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Abstract: Imagining future events while performing an intertemporal choice task can attenuate the
devaluation of future rewards. Here, we investigated whether this effect and its neural basis depend
on the degree of personal prior experience associated with the simulated future scenarios. Functional
magnetic resonance imaging was combined with a modified intertemporal choice task in which the
delayed options were either purely monetary, or linked with a social event. Subject-specific events dif-
fered regarding familiarity, that is, meeting a close, familiar person or a celebrity in a café. In line with
recent hypotheses on episodic construction, the simulation of future familiar and unfamiliar events
equally attenuated delay discounting behavior in comparison with the control condition and both were
imagined with similar richness. Imaging data, however, indicate that these results rely on differential
neural activation patterns. The hippocampus was particularly involved in the simulation of unfamiliar
future scenarios, probably reflecting enhanced construction processes when personal experience with
similar past events is lacking. Consequently, functional coupling of the hippocampus with neural valu-
ation signals in the anterior cingulate cortex predicted the subjective value only of rewards offered in
the unfamiliar context. In contrast, valuation of rewards in a familiar context was predicted by activa-
tion in key nodes of emotional and autobiographical memory retrieval and dynamically modulated
by frontal-striatal connectivity. The present data emphasize that the mechanisms underlying neural
valuation of prospective rewards largely depend on the pre-experience with the context in which they

are offered. Hum Brain Mapp 36:4210-4221, 2015.
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Farsighted decisions are strongly biased by the tendency
to devaluate rewards as a function of time to delivery
[Peters and Btichel, 2011]. The resistance to the temptation
of an immediate gratification for the benefit of a larger but
delayed payoff can be increased when connecting it to an
anticipated future event (“tag-effect”) [Daniel et al., 2013a,b;
Kwan et al., 2015; Peters and Btichel, 2010], when the reward
consumption itself is simulated [Benoit et al., 2011; Palombo
et al., 2015] and when a future-oriented mindset is induced
via prospective imagery [Cheng et al., 2012]. Highlighting
the impact of episodic prospection on this effect, neural acti-
vation in response to episodic tags strongly overlaps with a
core network implicated in remembering and imagining
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events [Race et al., 2011; Schacter et al., 2012], including the
ventromedial prefrontal cortex, precuneus, and posterior
cingulate cortex [Benoit et al., 2011; Peters and Biichel,
2010]. This fits with suggestions that constructing coherent
future scenarios involves the flexible recombination of epi-
sodic memories [Schacter and Addis, 2007b, 2009].

The extent to which prospective thinking requires such
flexible recombination is certainly affected by the degree to
which a particular event relies on self-experience. Along
those lines, lacking self-experience during the imagination
of unfamiliar future events may be compensated by stronger
reliance on episodic information from other sources, such as
media and third person experiences [Anderson, 2012]. Find-
ings are mixed whether such additional recombination
demands affect the quality of imagination with some studies
reporting richer episodic thought when based on prior expe-
rience [D’Argembeau and Van der Linden, 2012; Szpunar
and McDermott, 2008] and others reporting the quality of
imagination to be unaffected by familiarity [Anderson,
2012]. In the same vein, it is unclear whether the neural cir-
cuits modulating the tag-effect are different for familiar and
unfamiliar future events. It seems likely that the hippocam-
pus is generally involved in the episodic construction of
future events [Hassabis et al., 2007; Maguire and Mullally,
2013]. Moreover, there is evidence suggesting that the hip-
pocampus is even stronger engaged when self-experience
with simulated events is lacking. Specifically, increased hip-
pocampal activation has been observed during the imagina-
tion of novel compared to remembering episodic events
[Addis et al., 2011; Okuda et al., 2003; Schacter and Addis,
2007a; Weiler et al., 2010b]. In addition, a recent study that
explicitly controlled encoding related processing in the sim-
ulation of unfamiliar events demonstrated that activity
within the posterior hippocampus was significantly modu-
lated by construction effort [Gaesser et al., 2013]. When con-
struction demands are reduced in the context of familiarity,
however, episodic simulation seems to be less dependent on
hippocampal processing [Weiler et al., 2010a] and to rely
more on posterior parietal regions [Szpunar et al., 2009],
which together with occipital and temporal regions are part
of the core network implicated in autobiographical memory
retrieval [Cabeza and St Jacques, 2007; Martinelli et al., 2013;
Svoboda et al., 2006].

