron 76 (4), 
677–694. https://doi.org/10.1016/j.neuron.2012.11.001. 

Sheldon, S., Levine, B., 2016. The role of the hippocampus in memory and mental 
construction. Ann. N. Y. Acad. Sci. 1369 (1), 76–92. https://doi.org/10.1111/ 
nyas.13006. 

Sheldon, S., Moscovitch, M., 2012. The nature and time-course of medial temporal lobe 
contributions to semantic retrieval: an fMRI study on verbal fluency. Hippocampus 
22 (6), 1451–1466. https://doi.org/10.1002/hipo.20985. 

Sheldon, S., McAndrews, M.P., Moscovitch, M., 2011. Episodic memory processes 
mediated by the medial temporal lobes contribute to open-ended problem solving. 
Neuropsychologia 49 (9), 2439–2447. https://doi.org/10.1016/j. 
neuropsychologia.2011.04.021. 

Sheldon, S., Vandermorris, S., Al-Haj, M., Cohen, S., Winocur, G., Moscovitch, M., 2015. 
Ill-defined problem solving in amnestic mild cognitive impairment: linking episodic 
memory to effective solution generation. Neuropsychologia 68, 168–175. https:// 
doi.org/10.1016/j.neuropsychologia.2015.01.005. 

Sidhu, M.K., Stretton, J., Winston, G.P., Symms, M., Thompson, P.J., Koepp, M.J., 
Duncan, J.S., 2015. Factors affecting reorganisation of memory encoding networks 
in temporal lobe epilepsy. Epilepsy Res. 110, 1–9. https://doi.org/10.1016/j. 
eplepsyres.2014.11.001. 

Smirni, D., Turriziani, P., Mangano, G.R., Bracco, M., Oliveri, M., Cipolotti, L., 2017. 
Modulating phonemic fluency performance in healthy subjects with transcranial 
magnetic stimulation over the left or right lateral frontal cortex. Neuropsychologia 
102, 109–115. https://doi.org/10.1016/j.neuropsychologia.2017.06.006. 

Spreng, R.N., McKinnon, M.C., Mar, R.A., Levine, B., 2009. The Toronto Empathy 
Questionnaire: scale development and initial validation of a factor-analytic solution 
to multiple empathy measures. J. Personal. Assess. 91 (1), 62–71. https://doi.org/ 
10.1080/00223890802484381. 

Spreng, R.N., Stevens, W.D., Chamberlain, J.P., Gilmore, A.W., Schacter, D.L., 2010. 
Default network activity, coupled with the frontoparietal control network, supports 
goal-directed cognition. Neuroimage 53 (1), 303–317. https://doi.org/10.1016/j. 
neuroimage.2010.06.016. 

St-Laurent, M., Moscovitch, M., Levine, B., McAndrews, M.P., 2009. Determinants of 
autobiographical memory in patients with unilateral temporal lobe epilepsy or 
excisions. Neuropsychologia 47, 2211–2221. https://doi.org/10.1016/j. 
neuropsychologia.2009.01.032. 

St-Laurent, M., Moscovitch, M., Jadd, R., McAndrews, M.P., 2014. The perceptual 
richness of complex memory episodes is compromised by medial temporal lobe 
damage. Hippocampus 24 (5), 560–576. https://doi.org/10.1002/hipo.22249. 

Szpunar, K.K., Schacter, D.L., 2013. Perceived plausibility of future experiences. J. Exp. 
Psychol. Gen. 142 (2), 323–327. https://doi.org/10.1037/a0028877. 

Thakral, P.P., Madore, K.P., Schacter, D.L., 2019. The core episodic simulation network 
dissociates as a function of subjective experience and objective content. 
Neuropsychologia (in press).  

Troyer, A.K., Moscovitch, M., Winocur, G., 1997. Clustering and switching as two 
components of verbal fluency: evidence from younger and older healthy adults. 
Neuropsychology 11 (1), 138–146. https://doi.org/10.1037/0894-4105.11.1.138. 

Tupak, S.V., Badewien, M., Dresler, T., Hahn, T., Ernst, L.H., Herrmann, M.J., 
Fallgatter, A.J., Ehlis, A.-C., 2012. Differential prefrontal and frontotemporal 
oxygenation patterns during phonemic and semantic verbal fluency. 
Neuropsychologia 50 (7), 1565–1569. https://doi.org/10.1016/j. 
neuropsychologia.2012.03.009. 

Umanath, S., Marsh, E.J., 2014. Understanding how prior knowledge influences memory 
in older adults. Perspect. Psychol. Sci. 9 (4), 408–426. https://doi.org/10.1177/ 
1745691614535933. 

