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a b s t r a c t

Adolescence is a critical period where individuals build their identity and consolidate how

they interact with others. However, for adolescents with autism spectrum disorder (ASD),

the development of identity and social bounds is at stake. These challenges with the

development of identity and social bonds could be linked to difficulties in autobiographical

memory (AM), whether recalling past events (past episodic memory; past EM) or imagining

future scenarios (episodic future thinking; EFT). To date, developmental patterns of AM

over time remain poorly understood in ASD. Eleven adolescents with ASD or typical

development (TD) completed an assessment of past EM and EFT once per year for three

years. Preliminary results show that past EM becomes more detailed over the years for

adolescents with ASD, while there is no change for TD adolescents. Interestingly, only the

content elements of the narrated events are increasing, not the context elements.

Furthermore, EFT evolves in the TD group but remains stable in the ASD group. This first

multi-case longitudinal study of AM needs to be replicated with more participants, but it

seems to indicate a heterogeneous evolution of AM in ASD. For future studies, these results

will lead us to explore the hypothesis of developmental delay and the factors influencing

AM development in ASD. Finally, understanding these developmental pathways highlights

the importance of personalized therapeutic approaches to support social integration,

identity construction, and future projects for adolescents with ASD.

© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental

disorder involving a deficit in social interactions and restricted

and repetitive behaviors (DSM-5, American Psychiatric

Association, 2022). In addition, closely related to these core

traits, executive dysfunctions (Demetriou et al., 2018) and

memory challenges (Desaunay et al., 2020) have been found in

ASD. Importantly, complex memory processes, including

autobiographical memory (AM), have been described to be

altered in ASD (Bruck, London, Landa, & Goodman, 2007;

Crane, Pring, Jukes, & Goddard, 2012; Goddard, Dritschel,

Robinson, & Howlin, 2014; Robinson, Howlin, & Russell, 2017;

Tanweer, Rathbone, & Souchay, 2010).

AM refers to thememory of an individual’s life. It combines

specific events that have been personally experienced

(accompanied by a perceptual and sensory experience), cor-

responding to the episodic memory, and personal knowledge,

referring to the semantic component. In our daily life, AM

manifests as the coherence in our identity over time (identity

function), our ability to solve problems using our past expe-

riences to guide our choices, allowing us to adapt to future

events (directive function), and to share and communicate

with others (social function) (Bluck, Alea, Habermas, & Rubin,

2005; Bluck & Alea, 2011; Fivush, 2011). AM is closely linked to

the sense of self, as it enables storing and retrievingmemories

consistent with the individual’s personal goals and objectives,

which allows us to build and maintain a sense of identity and

continuity over time (Conway, 2005; Fivush, 2011; Habermas&

Bluck, 2000). Furthermore, AM enables us to maintain social

ties with others by recalling and sharing experiences, mem-

ories, and life stories.

Although ‘memory’ is a concept intuitively related to the

encoding and retrieval of past events (i.e., past episodic

memory; past EM), AM also refers to imagining and planning

future events, a cognitive ability called episodic future

thinking (EFT). EFT is the ability to project the self into the

future to pre-experience an event (Atance & O’Neill, 2001).

According to the theory of “constructive episodic simulation”

(Schacter & Addis, 2007a; 2007b), imagining future events is

based on recombining several details belonging to memories.

These are then linked together through the semantic knowl-

edge that would serve as the basis and support for con-

structing these future simulations according to the “semantic

scaffolding hypothesis” (Irish & Piguet, 2013; La Corte &

Piolino, 2016). In this line, AM can be divided between “past”

and “future” components. However, this distinction is not

sharp. Indeed, similar cognitive abilities were found between

tasks involving imagining possible future events and recalling

past episodes (D’Argembeau, 2021; D’Argembeau & Van der

Linden, 2004). Furthermore, a similar subset of brain regions

activates when subjects engage in tasks requiring remem-

bering the past or imagining the future (Addis, Wong, &

Schacter, 2007; Benoit & Schacter, 2015; Buckner & Carroll,

2007; Okuda et al., 2003).

