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Abstract
To investigate the early development of episodic memory and future thinking in autism spectrum disorder (ASD), we selected 
94 participants each from a group of ASD and typically developing (TD) preschoolers. They were required to remember 
newly-acquired knowledge sources and anticipate action timings necessary for future events. Five-year-old children with ASD 
remembered their knowledge sources similar to TD children; however, the 6-year-old children performed more poorly than 
their TD counterparts. ASD children failed to anticipate future action timings in comparison with TD children. Although 
source memory and future thinking were related in TD children, they were unrelated in children with ASD. The results sug-
gest that episodic memory and foresight are deficient and unintegrated in ASD children during the preschool years.

Keywords Autism spectrum disorder (ASD) · Preschoolers · Episodic memory · Episodic future thinking · Source memory

Autism spectrum disorder (ASD) is a neurodevelopmental 
disorder characterized by impaired social communication 
along with restricted repetitive behaviors and interests. 
However, ASD symptomatology is not restricted to the two 
core symptoms, but extends to a variety of domains such as 
memory, motor skills/body schema, and sensations. With 
regards to memory, the consensus holds that individuals 
with ASD show mnemonic abnormalities particularly in 
episodic memory, which accompanies a strong awareness 
of self-experience, or an autonoetic consciousness (Tulv-
ing 1985), with relatively preserved semantic memory (for 
a review see Boucher and Bowler 2008).

The typical memory profiles of ASD patients include 
reduced “remembering (autonoetic)” responses in episodic 
memory retrieval (e.g., Bowler et al. 2000; Tanweer et al. 

2010), a lack of self-referential effects, i.e., the facilitated 
memory for information related to the self (e.g., Hender-
son et al. 2009; Toichi et al. 2002), confusions between 
self-experienced and other-experienced or un-experienced 
events (e.g., Bennetto et al. 1996; Millward et al. 2000), 
and impaired autobiographical memory for specific informa-
tion from the personal past (e.g., Bruck et al. 2007; Crane 
and Goddard 2008; Goddard et al. 2007, 2014; Tanweer 
et al. 2010). These abnormalities share a common feature 
of impairments in episodic memory firmly associated with 
self-experience of personal events with a subjective perspec-
tive of time.

It has been established that episodic memory is phenom-
enologically, neurologically, and developmentally related 
to episodic future thinking/foresight, or an ability to pre-
experience events in one’s personal future (e.g., Atance 
and O’Neill 2001; Schacter and Addis 2008; Suddendorf 
2016). The ability to think about both one’s personal past 
and future with autonoetic consciousness has also been 
called mental time travel (Suddendorf and Corballis 1997; 
Tulving 1985, 2005). Some researchers have claimed that 
mnemonic abnormalities in ASD are derived partially from 
attenuated conceptions of the self (Lind and Bowler 2008; 
Toichi 2008). Primarily, it is a form of self-concept that is 
temporally extended from the present to the past and future, 
enabling one to relive and pre-experience personal events 
by mentally travelling through subjective time (cf., Neisser 
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1988; Tulving 2005). In support of this claim, it has been 
shown that episodic foresight is attenuated similar to the epi-
sodic memory in adults with ASD (Lind and Bowler 2010; 
Lind et al. 2014).

Developmental research has corroborated the emergence 
of episodic foresight and its link to episodic memory during 
the preschool years (e.g., Naito and Suzuki 2011; Sudden-
dorf 2010; Suddendorf et al. 2011; for a review see Atance 
2015). Since adults with ASD show impairments in both epi-
sodic memory and future thinking, such impairments most 
likely emerge in their early childhood. However, despite the 
accumulating evidence of the early development of episodic 
future thinking in typically developing (TD) children, only 
a few studies have explored it in ASD children (Hanson 
and Atance 2014; Marini et al. 2016; Terrett et al. 2013). 
Among these, Marini et al. (2016) and Terrett et al. (2013) 
have examined episodic foresight in school-aged children 
with and without ASD, showing ASD children’s impaired 
future thinking as compared with that for age-matched TD 
children. However, because episodic memory and foresight 
in TD children improve considerably in early childhood, it 
is necessary to see how these abilities develop in children 
with ASD in their early years. Hanson and Atance (2014) is 
the sole study that included participants from preschool to 
school children and found attenuated future thinking in ASD 
children as compared to TD children.

However, Hanson and Atance’s (2014) results appear 
inconclusive, in that three out of five future tasks they had 
used, revealed no difference in performance between the 
diagnostic groups, and that since the children’s performance 
was compared between the diagnostic groups as a whole, its 
developmental changes remain unknown. Furthermore, they 
examined children’s episodic foresight, but not their episodic 
memory, thereby offering no information about the relation-
ship between the two abilities in ASD children. The present 
study investigated episodic foresight and its link to episodic 
memory in preschoolers with and without ASD and exam-
ined the changes in their abilities with respect to their age.

