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Abstract
Episodic future thinking (EFT) has been suggested to underlie anticipatory pleasure (AP), itself known to play a crucial 
role in social functioning (SF). Both AP and SF are impaired in various clinical populations, including autism spectrum 
disorders (ASD) and 22q11.2 deletion syndrome (22q11DS). Therefore, the relationship between EFT, AP and SF was 
investigated, as well as the potential role of projecting oneself in a social vs. non-social context. Seventy-seven participants 
[24 with 22q11DS, 20 with ASD, 33 typically developing controls (TDs)] (aged 12–25) were included. They were assessed 
with a future thinking task in which they were asked to recall a memory and produce a likely event. Narratives were rated 
based of specificity, richness and imaginability. Participants completed questionnaires assessing AP and SF. Narratives from 
ASD and 22q11DS participants were rated as less vivid compared to TDs. However, the characteristics of the narratives 
differed between ASD and 22q11DS participants in terms of specificity and level of details, as well as in reaction to social 
condition. Moreover, correlations were found between AP and EFT in both ASD and 22q11DS participants, and between SF 
and EFT in ASD participants. These results point towards impairments in EFT in both ASD and 22q11DS participants but 
with a specific profile in each condition. The observed associations between EFT and AP suggest that decreased autonoetic 
consciousness might underlie AP impairments. In ASD individuals, the association between SF and EFT highlights the need 
to better characterize EFT since EFT could be another mechanism contributing to social difficulties.

Keywords  Episodic future thinking · Autism spectrum disorder · 22q11.2 deletion syndrome · Anticipatory pleasure · 
Social functioning · Autonoetic consciousness

Introduction

Episodic future thinking (EFT) has been described as the 
ability to pre-experience future events, in other words to 
mentally project oneself into the future. It is the future 
equivalent of the episodic aspect of autobiographical mem-
ory, which consists of remembering or re-experiencing past 
events (Atance and O’Neill 2001). Both episodic memory 
(EM) and EFT require autonoetic consciousness, defined 
as the ability to maintain self-continuity by projecting one-
self into the past, present or future (Gardiner 2001; Klein 
2016), since self-projection is a core mechanism of both EM 
and EFT (Suddendorf and Corballis 1997). It also requires 
mentally travelling through time in order to reexperience or 
pre-experience an event (Suddendorf and Corballis 1997). 
EM and EFT appear to be relevant for social functioning 
(SF)—described as the ability to form and maintain social 
relationships (Campbell et al. 2015)—since individuals’ 
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self-awareness is suggested to play a role in social behav-
ior (Gardiner 2001). EM and EFT are thought to mature 
simultaneously in typical development (Suddendorf 2010), 
emerging around 4 years of age (Atance and O’Neill 2005), 
and both abilities decline in older adults (Addis et al. 2011). 
Impairments in EFT have been reported in several popu-
lations experiencing mental health issues [for a systematic 
review see (Hallford et al. 2018)] but EFT has been more 
rarely examined in neurodevelopmental disorders, despite 
the fact that SF impairments are frequently observed in this 
population.

It has been suggested that EFT is one of the cognitive 
functions underlying anticipatory pleasure [AP; i.e. pleas-
ure related to future activities, (Gard et al. 2007)], since 
individuals need to activate representations of future experi-
ences—in other words to project themselves in the future—
in order to anticipate the potential pleasure associated with 
these experiences (Kring and Caponigro 2010). This has 
been partially supported by several studies observing fewer 
anticipated positive future events (Bjärehed et al. 2010; Hall-
ford and Sharma 2019; MacLeod and Salaminiou 2001) and 
lower AP (Wu et al. 2017) in participants with depression, 
but without examining EFT and AP conjointly. However, a 
recent study observed a direct link between these two con-
structs, showing that individuals with major depression pre-
sented lower AP and projected themselves in the future with 
less specificity and less vividness, as well as with less associ-
ated pleasure (Hallford et al. 2020a). Even if AP can involve 
a large range of experiences, impaired hedonic capacity for 
interpersonal or social experiences (interpersonal AP) is par-
ticularly relevant in the field of psychology (for a review see 
Gooding and Madison 2019), as it plays a critical role in SF 
(e.g., Buck and Lysaker 2013; Granholm et al. 2013; Moore 
et al. 2019; Ritsner et al. 2018). Therefore, it appears of cru-
cial importance to examine the potential association between 
EFT in a social context (i.e. projecting oneself in the future 
in the company of at least another person) and interpersonal 
AP. In the present study, we examined the associations 
between EFT in social vs. non-social contexts, interpersonal 
AP and SF in two neurodevelopmental disorders character-
ized by pronounced social impairments (Fakhoury 2015; 
Norkett et al. 2017; Schneider et al. 2012; Schonherz et al. 
2014; Seltzer et al. 2004; Shashi et al. 2012; Stoddard et al. 
2010; Wallace et al. 2017; Yang et al. 2016) and impaired 
AP (Dubourg et al. 2017; Han et al. 2019; Novacek et al. 
2016): 22q11.2 deletion syndrome (22q11DS) and autism 
spectrum disorders (ASD). Even if these two populations 
are both characterized by social impairments, our goal is to 
explore to what extent the psychological processes underly-
ing social impairments overlap in these two groups or show 
high levels of specificity.

22q11DS is a neurogenetic condition affecting 
1:2000–4000 live births and is one of the highest risk factors 

for developing schizophrenia spectrum disorders (Schnei-
der et al. 2014). Cognitively, individuals with 22q11DS pre-
sent a normally distributed IQ but in the low range (mean 
IQ = 70), and are characterized by impairments in verbal 
initiation (Maeder et al. 2016). The syndrome is associated 
with a heterogenous phenotype of behavioral and clinical 
characteristics, including impairments in SF [i.e. lower 
adaptive behavior skills (Schneider et al. 2014)] and social 
skills (Norkett et al. 2017; Shashi et al. 2012). Some authors 
have suggested that a significant proportion of 22q11DS 
meet criteria for ASD (e.g., Vorstman et al. 2006), but other 
findings have highlighted differences in the social phenotype 
between 22q11DS and idiopathic ASD (Angkustsiri et al. 
2014). Participants with 22q11DS also frequently exhibit 
negative symptoms of psychosis, such as social withdrawal, 
anhedonia and amotivation (Schneider et al. 2012; Schon-
herz et al. 2014; Stoddard et al. 2010) that lead to poor out-
comes (Schneider et al. 2014). Of interest, a recent study 
of Dubourg et al. (2017) found deficits in AP in 22q11DS 
individuals that was related to the severity of negative symp-
toms, but the link with social impairments was not tested. 
Finally, to the best of our knowledge, no study has explored 
EFT abilities in 22q11DS individuals, nor the autobiographi-
cal component of EM.