Investigations of AM in ASD highlight difficulties in the

past and future components. Previous investigations in chil-

dren and adults with ASD reported impairments in past EM,

including less specific, detailed, and coherent retrieved
memories (Adler, Nadler, Eviatar, & Shamay-Tsoory, 2010;

Bowler, Gardiner,&Grice, 2000; Cooper, Plaisted-Grant, Baron-

Cohen, & Simons, 2016; Crane et al., 2012; Goddard, Howlin,

Dritschel, & Patel, 2007, 2014; Tanweer et al., 2010). Concern-

ing EFT, studies showed an impoverished EFT for ASD

compared to typical development (TD) participants in both

children (Anger et al., 2019; Ciaramelli et al., 2018; Lind,

Bowler, et al., 2014; Marini et al., 2016; Terrett et al., 2013)

and adults (Lind & Bowler, 2010; Lind, Williams, et al., 2014).

Altogether, individuals with ASD show poorer past EM and

EFT performances than age-matched TD participants at

different ages. However, the developmental trajectory of these

abilities over time has been little investigated in ASD. In TD,

AM appears to evolve progressively from childhood through

adolescence and into adulthood (Reese, 2009, 2013). According

to a review by Reese and colleagues (Reese, 2009), AM appears

around 3-4 years old, while children can already provide the

premises of comprehensible memories. These continue to be

enriched in terms of structure and are completed up to the age

of 8e9 years. Although eight years old children are still not

capable of providing temporal connections between different

past events (Bohn & Berntsen, 2008; Habermas & De Silveira,

2008). By the age of 12, the memories evoked continue to

develop with a more precise spatiotemporal context and

temporal connections. Additionally, experiences begin to

become linked to one another in memory and this forms part

of a more global life history. The personal meaning attributed

to each memory, and consequently the link between AM and

the construction of the self, does not really become estab-

lished until the age of 16 and continues to develop until the

end of adolescence (Habermas & De Silveira, 2008). Concern-

ing EFT, while this function appears around 3-4 years old

(Atance & O’Neill, 2005), it seems to be much less developed

than the episodic memory passed on during childhood

(Prabhakar & Ghetti, 2020). It is only from the age of 14 that

adolescents develop detailed and complete projections into

the future (Bohn & Berntsen, 2008).

A developmental study conducted on two groups with ASD

of different ages showed better scores in episodic past EM in

the second part of adolescence (12e18 years) than in early

adolescence (8e12 years) (Goddard et al., 2014). The only lon-

gitudinal exploration of AM in ASD to date is a single case

study conducted with a child (Bon et al., 2013), which pointed

to limited development of past EM and a progressive forget-

ting of personal knowledge over time. To our knowledge, no

study has yet explored the EFT development in ASD.

Cross-sectional research provides snapshots of AM capa-

bilities at various ages but fails to capture the dynamic

changes that occur as individuals age and develop. On the

other hand, longitudinal studies offer valuable insights into

how past EM and EFT develop and interact over critical

developmental periods. This distinction is crucial for ASD,

where developmental patterns may vary from those observed

in the TD population. Therefore, it seems essential to deepen

this work by considering the pivotal role of AM in constructing

personal identity, social life, and problem-solving.

To fill this gap, we wondered how AM evolves in adoles-

cents with ASD compared to their typically developing peers.

Indeed, our study investigated the longitudinal development

of past EM and EFT in adolescents with ASD compared to non-
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autistic controls. By following a cohort of adolescents over

three years and assessing their AM abilities annually, we aim

to identify specific development patterns. According to the

literature, we hypothesized that AM evolves during adoles-

cence in TDs. Concerning ASD, the first hypothesis is that AM

difficulties remain stable during adolescence. The second

hypothesis is that AM skills develop differently ormore slowly

during adolescence in comparison with TDs.
2. Materials and methods

2.1. Participants

Twenty-six children started this study (13 ASD and 13 TD), but

some completed only one or two years; some did not want to

continue, had moved, or were no longer reachable. We chose

to keep only adolescents who participated the three times.

Thus, six boyswith ASDwithout intellectual disability and five

TD adolescent boys, all aged from 12 to 18, were included.

Controls were matched in age and intellectual skills with the

ASD group (Table 1). Intellectual quotients were evaluated

with the Wechsler scales (WISC-IV, Wechsler, 2003; WAIS-IV,

Wechsler, 2008). Participants already had a diagnosis of ASD

when they were included in the study. The diagnosis was

based on the DSM-5 (American Psychiatric Association, 2022)

criteria, using the Autism Diagnostic Interview-Revised

(Rutter, Le Couteur, & Lord, 2003) and/or the Autism Diag-

nostic Observation Schedule-Generic (Lord et al., 2000) (Table

2). For all participants, exclusion criteria were attention-

deficit disorder with or without hyperactivity, schizophrenia,

history of head trauma with loss of consciousness, recent or
Table 1 e Participants' characteristics.