It is important to carefully choose the tasks to measure the 
two abilities in young children. Although episodic memory/
foresight interviews are often used to measure the abilities 
in ASD children (e.g., Terrett et al. 2013), as in adults (e.g., 
Lind et al. 2014), the contents of verbal reports of past and 
future experiences, which may involve semantic memory for 
everyday habitual experiences and scene-typical events, i.e., 
scripts, may lack a self-experiential awareness of temporal 
contexts (Klein 2016). Furthermore, especially in young 
children, their limited knowledge of language may also 
hamper verbal reports of genuine episodic thinking (Hud-
son et al. 2011). To be precise, a future task using verbal 
reports in Hanson and Atance’s (2014) study did not detect a 
possible diagnostic group difference. With these limitations 
in mind, some studies have employed verbal or behavioral 

selection tasks for measuring future thinking (Hanson and 
Atance 2014; Marini et al. 2016). However, the selection 
tasks are also quite vulnerable to the influences of semantic, 
schematic knowledge including scripts (Hudson et al. 2011), 
and their score range is often too narrow to identify their 
relationship to episodic memory.

Naito and Suzuki (2011) have designed a future task, 
which while guaranteeing a score range and obviating 
involvement of schematic knowledge, attempts to gauge 
children’s ability to anticipate their potential future need. In 
each item of the task, the children were asked to decide the 
timing of their action, irrelevant to their current need, though 
necessary to prepare for a future, script-free event that they 
would experience. Naito and Suzuki also measured chil-
dren’s episodic memory with a source memory task, which 
required children to travel back to the time point at which 
they acquired a certain piece of information (Drummey 
and Newcombe 2002; Gopnik and Graf 1988; Naito 2003; 
Taylor et al. 1994). Source memory has been considered to 
reflect mature episodic memory that involves remembering 
temporal contexts, rather than memory contents, of one’s 
own experiences (Klein 2016; Naito 2003; Tulving 2005). 
Additionally, it relies on understanding a causal relation-
ship between these experiences from one’s own temporal 
perspective by virtue of the self that persists through time 
(McCormack and Hoerl 1999, 2001). It was demonstrated 
that the children’s performance on source memory and the 
future task of action timing improved considerably between 
ages of 4 and 6 years. Furthermore, the children’s future task 
performance exhibited a strong association with their source 
memory especially at 5 to 6 years of age, even after control-
ling for age and verbal intelligence. Naito and Suzuki have 
argued that, while integrating in late preschool years, mature 
episodic memory and foresight grow to develop an auto-
noetic awareness with a temporal perspective that enables 
one to remember/anticipate temporal contexts of personal 
experiences, and to appreciate causal relationships between 
the same.

The present study has used tasks pertaining to source 
memory and action timing to compare the development of 
episodic memory and foresight, and the relationship between 
them, in high-functioning children aged 4 to 6 years with 
that of age- and intelligence-matched TD children. To the 
best of our knowledge, no study has yet successfully exam-
ined the memory to remember knowledge sources of the 
self in preschoolers with ASD. However, previous stud-
ies have offered a suggestive evidence of ASD children’s 
poorer source monitoring for self-other performed events 
(Hala et al. 2005; Lind and Bowler 2009; Millward et al. 
2000), and their confusions between experienced and un-
experienced events (Bennetto et al. 1996; O’Shea et al. 
2005). Studies have also demonstrated the autobiographical 
memory impairments in ASD children (Bruck et al. 2007; 
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Goddard et al. 2014). These findings led us to predict that 
preschoolers with ASD would perform the source task more 
poorly than TD children. It was hypothesized that ASD chil-
dren would have difficulties in taking a temporal perspective 
of the self, and hence, in remembering autonoetically the 
context of their knowledge acquisition, even though at an age 
when such an ability emerges in typical development. Simi-
larly, for the future task of action timing, we predicted that 
ASD preschoolers’ performance would lag behind that of 
TD children, if the attenuated episodic foresight, as observed 
in the ASD schoolchildren and adults (Lind et al. 2014; Ter-
rett et al. 2013), emerges in early development.

Previous studies have shown that episodic memory and 
future thinking exhibit a solid association in TD preschool-
ers even after controlling for age-related variables (Naito 
and Suzuki 2011; Suddendorf 2010). However, until now, 
the results have been undecided for individuals with ASD. 
Using episodic interviews, Lind and Bowler (2010) found 
no relationship between episodic memory and future think-
ing in high-functioning adults, but a strong association in 
TD adults. In contrast, Terrett et al. (2013) reported a sig-
nificant association of episodic memory with foresight in 
high-functioning children aged 8 to 12 years, just as age- and 
intelligence-matched TD children. It is hence necessary for 
specifying the developmental trajectory to see how the two 
types of episodic thinking about past and future are associ-
ated with each other in their early development of ASD.

A plausible cause of the developmentally inconsistent 
patterns of the association between the two episodic abili-
ties may lie in the diverse effects of intelligence especially 
on future thinking observed in the previous studies. While 
Lind and Bowler’s (2010) adult study did not considered 
the intelligence effects, studies of schoolchildren by Terrett 
et al. (2013) and Marini et al. (2016) reported incompatible 
intelligence effects on episodic foresight in ASD. Terrett 
et al. found no link between foresight and IQ in ASD 8- and 
12-year-olds, but a solid association between them in TD 
counterparts. Marini et al. (2016) showed a significant asso-
ciation of future thinking with IQ in high-functioning 6- to 
8-year-olds but not in 9- to 11-year-olds. The ASD children’s 
unstable findings would be attributed to the nature of IQ, 
as measured by Wechsler tests, which provide a composite 
IQ score that combines verbal and non-verbal intelligence, 
although ASD children often reveal quite different profiles 
between the two types of intelligence (e.g., Coolican et al. 
2008; Grondhuis et al. 2018).