ASD is a neurodevelopmental disorder affecting 1:54 
individuals and is characterized by alterations in social 
communication and interactions, leading to social impair-
ments (Fakhoury 2015; Maenner et al. 2020), as well as by 
repetitive behaviors and restricted interests. Reduced social 
interactions (i.e. social withdrawal) appear very early on 
(Seltzer et al. 2004; Wallace et al. 2017) and can lead to 
lower social participation and higher isolation in adulthood 
(Orsmond et al. 2013). Moreover, individuals with ASD are 
impaired in SF [i.e. lower adaptive behavior skills in terms 
of socialization (Pugliese et al. 2015; Yang et al. 2016)]. 
In addition, decreased AP—and interpersonal AP in par-
ticular—has been observed (Novacek et al. 2016), and the 
intensity of this decrease appears to be similar to that of 
adults with clinical depression (Han et al. 2019). Finally, it 
has been well established that individuals with ASD show 
deficits in autobiographical EM (Crane and Goddard 2008), 
and there is now a growing literature showing impairments 
in EFT as well. Several studies found impairments in EFT 
in adults in terms of narratives’ specificity (Lind et al. 2014; 
Lind and Bowler 2010) as well as difficulties in self-projec-
tion and scene-construction (Lind et al. 2014). However, 
Crane et al. (2013) did not find the same results but used 
a methodology of sentence completion that appeared to be 
insensitive to capture EFT (Lind and Williams 2012). Stud-
ies focusing on children and adolescents also found greater 
difficulties in generating scenarios happening in the future 
(Jackson and Atance 2008; Terrett et al. 2013). Less vivid 
narratives (Anger et  al. 2019) along with difficulties in 
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scene-construction (Ciaramelli et al. 2018), self-projection 
(Hanson and Atance 2014; Marini et al. 2016) and narra-
tive skills (Marini et al. 2019) were also reported. However, 
the link between EFT, AP and SF impairments has, to our 
knowledge, never been studied.

Aims

In the present study, we aimed to investigate the charac-
teristics of EFT in adolescents and young adults with 
22q11DS and ASD. (1) Our first hypothesis was that both 
groups would show EFT impairments, inducing less spe-
cific, less detailed and less vivid narratives than TDs on a 
Future Thinking Task (FTT) in the production condition. 
(2) Secondly, we aimed to explore whether a social versus a 
non-social context would lead to different answers in FTT, 
with the hypothesis that the social context would be more 
challenging for individuals with 22q11DS and ASD since 
both groups are characterized by social impairments and 
social withdrawal. (3) Finally, we expected to find associa-
tions between EFT, interpersonal AP and SF in both indi-
viduals with 22q11DS and ASD. In particular, we expected 
to observe stronger associations between EFT and interper-
sonal AP or SF when EFT involved a social context. (4) 
Additionally, the potential impact of verbal capacities on 
EFT, as measured by verbal IQ and verbal initiation, was 
examined in the two groups (Fig. 1).

Method

Sample

Seventy-seven participants (39% female) aged between 
12 and 25 were included in the study (mean age = 18.4, 
SD = 3.93). Twenty-four (33.3% female) were 22q11DS 
carriers (mean age = 18.09, SD = 4.02) and were recruited 
through the 22q11DS Swiss longitudinal cohort. Twenty 

(35% female) were diagnosed with ASD (mean age = 17.43, 
SD = 4.13) and were recruited through announcements to 
parent associations in Switzerland and France and special-
ized clinical centers in Geneva and France. Thirty-three 
(45% female,) were part of the TD group (mean age = 18.60, 
SD = 3.80) and were recruited through the siblings of the 
22q11DS Swiss longitudinal cohort and from announce-
ments at the University of Geneva. Participants were not 
statistically different in terms of age and gender but differed 
on full-scale IQ scores (Table 1). This study was approved 
by the Swiss Ethics Committees on research involving 
humans (Commission Cantonale d’Ethique de la Recherche 
sur l’Etre Humain—CCER) of Geneva (CH). Parents had 
to give their written consent for all participants with ASD 
and 22q11DS, regardless of their age, as well as for TDs 
under 18 years.

Inclusion criteria for all participants were (1) age between 
12 and 25 years, (2) sufficient command of the French lan-
guage, (3) sufficient verbal and cognitive capacities (intellec-
tual deficiency was not an exclusion criterion, participants 
who showed satisfying comprehension abilities to perform 
the task were included). All participants from the 22q11DS 
group had a confirmed genetic diagnosis of microdeletion 
22q11.2. They were screened with the Social Communica-
tion Questionnaire (SCQ; Rutter et al. 2003a) with a mean 
score of 8.87. Five participants with 22q11DS had a score 
above the clinical cutoff (15). All participants from the ASD 
group had a confirmed clinical diagnosis of ASD and com-
pleted the Autism Diagnostic Observation Schedule second 
version (ADOS-2; Lord et al. 2012). Principal caregivers 
completed either the Autism Diagnostic Interview-Revised 
(ADI-R; Rutter et al. 2003b) or the SCQ. Participants with 
22q11DS and ASD were screened for comorbid psychiat-
ric disorders using validated semi-structured instruments: 
Diagnostic Interview for Children and Adolescents-Revised 
(DICA; Reich 2000) or Schedule for Affective Disorders 
and Schizophrenia for School-Age Children Present and 
Lifetime Version (K-SADS-PL DSM-5; Kaufmann et al. 