ASD (n ¼ 6

Age at T0

Median (inter-quartile range)

16.2 (12.7e18.

IQ

Median (inter-quartile range)

Full scale IQ 95.5 (86.5e110

VC 104 (97e114)

PR 96 (92.5e106)

WM 106 (88e109)

PS 89.5 (85e92)

TD: Typically Developing participants; ASD: participants with Autism Spec

PR: Perceptive Reasoning; WM: Working Memory; PS: Processing Speed

calculated with Rosenthal’s r.

Table 2 e Autism Diagnostic Interview-Revised and Autism Dia
group.

Participants with ASD ADI_RSI ADI_COM ADI_

ASD_1 11 4

ASD_2 23 20

ASD_3 / /

ASD_4 / /

ASD_5 10 10

ASD_6 12 8

ASD: participants with Autism Spectrum Disorders; ADI: Autism Dia

Schedule-Generic; ADI_RSA: Reciprocal Social Interaction score; ADI_C

Stereotyped Patterns of Behavior score; ADOS_COM: Communication scor

Diagnostic Observation Schedule total score; “/”: the participant has rece
regular use of alcohol or drugs, chronic neurological or

endocrine disorder, medication use likely to interfere with

memory measures, and intellectual disabilities assessed with

the WISC IV or WAIS-IV. All participants and their parents

signed for consent. The study followed international and local

(CPP Nord-Ouest, ID-RCB: 2014-A00481-46) ethical procedures.

2.2. Procedure

Adolescents completed three assessment times (T0, T1, and

T2) separated by one year. We used the “From Past to Future

Task” developed by Anger et al. (2019) for the AM measure.

Participants were asked to freely recall two past events that

happened to them (the day before, i.e., recent and last sum-

mer vacation, i.e., remote) and to imagine two future events

that would happen to them (tomorrow, i.e., recent and the

next summer vacation, i.e., remote). Past events had to be real

memories that happened to them (e.g., “Can you remember

something that happened to you yesterday? I want you to

recall it with plenty of details, as if you were reliving this

event, and your description has to allow me to imagine this

event too”), and future events had to be imagined (e.g., “Can

you imagine what you might do tomorrow, either something

planned or completely new, but I want you to imagine what

could happen with plenty of details, as if you were living this

event, and your description has to allow me to imagine this

event”). There was no time or word limit, and the participant

had to provide as much detail as possible. After 1 min without

response, the interviewer asked the children an open-ended

question (e.g., ‘What else do you remember?’). After a

further minute with no response, the investigator asked the
) TD (n ¼ 5) U p r

3) 14.3 (12.5e15.4) 21.5 .272 .317

.5) 105 (97e108) 10 .409 .238

106 (101e120) 11.5 .583 .158

107 (96e124) 11.5 .583 .158

97 (88e106) 15 1 0

102 (96e103) 9 .329 .282

trumDisorders; IQ: Intellectual Quotient; VC: Verbal Comprehension;

; U value was calculated using ManneWhitney test; r: Effect size

gnostic Observation Schedule-Generic scores for the ASD

RRSPB ADOS_COM ADOS_RSI ADOS_total

2 / / /

5 / / /

/ 1 6 7

/ 6 9 15

4 / / /

6 3 4 7

gnostic Interview-Revised; ADOS: Autism Diagnostic Observation

OM: Communication score; ADI_RRSPB: Restricted, Repetitive, and

e; ADOS_RSI: Reciprocal Social Interaction score; ADOS_total: Autism

ived only one of the two tests.
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Fig. 1 e Past EM score over T0, T1, and T2 in the ASD and TD groups. TD: Typically Developing participants; ASD:

participants with Autism Spectrum Disorders; past EM: past Episodic Memory. *p < .05 obtained with the Friedman’s

ANOVA test comparing past EM at the three assessment times in each group: ASD group (n ¼ 6) and TD group (n ¼ 5).
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children more specific questions about the event (not

considered in the scoring of this study).

