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Constructive episodic simulation, self-projection, and scene construction are three prominent cognitive mecha-
nisms posited to underpin episodic thinking. This study investigated whether these mechanisms explain indi-
vidual differences in children’s episodic thinking and relations to other related abilities during middle childhood
(i.e., imagination, perspective-taking, and spatial navigation). A sample of 150 Canadian children aged 8 to 10
years completed the Autobiographical Interview, in which they described future, past, current, and make-believe
events, and several other behavioural tasks measuring their perspective-taking, spatial navigation, narrative
ability, and receptive vocabulary. Structural equation modelling revealed significant covariance among episodic
thinking for future, past, and current events, imagination, and spatial navigation, but not perspective-taking.
When children’s verbosity was controlled, these relations were weakened in magnitude and spatial navigation
was no longer significantly related to episodic thinking processes. These results support constructive episodic
simulation and scene construction accounts, as well as a more general underlying episodic simulation ability, as
mechanisms for episodic thinking in middle childhood.

People spend a significant amount of time imagining past events and
future possibilities. For example, people think about future events 59
times per day on average, which corresponds to one future-oriented
thought every 16 min or so (D’Argembeau et al., 2011). Contem-
plating future possibilities and remembering past events can benefit
individuals, as imagining future events promotes farsighted decisions in
adults (e.g., reduced smoking, Rosch et al., 2022) and children (proac-
tive behaviours, Schreiber et al., 2024; saving, Zhang et al., 2024; but
see Burns et al., 2021). Remembering positive autobiographical mem-
ories also decreases delay discounting (Lempert et al., 2017; but see Duff
et al.,, 2025) and social anxiety (Moscovitch et al., 2024). Several
mechanisms have been proposed to explain how people imagine per-
sonal events occurring in the past or future (Addis & Tanguay, 2022).
However, developmental research has rarely examined these mecha-
nisms in children (Nyhout & Mahy, 2023). The present study addresses
this research gap and investigates three prominent accounts of episodic
thinking in middle childhood.

1. Episodic thinking in childhood

Episodic thinking allows people to mentally time travel and

remember personal past events (episodic memory) and pre-experience
future alternatives (episodic future thinking; hereafter EFT, Tulving,
1985). EFT is often considered a future counterpart of episodic memory,
as both involve mentally simulating the ‘what, where, and when’ details
about specific personal future or past events (Addis, 2020). These abil-
ities also share a similar development across childhood. Children begin
to engage in conversations with their parents about past and future
events during their toddler years (Fivush & Fromhoff, 1988; Hudson,
2002), and their competency in episodic memory and EFT further
rapidly develops during the preschool years (Atance & Sommerville,
2014; Hayne et al., 2011). For example, when preschool children were
asked to report something that they had done yesterday and that they
were going to do tomorrow, only one-third of 3-year-olds but around
two-thirds of 4- and 5-year-olds provided accurate answers for past and
future events (Busby & Suddendorf, 2005).

In middle childhood, however, age-related improvements in episodic
thinking are inconsistent across studies (e.g., Coughlin et al., 2014,
2019; Gott & Lah, 2013). In one common paradigm, the Autobio-
graphical Interview (Addis et al., 2008), children are asked to narrate
personally relevant future and past events. Children’s narratives are
then transcribed and coded. In the coding process, each piece of
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information that is mentioned in children’s narratives (e.g., time, place,
perception, or emotion) is categorized as an internal (related to the main
event narrated) or external detail (off-topic or not related to the main
event, see Addis et al., 2008). Some researchers also score children’s
narratives in terms of overall episodicity, with higher scores indicating
more detailed event descriptions with contextual details (e.g., thoughts
and emotions, Coughlin et al., 2014). Using these coding methods, 5- to
11-year-olds were found to report less episodic content for future event
narratives than past event narratives (Coughlin et al., 2014, 2019),
suggesting that the development of EFT might be protracted compared
to episodic memory (Nyhout & Mahy, 2023). Across age-groups, 9-year-
olds’ event narratives were more episodic than those of 5-year-olds, but
there was no difference between 5- and 7-year-olds and between 7- and
9-year-olds (Coughlin et al., 2014). Similarly, 14- to 16-year-olds pro-
duced more internal details in their past and future events than 8- to 10-
year-olds, but no age differences were reported between 14- and 16-
year-olds and between 8- and 10-year-olds (Gott & Lah, 2013). Taken
together, episodic memory and EFT show non-linear age-related devel-
opment throughout childhood, with rapid improvement during the
preschool years and slower age-related development during the school
years.

There are several possible explanations for the non-linear develop-
ment of episodic thinking. For example, neurocognitive mechanisms of
episodic thinking (e.g., Schacter & Addis, 2007) might explain the
overall age-related improvement during childhood, as neural structures
that are responsible for episodic thinking continue to develop
throughout childhood (e.g., the default mode network, Sato et al., 2014;
Sherman et al., 2014). The rapid development of executive function and
language in early childhood could explain the age-related improvements
in episodic thinking during preschool years (Kamber et al., 2023; Sud-
dendorf & Corballis, 2007; Unal & Hohenberger, 2017; but see Hanson
et al., 2014).