Verfaellie, M., Wank, A.A., Reid, A.G., Race, E., Keane, M.M., 2019. Self-related 
processing and future thinking: distinct contributions of ventromedial prefrontal 
cortex and the medial temporal lobes. Cortex 115, 159–171. https://doi.org/ 
10.1016/j.cortex.2019.01.028. 

Viskontas, I.V., McAndrews, M.P., Moscovitch, M., 2000. Remote episodic memory 
deficits in patients with unilateral temporal lobe epilepsy and excisions. J. Neurosci. 
20 (15), 5853–5857. https://doi.org/10.1523/JNEUROSCI.20-15-05853.2000. 

Zhang, Z., Zyphur, M.J., Preacher, K.J., 2009. Testing multilevel mediation using 
hierarchical linear models. Organ. Res. Methods 12 (4), 695–719. https://doi.org/ 
10.1177/1094428108327450. 

C. Sawczak et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.neuron.2010.03.026
https://doi.org/10.1016/j.neuroimage.2012.05.002
https://doi.org/10.1093/cercor/bhi044
https://doi.org/10.1093/cercor/bhi044
http://refhub.elsevier.com/S0028-3932(19)30287-8/sref1
http://refhub.elsevier.com/S0028-3932(19)30287-8/sref1
http://refhub.elsevier.com/S0028-3932(19)30287-8/sref1
https://doi.org/10.3389/fnhum.2014.00742
https://doi.org/10.1016/j.neuron.2012.11.001
https://doi.org/10.1111/nyas.13006
https://doi.org/10.1111/nyas.13006
https://doi.org/10.1002/hipo.20985
https://doi.org/10.1016/j.neuropsychologia.2011.04.021
https://doi.org/10.1016/j.neuropsychologia.2011.04.021
https://doi.org/10.1016/j.neuropsychologia.2015.01.005
https://doi.org/10.1016/j.neuropsychologia.2015.01.005
https://doi.org/10.1016/j.eplepsyres.2014.11.001
https://doi.org/10.1016/j.eplepsyres.2014.11.001
https://doi.org/10.1016/j.neuropsychologia.2017.06.006
https://doi.org/10.1080/00223890802484381
https://doi.org/10.1080/00223890802484381
https://doi.org/10.1016/j.neuroimage.2010.06.016
https://doi.org/10.1016/j.neuroimage.2010.06.016
https://doi.org/10.1016/j.neuropsychologia.2009.01.032
https://doi.org/10.1016/j.neuropsychologia.2009.01.032
https://doi.org/10.1002/hipo.22249
https://doi.org/10.1037/a0028877
http://refhub.elsevier.com/S0028-3932(19)30287-8/sref98
http://refhub.elsevier.com/S0028-3932(19)30287-8/sref98
http://refhub.elsevier.com/S0028-3932(19)30287-8/sref98
https://doi.org/10.1037/0894-4105.11.1.138
https://doi.org/10.1016/j.neuropsychologia.2012.03.009
https://doi.org/10.1016/j.neuropsychologia.2012.03.009
https://doi.org/10.1177/1745691614535933
https://doi.org/10.1177/1745691614535933
https://doi.org/10.1016/j.cortex.2019.01.028
https://doi.org/10.1016/j.cortex.2019.01.028
https://doi.org/10.1523/JNEUROSCI.20-15-05853.2000
https://doi.org/10.1177/1094428108327450
https://doi.org/10.1177/1094428108327450

	Episodic simulation and empathy in older adults and patients with unilateral medial temporal lobe excisions
	1 Introduction
	2 Experiment 1 method
	2.1 Participants
	2.2 Materials & design
	2.2.1 Vignettes
	2.2.2 Adapted Autobiographical Interview (AI) transcript scoring
	2.2.3 Trait empathy
	2.2.4 Procedure
	2.2.5 Task block
	2.2.5.1 “Imagine” trials
	2.2.5.2 “Words” trials


	2.3 Question block

	3 Experiment 1 results
	3.1 Trait empathy
	3.2 Willingness to help, empathic concern, and vividness
	3.3 Mediation analyses
	3.4 Internal and external details in transcripts of imagined helping events
	3.5 Auxiliary analyses

	4 Experiment 1 discussion
	5 Experiment 2 method
	5.1 Participants

	6 Experiment 2 results
	6.1 Trait empathy
	6.2 Willingness to help, empathic concern, and vividness
	6.3 Mediation analysis
	6.4 Internal and external details in transcripts of imagined helping events
	6.5 Auxiliary analyses
	6.6 Exploratory analysis: age of seizure onset

	7 Experiment 2 discussion
	8 General discussion
	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgments
	Appendix A Supplementary data
	References