Each event was scored out of 5, with 1 point for each of the

following elements: “when”, “where”, “what”, “who”, and

“how”. We added the scores of the two past events to obtain a

past EM score (out of 10) and, similarly, with the two future

events for an EFT score. The higher the score, the more

detailed the events (see Anger et al., 2019, for more method-

ological details). Then, we explored context elements (the

“where” and “when” details) and content elements (the

“what”, “who”, and “how”) separately. Scoring was performed

individually by two raters. Any disagreements were resolved

by discussion. The Cohen’s Kappa coefficient between the two

raters was .79, with a confidence interval of .66e.93, repre-

senting a moderate to high agreement (Landis & Koch, 1977).

2.3. Statistical analyses

Non-parametric statistical analyses were performed using the

software R. We performed a between-groups comparison (TD

versus ASD) at each time individually with a ManneWhitney

test. We conducted an intragroup comparison using Fried-

man’s ANOVA to evaluate the evolution over the three

assessment timepoints: T0, T1, and T2. Then, the same anal-

ysis was repeated by separating content items (“what”, “who”,

and “how”) and context items (“when”, and “where”). Post-hoc

comparisons were performed with a Wilcoxon paired-

samples test (differences between T0-T1, T1-T2 and T0-T2

for the ASD group and the TD group for past AM and EFT

scores) integrating a Bonferroni correction. Effect sizes were

calculated using Rosenthal’s r for the Wilcoxon Mann Whit-

ney test and Kendall’s W for Friedman’s ANOVA. Effect sizes

were interpreted as follows: 0e.3: small effect, .3e.5: moderate

effect, .5 and over: strong effect (Cohen, 2013).
3. Results

Concerning intergroup comparison, no significant differences

in past EM and EFT were observed between the TD and ASD

groups at T0 (past EM:U¼ 21, p¼ .115, r¼ .20; EFT:U¼ 39, p¼ 1,

r ¼ .16), T1 (past EM: U ¼ 33, p ¼ .645, r ¼ 0; EFT: U ¼ 36.5,
p¼ .890, r¼ .27), and T2 (past EM:U¼ 10.5, p¼ .460, r¼ .21; EFT:

U ¼ 5.5, p ¼ .093, r ¼ .49).

Intragroup comparison over T0, T1, and T2 showed a sig-

nificant increase in past EMscores (c2¼ 6.86; p< .05;W¼ .57) in

the ASD group (Fig. 1), ; there was no significant change in the

TD group (c2¼ 4.13; p > .05;W¼ .41). Post-hoc analyses did not

reveal any significant difference. In the ASD group, the evolu-

tion of the past component was characterized by a significant

increase in content (c2¼ 7.6, p< .05;W¼ .63) subscores but not

in context ones [c2 (2, n ¼ 6)¼ .67, p¼ .716;W ¼ .23]; there was

no significant change in the TD group (Table 3).

Concerning intragroup comparison over T0, T1, and T2 in

EFT scores, no significant change was observed in the ASD

group over the three assessment times (c2 ¼ 1.2; p > .05;

W ¼ .10; see Fig. 2), there was a significant increase of EFT

scores in theTDgroup (c2¼ 6.50; p< .05;W¼ .65; see Fig. 2). The

post-hoc analysis did not reveal any significant difference.

Regarding EFT subscores, there was no significant change in

the ASD group; in the TD group, both content (c2¼ 6.78; p< .05;

W ¼ .68) and context (c2¼ 6.13; p < .05;W ¼ .61) EFT subscores

significantly increased over time (Table 3).
4. Discussion

This first longitudinal group study showedmore detailed past

EM across years but no evolution in EFT in adolescents with

ASD. In the TD group, results highlighted increased EFT per-

formances but no change in past EM. The exploration of event

details revealed that the evolution of past EM in the ASD group

is accompanied by increased content elements only but no

evolution regarding context. In comparison, the evolution of

EFT in TD adolescents is associated with increased both con-

tent and context elements.

In this three-year longitudinal study, both groups show

different developmental patterns of AM during adolescence.

Concerning the ASD group, we report an increased perfor-

mance in past EM across the three years. The evolution of past

EM development in ASD is consistent with Goddard’s cross-

sectional results (Goddard et al., 2014) and Bon’s case study

(Bon et al., 2013), which describe improved performance in

recalling past memories through adolescence. According to

https://doi.org/10.1016/j.cortex.2024.10.016
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Fig. 2 e EFT score over T0, T1, and T2 in ASD and TD groups. TD: Typically Developing participants; ASD: participants with

Autism Spectrum Disorders; EFT: Episodic future thinking. *p < .05 obtained with the Friedman’s ANOVA test comparing

EFT performances at the three assessment times in each group: ASD group (n ¼ 6) and TD group (n ¼ 5).