In the context of the tag-effect, episodic prospection has
so far either been restricted to familiar scenarios [Palombo
et al., 2015] or familiarity was not controlled at all [Daniel
et al., 2013a,b; Peters and Biichel, 2010]. However, the qual-
ity [Lebreton et al., 2013; Palombo et al., 2015; Peters and
Biichel, 2010] and emotional valence [Benoit et al., 2011; Liu
et al., 2013] of imagination, which might rely on the personal
experience with future events, has found to be crucial for
the magnitude of the tag-effect. Recent mixed findings about
presence [Kwan et al., 2015] or absence [Palombo et al.,
2015] of the tag-effect in amnestic patients with hippocam-
pal lesions further indicate a differential impact of future
event features on the neurobehavioral manifestation of the

tag-effect. To fill this gap, this study combined functional
magnetic resonance imaging (fMRI) with a modified inter-
temporal choice task in which future rewards were linked to
subject-specific social events differing systematically in
familiarity. An established hyperbolic model of delay dis-
counting [Mazur, 1987] and extensive interview data were
used to explore potential behavioral differences or similar-
ities between episodic conditions. On the neural level, we
used factorial and functional coupling analyses to focus on
condition dependent interactions between neural decision-
making and episodic future-thinking networks. Specifically,
the hippocampus might critically mediate the construction
of unfamiliar events and consequently impact on neural val-
uation signals more strongly in the unfamiliar condition. In
contrast, neural networks related to autobiographical and
emotional memory retrieval might have a larger impact on
neural valuation in the context of familiar event simulation.

MATERIALS AND METHODS
Participants

Twenty-three healthy young adults (21-30 years;
M =24.96, SD=2.79; 12 men) participated in this study.
Participants were recruited via an online-announcement
and from an existing database and gave written informed
consent before participating. Exclusion criteria were neuro-
logical, psychiatric, and other serious physical conditions.
Participants were financially compensated with 10 Euros
per hour. In addition, one chosen reward from the delay
discounting task was randomly selected and paid out with
the respective delay. The study was approved by the local
ethics committee.

Study Design

Following established procedures [Peters and Biichel,
2009], all participants were invited in on a separate day,
prior to testing, to complete a computer-based delay-dis-
counting procedure. This pretest was used to construct
subject-specific trials for the main discounting experiment
to ensure that participants would choose the delayed option
in 50% of the trials. Individual choices from this pretest
were fitted via a hyperbolic discounting function of the form

A
SV= (1+kD)

to estimate the individual discount rate for a reward of
20€ (SV =subjective value; A =amount of the delayed
reward; D =delay in days; k=discount rate) [Mazur,
1987]. The discount rate was then used to calculate indif-
ference amounts for six delays, randomly drawn from one
of two sets [1, 2], [6, 7], [13, 15], [28, 32], [85, 95], [170,
190]. Next, the six delays were paired with six amounts
lying equally above and below the respective indifference
point. Monetary amounts ranged from 20.5€ to 79.50€. In
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TABLE I. Interindividual variability in the reward ranges
at each delay

Delay M (IQR) SD

[1, 2] 21.30 3.11
[6, 7] 21.26 3.58
[13, 15] 20.39 3.66
[28, 32] 20.05 5.76
[85, 95] 21.14 9.11
[170, 190] 25.13 10.40

Means (M) and standard deviations (SD) of the individual IQR of
the delayed rewards from the fMRI experiment are reported sepa-
rately for each of the six delays. IQRs are computed for each par-
ticipant by subtracting the 25% percentile of the rewards across
all sessions from the 75% percentile.

this fashion, six blocks of 36 trials each were constructed
for the fMRI experiment. While minimum and maximum
amount for each delay were close to the extreme values
for each participants, values varied individually between
these extremes. In order to get an impression of such inter-
individual variability, Table I shows the average interquar-
tile ranges (IQR) computed as the difference between the
75% minus the 25% percentile of the rewards across the
six sessions and their standard deviation for each of the
six delays (for complete information on the individual
IQRs, see Table S1 in the Supporting Information).

Two of these six blocks served as the control condition,
which involved standard delay discounting without epi-
sodic prospection, while the remaining four blocks were
assigned to the episodic tag conditions. In each of these
four blocks, participants were instructed to imagine meet-
ing a person in a café for the day of delayed reward deliv-
ery. To ensure not only temporal but also spatial
specificity of the imaginations, participants were familiar-
ized with five images depicting scenes of a typical café
before the experiment. In two of these blocks, this event
was related to prior experiences and involved meeting
with a familiar social partner (e.g., Mother). In the two
other blocks, the event was unfamiliar and involved meet-
ing with a famous person from the media who had not
been met in person before (e.g., Angela Merkel). A stand-
ardized interview (adopted from [Carstensen and Fre-
drickson, 1998]) was used to identify these two familiar
and two novel social partners: For the identification of the
familiar social partners, participants had to imagine mov-
ing to a foreign country on their own and to appoint
familiar persons with whom they would like to spend the
last hours before their departure. To identify the famous,
novel partners, participants imagined conducting an inter-
view for the local newspaper with persons of public inter-
est whom they had never met in person before.