Fig. 1   Relationships between 
EFT, AP and SRS
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Table 1   Participant characteristics, psychiatric diagnosis and psychotropic medication

Significant p-values at the 0.05 level are displayed in bold
TDs had been screened for psychiatric diagnostics conforming to our exclusion criterias

Diagnostic group Comparison

TDs-22q11DS TDs-ASD 22q11DS-ASD

TDs 22q11DS ASD Statistical test p value Statistical test p value Statistical test p value

N 33 24 20
Gender [female (%)] 15 (45%) 8 (50%) 7 (35%) χ2 = 0.848 0.357 χ2 = 0.561 0.454 χ2 = 0.013 0.908
Age [mean (SD)] 18.60 (3.80) 18.09 (4.02) 17.43 (4.13) t = 0.490 0.626 t = 1.050 0.299 t = 0.533 0.597
Full scale IQ [mean 

(SD)]
109.16 (13.22) 73.00 (16.49) 101.75 (19.47) t = 8.906 0.000 t = 1.615 0.113 t = -5.242 0.000

Psychiatric diagnosis [N (%)]
 Simple phobia 5 (20.83%) 3 (15%)
 Agoraphobia 0 2 (10%)
 Social phobia 1 (4.16%) 4 (20%)
 Generalized anxiety 5 (20.83%) 1 (5%)
 Attention deficit 

disorder
6 (25%) 4 (20%)

 Persistant depres-
sive disorder

0 2 (10%)

 Major depressive 
episode

0 2 (10%)

 Psychosis 0 0
 Obsessive–compul-

sive disorder
0 0

ADOS-2 module 3 (N = 7) (mean)
 ADOS-2 total score 11.43
 ADOS-2 SA score 8.28
 ADOS-2 RRB 

score
3.14

ADOS-2 module 4 (N = 13) (mean)
 ADOS-2 total score 12.85
 ADOS-2 SA score 9.38
 ADOS-2 RRB 

score
3.46

ADI-R (N = 9) (mean)
 ADI-R domain A 18
 ADI-R domain B 13.33
 ADI-R domain C 5.77

SCQ (N = 70) (mean)
 SCQ total score 3.07 8.87 18.77

Psychotropic medication
 Total [N(%)] 12 (50%) 6 (30%)

Categories
 Psychostimulant 8 (33.33%) 2 (10%)
 Antidepressants 4 (16.66%) 1 (5%)
 Neuroleptics 4 (16.66%) 2 (10%)
 Antiepilecptics 2 (8.33%) 0
 Anxiolytics 2 (8.33%) 1 (5%)
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2016) for participants under 18 years old and Structured 
Clinical Interview for DSM-IV Axis I (SCID-I; Williams 
1996) or DSM-V (SCID-5-CV; First et al. 2016) for partici-
pants above 18 years old (Table 1). Exclusion criteria for 
participants included in TDs were (1) being born preterm, 
(2) having a first degree relative diagnosed with a devel-
opmental disorder (siblings of participants with 22q11DS 
were included if the 22q11.2 deletion was confirmed to be de 
novo), (3) having a lifetime history of psychiatric (including 
neurodevelopmental disorders such as ASD), neurologic, or 
learning impairments. Of note, TDs were screened using the 
SCQ, with a mean score of 3.07 and none of the participants 
being above the clinical cutoff.

Material

Future Thinking Task (FTT) in Social and Non‑social 
Contexts

EFT was assessed using an adaptation of a previous task 
(D’Argembeau et al. 2008). Participants had to recall per-
sonal past events (i.e. recollection condition) and to imagine 
plausible future events that could likely happen to them (i.e. 
production condition). For both temporal conditions (rec-
ollection and production), the instructions were to gener-
ate specific events (i.e. events that took place in a specific 
location on a specific day and lasted no longer than a day) 
based on a cue word (school/work, home, holidays, week-
end). Based on other studies investigating EFT (e.g., Lind 
et al. 2014), participants were specifically instructed to give 
as many details as possible, including olfactive/gustative, 
visual and auditive details but also thoughts, feelings and 
actions. In order to specifically investigate EFT in social vs. 
non-social contexts, participants were asked to tell narratives 
related to a social (in which they were at least with one per-
son) and non-social (in which they were alone) condition for 
each word. In total, participants had to tell 16 narratives [i.e. 
four for each word, one narrative per condition (temporal: 
recollection and production; social: non-social and social)]. 
The task was designed on E-Prime Software. Instructions 
appeared on the screen. Participants were given a maximum 
of 90 s to start the narrative, and a maximum of 90 s to pro-
duce the narrative. The order of the words and conditions for 
each word was randomized. All responses were audiotaped 
for scoring purposes.

All the narratives (n = 1232) were initially reviewed to 
check if participants respected the given conditions (i.e. 
recollection vs production, non-social vs social, narrative 
related to the target word). Narratives that did not fit a condi-
tion as well as missing narratives were excluded (N = 167; 
22q11DS n = 90, ASD n = 62, TD n = 15). The scoring was 
divided into three parts. First, each narrative was classified 
in different categories, as described in D’Argembeau et al. 

(2008): (1) specific: events that took place in a specific loca-
tion on a specific day, and lasted no longer than a day; (2) 
extended: events lasting more than a day; (3) categoric: col-
lection of events that were not related to one another or did 
not refer to a specific period of time. Secondly, an “experi-
ential index” (e.g., Lind et al. 2014) was computed by doing 
the sum of each sub-categories of details (olfactive/gusta-
tive, visual, auditive, thoughts, feelings and actions) given 
by the participants. Each of these six sub-categories was 
rated from 0 (no detail) to 2 (2 or more details). This index 
indicates the narratives level of details, its richness. Finally, 
a “subjective appreciation index” (rated from 1 = not at all to 
5 = extremely) was given for each narrative, reflecting how 
vivid the interviewer subjectively perceived the narrative. 
This index indicates the narratives vividness, its imaginabil-
ity. The final scores included in the analyses were calculated 
as followed: (1) narratives categories: proportion of specific, 
extended and categoric narratives for each condition (tem-
poral and social), (2) experiential index: sum of each sub-
categories of details for all narratives in each condition, (3) 
subjective appreciation index: sum of each subjective appre-
ciation scores in each condition, 4) score of difference for 
both experiential index and subjective appreciation index: in 
order to take into account episodic memory impairments and 
to extract a “purer” measure of EFT, the recollection score 
was subtracted from the production score. Three different 
examiners (CF, MS, CD) administered the task and double-
scored the narratives of a subsample of 42 (55%) participants 
(at least 50% per group). When the score differed between 
the two raters for the subjective appreciation index, the mean 
score was computed. See Supplementary Material for a nar-
rative example and its scoring.