Developmental research has predominantly focused on two episodic
thinking processes: EFT and episodic memory (Nyhout & Mahy, 2023),
with a recent growing interest in episodic counterfactual thinking
(contemplating negated versions of past events; Gautam et al., 2019).
However, people engage in various types of episodic thought in their
everyday lives. One is thinking about current possibilities. In addition to
past and future events, individuals often contemplate possible present
events that might occur right now, such as imagining doing homework
or playing video games. These episodic thoughts for current events can
be self-generated and goal-directed, similar to episodic thoughts for past
and future events (e.g., Andrews-Hanna et al., 2014; Christoff et al.,
2016). In contrast, episodic thinking for past and future events might
allow individuals to retrieve past experiences to inform future decisions
(e.g., Szpunar et al., 2014), while episodic thinking for current events
might serve to inform current decisions. Episodic thinking for current
events is also different from episodic counterfactual thinking in terms of
temporal orientation. Episodic counterfactual thoughts are directed to
past events and about what could have happened in the past yet did not
occur (Gautam et al., 2019). Developmental research has rarely exam-
ined children’s episodic thinking for current events in relation to other
episodic thinking processes, so the current study also aims to measure
episodic current thinking and examine its cognitive underpinning dur-
ing childhood.

2. Cognitive underpinnings of episodic thinking

The adult literature contains rich theoretical discussions on how
people engage in episodic thinking (Addis, 2020). Some of these ac-
counts focus on episodic memory and suggest that it plays a critical role
in EFT (e.g., constructive episodic simulation, Schacter & Addis, 2007;
Tulving, 1985). For example, Tulving (1985) argued that the core
feature of episodic memory is autonoetic consciousness (an aspect of self-
awareness), which enables people to recollect a past episode and pre-
experience a future episode. Other accounts argue for a separate
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neurocognitive mechanism that underpins not only episodic memory
and EFT but also other cognitive skills, such as spatial navigation and
perspective-taking (Buckner & Carroll, 2007) or spatial navigation and
imagination (Hassabis & Maguire, 2007). The current study focuses on
three such prominent accounts: constructive episodic simulation
(Schacter & Addis, 2007), self-projection (Buckner & Carroll, 2007), and
scene construction (Hassabis & Maguire, 2007).

2.1. Constructive episodic simulation

Episodic memory is a constructive process that allows people to (a)
re-experience personal memories and (b) pre-experience personal future
events (Schacter & Addis, 2007). Episodic memory uses past details from
our memory as building blocks to recreate past events for episodic
remembering. Similarly, episodic memory flexibly recombines past de-
tails to create novel future scenarios for episodic pre-experiencing.

In support of this approach, neuroimaging studies show that episodic
memory and EFT recruit similar neural regions called the default mode
network (Addis & Schacter, 2012). Episodic memory and EFT also
exhibit similar developmental trajectories with aging: Older adults
produce fewer episodic details for past and future events than younger
adults (Addis, 2020; Addis et al., 2008). Childhood research also shows a
positive relation between episodic memory and EFT (e.g., Coughlin
et al.,, 2019; Hayne et al., 2011; but see Cuevas et al., 2015 and Immel
et al., 2022). In 5- to 11-year-olds, the level of detail for past events is
positively related to the level of detail for future events (Coughlin et al.,
2014, 2019). Importantly, these findings did not establish a causal link
between episodic memory and EFT but showed a correlation between
them across lifespan.

2.2. Self-projection

Future and past event simulations require projecting the self into the
future or the past. Thus, self-projection, the ability to detach from the
present and shift one’s perspective across different temporal (e.g., past or
future), mental (e.g., self or others), and spatial contexts (e.g., here or
elsewhere; Buckner & Carroll, 2007), might underpin episodic memory,
EFT, and also other projection abilities, such as perspective-taking, and
spatial navigation (Buckner & Carroll, 2007). Adult neuroimaging
studies show similar brain activation patterns when adults engage in
episodic memory, EFT, perspective-taking, and spatial navigation
(Spreng et al., 2008 for a meta-analysis).

Developmentally, perspective-taking (Perner et al., 2007; Schidelko
et al., 2025) and spatial navigation (Pullano & Foti, 2022) show parallel
age-related improvements to episodic thinking during the preschool
years. However, when age and language were controlled,
perspective-taking was not significantly related to preschool children’s
EFT (Hanson et al., 2014). Moreover, recently Immel et al. (2022)
examined the assumptions of self-projection in 4-year-old children who
completed a battery of tasks for EFT, episodic memory,
perspective-taking, and spatial navigation. Weak relations were
observed between the tasks within each battery, suggesting that the
tasks might have poor reliability or validity. Also, the batteries were not
significantly related, providing no evidence for self-projection during
preschool years. In middle childhood, however, perspective-taking and
EFT show a positive relation, even after accounting for age, IQ, and
executive function (Adornetti et al., 2021). Additionally, children and
adolescents with autism spectrum disorder simulate past and future
events with limited details and struggle to take another person’s
perspective relative to their typically developing peers, suggesting that
children with autism spectrum disorder might have poor self-projection
skills (Ciaramelli et al., 2018; Terrett et al., 2013, but see Lind et al.,
2014). Overall, self-projection skills might start to relate to each other
during middle childhood. Notably, except for Immel et al. (2022), none
of these developmental studies examined the interrelations between all
self-projection skills.
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2.3. Scene construction