The applied fMRI paradigm was a modified version of the
task used by Peters and Biichel [2010] (Fig. 1). The three con-
ditions were presented in six blocks (2 blocks per condition)
of 36 trials each. To avoid various types of confounding

sequence effects, the presentation of the three conditions
was randomized but the two blocks of each condition were
always presented successively. Between blocks, participants
were given a five minutes break to relax. In each trial, partic-
ipants were required to choose between a fixed immediate
reward option of 20 € (which was not shown on the screen)
and a larger but delayed amount. During episodic condi-
tions, this delayed reward option was presented together
with the name of the social partner with whom they had to
imagine a meeting in a café for the date of the delayed
reward delivery. In the control condition, delayed options
were presented together with placeholder strings (“XXXX”
or “YYYY”) and participants were explicitly instructed not
to imagine anything. Participants were trained on the task
before scanning. After the task and without being scanned,
participants remained lying in the scanner for approxi-
mately ten minutes for an interview about the richness of
their imagination for the four events. During this interview,
participants were asked to describe their imaginations for
the four scenarios as detailed as possible. Answers were
recorded and later transliterated.

Outside the scanner, participants were given question-
naires to rate the emotionality and curiosity they associ-
ated with the four partners as well as their motivation to
meet the partners for each event on scales ranging from 1
to 7.

Data Acquisition

We used Presentation software (Neurobehavioral Systems)
for stimulus presentation and recording. FMRI data were
acquired on a 3 tesla system (Magnetom Trio, Siemens)
equipped with a 32-channel head coil. Each volume comprised
41 transversal slices (2mm thickness, Imm gap, TR = 2460 ms,
TE = 25 ms, FOV =216 X 216 mm?, in-plane resolution 2 X
2 mm? GRAPPA factor 2). After functional imaging,
high-resolution anatomical MR images were acquired using a
T1-weighted MPRAGE sequence (1 X 1 X 1 mm).

Behavioral Data Analysis

Behavioral data analysis was performed with Matlab
(Mathworks). Individual-subject choice data were fitted
using maximum likelihood estimation by combining a
hyperbolic discounting function with softmax action selec-
tion [Peters et al., 2012] separately for each experimental
condition. This yielded two free parameters per condition,
the hyperbolic discounting constant k, where higher values
reflect greater impatience, and the inverse temperature
parameter f of the softmax choice function, where greater
values reflect more decision noise (see Table II for medians
and IQRs of the absolute single-subject maximum likeli-
hood parameter estimates, model fit criterion and reaction
time data). A square-root transformation was applied to
the resulting k parameters prior to analyses [Ballard and
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Figure I.

Outline of the paradigm. Each trial started with a
the delayed reward option was presented for 6

green dot, signaling the start of the trial. Next,
s. Participants had to indicate their choice by

selecting the red cross for the immediate reward (20 € that were not shown) or the green
check mark for the delayed reward option. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Knutson, 2009; Peters et al., 2012], accounting for their
skewed distributions.

Descriptions of the imaginations for the four events were
analyzed with respect to the level of episodic richness using
a similar procedure to the Autobiographical Interview Anal-
ysis [Levine et al., 2002]. Details were categorized as internal
(episodic information relating to the given future event) or
external (nonepisodic information). Internal details were
categorized further into one of five categories adapted from
Levine et al.: time, place, perceptual, emotions/thoughts,
and event details (examples of narratives coded into internal
and external details are presented in Figure S1 in the Sup-
porting Information). External details comprised semantic
details, repetitions and other metacognitive statements. A
second independent rater coded details into the same cate-
gories, yielding a reliability between the raters of cronbach’s
alpha = 0.97 for internal details and cronbach’s alpha = 0.89
for external details. Where appropriate, degrees of freedom

were adjusted using the Greenhouse-Geisser procedure
to correct for potential violations of the sphericity
assumption.

FMRI Data Analysis

FMRI data processing and statistical analyses were per-
formed using statistical parametric mapping (SPM8; Well-
come Department of Imaging Neuroscience, London, UK).

Functional data were corrected for slice timing, rigid body
motion and susceptibility artefacts (“realign and unwarp”).
Next, the individual structural T1 image was coregistered to
the mean functional image generated during realignment.
Coregistered T1 images were then segmented using the
‘New Segment’ routine in SPMS8. Resulting tissue-class
images for gray and white matter were subsequently used
for spatial normalization of the functional images using
the DARTEL toolbox. Data were smoothed with a 6-mm

TABLE Il. Model parameters

k B AIC RT
Median IQR Median IQR Median IQR Median IQR
Control 0.0086 0.0099 1.30 2.31 40.27 36.17 745.58 96.88
Familiar 0.0060 0.0093 1.12 1.92 38.11 26.40 752.97 191.79
Unfamiliar 0.0066 0.0105 1.60 244 37.42 29.51 748 240.35

For each of the three conditions, medians and IQRs are reported for

the model estimates of the discounting parameter (k) and tempera-

ture parameter (ff), the Akaike information criterion (AIC) as a measure of goodness-of-fit, as well as for the reaction times (RT).
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Figure 2.