Verbal Capacities

Subjective intellectual functioning was assessed using 
children or adults Wechsler intelligence scales (WISC-III, 
Wechsler 1991), (WISC-IV, Wechsler 2004), (WISC-V, 
Wechsler 2014), (WAIS-III, Wechsler 1997), (WAIS-IV, 
Wechsler 2011). Only Verbal IQ score was used in the cur-
rent study.

The semantic verbal fluency test (animal category) was 
also administered to assess verbal initiation.

Adaptive Functioning

The Vineland Adaptive Behaviour Scale, 2nd Edition 
(VABS-II, Sparrow et al. 2015) was administered to par-
ents whose teenagers were still living at home (N = 63; 
TD = 23, ASD = 17, 22q11DS = 23) to assess adaptive func-
tioning. Only the socialization dimension was used in the 
analyses using appropriate standardized scores (M = 100; 
SD = 15). The rationale was to have a pure measure of social 
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functioning that the total score would have failed to capture 
since the VABS is made of two other domains, communica-
tion and daily-life skills, that are not related to our topic of 
interest.

Questionnaires

All participants completed the French version of the Antic-
ipatory and Consummatory Interpersonal Pleasure Scale 
(ACIPS; Gooding and Pflum 2014), which measures both 
anticipatory and consummatory dimensions in a social con-
text. Parents of all participants completed a questionnaire 
about demographic and medical characteristics, as well as 
the Social Responsiveness Scale (SRS-2; Constantino 2012), 
School-Age version (< 18 years old) or Adult parent-report 
version (> 18 years old), that measures deficits in social 
behavior. Only the Social Communication and Interaction 
score was used for analyses, for the same reason than the 
one explained in the previous section.

Statistical Analyses

Statistical analyses were conducted with IBM SPSS Sta-
tistics 26. As the distribution of our variables of interest 
did not follow a normal distribution (Shapiro–Wilk tests, 
p < 0.05), between-group comparisons and correlations were 
performed with non-parametric statistics (Kruskal–Wal-
lis tests and Spearman correlations). For post-hoc analy-
ses, only adjusted p values are reported to consider Bon-
ferroni correction for multiple tests. For correlations, the 
Benjamini-Hochberg (BH) multiple comparison correction 
was applied and therefore only p values that survived BH 
comparisons are reported. First, groups comparisons were 
conducted regarding the narratives’ categories (% of spe-
cific, extended and categoric narratives) in all conditions. 
Secondly, the mean experiential index and mean subjective 
appreciation index were compared across the three groups 
in all the conditions. We chose not to use IQ as a covari-
ate as lower IQ is part of the neurodevelopmental disorders 
phenotype (Dennis et al. 2009), and therefore covariating for 
IQ would remove some of the variance inherent in the diag-
nosis. However, we examined the link between the FTT and 
verbal capacities in each group independently as described: 
spearman correlations were used to examine the associations 
between FTT and verbal initiation [i.e. verbal fluency animal 
category (VF)] as well as verbal cognitive abilities [i.e. ver-
bal IQ (VIQ)]. Finally, in order to specifically examine EFT, 
the scores of differences were compared in term of experi-
ential index and subjective appreciation index between the 
three groups. Spearman correlations were used to examine 
the association between EFT variables and AP (i.e. ACIPS) 
as well as SF (i.e. SRS-2 and VABS-II).

Results

Narratives’ Categories: Narratives’ Specificity

Overall the proportion of specific, extended and categoric 
narratives in the three groups across the different cat-
egories (social and temporal conditions) is displayed in 
Table 2, as well as statistical values. No statistically signif-
icant differences were observed between the three groups 
regarding the proportion of specific and extended answers. 
However, significant differences emerged across groups 
regarding the proportion of categoric answers. Specifi-
cally, TDs produced significantly less categoric narratives 
compared to both participants with 22q11DS and ASD. 
The two neurodevelopmental groups were not statistically 
different from each other.

Temporal condition (recollection and production) no 
statistically significant differences were observed between 
the three groups regarding the proportion of specific 
answers. Significant differences were observed in the pro-
duction condition regarding the percentage of extended 
narratives. In particular, TDs produced more extended 
narratives in the production condition compared to par-
ticipants with 22q11DS. Finally, significant differences 
appeared in both recollection and production conditions 
regarding the percentage of categoric narratives. Specifi-
cally, TDs produced less categoric narratives than par-
ticipants with ASD in both recollection and production 
conditions.

Social condition (social and non-social) no statisti-
cally significant differences were observed between the 
three groups regarding the proportion of specific answers. 
Regarding the percentage of extended narratives, signif-
icant group differences emerged only in the non-social 
condition. Post-hoc analyses indicated that TDs produced 
statistically more extended narratives in the non-social 
condition than participants with 22q11DS. Finally, sig-
nificant differences appeared in both social and non-social 
conditions regarding the percentage of categoric answers. 
In the two conditions, TDs produced statistically less cat-
egoric narratives than participants with ASD. See Table 2 
for statistical values.

Of note, all the analyses were run without the five par-
ticipants with 22q11DS that scored higher than the clinical 
cutoff on the SCQ and the results remained unchanged.

Experiential Index: Level of Details/Richness

Statistically significant differences were found across 
groups in both social and temporal conditions (see 
Table  3 for statistical values). Specifically, post-hoc 
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analyses indicated that participants with 22q11DS had 
a significantly lower mean experiential index (i.e. less 
detailed narratives) compared to TDs regardless of the 
condition, and also lower than participants with ASD in 
the social condition (both recollection and production). 
Contrary to our hypothesis, individuals with ASD had a 
significantly higher mean experiential index compared to 
TDs only in the non-social production condition. Addi-
tional analyses were conducted to subdivide the expe-
riential index between sensory and non-sensory details, 
revealing more non-sensory details in TDs compared to 
ASD but no difference in sensory details (see Table 4), 
and note supplementary material. Of note, all the analy-
ses were run without the five participants with 22q11DS 
that scored higher than the clinical cutoff at the SCQ and 
results remained unchanged.