Hassabis and colleagues (Hassabis et al., 2007; Hassabis & Maguire,
2007) noted that imagination ability, defined as the skill of visualizing
new experiences that do not involve a subjective sense of time and are not
necessarily self-relevant or possible (e.g., “standing in the main hall of a
museum containing many exhibits”; Hassabis et al., 2007. p. 1727),
shares similar brain activation in the hippocampal region with episodic
thinking. Thus, they introduced the concept of scene construction, the
ability to construct and maintain complex scenes that underpin abilities
requiring a spatiotemporal context: episodic memory, EFT, spatial
navigation, and imagination (Hassabis & Maguire, 2007).

Scene construction and self-projection might appear to be similar
accounts because both predict interrelations between episodic memory,
EFT, and spatial navigation. Yet, these accounts have different as-
sumptions. The self-projection account centers the “self” at the core of its
approach, positing that projecting the self across different temporal,
mental, and spatial contexts is the shared cognitive mechanism among
episodic memory, EFT, perspective-taking, and spatial navigation
(Buckner & Carroll, 2007). However, Hassabis and colleagues (Hassabis
et al., 2007; Hassabis & Maguire, 2007) argued that projecting the self
across different temporal contexts might be uniquely critical for episodic
thinking only, but it does not explain the commonalities between
episodic thinking and other abilities, such as spatial navigation, and
imagination. According to their approach, what these other abilities
share in common is the mental process of scene construction. Further,
Hassabis and Maguire (2007) noted that perspective-taking does not
necessitate scene construction unless the perspective-taking task in-
volves an imagination of a scene.

In line with this account, as hippocampal neural activity decreases
with aging (argued to support scene construction), older adults (65 years
and older) perform worse than younger adults on scene construction
skills (i.e., episodic memory, EFT, spatial navigation, and imagination;
Rendell et al., 2012; Romero & Moscovitch, 2012). Also, patients with
hippocampal damage show worse performance on episodic memory,
EFT, spatial navigation, and imagination than healthy adults (Maguire
et al., 2010), suggesting that hippocampal function might be critical for
scene construction.

In children, little is known about scene construction. In one study of
8- to 13-year-olds, spatial navigation and episodic memory loaded on
the same latent cognitive processes after accounting for age and IQ
(Nguyen et al., 2025). However, this study did not include assessments
of other scene construction skills, such as EFT and imagination. Despite
comprehensive predictions of scene construction about episodic
thinking, developmental work has yet to examine such skills together in
a single study to understand whether scene construction supports
episodic thinking in children.

3. Current study

The current study investigated the predictions of three prominent
cognitive accounts of episodic thinking in 8- to 10-year-olds: construc-
tive episodic simulation, self-projection, and scene construction
(Table 1). Most developmental works have so far tested some, but not
all, of the key predictions of these mechanisms in children (e.g., Ador-
netti et al., 2021). Thus, we aimed to comprehensively examine all
predictions of each account to allow for the assessment of develop-
mental continuity in the mechanisms underlying episodic thinking.

We examined these mechanisms in 8- to 10-year-olds because much
of the existing literature on the Autobiographical Interview (Addis et al.,
2008) focuses on middle childhood, when children’s verbal and cogni-
tive abilities allow them to describe their narratives verbally (e.g., Gott
& Lah, 2013). This age range is, we believe, the earliest at which chil-
dren can provide a coherent narrative about their episodic experiences.

Also, there is a lack of theoretical discussion and experimental work
on how these cognitive mechanisms explain other types of episodic
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Table 1
Relations among Cognitive Abilities According to Three Prominent Accounts.

Scene Construction
(Hassabis &
Maguire, 2007)

Constructive
Episodic Simulation
(Schacter & Addis,

Self-Projection (
Buckner &
Carroll, 2007)

2007)
Episodic
+ + +
Memory
Episodic Future n . i
Thinking
tial
Spa 1a- . not discussed + +
Navigation
Perspective- . should not be
X not discussed + s
Taking related”*’
R . should not be
Imagination not discussed +
related**
Episodic
Thinking f
1nking tor not discussed” not discussed” not discussed”
Current
Events

Note. + indicates that the cognitive mechanism underpins the ability. — indicates
that the cognitive mechanism does not underpin the ability.

" Episodic Thinking for Current Events has not been discussed/examined in
the literature. However, it is expected to be underpinned by each account,
similar to episodic future thinking and episodic memory.

" Imagining fictitious scenes should not require self-projection because these
scenes do not require a projection of self across different temporal situations
(Hassabis & Maguire, 2007).