To resolve the mixed patterns of intelligence and to eluci-
date the link between future thinking and memory, we sepa-
rately measured children’s verbal and non-verbal intelligence 
using a vocabulary test and Raven’s Progressive Matrices, 
respectively. The vocabulary test has widely been used in 
both ASD and TD child populations (e.g., Boucher et al. 
2007; Lind and Bowler 2009; Naito 2003; Naito and Suzuki 

2011; Suddendorf 2010), and thus it should permit us to 
compare directly the present findings with previous ones 
that controlled verbal intelligence effects. Raven’s Progres-
sive Matrices has been considered a more equivalent and 
equitable index than Wechsler scales across clinical popu-
lations, including ASD (Dawson et al. 2007; Facon et al. 
2011; Soulières et al. 2011). We investigated whether epi-
sodic source memory is associated with future thinking of 
action timing in ASD preschoolers, by separating the effects 
of verbal and non-verbal intelligence, and whether the asso-
ciation changes with their age as observed in TD children 
(Naito and Suzuki 2011).

Method

Participants

A total of 188 preschoolers aged 4 to 6 years with and with-
out being diagnosed with ASD were selected as participants. 
All children were from local nursery schools in Shiga and 
Osaka prefectures in Japan. According to DSM-5 (American 
Psychiatric Association 2013), 94 children (68 boys and 26 
girls) were diagnosed with ASD by three child psychiatrists 
who were experienced in the field of autism. The diagno-
ses were based on clinical observations of the children, and 
behavioral record and/or other information from their par-
ents and teachers. The children with ASD group comprised 
25 four-year-olds, 27 five-year-olds, and 42 six-year-olds. 
The remaining 94 (32 boys and 62 girls) were TD children 
including 19 four-year-olds, 29 five-year-olds, and 46 six-
year-olds. The child psychiatrists confirmed that the TD 
children had no cognitive or behavioral abnormality related 
to ASD or any other disorders.

Children’s characteristics are shown in Table 1. A 2 (diag-
nosis) × 3 (age) × 2 (sex) analysis of variance (ANOVA) for 
verbal intelligence as assessed by the Picture Vocabulary 
Test-Revised (PVT-R; Ueno et al. 2008), as well as chrono-
logical age, solely revealed a significant main effect of age, 
F(2, 176) = 21.52, p < .001, ηp2 = .12, with no significant 
main effect of diagnosis, F < 1, or sex, F < 1, nor any sig-
nificant interaction involving any of the three variables, 
Fs < 1. The results confirmed that the two diagnostic groups 
had comparable chronological age (F < 1) and verbal intel-
ligence. A three-way ANOVA for non-verbal intelligence 
assessed by Japanese Raven’s Coloured Progressive Matri-
ces (RCPM; Sugishita and Yamazaki 1993) also revealed 
just a significant age effect, F(2, 176) = 33.44, p < .001, 
ηp2 = .28, with no effect of diagnosis, F(1, 176) = 3.76, n.s., 
or sex, F < 1, nor any interactions involving the variables, 
Fs < 1, though this form of intelligence being slightly higher 
in the ASD children (M = 18.47, SD = 7.15) than in the TD 
children (M = 17.23, SD = 5.95), as expected from previous 
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studies (e.g., Hayashi et al. 2008). Since all the participants 
were from the integrated nursery schools where children 
with typical development included more females than males, 
the diagnostic groups had different gender distribution as 
well [χ2(1, N = 188) = 26.17, p < .01].

Materials and Procedure

The children first received the vocabulary test and RCPM 
for examining the verbal and non-verbal intelligence effects 
on episodic thinking; the former was used to compare the 
children’s performance directly with that of the previous 
studies that controlled verbal intelligence (Naito 2003; 
Naito and Suzuki 2011), while the latter was introduced as 
an unbiased index of intelligence for ASD preschoolers. Two 
experimenters then gave the children individually a source 
memory task and a future-oriented task of action timing for 
measuring such thinking, in a 20- to 30-min session in a 
room at their schools.

The procedures for the source memory task, composed 
of both study and test phases, were modeled after those 
by Naito and Suzuki (2011), except that three, instead of 
two, follow-up questions were introduced. During the study 
phase in the context of a quiz, children were presented with 
seven items of questions about facts that they would not 
know (e.g., “Where do crickets have their ears?”). When 
a child was unable to answer the question, he or she was 

given the answer (e.g., “on their legs”). The experimenter 
then repeated the question and asked the child to repeat the 
answer. Following the child’s repetition, the experimenter 
once again presented the correct answer to each question 
item (e.g., “The crickets’ ears are on their legs.”). After a 
5-min retention interval of an irrelevant task, fact recall and 
source recall were tested. Making no reference to the study 
phase, the experimenter asked the child to answer 12 items 
of questions presented in random order: seven unknown 
questions from the study phase and five new distractor (two 
difficult and three easy) questions that had not been pre-
sented previously. The score of the fact recall was the num-
ber of questions that the child answered correctly from the 
seven old questions. When the child correctly answered a 
question, the experimenter said, “Well done! Yes, the answer 
is [X]” (where X referred to a target word, e.g., legs). The 
child was then asked the following: (a) “Did you know the 
answer was [X] yesterday?”; (b) “Did you know the answer 
was [X] when you were [the child’s age minus 1] years 
old?”; and (c) “Have you always known the answer then?” 
At any time when the child gave a “no” response, the suc-
ceeding question(s) was not asked anymore; instead, three 
open-ended follow-up questions were asked in the following 
order: “When did you learn the answer was [X]?,” “Where 
did you learn the answer was [X]?,” and “Who told you the 
answer?”