Behavioral data. Square-root transformed delay discounting rate k,
plotted separately for the three conditions. Error bars represent
standard errors of the mean. ** P<0.0l, ns. not significant.
[Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

full-width at half maximum (FWHM) isotropic Gaussian
kernel.

Data analysis was performed using the general linear
model (GLM) approach as implemented in SPM. Sustained
activation during the presentation of the delayed option
(i.e., from option onset until button press) was modeled by
boxcar regressors that were convolved with the canonical
hemodynamic response function. Condition-specific k-
parameters from the scanning session were used for the
calculation of the subjective value of each delayed option
and included as a parametric regressor in the GLM. Error
trials (trials in which participants responded too early/
late) were modelled separately. All first-level analyses also
contained a set of regressors that modelled images conta-
minated by movement (using an adaptive velocity cutoff
with a criterion of 0.4 mm/TR).

For each subject, contrast images for each condition
(control/familiar/unfamiliar) and for the respective subjec-
tive value regressor were constructed. For differential anal-
yses, these contrast images were entered into a second-
level random effects ANOVA model.

Finally, we used psychophysiological interaction analyses
(PPI) [Friston et al., 1997] to test for potentially different
connectivity patterns of neural valuation regions for the
familiar and unfamiliar condition. To this end, we designed
first-level models for each participant consisting of the fol-
lowing three regressors: (1) the time course of the seed
region; (2) the psychological variable (i.e. the subjective
value of the delayed option folded with the haemodynamic
response function); and (3) the product of the former two.

To correct for multiple comparisons in the hippocam-
pus, we used anatomical masks obtained from the
Harvard-Oxford atlas (probability threshold 50%). In addi-

tion, due to the ventral striatums’ role in coding delayed
reward signals [Miedl et al., 2014] and emotional aspects
of autobiographical memories [Speer et al., 2014], 8mm-
sphreres were centred around established coordinates:
xy,z: *14, 8, =8 mm [O’Doherty et al., 2004; Yacubian
et al., 2006]. The threshold of small volume corrections
was set to P<0.05 corrected for multiple comparisons
using the family wise error rate (FWE <0.05). Other
regions were reported when passing a whole-brain cor-
rected cluster-threshold of FWE <0.05 (cluster forming
threshold P < 0.005 uncorrected).

RESULTS
Behavioral Results

The condition specific discounting parameters (trans-
formed k-values) were subjected to a repeated measures
ANOVA, yielding a significant main effect of condition
(control/familiar /unfamiliar), F(2,44) =5.83, P <0.01. Post-
hoc comparisons revealed that participants’ discounting
behaviour was significantly lower in both episodic condi-
tions compared with the control condition (familiar > con-
trol: #(21) = 2.71, P <0.01; unfamiliar > control: #(21) =2.93,
P <0.01). No significant difference was observed between
the conditions (P = 0.92; Fig. 2).

Post-Hoc Ratings

Confirming presumed categorization, post-hoc inter-
views revealed an equal motivation to meet the familiar
(M=596, SD=1.30) and wunfamiliar social partners
(M =5.96, SD =1.03), P>0.99. Moreover, familiar partners
(M =6.65, SD =0.51) were rated as significantly higher on
emotional closeness than the wunfamiliar partners
(M =252, SD=1.01), #22)=15.91, P <0.001. Analysis of
the autobiographical Interview indicated that participants
imagined familiar and unfamiliar events with similar
amounts of internal, #(22)=0.06, P>.94 and external
details, #(22)=1.31, P> .20 (Table III). Neither for the
familiar nor for the unfamiliar condition was the tag-effect
directly correlated with the amount of internal details.

FMRI Data

We first analyzed differences in the condition regressors
without parametric modulation. The comparison of both
episodic conditions versus the control condition was asso-
ciated with greater BOLD signals in a network consisting
of the left medial rostral and ventromedial prefrontal cor-
tex, left middle temporal gyrus, left retrosplenial cortex/
posterior cingulate cortex and left lateral parietal cortex
(all P <0.05 FWE; Table 1V, Fig. 3).