" Although perspective-taking is not classified under scene construction,
Hassabis and Maguire (2007) stated that under some circumstance, perspective-
taking may require scene construction, especially when the perspective-taking
task requires individuals to create scenes to account for others’ mental states.

thinking processes (in addition to episodic memory and EFT, see De
Brigard et al., 2013; Schacter et al., 2015), including with respect to
current events. In this study, we measured children’s episodic thinking
for current events. Similar to episodic memory and EFT, we expected
episodic thinking for current events to require a projection of the self,
scene construction, and the use of past memory details. Thus, each of the
cognitive mechanisms should underpin episodic thinking for current
events (Table 1).

Finally, the current study aimed to simultaneously test these cogni-
tive mechanisms in the same structural model to compare which of ac-
count better explains children’s episodic thinking. So far, developmental
research has mostly examined the relation between episodic memory
and EFT (see Nyhout & Mahy, 2023 for a review), which is common to
all three cognitive accounts (Table 1), or tested a single cognitive
mechanism. For example, Immel et al. (2022) examined only the pre-
dictions of self-projection using structural equation modelling in 4-year-
olds. However, this single account approach limited the ability to assess
which mechanisms best explain the development of episodic thinking.
Therefore, the current study adopted Immel et al.’s approach but tested
the assumptions of three cognitive accounts with an expanded structural
equation model. Examining alternative mechanisms together is critical
to evaluating which mechanisms may play a stronger role during
childhood.

4. Method
4.1. Participants

A sample of at least 130 children was indicated in a power analysis
based on our pre-registered analysis with a medium effect size (power =
0.80, d = 0.30, alpha level = 0.05, Muthén & Muthén, 2002; Westland,
2010). Thus, we planned to collect data from 150 children (see Immel
et al., 2022 for a similar research design with a similar sample size). One
hundred and sixty 8- to 10-year-old children participated in the study.
Ten children were excluded from the study for the following reasons: the
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child was not typically developing (n = 4); the child did not want to
participate (n = 3); or parents interfered with the protocol (n = 3). The
final sample size comprised 150 children (78 males, 64 females, one
other, and seven unreported; Mage = 113.66 months, SDage = 11.17
months): 54 were 8-year-olds, 47 were 9-year-olds, and 49 were 10-
year-olds. Children were mostly White (54 %) and from middle- to
high-socioeconomic backgrounds (54 % of families earned more than
75,000 CAD annually, and 82.4 % of parents had at least a bachelor’s
degree, see Table S1 for demographics).

4.2. Measures

4.2.1. The Autobiographical Interview (adapted from Addis et al., 2008)

The interview measured children’s episodic thinking by examining
their narratives for personal future, past, current, and make-believe
events. During the interview, children were asked to narrate four per-
sonal events in a random order that happened or would happen at a
specific place and time: a future event (e.g., “an upcoming birthday
party”), a past event (e.g., “a recent visit to their grandparents™), a current
event (e.g., “preparing for a family trip”), and a make-believe event (e.g.,
“a make-believe trip to Tokyo™). For each event, children were first asked
to generate a personal event (e.g., “Think of a real event that may happen
to you in the next few months.”). Then, they were asked to narrate the
event in detail. One generic and four specific prompts (e.g., “Do you
imagine what you see, hear, smell, taste, or touch?”’) were asked in a set
order to enrich children’s narratives (see Table S2 for all instructions).

Children’s initial narratives and responses to prompts were tran-
scribed. Then, the initial narrative and responses to prompts were
combined for each child and scored as a single event. A standardized
scoring manual (Levine et al., 2002) was used to score children’s nar-
ratives by three raters (intra-class correlations >0.84): First, each
narrative was divided into the smallest informational segments. Then,
these segments were coded into different detail categories: Event (e.g., “I
had breakfast.”), place (e.g., “Grandma’s cottage”), time (e.g., “last
week”), perceptual (e.g., “I touched the dog’s fur.”), emotion/thought (e.
g., “I think he did not like it.””), semantic (e.g., “Her puppy’s name is Wil-
low.”), repetitions, and other (e.g., metacognitive statements such as “I
do not remember it well.”). These details were also coded as either internal
or external. Internal details directly pertained to the main event, and
external details did not pertain to the main event (e.g., off-topic details
or extended event details). Event, place, time, perceptual, and emotion/
thought details could be internal or external. However, semantic, rep-
etitions, and other details were classified as external. Finally, the raters
provided an episodicity rating for each event narrative, which assessed
the overall richness of the event on a scale of 0 to 6. Higher scores
indicated narratives that were richer in detail and evoked an impression
of true re-experiencing. For each of the four events (past, current, future,
make-believe), each child received three scores: internal details,
external details, and episodicity rating.