Association Between Experiential Index and Verbal 
Performance

TD: VIQ score correlated both with experiential index 
total scores in non-social recollection condition and in 
social production condition. No correlation was found 
with VF.

22q11DS: VF correlated with social production expe-
riential index. No correlation was found with VIQ.

ASD: VIQ score correlated both with experiential 
index total scores in non-social and social recollection as 
well as in non-social production conditions. No correla-
tion was found with VF. See Table 5 for statistical values.

Of note, all the analyses were run without the five 
participants with 22q11DS that scored higher than the 
clinical cutoff on the SCQ and the results remained 
unchanged.

Subjective Appreciation Index: Imaginability/
Vividness

Consistent findings appeared between all four conditions, 
with statistically significant differences across groups (see 
Table 3 for statistical values). More precisely, post-hoc anal-
yses indicated that TDs had a higher subjective appreciation 
index (i.e. more vivid narratives) than both participants with 
22q11DS and ASD across all temporal and social condi-
tions. Of note, all the analyses were run without the five par-
ticipants with 22q11DS that scored higher than the clinical 
cutoff at the SCQ and results remained unchanged.

Association Between Subjective Appreciation Index 
and Verbal Performance Among the Three Groups

TD: no correlation was found between VIQ nor VF and sub-
jective appreciation scores.

22q11DS: VF correlated with subjective appreciation 
scores in social recollection and social production condi-
tions. No correlation was found with VIQ.

ASD: VIQ score correlated with subjective appreciation 
scores in non-social recollection and production as well as 
in social recollection conditions. No correlation was found 
with VF. See Table 5 for statistical values.

Of note, all the analyses were run without the five par-
ticipants with 22q11DS that scored higher than the clinical 
cutoff on the SCQ and the results remained unchanged.

Episodic Future Thinking

To specifically investigate EFT in the three groups, the 
same analyses were run with the difference scores regard-
ing experiential index (i.e. experiential index total score in 
recollection condition minus experiential index total score 

Table 4   Experiential index sensory vs. non-sensory details

Significant p values at the 0.05 level are displayed in bold

Performance Median (IIQ) Groups comparisons Post-Hoc analyses

TDs-22q11DS TDs-ASD 22q11DS-ASD

TDs 22q11DS ASD Kruskal–
Wallis 
test

p value η2 Test statistic p value Test statistic p value Test statistic p value

Experiential index: total mean scores
 Sensory 

details 
overall

7 (7) 2 (6) 5 (9.25) 10.959 .004 0.121 10.401 .001 .045 .832 5.645 .018

 Non-
sen-
sory 
details 
overall

54 (13) 27 (14) 14 (22.75) 29.217 .000 0.368 27.458 .000 8.101 .004 5.622 .018
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in production condition) and subjective appreciation index 
(i.e. subjective appreciation total score in recollection con-
dition minus subjective appreciation total score in produc-
tion condition). The group comparison revealed no statically 
significant difference across the different populations (see 
Table 6 for the results of the comparison in the social and 
non-social conditions).

Association Between Experiential Index and Subjective 
Appreciation Index (Difference Scores) and Clinical 
Variables

Anticipatory pleasure no significant correlation was 
observed between the experiential index total scores and 
the ACIPS total score in any of the three groups, neither 
overall nor in the social/non-social conditions. The subjec-
tive appreciation index in the social condition was signifi-
cantly associated with the ACIPS total score in participants 
with 22q11DS. Similarly, the overall subjective appreciation 
index (all conditions combined) was significantly associated 
with the ACIPS total score in participants with ASD.

Social functioning no significant correlation was observed 
between the experiential index total scores and SRS-2 and 
VABS-II socialization scores, neither overall nor in the 
social/non-social conditions. In participants with ASD, the 
overall subjective appreciation index (all conditions com-
bined) was associated with the VABS-II socialization score. 
See Table 7 for statistical values.

Of note, all the analyses were run without the five par-
ticipants with 22q11DS that scored higher than the clinical 
cutoff on the SCQ and the results remained unchanged.

Discussion

The first aim of this study was to characterize EFT in two 
neurodevelopmental disorders, one already studied (ASD) 
and one in which EFT has never been studied (22q11DS). 
The second aim was to explore the links between EFT, AP 
and SF in these two conditions. Our main findings indicate 
that the narratives produced by individuals with ASD and 
22q11DS were rated as less imaginable (subjective apprecia-
tion index) compared to TDs. Moreover, we found significant 
correlations between AP and the subjective appreciation 
index in the two groups and between SF and the subjective 
appreciation index only in participants with ASD. Despite 
comparable reductions in terms of vividness in individuals 
with 22q11DS and ASD, specific profiles emerged regard-
ing the quality of the narratives: individuals with ASD told 
more categoric narratives than TDs, and 22q11DS individu-
als told less detailed narratives than TDs overall but also less 
than ASD individuals in the social conditions. Additionally, 
EFT was associated with VF in individuals with 22q11DS, 
whereas it was mostly associated with VIQ in participants 
with ASD.