A correct source memory score was recorded when a 
child answered an old question from the study phase, then 
answering “no” to the first question, “Did you know… yes-
terday?” and correctly identified the time of the learning 
event in response to at least two of the three open-ended 
questions. The two raters judged all records of the children’s 
responses with an inter-rater agreement of 99.6% for the 
correct source memory; disagreements were resolved by dis-
cussion. Source memory scores were calculated by dividing 
the number of items, of which children correctly identified 
the learning contexts in the test phase, by the number of cor-
rectly remembered facts from the study phase.

The procedures for the future-oriented action task 
were adopted from Naito and Suzuki (2011), except 
that two, instead of one, prompt questions were used to 
confirm children’s correct action timing responses. The 
experimenter asked the child to decide the timing of the 
action needed to prepare for a future event indicated in 
each of the six items that were presented with physical 
props, as appearing in Naito and Suzuki (2011, Appendix 
Table A1). For example, in the “arrange flowers” item, the 
child was shown a bunch of flowers and a vase and was 
told that a guest would come to the testing room, while 
the child ate hi/her lunch and that he/she should arrange 
some flowers in the vase for the guest. Depending on the 
testing time for each child, the critical time of the future 
event was changed (e.g., “while you are eating lunch” was 

Table 1  Children’s characteristics

Age ranges are in brackets; standard deviations are in parentheses
RCPM Raven Coloured Progressive Matrices
a Mean verbal age [range] for 4-, 5-, and 6-year-olds was 4;08 [3;00–
6;08], 5;08 [3;00–7;11], and 6;01 [4;00–8;05], respectively
b Mean verbal age [range] for 4-, 5-, and 6-year-olds was 4;07 [3;00–
6;03], 5;06 [3;04–8;07], and 6;02 [4;05–8;04], respectively

Characteristics ASDa TDb

4-year-olds
 n [m:f] 25 [20:5] 19 [8:11]
 CA 4;07 [4;00–4;11] 4;06 [4;00–4;11]
 PVT-R 18.96 (7.54) 17.16 (6.42)
 RCPM 12.76 (7.70) 11.31 (4.23)

5-year-olds
 n [m:f] 27 [17:10] 29 [12:17]
 CA 5;06 [5;00–5;10] 5;06 [5;00–5;11]
 PVT-R 25.48 (9.47) 24.52 (9.00)
 RCPM 17.78 (7.04) 16.28 (4.71)

6-year-olds
 n [m:f] 42 [31:11] 46 [12:34]
 CA 6;04 [6;00–6;10] 6;05 [6;00–6;11]
 PVT-R 28.91 (9.38) 29.09 (6.75)
 RCPM 22.31 (5.24) 20.35 (5.04)
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altered to “while you are eating snacks” for a child who 
was tested in the afternoon.) The experimenter then asked 
the child, “When would you arrange the pretty flowers, 
for the guest to see?” The child was given three alterna-
tives in the following order: (a) “Would it be okay to do it 
tomorrow?”; (b) “Would it be okay to do it when you’ll be 
[the child’s age plus 1] years old?”; and (c) “Would you 
do it any time after that?” Whenever the child gave a “no” 
response, the succeeding question(s) was not asked. When 
the child answered “no” to the first question, another open-
ended follow-up question was asked: “When are you going 
to do it?” If the child could not identify the exact time of 
the action (e.g., “now”) in answering the “when” question, 
a prompt with two alternatives was given: “Would you do 
it now, or you do/have [X] and then after that?” (where 
X refers to the critical time point, e.g., eating lunch). If 
the child did specify the time of the action as “now,” or if 
the child was reluctant to answer this question, a second 
prompt with two alternatives was given: “Are you going to 
do it before [X], or after [X]?” The presentation order of 
the six items was fixed because of presentation constraints 
(e.g., some items used the props created in a preceding 
item) and to avoid confusing the children as to the time of 
the critical events.

A correct action timing score was recorded when the 
child answered “no” to the first question “Would it be okay 
… tomorrow?” and correctly identified an appropriate time 
of the action in response to the final open-ended and prompt 
questions. The two raters judged all records of the children’s 
responses with inter-rater agreement of 99.2%; disagree-
ments were resolved by discussion. Scores for correct action 
timing were the number of items, for which the children cor-
rectly identified the action timing out of the six.