4.2.2. Silent film (Devine & Hughes, 2016).

The task measured children’s perspective-taking. Children watched
five short clips from a classic silent film. Each clip depicted a humorous
scene that could be explained by an agent’s false belief. Children
watched each clip once and were asked to verbally explain the charac-
ter’s intention (six questions in total). Children’s answers were scored (0
to 2) by two raters (x = 0.86): A score of 2 was awarded if children
accurately explained the character’s mental state (e.g., “He thought the
cat was the woman’s scarf.”). A score of 1 was awarded if children showed
a partial understanding (e.g., “The cat looked like the scarf.”). A score of
0 was given if children showed no mentalization (e.g., “The lady dropped
her cat.”). Also, a code of 99 was assigned when children’s responses
were missing, uninterpretable, or insufficient. These missing responses
were excluded from the calculation of the overall score. Children’s
scores were summed and averaged, with higher scores indicating better
perspective-taking skills.
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Fig. 1. Navigation Board Game Task.
The stick figure indicated the spot children started their route planning.

4.2.3. Navigation board Game (adapted from Rusconi et al., 2015).

This computerized board game measured children’s spatial naviga-
tion. First, children were introduced to a pretend neighbourhood on a
computer screen. The neighbourhood had six streets and eleven land-
marks such as a pet shop, bank, and pharmacy (Fig. 1). The experi-
menter introduced each landmark and its street. Then, children were
told they would need to plan their route to visit certain places, so it was
very important for them to know the neighbourhood well. Children were
given 30 s to study the layout of the neighbourhood. Further, children
completed two exercises to help them memorize the neighbourhood: (a)
landmark replacement trials and (b) landmark recognition trials. In the
landmark replacement trials, children were shown a partially missing
neighbourhood and needed to place missing landmarks (e.g., the school)
in the correct locations. In the landmark recognition trials, children were
shown several landmarks: Some of them were taken from the neigh-
bourhood, but others were new landmarks children had never seen
before. Children needed to distinguish which landmarks were from the
neighbourhood and which were new.

After these practice trials, the experimenter administered the spatial
navigation questions. Children were told that they would plan their
route to visit four different landmarks: the bank, the bookstore, the toy
shop, and the park. While children were planning their routes, their
starting point was always the same (Fig. 1). But the landmarks were
removed so children could only see the street names. So, children
needed to remember the location of the landmarks and verbally provide
the correct directions to visit the landmarks. Each route required a three-
step plan: (a) walk down or up to Pie Street (i.e., the starting point), (b)
turn left on any one of the horizontal streets, and (c) indicate the exact
location of the landmark. At each step, children received a score of 1 for
the correct direction or a score of 0 for the wrong direction. Each route
plan had a maximum score of 3. Children’s route plans were scored by
two raters (x = 0.89). Children’s scores were summed and averaged,
with higher scores indicating better spatial navigation skills.

4.2.4. Narration task (adapted from Crosson & Geers, 2001).

The task assessed children’s narrative ability. Children were shown a
cartoon with six panels that told a story about a child whose balloon was
popped by a bully. Children were asked to create a story based on what
the pictures showed. Children’s responses were coded by two raters (r =
0.93) based on Gardner-Neblett and Iruka’s (2015) six-point scoring
scale ranging from 0 (no response) to 5 (articulate, detailed sentences,
vivid vocabulary, and complex constructions). Lower scores reflected a
short, disconnected storyline with limited details. Higher scores indi-
cated an articulate, recognizable storyline with rich details.
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4.2.5. National Institutes of Health Toolbox Picture Vocabulary (Gershon
et al, 2013)

Children’s receptive vocabulary was measured using the National
Institutes of Health (NIH) Toolbox. In the task, children saw four pic-
tures on the screen and heard a word read aloud. Children chose which
picture matched the word read aloud by indicating the number next to
the picture. Children’s raw scale scores were used as a measure of their
receptive vocabulary.

4.3. Procedure

Children participated in the study online via Microsoft Teams be-
tween July 2022 and July 2024. The tasks were completed on Qualtrics
except for the NIH Toolbox Picture Vocabulary, which was administered
using the NIH toolbox application on an iPad. Parents provided their
written consent and completed a brief demographic form before the
session. At the beginning of each session, parental and child verbal
assent was obtained, and the experimenter administered the tasks in the
following fixed order: the Autobiographical Interview, the Silent Film,
the Navigation Board Game, the Narration task, and the NIH Toolbox
Picture Vocabulary task. At the end, parents were asked to confirm the
accuracy of children’s reported events. The children received a $20
Amazon gift card and a Junior Scientist certificate, which were emailed
to their parents. Each session took approximately one hour to complete.
All procedures were granted clearance by the Research Ethics Board at
Brock University.

4.4. Transparency and openness

The design and analyses were pre-registered (https://aspredicted.
org/7fvv-33s2.pdf). Deviations from the pre-registered analyses are
noted below. We performed the analyses in AMOS 29.0 (Arbuckle, 2023)
and R using the ggplot2 package (Wickham, 2016). In analyses with
multiple comparisons (e.g., Pearson’s correlations), Benjamini and
Hochberg’s (1995) false discovery rate (FDR) correction was used to
adjust p-values. Data, code, protocol, and materials are available at osf.
io/tqvmd.