Table 3 e From Past to Future task scores for content and context elements for the analysis between T0, T1, and T2.

ASD (n ¼ 6) Friedman’s ANOVA

T0 T1 T2 c2 p W

Past EM median (inter-quartile range) Content 4.5 (4e5) 5.5 (5e6) 5 (4.25e5.75) 7.60 .022 .63

Context 1 (1e1.75) 2 (1.25e2) 2,5 (1.25e3) 2.78 .249 .23

EFT median (inter-quartile range) Content 4 (3.25e4) 4 (4e4.75) 5 (5e5) 4.10 .129 .34

Context 2 (2e2.75) 2 (1.25e2.75) 2 (1.25e2.75) .67 .717 .06

TD (n ¼ 5) Friedman’s ANOVA

T0 T1 T2 c2 p W

Past EM median (inter-quartile range) Content 4 (4e5) 4 (4e6) 6 (5e6) 2.36 .307 .24

Context 2 (0e3) 3 (1e3) 3 (3e3) 1.73 .420 .17

EFT median (inter-quartile range) Content 3 (3e4) 5 (4e5) 5 (5e5) 6.78 .034 .68

Context 2 (1e2) 2 (2e2) 3 (3e3) 6.13 .047 .61

TD: Typically Developing participants; ASD: participants with Autism Spectrum Disorders; past EM: past episodic memory; EFT: Episodic future

thinking; W: Effect size calculated with Kendall’s W. c2 value calculated using Friedman’s ANOVA test. Context is scored out of 2 (One point for

each of “where” and “when” details) and content is scored out of 3 (for each of “what”, “who”, and “how” details).
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Atance and O’Neill (2005), AM appears around 3-4 years old in

TD and continues developing until the beginning of adoles-

cence (Bauer, Burch, Scholin, & Güler, 2007; Cycowicz,

Friedman, Snodgrass, & Duff, 2001; Guillery-Girard et al.,

2013). Past EM in ASD would, therefore, seem to develop dur-

ing adolescence and continue until adulthood. Indeed, adults

with ASD present lower past EM skills than TD adults (Adler

et al., 2010; Crane et al., 2012; Goddard et al., 2007; Tanweer

et al., 2010). Given that the average age in these studies is

under 40, this raises the question of whether past EM con-

tinues to evolve tomatch TD at a certain age or is slowed down

or stopped at some point to remain under TD performances.

More research is needed to confirm this hypothesis.

Concerning the future component of AM, while TD par-

ticipants improved significantly their EFT across the three

years, no significative evolution was shown in the ASD group.

This evolution in TD is coherent with Gott and Lah’s (2014)

results that highlighted a more developed EFT for TD adoles-

cents than children. The static nature of EFT through adoles-

cence in ASD compared to its evolution in TD peers seems to

point to an atypical developmental profile. Nevertheless, the

absence of any significative difference between the two

groups does not allow us to interpret this result further.
However, it opens up a field for future research to explore the

hypothesis of a developmental delay of AM.

In this line, previous studies suggest that EFT could develop

later. Lind and Bowler (2010) proposed the necessity of a

greater cognitive mobilization to create future projections

compared to recalling past memories, regardless of the popu-

lation (ASD or TD adults). Many studies showed that TD in-

dividuals produce significantly more accurate, specific, and

detailed past events than future ones (Anderson & Dewhurst,

2009; Ben Malek, Berna, & D’Argembeau, 2017; Crane, Lind, &

Bowler, 2013; Gott & Lah, 2014). These behavioral data are

accompanied by increased hippocampal recruitment during

EFT tasks compared to past EM tasks (Addis et al., 2007, 2009,

2011; Martin, Schacter, Corballis, & Addis, 2011; Okuda et al.,

2003; Weiler, Suchan, & Daum, 2009). This increase could be

linked to the recruitment of complex cognitive mechanisms

involved in imagining new events. Indeed, according to the

theoryof “constructive episodic simulation” (Schacter&Addis,

2007a; 2007b), EFT requires a highly flexible systemcapablenot

only of selecting and extracting elements from the past but

also of manipulating and recombining them to develop a

coherent scenario in the future (Addis, Pan, Vu, Laiser, &

Schacter, 2009; Schacter, Addis, & Buckner, 2007, 2008).