Results

A preliminary 2 (diagnosis) × 3 (age) × 2 (sex) ANOVA for 
each of the two tasks revealed a significant difference in the 
source memory scores based on the sex of the participants, 
F (1, 176) = 5.95, p < .05, ηp2 = .03, showing that girls (.52) 
performed significantly better than boys (.29). Although the 
causes of this difference were unknown, it might have come 
from the imbalanced gender distribution between the diag-
nostic groups. Apart from this difference, there were no sig-
nificant effects of participants’ sex in performing the other 
tasks (Fs < 1) and it did not interact with any other variables 
in any of the tasks including those testing the source mem-
ory (Fs < 1). Thus, this parameter was not considered any 
further. Diagnostic and age differences in the performance of 
each task were addressed first, followed by the relationship 
between the tasks.

Diagnostic and Age Differences in Task Performance

Table 2 presents children’s performance on two of the tasks. 
As shown in the first two rows of the table, irrespective of 
diagnosis, even 4-year-olds recalled a mean of nearly six 
out of seven learned items (M = 5.91, SD = 1.28). The 
older children, on an average, recalled more than six items 
(M = 6.23, SD = 1.18 and M = 6.75, SD = 0.63, for 5-year-
olds and 6-year-olds, respectively). Although a 2 (diagno-
sis) × 3 (age) ANOVA revealed a significant age difference 
between 4-year-olds and the older children across the diag-
nostic groups, F(2, 182) = 10.41, p < .001, ηp2 = .10, there 
was no significant main effect of diagnosis, F < 1, nor signif-
icant interaction between the two variables, F(2, 182) = 2.56, 
n.s.. The data confirmed that the seven unknown questions 
presented in the study phase were not too difficult for most 
4-year-olds with and without ASD to remember and that the 
difference in the number of items considered in calculating 
source memory scores was, on average, almost null between 
diagnostic groups (Ms = 6.39 and 6.40 for, respectively, the 
ASD and TD groups) and was just one item or less among 
age groups.

The third and fourth rows of Table 2 show that source 
memory did not improve for the ASD children at 5 years 
and was lower than that in the TD children particularly at 
6 years. A 2 (diagnosis) × 3 (age) ANOVA on source mem-
ory scores supported this observation, revealing a signifi-
cant interaction between diagnosis and age, F(1, 182) = 3.52, 
p < .05, ηp2 = .04, in addition to a significant main effect 
of age, F(2, 182) = 24.19, p < .001, ηp2 = .21. Subsequent 
simple-main effect analyses indicated that the performance 
of the 6-year-olds did not significantly differ from that of 

Table 2  Mean scores of task indexes as a function of diagnosis and 
age

Standard deviations are in parentheses
max maximum
a Number of correctly recalled items in newly learned items
b Proportion of correctly source-identified items to correctly recalled 
items
c Proportion of correctly timing-identified items out of six

Task index 4-Year-olds 5-Year-olds 6-Year-olds

Fact  recalla (max = 7)
 ASD 5.72 (1.48) 6.48 (1.03) 6.74 (.58)
 TD 6.11 (.85) 6.03 (1.25) 6.76 (.67)

Source  memoryb

 ASD .09 (.24) .38 (.43) .46 (.46)
 TD .08 (.24) .26 (.39) .73 (.40)

Action  timingc

 ASD .36 (.36) .56 (.37) .61 (.29)
 TD .40 (.38) .61 (.34) .84 (.26)
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the 5-year-olds in the ASD group, although the two age 
groups performed significantly better than 4-year-olds, F(2, 
182) = 7.16, p < .001, ηp2 = .07. In the TD group, 6-year-olds 
remembered the knowledge sources significantly better than 
the younger children, who performed similar to each other, 
F(2, 182) = 20.55, p < .001, ηp2 = .18. Furthermore, whereas 
both 4- and 5-year-olds showed no effect of diagnosis, Fs(1, 
182) < 1.35, ps > .24, ηp2 s < .01, at the age of 6 years, the 
TD children performed significantly better than the ASD 
children, F(1, 182) = 6.12, p < .05, ηp2 = .03.

Although the children’s performance on the future action 
timing somewhat varied across the items (mean correct 
responses of .43–.73), the reliability of internal consistency 
for the six items was high (α = .85 by the Kuder–Richardson 
formula 20); thus, all six items were considered for a correct 
score of 0-6. The fifth and sixth rows of Table 2 present the 
mean probability of correct action-timing scores. A two-
way ANOVA revealed significant diagnostic and age differ-
ences. The TD children (.68) correctly identified the timing 
of future actions significantly better than the ASD children 
(.53), F(1, 181) = 4.55, p < .05, ηp2 = .03. Irrespective of 
diagnosis, 6-year-olds (.72) outperformed the younger chil-
dren and similarly the 5-year-olds (.58) outperformed the 
4-year-olds (.38), F(2, 181) = 15.69, p < .001, ηp2 = .15.