4.5. Analysis plan

4.5.1. Preliminary analysis

The frequency of missing data was examined, and Pearson’s corre-
lations were estimated between the amount of missing data per child
and study variables to assess potential bias in the missing data. We did
not impute missing data in our analysis. Rather, in the main analyses we
used Full Information Maximum Likelihood (FIML) to estimate the SEMs
based on all available data. Children’s age, narrative ability, receptive
vocabulary, sex, socio-economic status, and event order in the Auto-
biographical Interview were examined in relation to children’s perfor-
mance on the behavioural tasks using Pearson’s correlations,
independent samples t-tests, and analysis of variance tests. Variables
found to be related to children’s performance were included in the main
analysis.

4.5.2. Main analysis

We first tested whether children’s episodic thinking, imagination,
perspective-taking, and spatial navigation were interrelated, consistent
with the cognitive mechanisms (Table 1). Pearson’s correlations among
these skills were estimated (Fig. 2). Second, we aimed to simultaneously
test the cognitive mechanisms (i.e., constructive episodic simulation,
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self-projection, and scene construction) to examine (a) whether chil-
dren’s skills loaded onto the same cognitive mechanisms and (b) which
of the cognitive mechanisms better explained children’s episodic
thinking. Measurement and structural models were estimated to test
these goals.

We first ran a measurement model to examine whether Autobio-
graphical Interview variables (i.e., total internal details, total external
details, and episodicity ratings) loaded onto a latent factor for each
event condition (i.e., future, past, current, and make-believe events;
Fig. 4). Then, we examined our pre-registered structural model for the
cognitive mechanisms involving latent factors for all four of these tasks
along with spatial navigation and perspective-taking (Fig. 3 and Fig. S1
for our pre-registered model). However, our pre-registered model
showed poor fit. Thus, we deviated from our pre-registration plan and
created a new structural model (Figs. S2, S3, and Fig. 5) comprising one
underlying latent factor indicated by the internal details for the past,
current, future, and imagination tasks, along with spatial navigation and
perspective-taking.

5. Results
5.1. Preliminary analysis

In the Autobiographical Interview, four future, two past, seven cur-
rent, and eight make-believe events were missing because children did
not want to narrate (n = 7); parents interrupted children’s narration (n
= 3); children narrated the event, but parents indicated the event was
not accurate or possible (n = 9); and the recording was not audible (n =
2). One Silent Film, one Navigation Board Game, one Narration task, and
three NIH toolbox receptive vocabulary scores were also missing due to
technical problems. The amount of missing data per child was signifi-
cantly correlated with their age (r[148] = —0.17, p = .042). Children’s
sex, socio-economic status, and event order in the Autobiographical
Interview were not significantly related to children’s performance.
Children’s age, narrative ability, and receptive vocabulary were related
to their performance in the behavioural tasks (see Supplemental Infor-
mation file for detailed reporting). Descriptive statistics are presented in
Table 2.

5.2. Main analysis

5.2.1. Cognitive mechanisms underlying episodic thinking

Across events (i.e., past, future, current, and make-believe events),
positive relations were observed among internal details, among external
details, and among episodicity ratings (Fig. 2). Also, children’s spatial
navigation was positively related to internal details for future, past,
current, and make-believe events, external details for current events,
and episodicity ratings of all events. These positive, statistically signif-
icant correlations between episodic thinking, imagination, and spatial
navigation were in line with the predictions of the constructive episodic
simulation, self-projection, and scene construction accounts. However,
perspective-taking was only significantly related to episodicity ratings of
past, future, and current events but not internal and external details.
These non-significant correlations involving perspective-taking were
contrary to the predictions of the self-projection account (Table 1).

5.2.2. Structural equation modelling based on the pre-registration

A pre-registered Structural Equation Modelling (SEM) was planned
to examine self-projection, scene construction, and constructive episodic
simulation mechanisms. We planned to estimate separate first-order
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Fig. 2. Heatmap Correlation Matrix for Children’s Performance in the Measures.
Note. FE: Future Event; PE: Past Event; CE: Current Event; MBE: Make-Believe Event; *paqg; < 0.05.

latent factors for each event: future, past, current, and make-believe
events (Fig. 3). Internal details, external details, and episodicity rat-
ings for each event were treated as indicators of the corresponding latent
factor. The full model would then estimate three (correlated) second-
order latent factors, each representing one of the three underlying
cognitive processes: The self-projection second-order latent factor would
be indicated by loadings from the first-order latent factors for future,
past, and current event narratives, perspective-taking, and spatial nav-
igation abilities. The scene construction second-order latent factor
would be indicated by loadings from the first-order latent factors from
future, past, current, and make-believe event narratives, and spatial
navigation. The constructive episodic simulation second-order latent
factor would be indicated by loadings from the first-order latent factors
future, past, and current event narratives. Finally, other predictors (i.e.,
children’s age, narration ability, and receptive vocabulary) would be
added to the model to predict each second-order latent factor (Fig. 3).
Before testing the full model, we tested a measurement model for
each of the first-order latent factors (i.e., future, past, current, and make-
believe events). Children’s internal and external details and the raters’
episodicity ratings were specified as indicators of each first-order latent
factor. The latent factors were then simultaneously correlated with each
other. All factor loadings were freely estimated and the variance of each
latent factor was fixed to 1 for model identification (Fig. 4). This mea-
surement model showed poor fit, y2(49) = 283.434, p < .001, Bentler’s
comparative fit index (CFI) = 0.815, root mean square error of
approximation (RMSEA) and its 90 % confidence interval = 0.179
[0.159, 0.200], p < .001. The standardized loadings of internal details
and episodicity ratings on each latent factor were large and positive. The
standardized loadings of external details were the weakest, although