When comparing the familiar with the unfamiliar condi-
tion (familiar > unfamiliar), whole-brain analyses revealed
a significant increase in the BOLD response in the right
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TABLE Ill. Level of detail and episodic richness of simu-
lations across future event scenarios

Familiar Unfamiliar

M SD M SD
Internal Details 10.70 4.80 10.74 5.85
Event Details 4.35 2.21 3.70 2.96
Perceptual Details 2.09 2.13 2.26 191
Place Details 1.57 0.79 1.52 0.79
Emotion/Thought Details 2.48 1.93 3.30 3.15
External Details 1.09 1.48 0.87 1.33
Semantic Details 0.39 0.84 0.39 0.66
Repetition 0.48 0.79 0.39 0.78
Other 0.22 0.85 0.22 0.67

Means (M) and standard deviations (SD) are reported for the
amount of details imagined for familiar and unfamiliar events
with further divisions into subcategories of internal and external
detail categories. Due to the link of the imagined scenarios to spe-
cific time delays, time details were only rarely reported and are
therefore not listed in the table.

extended amygdala, the left thalamus, the left ventral teg-
mental area, as well as the left middle temporal gyrus (all
P <0.05 FWE see Fig. 4A and Table IV). In the reverse con-
trast (unfamiliar > familiar), a higher BOLD signal was
observed in the left posterior hippocampus (P < 0.05 FWE,
see Fig. 4B). No further regions exhibited significant acti-
vation in this contrast on the whole brain level.

In order to investigate whether differences in the neural
tag effect could be predicted by interindividual differences
in the discounting behavior, we next performed a simple
regression analysis including the single-subject contrast
images and transformed k values. Results revealed that
across both episodic conditions there was a significant cor-
relation between individual discounting parameters and
the ACC (0,42,0, z = 4.64, cluster size =429, P <0.05 FWE).
As demonstrated in Figure 5, this correlation did not differ
between episodic conditions.

Next, we were interested in whether the neural sub-
strates of subjective valuation underlying both episodic
conditions differ from each other. To this aim, individual
contrast images coding for parametric modulation by sub-
jective values were entered into the analysis. The main
effect across both conditions revealed significant clusters
in the ACC, the right orbitofrontal cortex, the bilateral ven-
tral striatum, left posterior and middle frontal regions, the
bilateral middle temporal gyrus, the right mid cingulum
and the left hippocampus to be significantly modulated by
subjective value (all P <0.05 FWE). Subsequent differential
analyses for the contrast familiar > unfamiliar revealed a
stronger positive subjective value correlation in a cortical
network including inferior and middle frontal gyrus,
inferior and middle temporal gyrus, precuneus and the
cerebellum (all P <0.05 FWE; Table V, Fig. 6). No signifi-
cant differences were observed in the reverse contrast
(unfamiliar > familiar).

Given our aforementioned findings demonstrating the
ACC to be involved in individual discounting behavior
and parametric valuation as well as previous evidence for
a key role of dynamic ACC-limbic interactions on choice
behavior [Peters and Btichel, 2010; Roiser et al., 2009], we
next analyzed whether the valuation signals in the ACC
are differentially connected with other brain regions in
familiar versus unfamiliar trials. In other words, we were
interested in whether the contribution of brain regions to
the valuation in the ACC changes with the episodic
context.

To this end, PPI were conducted using a 4mm sphere
around the ACC peak from the SV main effect analysis
(=12, 48, 6) as the seed region. Results revealed a stronger
coupling between ACC and left hippocampus (—22, —26,
—14, z=3.56, P <0.05 FWE) in the unfamiliar compared
with the familiar condition. For the reverse contrast (famili-
ar >unfamiliar), stronger coupling was detected between
the ACC and the left ventral striatum (—10, 10, —14,
z=3.50, P <0.05 FWE; Fig. 7). No further regions showed
significant differences in coupling with the ACC between
the two conditions.

DISCUSSION

We investigated the role of familiarity in the episodic
modulation of delay discounting using fMRI combined
with a modified intertemporal choice task. Behaviorally,
reward delay discounting was attenuated by episodic
future event imagination regardless of the degree of perso-
nal prior experience associated with the simulated future
scenarios. In the same vein, interview data showed that
both familiar and unfamiliar scenarios were imagined with
similar richness. The neuroimaging data highlight the hip-
pocampus to be particularly crucial for the construction of
unfamiliar events and for triggering frontal valuation sig-
nals when rewards are presented in an unfamiliar context.
In contrast, the valuation of delayed rewards in a familiar
context more strongly relied on key nodes of emotional
and autobiographical memory circuits.

Our observation of a behavioral tag-effect further con-
firms suggestions of an adaptive function of episodic pro-
spection in future decision-making. Both the imagination
of familiar and unfamiliar episodes increased activity in a
network of brain regions involved in the recollection of
previous events and in the construction of potential future
scenarios, including the ventromedial PFC (vmPFC), the
posterior cingulate cortex and the lateral parietal cortex
[Hassabis and Maguire, 2007; Peters and Btichel, 2011;
Schacter et al., 2012].

The simulation of unfamiliar future events was specifi-
cally mirrored by additional hippocampal engagement.
According to the constructive episodic simulation hypoth-
esis, episodic memories of individual events can be flexi-
bly recombined to construct future scenarios [Schacter and
Addis, 2007a,b] and such recombination has been related
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Figure 3.