EFT and Associations with AP and SF

Narratives of both individuals with 22q11DS and ASD were 
rated as subjectively less vivid (i.e. subjective appreciation 
index) compared to those of TDs, regardless of the temporal 
or social conditions. In individuals with ASD, this finding 
replicates what has been shown in adults (Lind et al. 2014) 
and children with ASD (Ciaramelli et al. 2018), although 
the vividness was rated by the participants themselves in 
previous studies and not by the examiner. In individuals 
with 22q11DS, this is the first evidence of impairments 
in terms of vividness and imaginability of narratives. As 
this finding was not specific to a given condition (temporal 

Table 6   Future projection capacity: experiential index and subjective appreciation index

Significant p values at the 0.05 level after Bonferonni correction for multiple tests are displayed in bold

Performances mean (SD) Performance median (IIQ) Groups comparisons

TDs 22q11DS ASD TDs 22q11DS ASD Kruskal–Wal-
lis test

p value

Experiential index: difference scores
 Social 2.97 (3.25) 2.46 (3.53) 2.44 (4.48) 3.00 (5.00) 2.00 (3.00) 1.00 (6.50) 1.389 .499
 Non-social 1.70 (4.22) 1.71 (3.62) 2.05 (5.07) 2.00 (4.00) 1.50 (4.00) 1.00 (7.50) .136 .934
 Overall 4.67 (6.02) 4.17 (5.48) 4.49 (6.62) 4.00 (4.00) 4.00 (6.00) 3.00 (8.25) .766 .682

Subjective appreciation: difference scores
 Social 1.86 (2.24) 2.81 (2.02) 2.04 (2.34) 1.50 (3.00) 3.00 (3.00) 1.00 (4.25) 4.859 .088
 Non-social 1.32 (2.38) 1.95 (5.50) 1.45 (2.32) 1.50 (2.50) 0.50 (2.50) 0.25 (3.25) 2.206 .332
 Overall 3.18 (3.19) 4.75 (6.01) 3.49 (3.91) 3.00 (4.00) 3.50 (4.00) 2.25 (4.50) 2.808 .246
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or social), it might suggest the presence of a more general 
impairment in autonoetic consciousness—the ability to 
place oneself in time required in both EM and EFT (Buck-
ner and Carroll 2007)—in both individuals with ASD and 
22q11DS. Previous findings in the field of ASD are in line 
with this hypothesis, notably that fewer and less detailed 
autobiographical memories and reduced specificity in self-
description (Tanweer et al. 2010) were reported in this popu-
lation (Bruck et al. 2007; e.g., Crane and Goddard 2008). In 

22q11DS, this is the first evidence of a reduced autonoetic 
consciousness, which therefore should be further explored in 
this population. Besides contributing to difficulties making 
memories and productions imaginable, reduced autonoetic 
consciousness was found to lead to general self-awareness 
impairments as well as difficulties in goal-directed and social 
behaviors (Gardiner 2001). This is supported by our find-
ings, as we observed significant associations between the 
subjective appreciation index and SF in ASD individuals, 

Table 7   Correlation of future projection capacity (experiential index and subjective appreciation index) with anticipatory pleasure and social 
functioning

Correlations sustaining Benjamini–Hochberg treshold are displayed in bold

TDs

Anticipatory pleasure (ACIPS) Social functioning (SRS-2) Social functioning (VABS-II)

Spearman 
correlation

Sig (2-tailed) BH treshold Spearman 
correlation

Sig (2-tailed) BH treshold Spearman 
correlation

Sig (2-tailed) BH treshold

Experiential Index: difference scores
 Social .050 .784 .005 − .124 .529 0.13 .154 .495 .016
 Non-social .105 .561 0.11 − .235 .228 .025 .070 .757 .008
 Overall .154 .392 .019 − .222 .256 .022 − .005 .981 .002

Global appreciation: difference scores
 Social .171 .342 .025 − .115 .559 .013 − .044 .847 .011
 Non-social .010 .957 .002 − .119 .547 .016 .021 .925 .005
 Overall .156 .386 .022 − .126 .524 .019 − .038 .865 .008

22q11DS

Anticipatory pleasure (ACIPS) Social functioning (SRS-2) Social functioning (VABS-II)

Spearman 
correlation

Sig (2-tailed) BH treshold Spearman 
correlation

Sig (2-tailed) BH treshold Spearman 
correlation

Sig (2-tailed) BH treshold

Experiential index: difference scores
 Social .205 .337 .022 .052 .815 .008 − 0.88 .690 .011
 Non-social − .007 .973 .005 − .226 .299 .025 .130 .555 .016
 Overall .169 .431 .019 − .106 .629 .013 − .007 .974 .002

Global appreciation: difference scores
 Social .475 .019 .025 − .020 .928 .002 − .199 .362 .019
 Non-social .083 .698 .013 − .136 .537 .016 .063 .776 .011
 Overall .416 .043 .022 − .031 .887 .005 − .058 .793 .008

ASD

Anticipatory pleasure (ACIPS) Social functioning (SRS-2) Social functioning (VABS-II)

Spearman 
correlation

Sig (2-tailed) BH treshold Spearman 
correlation

Sig (2-tailed) BH treshold Spearman 
correlation

Sig (2-tailed) BH treshold

Experiential index: difference scores
 Social .307 .201 .016 − .366 .149 .025 .246 .340 .008
 Non-social .256 .290 .011 − .293 .253 .013 .194 .456 .002
 Overall .310 .196 .019 − .350 .168 .022 .225 .386 .005

Global appreciation: difference scores
 Social .529 .020 .019 − .267 .301 .002 .511 .036 .011
 Non-social .509 .026 .016 − .442 .075 .008 .523 .031 .013
 Overall .563 .012 .025 − .363 .152 .005 .564 .018 .022
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regardless of the social or temporal conditions. To our 
knowledge, this is the first evidence that EFT is linked to 
SF in this population and gives support to the hypothesis 
that autonoetic consciousness is related to social behavior. 
Moreover, autonoetic consciousness impairments could con-
tribute to the ASD phenotype (i.e. impairments in social 
interaction and communication) and therefore points towards 
new intervention targets. Furthermore, and contrary to our 
hypothesis, the social modality didn’t play a role in the EFT-
SF association, which supports the idea that impaired auto-
noetic consciousness overall contributes to social impair-
ments. Interestingly, EFT was not associated with SF in 
individuals with 22q11DS, suggesting that further studies 
are required in this domain.

Moreover, significant associations were found between 
the subjective appreciation index and AP in both clinical 
groups. An association between EFT and AP was previ-
ously reported in a sample of adults with depression (Hall-
ford et al. 2020a), but this study used a combined score of 
details and vividness of the narratives, making it hard to 
distinguish between these two components. Moreover, only 
positive events were investigated in Hallford et al. (2020c), 
since it has been found that deficits in detail/vividness may 
be specific to positive events in depression (Holmes et al. 
2016). As participants were not requested to only evoke 
positive events in the current study, further investigations 
are needed to explore the potential role of events’ valence 
on vividness. Finally, Hallford et al. (2020a) also assessed 
AP during the future thinking task, by asking participants 
how pleasurable is was to think about the experience they 
were telling, which wasn’t done in this study and could have 
given more information about the link between AP and EFT.