they were also statistically significant. Notably, several of the latent
factor correlations were very large (Fig. 4), suggesting that episodic
thinking for these four events might not be distinct.

Given that the internal details had the largest factor loadings in each
latent factor (Fig. 4), we removed the first-order latent factors for each
type of event and instead used the internal details score as the sole in-
dicator of past, future, current, and make-believe events; correlated
latent factors were estimated for constructive episodic simulation, scene
construction, and self-projection (Fig. S1).' All loadings were freely
estimated, and the latent factor variances were fixed to 1 for model
identification purposes. This modified model showed poor fit, y(4) =
37.016, p < .001, CFI = 0.870, RMSEA =0.235 [0.170, 0.307], p < .001.
Further, contrary to our expectations, there was a negative standardized
factor loading for future event internal details on the latent scene con-
struction factor (A = —0.20), and a standardized factor loading greater
than 1 (A = 2.24) for perspective-taking on the latent self-projection
factor. The rest of the standardized loadings were weak (As = 0.05 to
0.26, see Fig. S1).

To address these issues, we replaced the latent factors for construc-
tive episodic simulation, scene construction, and self-projection with
one latent factor indicated by the internal details score for each of the

! We re-estimated the measurement model using only participants with
complete data (N = 135) to examine modification indices and residual co-
variances. There were a few positive residual correlations between event in-
dicators (mostly between episodicity and external details), such as the residual
correlation between future event external details and make-believe external
details (modification indices = 14.84). We did not modify the model based on
these suggestions. Instead, we focused on internal details.
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Constructive Episodic Simulation.

The correlations between second-order latent factors and between age, narration ability, and receptive vocabulary would also be estimated in this model.

four event types (Fig. S2). All loadings were freely estimated and the
variance of the latent factor was fixed to 1 for model identification. This
model showed excellent fit, ;{2(2) = 5.50, p = .064, CFI = 0.986,
(RMSEA) =0.108 [0.000, 0.221], p = .134. Standardized loadings were
positive and large (As = 0.66-0.85, ps < 0.001), suggesting that internal
details for each event were strongly associated with the underlying
latent factor. Perspective-taking and spatial navigation were then
specified as loading on the same latent factor (Fig. S3). The model again
showed excellent fit, )(2(9) = 10.324, p = .325, CFI = 0.995, RMSEA
=0.031 [0.000, 0.101], p = .592. The standardized factor loadings of
internal details for future, past, current, and make-believe events and
spatial navigation were positive and statistically significant (As =
0.30-0.84, ps < 0.001). However, the loading for perspective-taking was
not statistically significant (A = 0.13, p = .158).

Then, children’s age, narrative ability, and receptive vocabulary
were included in the model as correlated predictors of the single latent
factor (Fig. 5). This model showed good fit, ;(2(24) = 48.281, p = .002,
CFI = 0.927, RMSEA =0.082 [0.048, 0.116], p = .059. The standardized
factor loadings of internal details for future, past, current, and make-
believe events (As =0.68-0.85, ps < 0.001) and spatial navigation (A
= 0.32, p < .001) were positive and statistically significant. The stan-
dardized factor loading of perspective-taking was not statistically sig-
nificant (A = 0.13, p = .141). These findings fully support the
constructive episodic simulation account and partially support the scene
construction and self-projection accounts, as episodic thinking, imagi-
nation (i.e., make-believe events) and spatial navigation shared signif-
icant variance with the underlying latent factor. However, the factor

loading of perspective-taking was not statistically significant, contrary
to the self-projection account (Table 1).

5.2.3. Additional model testing

The analyses reported above used the internal details counts as in-
dicators of children’s performance in all four event conditions. However,
this approach does not account for individual differences in verbosity (i.
e., total number of words spoken), which may be relevant to under-
standing the associations observed among task scores based on chil-
dren’s verbal reports during the Autobiographical Interview (Lockrow
et al., 2024; Spreng et al., 2018). To explore this issue, we re-estimated
the structural model using an alternative approach recommended dur-
ing the peer review process in which we controlled for verbosity. More
specifically, we calculated the total number of words spoken by each
child in the narratives for future, current, past, and make-believe events
(see Supplemental Information file for descriptive statistics). These total
word count variables were included in the model as predictors of the
internal details for the corresponding event. The total word count var-
iables were also specified as loading on a latent ‘verbosity’ factor
(loadings for which were freely estimated, and the latent factor variance
was fixed to 1). This latent verbosity factor was specified as a predictor
perspective-taking and spatial navigation to control for the potential
role of verbosity in these scores, and was correlated with child’s age,
receptive vocabulary, and narration ability (Fig. S4).