Greater activation for both episodic (familiar and unfamiliar)
conditions compared with the control condition was observed
in the left posterior cingulate cortex (PCC), the left ventrome-
dial prefrontal cortex (vmPFC) and the left lateral parietal cor-

to hippocampal activity [Addis and Schacter, 2008, 2011;
Schacter and Addis, 2007a]. It is, however, unclear how
much the result of such construction processes depends on
the availability of self-experienced, similar episodes. While
some data demonstrated richer and more detailed simula-
tions when strong personal prior experience of similar pre-
vious events was available [Arnold et al.,, 2011; Szpunar
and McDermott, 2008], other findings suggest no impact of
personal familiarity on the quality of future event simula-
tions [Anderson, 2012]. The latter findings have been
attributed to the cognitive flexibility to recruit alternative
sources for future event construction, such as media and
third party reports, when personal experience is lacking.
In our paradigm, unfamiliar events, that is, events that
have previously not been experienced, consisted of meeting
a famous person about whom participants certainly pos-
sessed media-sourced information. It seems likely that the
cover story used to identify novel contacts specifically

tex (LPC) (all P<0.05 FWE). Activations are overlaid on the
mean structural image of all participants (display threshold
P <0.005 uncorrected). [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

encouraged participants to choose persons about whom
they possessed such detailed information. Examples from
our post-scan imagination interviews support this assump-
tion: “During our meeting, he [an author] always looked
like on this photograph on the back of his new book”; “He
[the politician] smoked cigarettes throughout our meeting
as he is always doing on TV” (see also Supporting Informa-
tion Fig. S1 for sample narratives).

Contacts were identified in this way to ensure a similar
attractiveness of familiar and unfamiliar events, which
was confirmed by our ratings indicating equal motivation
towards both events. It is possible, however, that if partici-
pants had been asked to imagine personally insignificant
and rather unknown persons, results might have been dif-
ferent. In this case, the lack of information might have led
to declines of episodic richness and hippocampal engage-
ment [Rabin and Rosenbaum, 2012; Rabin et al.,, 2012;
Westmacott et al.,, 2004]. In the present study, participants
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TABLE IV. Regions in which the BOLD signal was significantly increased in the episodic (familiar + unfamiliar) com-
pared with the control condition and significantly differed between the episodic conditions (familiar > <unfamiliar)

MNI (peak)
Brain Region Side x v z Cluster size Z-Score
Episodic > Control
Medial rostral PFC 1 -6 62 22 798 3.87
Ventromedial PFC 1 -6 58 -6 Same Cluster 4.05
Middle Temporal Gyrus 1 —64 -6 -12 346 4.22
Retrosplenial Cortex 1 -10 —44 4 1865 4.65
Posterior Cingulate Cortex 1 —4 —52 36 Same Cluster 4.47
Lateral Parietal Cortex 1 —50 -72 28 943 4.03
Familiar > Unfamiliar
Amygdala r 16 —6 -12 661 4.04
Thalamus 1 -8 -12 8 Same Cluster 3.90
Ventral Tegmental Area 1 =10 -22 -8 Same Cluster 3.79
Middle Temporal Gyrus 1 =52 —52 -2 329 3.70
Unfamiliar > Familiar
Hippocampus 1 -16 -38 2 26 3.51"

Montreal Neurological Institute and Hospital (MNI) coordinates and z values are reported for peak voxels and local maxima within

each cluster. All P <0.05 FWE. : left; r: right.

could not rely on self-experience while simulating the
event with the famous person, thus they needed to con-
struct the scenario by combining episodic details from dif-
ferent sources [Anderson, 2012]. They seemed to master
this construction successfully since the level of episodic
details generated by participants and the impact of future
thinking on delay discounting was unaffected by personal
experience and plausibility in our study. In sum, we spec-
ulate that increased hippocampal engagement during such
successful construction of unfamiliar events reflects an
increased need or effort to combine information from dis-
parate sources for which no pre-association exist (e.g., cat-
egorical memory of “having a coffee” combined with

A Familiar > Unfamiliar B Unfamiliar > Familiar
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Figure 4.

A: Activation in the right extended amygdala was significantly
increased in the familiar compared with the unfamiliar condition
(P <0.05 FWE). B: The reverse contrast yielded a greater signal
in the left posterior hippocampus (P < 0.05 FWE). Activations
are overlaid on the mean structural image of all participants (dis-
play threshold P < 0.005 uncorrected). [Color figure can be
viewed in the online issue, which is available at wileyonlineli-
brary.com.]

media-sourced information about the person) [Weiler
et al., 2010a].