Correlations Between Tasks

We conducted correlation analyses separately for the ASD 
and TD groups, to see the pattern of, and its diagnostic dif-
ference in, developmental relationships between the two 
tasks. Table 3 shows simple and partial correlations in 
all children of each group with and without ASD. In both 
groups, age and verbal intelligence indexed by the PVT-R 
scores were significantly correlated with the other variables 
(rs ≤ .34 and rs ≤ .42, ps < .005 for the ASD and TD chil-
dren, respectively). However, as shown in the left panel of 
Table 3, in the ASD children the simple correlation between 

non-verbal intelligence indexed by RCPM scores and source 
memory (r = .22, p < .05) or action timing (r = .27, p < .01) 
appeared weak (r2 ≤ .08), albeit significant; though in the 
TD children, shown in the right panel of Table 3, RCPM 
scores were correlated strongly with the other variables 
(rs ≥ .43, ps < .001, r2 ≥ .28). This suggests that non-verbal 
intelligence relates to the critical task indices differently 
between the two diagnostic groups. Thus, as presented in the 
bottom part of Table 3, partial correlations were calculated 
after controlling for age and verbal intelligence (the PVT 
scores), but not for non-verbal intelligence (RCPM scores), 
which was included instead as a critical variable. In the ASD 
children, there was no significant association between any 
of the indices when controlling the data for age and verbal 
intelligence. However, in the TD children source memory 
and future action timing were still significantly related to 
each other (r = .35, p < .001) even after controlling for age-
related variables.

It has been shown that the TD children’s episodic memory 
and future thinking exhibit a strong association particularly 
in their late preschool years (Naito and Suzuki 2011). To 
see whether this pattern of results is replicated in our ASD 
and TD children, simple and partial correlations between the 
critical variables were examined separately in both 6-year-
olds and the younger children, with comparable sample 
sizes, for each of the two diagnostic groups. The left panel 
of Table 4 presents the results of ASD children; and the right 
panel presents those of the TD children. In the ASD children, 

Table 3  Correlations between task scores in ASD and TD children

*p < .05
**p < .01

Index ASD (n = 94) TD (n = 94)

Source Action-timing Source Action-timing

Simple correlations
 Age (in month) .38** .34** .56** .50**
 PVT-R .37** .39** .42** .44**
 RCPM .22* .27** .48** .43**
 Source memory .36** .54**

Partial correlations, controlling for age (in month) and PVT score
 RCPM − .04 .06 .19 .14
 Source memory .22 .35**

Table 4  Correlations between task scores in ASD and TD 4- and 
5-year-olds and 6-year-olds

*p < .05
**p < .01
a ASD, n = 52; TD, n = 48
b ASD, n = 42; TD, n = 46

Index ASD TD

Source Action-timing Source Action-timing

Simple correlations
 4- and 5-year-oldsa

  RCPM .15 .22 .21 .13
  Source memory .41** .36*

 6-year-oldsb

  RCPM .09 .15 .48** .48**
  Source memory .24 .47**

Partial correlations, controlling for age (in month) and PVT score
 4- and 5-year-olds
  RCPM − .08 .09 .13 − .03
  Source memory .28 .29

 6-year-olds
  RCPM − .02 − .03 .27 .45**
  Source memory .13 .44**
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the pattern of associations among source memory, action 
timing, and RCPM did not largely differ between the two age 
groups. Although there was a significant simple correlation 
between memory and action timing (r = .41, p < .003) in 4- 
to 5-year-olds, the correlation was no longer significant after 
controlling for age-related variables; irrespective of simple 
and partial correlations, there was no association in 6-year-
olds. In the TD children, 4- and 5-year-olds also showed a 
significant simple correlation between source memory and 
action timing (r = .36, p < .05). The 6-year-olds exhibited 
reliable and consistent correlations between memory and 
action timing (r = .47, p < .001) and between RCPM scores 
and each of the two episodic tasks (rs = .48, ps < .001). After 
controlling for age and verbal intelligence, the significant 
correlation was not observed in the younger children. How-
ever, 6-year-olds’ source memory was still firmly associ-
ated with their future action timing (r = .44, p < .003); their 
RCPM scores also remained significantly associated with 
action timing (r = .45, p < .002).

Discussion

The most important results of the study can be presented 
in three main points: ASD children lagged behind their TD 
counterparts in episodic memory after 5 years of age; they 
also exhibited an impaired episodic foresight; and episodic 
memory and foresight were unassociated in ASD children. 
The TD children’s pattern of results essentially replicated the 
results observed in Naito and Suzuki (2011) who found that 
source memory and action timing performance increased 
between the ages of 4 and 6 years and that the association 
between them emerged during the late preschool years. 
Thus, it was confirmed that any result obtained in the ASD 
children that is different from those in the TD children 
allowed us to uncover ASD-specific developmental trajec-
tory, as addressed in order of the three points.

First, the study presented a distinctly portrayed episodic 
memory development in the ASD preschoolers, in contrast 
to that in their TD counterparts who failed initially, but 
improved considerably by age 6 to remember the knowl-
edge sources they learned 5 min prior. The ASD children, 
while showing serious difficulties similar to the TD children 
at 4 years of age, improved reliably by age 5. However, they 
did not do so, in remembering less than half of the learning 
episode, at 6 years of age, at which point the TD children 
outperformed the ASD children. Although the young chil-
dren’s skill with episodic memory and that with episodic 
foresight have often been gauged with verbal reports (e.g., 
Suddendorf 2010; Terrett et al. 2013), researchers have 
been cautious about the influences of the children’s imma-
ture language abilities and factors associated with semantic 
memory, such as schematic knowledge and scripts with daily 