However, the present study is the first, to our knowledge, 
to find a link between AP and EFT in individuals with both 
ASD and 22q11DS, which supports the hypothesis that dif-
ficulties to anticipate pleasure partially rely on impaired 
EFT. Interestingly, the narratives of both groups differed 
from TDs on vividness, which was a subjective measure 
we administered by rating how imaginable the narrative 
appeared to the examiner.

Distinctive Profiles Between Individuals with ASD 
and 22q11DS

Despite comparable reductions in terms of vividness in indi-
viduals with 22q11DS and ASD, specific profiles emerged 
regarding the quality of the narratives.

In individuals with ASD, a higher proportion of nar-
ratives was rated as categoric, both in the production and 
recollection conditions as well as in social and non-social 
contexts. However, there was no difference in the rate of 
specific narratives compared to TDs, contrary to what was 
reported in previous studies (e.g., Lind et al. 2014; Lind 

and Bowler 2010). It should be noted that these discrep-
ancies could be related to scoring differences. Indeed, 
we classified narratives as categoric when the narratives 
contained no spatiotemporal indicators even if they could 
have fitted in a day, for instance “I would go to the gro-
cery store”, whereas other studies may have classified 
this type of narrative as specific. From a qualitative point 
of view, the main reason why narratives were rated as 
categoric in the ASD group was that participants tended 
to list several tasks, activities or details instead of tell-
ing a story with a beginning and an end. Their answers 
often contained no spatio-temporal indicator and were 
therefore not precise enough to be classified as specific 
or even extended. The quality of these categoric recol-
lections and productions could be interpreted in regard 
to the second criterion of autism, namely repetitive and 
restricted behaviors (RRB), that involves compulsions 
and rituals such as verbal routines. Incidentally, Terrett 
et al. (2013) suggested that difficulties in EFT in chil-
dren with ASD could be explained by the core feature 
of inflexibility—another characteristic of the RRB cri-
terion—that reduces the capacity of projecting oneself 
forward in time. Our results are in line with and expand 
this hypothesis to autobiographic EM, as individuals with 
ASD showed similar difficulties both in the recollection 
and production conditions. Interestingly, the experiential 
index, reflecting narratives’ richness (i.e. level of details), 
produced by ASD individuals was comparable to that of 
the control group in the social condition. Mixed findings 
were described regarding the number of details in previ-
ous studies (Anger et al. 2019; Ciaramelli et al. 2018; 
Lind et al. 2014; Terrett et al. 2013), which is poten-
tially explained by the use of various methods to rate the 
number of details. For example, some studies (Ciaramelli 
et al. 2018; Terrett et al. 2013) distinguished between 
internal and external details, and others used information 
from different sources (e.g. questionnaire completed by 
the participants, information from the raters, etc. Lind 
et al. 2014) to create a general index. In the present study, 
the lack of significant difference between ASD individu-
als and TDs regarding the experiential index could rely 
on another characteristic of the ASD phenotype, namely 
sensory sensitivity. Indeed, unusual sensory processing, 
and particularly hyper-reactivity to sensory stimulation, is 
common among individuals with ASD (e.g., Crane et al. 
2010), which could explain the high amount of details 
they gave. Additionally, Crane et al. (2009) found that 
individuals with ASD gave a higher proportion of sen-
sory elements when narrating self-defining memories. To 
examine this hypothesis, we performed post-hoc analy-
ses by subdividing the experiential index into sensory 
(olfactive/gustative, visual, auditive) and non-sensory 
details (emotions, actions, thoughts). Interestingly, ASD 
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participants appeared to tell significantly less non-sen-
sory details but as many sensory details than TDs. These 
results suggest that TDs followed the instructions and 
therefore provided both sensory and non-sensory details, 
whereas it was harder for participants with ASD to pro-
vide non-sensory details but equally easy to provide sen-
sory details. As a general experiential index might pre-
vent to detect qualitative differences related to the type 
of details, these post-hoc analyses highlight the need to 
subdivide this index into two subcomponents in further 
studies. Finally, our results point toward a role of verbal 
abilities (VIQ) in the production of details during the 
FTT task, which is similar to what has been described by 
Ciaramelli et al. (2018) and is consistent with the verbal 
nature of the task.

In individuals with 22q11DS, a higher proportion of 
overall narratives were also rated as categoric. From a 
qualitative point of view, the narratives were however 
very different from those of the ASD group. Indeed, 
participants with 22q11DS tended to tell very short 
narratives or repeated the target word without adding 
a lot of additional information or spatio-temporal indi-
cators. In addition, a larger proportion of narratives in 
the recollection and non-social conditions were rated as 
extended in individuals with 22q11DS compared to TDs. 
Altogether, these results could be interpreted in light of 
impaired spatial and temporal perception reported in 
22q11DS individuals (e.g., Simon 2008). Indeed, dif-
ficulties placing events within a specific time, making 
narratives either decontextualized (i.e. categoric) or too 
widely spread across time (i.e. extended), are observed in 
individuals with 22q11DS. Significant differences with 
the TD group were also found in the level of details con-
tained in the narratives, as measured by the experiential 
index. Indeed, individuals with 22q11DS produced less 
detailed narratives than TDs (less sensory and non-sen-
sory details contrary to the ASD group), especially in the 
social conditions. This could be interpreted in light of 
verbal initiation impairments, since we found significant 
associations between VF abilities and the experiential 
index only in this group of participants and specifically 
in the social conditions. Interestingly, previous studies 
have shown marked initiation impairments in 22q11DS 
(Maeder et al. 2016) and reported significant associations 
between initiation abilities and SF level (Dubourg et al. 
2020). Altogether, these findings suggest that initiation 
difficulties—and potentially executive impairments more 
broadly—might contribute to social difficulties in this 
population. Future studies should further investigate the 
potential role of different executive functions on SF in 
this population. Moreover, no association was found with 
VIQ in this group, which suggests that different types of 
verbal abilities can play a role in EFT: verbal initiation 

(as measured by VF) in 22q11DS and broader verbal 
abilities (as measured by VIQ) in ASD.