https://doi.org/10.1016/j.cortex.2024.10.016
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The ASD population presents binding problems (Bowler,

Gaigg, & Lind, 2010) related to poor central coherence (Happ�e

& Frith, 2006), which could participate in difficulty linking

details from the past to construct a future projection (Maister

& Plaisted-Grant, 2011). Moreover, ASD presents executive

dysfunctions (Hill, 2004) that can impact the mobilizing of

complex memory processes such as EFT (Bowler et al., 2000;

Marcaggi, Bon, Eustache, & Guillery-Girard, 2010). Goddard

et al. (2014) reported that AM difficulties in ASD were associ-

ated with executive dysfunctions. More recently, a meta-

analysis (Ye et al., 2021) also highlighted the impairment of

“mental time travel” in individuals with ASD of different ages

(adults and children), which includes projecting the self in the

past and/or the future. Other studies have reported poorer EFT

skills and evoked a link with difficulties in narrative produc-

tion skills in children with ASD (Ferretti et al., 2018; Marini

et al., 2019), spatial navigation, and scene construction in

adults with ASD (Lind, Bowler et al., 2014; Lind, Williams,

et al., 2014). All these factors could contribute to more

complexity in the development of EFT in autism during

adolescence. An avenue worth exploring in future studies.

One other interesting finding from the study is that the

improvement in past EM in the ASD group focused on content

items (the “what”, “who”, and “how”) with no evolution in

context elements (the “where” and “when”). In the control

group, the improvement of EFT was through both content and

contextdetails.Difficulties in recallingcontexthavepreviously

been described for past and future episodes in the ASD popu-

lation (Goldman, 2008; Lind, Williams, et al., 2014). The lack of

spatial elements observed in AM development may be associ-

ated with a spatial navigation impairment in adults with ASD

(Lind, Williams, Raber, Peel, & Bowler, 2013) in relation to

impaired scene construction, self-projection, and especially

projection into the future in ASD (Lind, Bowler et al., 2014).

Scene construction refers to themental process that allows for

generating and maintaining a multimodal spatial representa-

tion (Hassabis & Maguire, 2007). This process involves the

hippocampus binding these details using relational memory

(Martinet al., 2011; Piolino et al., 2008; Schacter&Addis, 2007a),

a type of memory that is affected in ASD (Happ�e & Frith, 2006;

Maister, Simons, & Plaisted-Grant, 2013). In a recent review,

Agron, Martin, and Gilmore (2024) mention that beyond the

social deficits widely explored in ASD, scene construction and

spatial navigation difficulties are partially responsible for AM

impairments and could represent new avenues for under-

standing ASD. Time perception is less studied in ASD but

seems to be also affected. Boucher, Pons, Lind, and Williams

(2007) propose the existence of atypical ‘diachronic thinking’

(the ability to apprehend a fact or set of facts as they evolve

over time),whichmaybe linked to the lackof binding inautism

(Brock, Brown, Boucher, & Rippon, 2002).

The heterogeneous evolution of AM in adolescents with or

without ASD leads us to posit the hypothesis of a develop-

mental delay. Our preliminary results, corroborated by pre-

vious studies, highlight that past EM is still developing in ASD

during adolescence, a period during which TD adolescents

usually would have already developed this function and

would continue to develop more elaborate mechanisms such

as EFT. The idea of a developmental delay in ASD is evocated

in some longitudinal studies concerning executive functions.
Ozonoff and McEvoy (1994) report a slight improvement in

executive functions during adolescence in an ASD group

without catching up with the performances of the TD partic-

ipants over the three years of their study. Likewise, Skogli,

Andersen, Orm, Hovik, and Øie (2024) reported more diffi-

culties in daily executive functions in adolescents with ASD

compared to TD. These difficulties remain relatively stagnant

after a 2-year longitudinal follow-up, with no evolution for the

ASD group. Furthermore, the developmental delay hypothesis

also appears in a longitudinal study following a group of ad-

olescents with ASD for ten years. This study demonstrated

that, over time, ASD adolescents improved in certain execu-

tive functions, such as working memory performance. How-

ever, they still displayed difficulties relative to the TD group

without catching up (Fossum, Andersen, Øie, & Skogli, 2021).

Considering the inter-group comparison between the ASD

and the TD groups at each time point separately, we found no

significant difference in past AM and EFT between the two

groups. Although this is the first longitudinal group study, our

sample size remains small, and a lack of power could explain

this lack of difference. Nevertheless, the study of Anger et al.