The simulation of an event including a familiar person,
with whom participants described significantly higher
emotional closeness than with an unfamiliar person,
induced specific activation in affective brain regions, i.e.,
the extended amygdala and the ventral tegmental area.
Hence, these results extend findings of an overlap of brain

Brain-Behavior Correlation s
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000 005 010 015 020 025
sqri(k)

Unfamiliar
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parameter estimates

0.00 0.05 Soqlll%k) 0.15 0.20
Figure 5.

Simple regression of the discounting parameter across the two
episodic conditions and neural activation during the two epi-
sodic conditions yielded a significant correlation in the bilateral
ACC (P<0.05 FWE). Separate regression plots of parameter
estimates in the peak voxel of the ACC and the individual dis-
counting parameters of the familiar and unfamiliar condition con-
firm the presence of a correlation in both conditions. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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Cortical Network: Familiar > Unfamiliar

Figure 6.
Cortical activation in middle and inferior frontal gyrus, middle and inferior temporal gyrus, pre-
cuneus and the cerebellum was significantly increased during subjective value processing in the
familiar compared with the unfamiliar condition (P < 0.05 FWE). L, left; R, right; B back. [Color
figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

networks engaged in remembering events and future
memory construction to brain regions relevant for emo-
tional processing [Cabeza and St Jacques, 2007; Scheele
et al., 2013]. Such impact of emotional, autobiographical
memory on simulating and evaluating future familiar
events is further supported by the finding of a direct cor-
relation between a cortical fronto-tempo-parietal network
and valuation of future rewards in a familiar context.
This cortical network has previously been implicated in
representing distributed semantic and visuospatial features

of consolidated autobiographical memories [Cabeza and St
Jacques, 2007; Martinelli et al., 2013; Svoboda et al., 2006].
Across both episodic conditions, the ACC signal corre-
lated with subjective values as expected from its role for
cost-benefit computations [Hillman and Bilkey, 2012;
Hosokawa et al., 2013] and adaptive decision-making
[Rushworth and Behrens, 2008]. This function is further
highlighted by our finding of a direct correlation between
ACC activity and individual discounting rates. The ACC
exhibits bidirectional anatomical connections with regions

TABLE V. Regions in which the BOLD signal was significantly modulated by the subjective value of the delayed
reward option in the episodic conditions

MNI (peak)
Brain Region Side X y z Cluster size Z-Score
SV (familiar + unfamiliar)
Middle Frontal Gyrus 1 —36 40 32 311 4.24
Anterior Cingulate Cortex 1 —12 48 6 1972 3.69
Orbital Frontal Cortex 1 —6 44 —10 Same Cluster 3.82
Ventral Striatum r 8 12 -8 78 4.05"
1 -6 8 -8 70 3.53"
Posterior—Medial Frontal 1 —18 -6 62 1472 4.42
Mid Cingulum r 10 —16 38 498 3.81
Hippocampus 1 -20 -20 —-18 63 3.57"
Middle Temporal Gyrus r 46 —56 2 1645 4.41
1 —48 —62 -14 1083 4.44
SV (familiar > unfamiliar)
Inferior Frontal Gyrus 1 —34 24 —18 351 3.77
Middle Frontal Gyrus r 10 6 70 1323 3.84
Middle Temporal Gyrus r 50 —24 -6 406 3.97
Inferior Temporal Gyrus r 52 —62 -6 2935 429
Precuneus r 8 —72 20 Same Cluster 4.42
Cerebellum 1 —24 —76 —18 618 4.88

Montreal Neurological Institute and Hospital (MNI) coordinates and z values are reported for peak voxels and local maxima within

each cluster. All P <0.05 FWE. 1: left; r: right.
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Figure 7.
A: The seed for the PPI analysis was placed in the left anterior
cingulate cortex (ACC; —12,48,6, with 4 mm sphere). B: In

comparison to the familiar condition, functional coupling
between the ACC and the left hippocampus during subjective
value (SV) processing was increased in the unfamiliar condition
(P<0.05 FWE). C: The reverse contrast revealed increased
functional coupling between ACC and left ventral striatum for
the familiar compared with the unfamiliar condition (P < 0.05
FWE). Activations are overlaid on the mean structural image of
all participants (display threshold P < 0.005 uncorrected). [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

of the reward and memory circuits, including the hippo-
campal formation and the striatum [Haber and Knutson,
2009]. Since general ACC activation predicted both dis-
counting rates in familiar and unfamiliar conditions, we
further investigated whether its modulation by other brain
regions differs between the two conditions. Results of psy-
chophysiological interaction analyses revealed a signifi-
cantly stronger connectivity of the ACC valuation signal
with the hippocampus in the unfamiliar condition. The
hippocampus has previously been related to subjective
value computation [Lebreton et al., 2009, 2013]. Previous
data showed an increased ACC-hippocampal coupling to
predict decreased discounting rates in the context of future
episodic thinking even though these studies did not
explicitly control for familiarity of future events [Benoit
et al., 2011; Peters and Btichel, 2010]. It has been argued
that hippocampal neurons may modulate medial prefron-
tal information processing through their role in mentally
simulating potential future outcomes [Schacter et al.,
2012], that is, by providing episodic predictions of decision
outcomes [Johnson and Redish, 2007; Lee et al., 2012]. Our
results suggest that such modulation of frontal valuation
regions might crucially depend on the required construc-
tion effort, which was amplified in the unfamiliar condi-
tion of the present paradigm. Intriguingly, in a very recent

study by Gaesser et al. [2013] a subregion of the left hip-
pocampus, very similar to the region in our study, was
engaged during construction of unfamiliar event stimula-
tion, indicating that the location might play a critical role
in this context.