Strengths, Limitations, Future Directions 
and Clinical Implications

This is the very first study investigating EFT in 22q11DS, 
adding new information to the existing literature about this 
rare condition. Moreover, EFT was related with both AP and 
SF in individuals with ASD, adding important information 
to the existing body of evidence in this population. Finally, 
it is the first time that AP and SF are explored conjointly 
with EFT, as well as the distinction between social and non-
social contexts.

However, the results of the present study should be inter-
preted in light of several methodological considerations. 
First of all, and given the verbal nature of the FTT, it could 
have been useful to include a control task aimed at assessing 
narrative skills, similar to what has been done in previous 
studies (Lind et al. 2014; Marini et al. 2019). Furthermore, 
the temporal distance of the future events (i.e. if the event 
would occur in the next 24 h/week/month/year etc.) was not 
controlled, contrary to what has been done in other stud-
ies (e.g Hallford et al. 2020a). Since temporal distance of 
future events has been shown to influence characteristics 
of EFT relevant to AP, including vividness and detail level 
(D’Argembeau and Van Der Linden 2004), this aspect should 
be investigated in future studies to specify the nature of the 
link between EFT and AP. Finally, a general measure of AP 
to distinguish whether associations with EFT were specific 
to social AP or AP in general would have been useful.

Secondly, heterogeneity of the clinical profiles in 22q11DS 
and in ASD should be considered when interpreting the 
results. In particular, five participants with 22q11DS scored 
above the clinical cutoff on the SCQ but the presence of an 
ASD diagnosis was not formally investigated in this subgroup. 
This represents an important distinction, as Angkustsiri et al. 
(2014) showed that individuals with 22q11DS can score above 
the clinical cutoff on the SCQ without meeting all diagnos-
tic criteria for ASD. In their study, the SCQ and the ADOS 
were used to assess the presence of ASD in a sample of 29 
children and adolescents and none of the participants had 
both SCQ and ADOS scores in the elevated range. Neverthe-
less, to investigate the impact of participants with an elevated 
SCQ score on the obtained results, all the analyses were con-
ducted while excluding these five participants and the results 
remained unchanged. This suggests that the results obtained 
in the 22q11DS group are not explained by the presence of 
comorbid autistic traits in a subgroup of participants. Further-
more, even if we conducted a clinical interview to assess the 
presence of comorbid psychiatric conditions, our clinical sam-
ples were not large enough to make subgroups according to 
the presence of a specific diagnosis. It would be of particular 
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interest to specifically investigate EFT in individuals with and 
without a comorbid mood disorder, since depression is known 
to be associated with impaired EFT. However, only 20% of 
individuals with ASD, and none of the participants in the 
22q11DS group, met diagnostic criteria for a mood disorder. 
For this reason, we believe that the obtained results cannot be 
explained by psychiatric comorbidities only. In addition, anxi-
ety disorders are the most frequent comorbidities observed in 
our clinical groups, but little is known about the role of anxiety 
in EFT. Future research should investigate the impact of anxio-
depressive comorbidities in ASD and 22q11DS on EFT per-
formances. Unfortunately, the potential impact of comorbidi-
ties, but also medications (50% of individuals with 22q11DS 
and 30% of individuals with ASD were under medications), 
remains unknown in the present study. Moreover, only rela-
tively high functioning participants with ASD were included in 
this study because of the verbal nature of the task. Therefore, 
the present results cannot be extended to individuals with more 
impaired verbal and/or intellectual abilities. Finally, the sample 
size remains relatively small, but comparable to other studies 
on EFT (e.g., Anger et al. 2019; Ciaramelli et al. 2018; Lind 
et al. 2014).

As for clinical implications, some studies have shown that 
training EFT can lead to positive outcomes in healthy indi-
viduals (e.g., Brown et al. 2002; Schubert et al. 2020) but 
little is known in neurodevelopmental disorders. A recent 
study by Hallford et al. (2020c) trained EFT using the Epi-
sodic Future Thinking Test (EFT-T; Hallford et al. 2020b) 
and showed a significant improvement on the specificity, 
imaginary and level of detail of the narratives. Of particular 
interest, participants who received the intervention reported 
significantly higher scores on a questionnaire measuring 
AP. This kind of intervention could be particularly relevant 
for both individuals with 22q11DS and ASD, given their 
impairments in AP and SF. The use of visual cues could 
be particularly relevant in these populations, as Anger et al. 
(2019) showed that adding visual cues helped individuals 
with ASD performing as well as TDs during an episodic 
memory and future thinking task. Moreover, interventions 
targeting autonoetic conscientiousness could be imple-
mented as the latest was found to be diminished in adults 
with ASD during an autobiographical memory task (e.g., 
Tanweer et al. 2010). Finally, and given the observed asso-
ciations between verbal fluency and EFT in the 22q11DS 
sample, it would be of interest to explore the impact of a 
training focusing on verbal initiation.

Conclusions

Overall, the results of the present study indicate EFT impair-
ments in individuals with ASD and 22q11DS compared to 
TDs in terms of specificity, richness and vividness of the 

produced narratives. However, specific profiles of answers 
were found in each group, providing new information about 
each phenotype. During the task, participants had to tell nar-
ratives in social and non-social contexts, a distinction that 
has never been done before to our knowledge, and appear of 
a particular relevance in population characterized by impair-
ments in social functioning. Overall, social context didn’t 
appear to make it more difficult to recall or produce an event, 
but, in 22q11DS, correlation with verbal initiation and its 
predictive role on SF seemed to be confirmed since they 
performed lower than ASD individuals in social contexts. 
Moreover, SF was found to be correlated with EFT in ASD 
individuals, which point toward potential interventions tar-
geting autonoetic consciousness to improve SF. Finally, AP 
appeared to be correlated with EFT in both neurodevelop-
mental groups, showing for the first time the link between 
AP in EFT in these populations.
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