(2019) using the same AM task with a transversal approach

and larger samples showed that adolescents with ASD per-

formed less than controls for past EM and EFT. These results

are coherent with other studies where children with ASD

usually perform worse than TD peers in the past EM and EFT

(Ciaramelli et al., 2018; Lind,Williams et al., 2014; Marini et al.,

2019; Terrett et al., 2013). However, another explanation could

be that we combine recent and remote events to score each

past and future direction. Goddard et al. (2014) found poorer

past EM in the remote past but preserved recent memory in

children with ASD. Future studies are needed to explore the

evolution of the distant time perspective.

Understanding the developmental trajectories of AM in

ASD is crucial for developing targeted interventions supporting

social integration, identity formation, and future planning

capabilities in this population. Thinking about a self-defining

future and past event would lead participants to conceptu-

alize themselves more regarding their psychological traits

(D’Argembeau & Garcia Jimenez, 2023). As Westby (2022)

mentioned, the ability to reflect on past actions and decisions

to adapt to future challenges impacts self-regulation skills in

ASD. Thus, according to this same review, difficulties in EFT

and, more broadly, in mental time travel are accompanied by

difficulties in regulating one’s self, actions, and decisions.

Moreover, as mentioned above, AM plays a key role in the so-

cial life of the individual (Bluck et al., 2005; Fivush, 2011). The

link between social difficulties in ASD and AMhas beenwidely

discussed in the literature (Coutelle et al., 2020; Goddard et al.,

2007; Goldman, 2008;Wantzen et al., 2021). A deficit or delay in

acquiring AM could also contribute to the social difficulties

encountered by this population.

This must allow clinicians to consider AM better in their

interventions. Indeed, in previous work, we set up a psycho-

education program around AM for adolescents with ASD

(Wantzen et al., 2021). We highlighted the beneficial effect of

this training on social aspects. These are encouraging results

that need to be pursued. The present study, suggesting a

heterogenous pattern in the development of AM, emphasizes

the importance of working on this cognitive skill. This is

https://doi.org/10.1016/j.cortex.2024.10.016
https://doi.org/10.1016/j.cortex.2024.10.016
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especially true for this pivotal period of adolescence/early

adulthood, during which crucial decisions arise, such as the

choice of socio-professional orientation and life projects that

open problematic questions for people with ASD and their

entourage (Cheak-Zamora, Nowell, Helterbrand, & Tait, 2021).
5. Limitations

Because of the small sample size, the results presented here

require replication with a bigger cohort. Indeed, this restricts

the power of our study to demonstrate an eventual significa-

tive difference between our groups (ASD versus TD) that

limited our interpretation. On the other hand, a small sample

can further reinforce intragroup variability. To consider this

variability, we have opted for the graphic representation of

each individual separately. Furthermore, the limited number

of participants limits our results' generalizability. For

example, the comparison between the two groups revealed a

moderate effect size for age, which suggests a moderate dif-

ference between the two groups in terms of age, which should

lead to a cautious interpretation of the results. Nevertheless,

in line with the delay development hypothesis, we found a

strong size effect in all significant analyses and a weak or

moderate effect in all non-significant analyses which is

coherent with our results. Despite these limitations, the pre-

sent longitudinal approach is novel and gives a new dimen-

sion to understanding the development of AM in ASD.

Although this study is only preliminary and cannot provide an

exact conclusion as to the developmental profile of AM inASD,

it does open the door to interesting questions about the pos-

sibility of developmental delay. It also encourages more

studies on this subject, given the role that AM plays in the

development of an adolescent.
6. Conclusion

Thepresent investigationaims to start thepath towardabetter

understanding of the development of AM in adolescents with

ASD. Our study provides the first longitudinal suggestion of

heterogenous developmental trajectories of AM in ASD, high-

lighting the need for further research with larger sample sizes

to validate and extend these findings.We argue this is a critical

scientific endeavor due to the tight links betweenAManddaily

life impairments in adolescents with ASD. Future studies are

needed to confirm this development pattern and explore

cognitive factors involved, including social impairments, ex-

ecutive functions, central coherence or mental time travel.

Future directions should investigate the potential benefits of

specific interventions to enhance past and future episodic

memory. By addressing these areas, we can better support the

social development of adolescentswithASD, ultimately aiding

their integration and identity construction.
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