life experiences, on their verbal reports (Hudson et al. 2011). 
Alternatively, in the field of ASD research, children’s epi-
sodic memory impairments have typically been observed in 
source monitoring confusions leading to their false recog-
nition of other-performed or unexperienced events as self-
performed or experienced (Bennetto et al. 1996; Hala et al. 
2005; Lind and Bowler 2009; Millward et al. 2000; O’Shea 
et al. 2005), as well as in diminished autobiographical mem-
ory (Bruck et al. 2007; Goddard et al. 2014). However, these 
pieces of evidence are not necessarily tangible enough to 
indicate impairment in the autonoetically conscious remem-
bering of a specific past episode, as observed in studies using 
procedures that are often inappropriate for children (e.g., 
Bowler et al. 2000; Tanweer et al. 2010). We used source 
memory to measure children’s intrinsic episodic ability to 
remember the temporal context, rather than to report the 
contents, of specific learning episodes (Klein 2016; Naito 
2003; Tulving 2005). Source memory also reflects the under-
standing of temporal causality that requires a perception of 
the self to travel backward in time to past experiences while 
maintaining the present self to relatively locate these expe-
riences in time (McCormack and Hoerl 2001; Naito and 
Suzuki 2011). The current study is the first to examine the 
development of episodic memory, which essentially includes 
autonoetic consciousness with the self-involved temporal 
understanding, in preschoolers suffering from ASD, and 
demonstrate that while TD children steadily improved the 
same between the ages of 4 to 6 years, ASD children showed 
a delay at the age of 6 years.

However, the ASD children improved in fact recall simi-
larly to that of the TD peers, in keeping with the literature 
on progressive age-related development of this ability (Bev-
ersdorf et al. 1998; McCrory et al. 2007; Renner et al. 2000). 
Yet, just as cognitive development in ASD children often 
lags behind their TD peers with same age, their episodic 
memory with autonoetic consciousness never fully matures 
(e.g., Bowler et al. 2000; Crane and Goddard 2008; Tanweer 
et al. 2010; Toichi et al. 2002). Thus, while TD children per-
form the source memory task at or near ceiling by the age of 
6 years (Naito 2003; Naito and Suzuki 2011, see also Drum-
mey and Newcombe 2002; Taylor et al. 1994 for similar 
results), whether and when ASD children reach their peak of 
source memory needs further examination of older children.

Second, using the future task of action timing, the study 
demonstrated that the ASD children lagged behind the TD 
counterparts in deciding the timing of their necessary actions 
in the present to secure their need for future events within 
the temporal framework of event occurrences. Existing stud-
ies with ASD populations have consistently shown attenu-
ated episodic foresight in ASD adults and school children 
examining the contents of verbal reports (Lind and Bowler 
2010; Lind et al. 2014; Terrett et al. 2013) or using selection 
tasks (Marini et al. 2016). Hanson and Atance (2014) have 
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also found that impairments in episodic foresight in ASD 
children emerge early in their preschool years, although 
their results were inconclusive due to the tasks being insen-
sitive to the differences in the diagnostic groups and pos-
sibly due to an involvement of semantic knowledge. The 
present results were in accordance with the previous stud-
ies and extended the findings to preschool children, using 
the action timing task, which avoided the involvement of 
semantic knowledge that may affect the thought processes 
of children into the future (Hudson et al. 2011). The action 
timing task required children to not only anticipate a future 
event, but also to represent its systematic temporal relation-
ship to other events and to identify the necessary actions 
they would need to perform for the event to occur. The ASD 
preschoolers’ poor performance on this task offered convinc-
ing evidence of their impaired episodic foresight as com-
pared with TD children in their early years, and suggests 
that the attenuated episodic future thinking, as observed in 
the ASD adults (Lind et al. 2014), is already present during 
the preschool years.

One may argue that since some of the items in the action 
timing task included the social component, such as arrang-
ing flowers and cleaning the room for the future guest, 
the ASD children’s poor performance could be attributed 
to their cognitive deficit for understanding the nuances of 
social situations, rather than an impairment in future think-
ing. However, the children performed similarly the three 
items with relatively high-social intents as mentioned above 
(M = 1.55, SD = 1.11) and the rest with low-social intents 
(M = 1.59, SD = 1.14, e.g., shaping clay before its hardening) 
[t(93) = .69, n.s.], and hence the social component of the 
task does not appear to have had a considerable influence on 
their performance. Still, a continuous effort to develop and/
or improve the future task should be made to gauge episodic 
foresight impartially and appropriately in young children 
with and without ASD.

Third, although the TD children showed a significant 
association between source memory and action timing even 
when age and verbal intelligence were controlled, the ASD 
children did not show such an association. The association 
obtained in the TD children indicates that a common feature 
of episodic thinking underlies the memory and action timing 
tasks, and ensures therefore that the future task requirements 
were reasonably homogenous even though their task-specific 
component of social intents may, if any, have varied across 
the six items. Furthermore, this association was age-specific: 
it emerged solely in 6-year-olds but not in 4- and 5-year-olds. 
The results of the TD children replicated those of Naito and 
Suzuki (2011); thus, confirming that episodic memory and 
future thinking are integrated in late preschool years of typi-
cal development. However, the ASD children consistently 
showed a lack of association between the two abilities across 
the ages of 4 to 6 years, after controlling for the age-related 

variables. This indicates that ASD preschoolers not only lag 
behind their TD counterparts in the development of episodic 
memory and foresight, but also fail to integrate these abili-
ties during their preschool years. An integrated ability of 
episodic memory and foresight is a defining feature of a 
mental time travel, with which the self can extend tempo-
rally to travel backward and forward to the past and future 
while maintaining the present self. The impaired ability of 
mental time travel must have profound influences on ASD 
symptoms apart from its effects on memory, such as the 
attenuated conception of the self that may derive from being 
stuck in the present time.