When imagined events were familiar, the ACC valuation
signal was specifically mediated by activity in the stria-
tum. Given recent data indicating that positive emotional
quality of autobiographical information may be modulated
by the striatum [Scheele et al., 2013; Speer et al., 2014],
such coupling possibly signals the emotional value of reac-
tivated autobiographical memories.

More generally, our data may contribute to the ongoing
debate about the role of the hippocampus in episodic pro-
spection [Addis and Schacter, 2011; Schacter et al., 2012].
Controversial findings stem from hippocampal lesion
patients who often [Andelman et al., 2010; Hassabis et al.,
2007; Race et al., 2011], but not always [Cooper et al., 2011;
Maguire et al., 2010; Squire et al., 2010], show impairments
in memory construction. Our findings suggest a critical role
of familiarity in this context by showing that future events
that strongly draw on autobiographical, familiar experien-
ces seem to depend less on hippocampal construction activ-
ity but increasingly engage neocortical areas containing
already consolidated autobiographical memories. More-
over, due to pre-scan familiarization with the spatial context
(café) and participants’ strong personal experience with the
familiar contact in our study, simulation might have
included more generic/semantic memory representations
(e.g., Mum always drinks cappuccino), which might be less
hippocampus dependent (e.g., as discussed by [Moscovitch
et al., 2006]) than scene construction involving the process-
ing of dispersed memories [Maguire and Mullally, 2013].
Since both imagination richness and external details were
similar for both conditions, this idea, however, is rather
speculative at present [Verfaellie et al., 2014].

It has been shown that reduced delay discounting can rely
on shifts of attentional resources to the future [Radu et al.,
2011]. These shifts also depend on how distant time is
described (e.g., specific date versus unspecific delay) [Read
et al., 2005]. Hence, it seems likely that future event construc-
tion, as required in our study, additionally binds attentional
resources to the delayed option [Marchetti, 2014]. To disen-
tangle incremental effects of attention and episodic prospec-
tion on temporal discounting, future studies should therefore
compare effects of episodic tags with those of other atten-
tional manipulations. Existing findings showing the tag-effect
to be parametrically modulated by episodic network activity
and imagination quality [Palombo et al., 2015; Peters and
Biichel, 2010], however, strongly argue for a specific impact
of episodic simulation in the present context. Whereas our
neural findings further support this assumption, we did not
observe direct correlations between episodic richness and the
behavioral tag-effect. The lacking correlation might be caused
by individual ceiling effects in imagination quality due to the
block-wise presentation of prioritized contacts but also by the
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limited sensitivity of a post-scan interview on imagination.
Future studies might be able to provide more sensitive
insights into relations with imagination quality by assessing
trial-wise imagination scores during the task without influ-
encing behavior in the primary intertemporal choice task.

Taken together, our findings strengthen and extend previ-
ous assumptions about the impact of episodic prospection
on reduced delay discounting. By applying different analyti-
cal approaches, we were able to specify a general engage-
ment of the imagination/prospection network in response
to episodic tags whose activation strength in some core
regions (i.e., ACC) predicted discounting behavior and the
subjective value of a reward on a trial-by-trial basis.
Depending on episodic construction demands, this neural
valuation signal was directly modulated by dynamic inter-
actions with different limbic brain structures. Most impor-
tantly, our findings indicate a critical role of the
hippocampus when future simulations include scenarios
that have not yet been encountered. While healthy young
adults, as in our study, were capable to master the construc-
tion demands by hippocampal engagement, it could be
speculated that patients with hippocampal lesions or older
people with hippocampal atrophy might show a reduced
tag-effect when unfamiliar future events are included. So
far, findings regarding the presence of the tag-effect in
amnestic patients are mixed [Kwan et al., 2015; Palombo
et al., 2015], thus supporting the notion that additional fac-
tors such as prior experience with a prospective event may
mediate the impact of hippocampal involvement on inter-
temporal choice. Our findings may be especially important
for future studies in which potentially beneficial consequen-
ces of future thinking on decision-making may be used in
the context of interventions, e.g. in clinical populations char-
acterized by steep discounting, such as substance abuse or
pathological gambling [Bickel et al., 2014].
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