Similar to this study, TD children’s episodic memory has 
been shown to consistently exhibit a link to episodic future 
thinking, even though using different tasks across other stud-
ies (Naito and Suzuki 2011; Suddendorf 2010). However, in 
the ASD individuals, despite using similar verbal reports, 
the relationship between the two abilities has been inconsist-
ent across different age groups: adults showed no association 
(Lind and Bowler 2010); school children showed an associa-
tion similar to their TD counterparts (Terrett et al. 2013). 
Since our preschoolers showed no association between the 
two abilities, the developmental relationship may change 
depending on the age in ASD populations. However, owing 
to the erratic effects of children’s intelligence along with 
the differences in the tasks across studies, the issue con-
cerning the developmental relationship between the two 
abilities may not be solved easily. Particularly, in Terrett 
et al. (2013), the association they found might have been 
affected by the inconsistent influences of children’s intel-
ligence between diagnostic populations since the Wechsler 
IQ scores were not related to either memory or foresight 
in the ASD children, but were related to foresight in the 
TD children. The Wechsler IQ scores were also found to be 
incompatible in their association with episodic foresight in 
ASD 6- to 8-year-olds but not in 9- to 11-year-olds (Marini 
et al. 2016). Wechsler scores encompass both verbal and 
nonverbal intelligence; thus, unpredictable patterns of IQ 
influences on the episodic foresight in the previous studies 
might have originated from the nature of the IQ scores.

To explain the effects of intelligence on episodic think-
ing, we gauged the children’s verbal and nonverbal intel-
ligences separately using the vocabulary test and RCPM, 
respectively. RCPM has been considered a relatively impar-
tial index than the Wechsler scales across clinical popula-
tions (Facon et al. 2011; Soulières et al. 2011). It was found 
that while the children’s verbal ability was equally related 
to both source memory and future action timing across 
diagnostic groups, the relationship of nonverbal RCPM to 
both indices differed between the groups: it was consistent 
and strong in the TD children; it was weak, though signifi-
cant, in the ASD children. Furthermore, when the pattern of 
associations was examined separately in 6-year-olds and the 
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younger children, the relationship of RCPM to the episodic 
indices was non-significant in the ASD children regardless 
of their age, while it was significant in TD 6-year-olds, par-
ticularly for future action timing after controlling for age 
and verbal intelligence. Hence, the conflicting findings of 
the relationship between episodic memory and foresight in 
the ASD preschool and school children in the present and 
previous studies (e.g., Terrett et al. 2013) may be ascribed to 
influences of nonverbal intelligence, particularly on episodic 
foresight. Further study should clarify the effects of intel-
ligence to directly identify the developmental relationship 
of episodic foresight to episodic memory.

In interpreting the current findings, however, caution 
is needed on variations in the severity of ASD symptoms 
in the clinical group with ASD. Although the ASD group 
consisted of the high-functioning children diagnosed by 
psychiatrists according to DSM-5, a consensus still holds 
that the high-functioning ASD spectrum includes vari-
ations in clinical characteristics that used to be classified 
as subtypes of high-functioning autism, Asperger disorder, 
and pervasive developmental disorder, not otherwise speci-
fied (PDDNOS). Children who have these variations in the 
ASD spectrum may differ in cognitive characteristics and 
in the development of memory and foresight abilities in 
particular. Consequently, they might reveal a different rela-
tionship between the abilities. It has been demonstrated that 
adults with PDD subtypes, according to DSM-IV (Ameri-
can Psychiatric Association 1994), show different profiles of 
cognitive characteristics, such as intelligence and episodic 
memory (Kamio and Toichi 2007; Koyama and Kurita 2008; 
Yoshimura and Toichi 2014). Further, studies should exam-
ine the development of episodic memory and future thinking 
in children who have variations of the ASD symptoms.

It should also be noted that this study had a couple of 
limitations. First, the two diagnostic groups had the imbal-
anced sample sizes of male and female children because the 
participants were selected from the integrated schools where 
children with typical development were more frequent in 
females than in males. The significantly better performance 
of the girls on source memory, although not showing any 
interaction with the children’s age or diagnosis, may have 
attributed to the fact that the number of girls overwhelmed 
boys in the TD group and vice versa in the ASD group. 
Although a high-functioning ASD sample includes gener-
ally more male than female individuals, the different gender 
distribution in this study might have affected the results from 
the children with and without ASD. Second, the episodic 
tasks of the present study included temporal terms, such 
as yesterday and tomorrow and the children were required 
to locate the time these terms referred to. Although such 
temporal terms are within the preschool children’s vocab-
ulary, and they can accurately use and comprehend them 
by the age of 4 years (e.g., Busby Grant and Suddendorf 

2010, Friedman 1992; Harner 1975), future research needs 
to address children’s appropriate comprehension of tempo-
ral language to provide a further insight into their concept 
of time with respect to the development of their episodic 
thinking.
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