The model showed good fit, y*(53) = 109.054, p < .001, CFI = 0.953,
RMSEA =0.084 [0.062, 0.107], p = .008. The standardized factor
loadings of internal details for future, past, current, and make-believe
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9-Year-Olds 10-Year-Olds Total

M (SD) M (SD) M (SD)

Table 2
Descriptive Statistics of the Variables.
8-Year-Olds
M (SD)

Age (in months) 101.28 (3.72)
PE Internal Details (range 5-70) 17.60 (9.22)
FE Internal Details (range 3-67) 14.74 (9.37)
CE Internal Details (range 0-58) 12.50 (8.58)
MBE Internal Details (range 2-76) 13.37 (7.28)
PE External Details (range 0-42) 4.75 (6.39)
FE External Details (range 0-26) 3.68 (3.34)
CE External Details (range 0-40) 3.40 (3.96)
MBE External Details (range 0-39) 3.59 (3.28)
PE Episodicity Ratings (range 1-6) 3.04 (1.48)
FE Episodicity Ratings (range 1-6) 2.48 (1.11)
CE Episodicity Ratings (range 0-6) 2.28 (1.09)
MBE Episodicity Ratings (range 0-6) 2.20 (0.94)
SF Perspective-Taking Score (range 0-2) 0.77 (0.50)
Spatial Navigation Score (range 0-3) 1.68 (0.67)
Narrative Ability Score (range 1-5) 3.09 (1.04)
Receptive Vocabulary Score (range 64-122) 80.38 (8.27)

114.24 (3.16) 126.76 (3.84) 113.66 (11.17)

17.39 (9.60) 21.00 (14.34) 18.66 (11.32)
14.66 (9.47) 17.63 (13.03) 15.69 (10.78)
11.54 (5.21) 15.30 (10.45) 13.11 (8.48)
13.22 (7.69) 17.90 (13.85) 14.85 (10.26)
3.85(4.97) 6.47 (6.02) 5.04 (5.91)
2.94 (2.92) 4.47 (5.02) 3.71 (3.90)
2.85 (2.82) 4.85 (6.89) 3.70 (4.90)
3.76 (3.63) 5.69 (7.84) 4.35 (5.40)
2.89 (1.23) 3.45 (1.34) 3.13(1.37)
2.40 (1.26) 2.82 (1.40) 2.57 (1.26)
2.13 (0.98) 2.64 (1.22) 2.35(1.12)
2.24 (0.98) 2.75 (1.30) 2.40 (1.11)
0.76 (0.40) 0.92 (0.42) 0.82 (0.45)
1.91 (0.55) 2.15 (0.51) 1.91 (0.61)
2.98 (1.07) 3.86 (0.94) 3.31 (1.08)
84.83 (7.39) 88.9 (9.57) 84.59 (9.11)

Note. FE: Future Event; PE: Past Event; CE: Current Event; MBE: Make-Believe Event; SF: Silent Film.

events were positive and statistically significant (As = 0.12-0.46, ps <
0.05). The standardized factor loading of perspective-taking was not
statistically significant (A = 0.01, p = .939). In addition, the standard-
ized factor loading of spatial navigation was not statistically significant
(A = —0.001, p = .983). Also, child’s age, receptive vocabulary, and
narration ability were not significantly related to the underlying latent
factor.

Overall, controlling for verbosity reduced the magnitudes of the
factor loadings compared to the model based on the internal detail
scores without controlling for verbosity (Fig. 5). Nevertheless, even after
controlling for verbosity, internal details for future, current, past, and
imaginary events each loaded positively on the latent factor, suggesting
some underlying commonality among the episodic thinking and imagi-
nation tasks independent of verbosity.

6. Discussion

The present study demonstrated that children’s episodic thinking for
future, current, past, and make-believe events, as well as spatial navi-
gation, were interrelated, providing evidence for the constructive
episodic simulation (Schacter & Addis, 2007), scene construction
(Hassabis & Maguire, 2007), and self-projection accounts (Buckner &
Carroll, 2007). Further, internal details for the various episodic thinking
tasks, including imagination (i.e., make-believe events), had positive
and significant loadings on a single underlying latent factor, as did
spatial navigation (but note that this latter loading was not significant
after controlling for verbosity). Although perspective-taking was posi-
tively correlated with episodicity ratings for past, future, and current
events, it did not have a significant loading on the latent factor, which is
inconsistent with the self-projection account (Buckner & Carroll, 2007).
As we discuss below, findings from the present study provide valuable
new insights concerning episodic thinking, including with respect to
prominent accounts of the underlying cognitive mechanisms.

6.1. Cognitive mechanisms underlying episodic thinking

The present study tested constructive episodic simulation, self-
projection, and scene construction accounts using correlations and
structural models. There were positive correlations between episodic
thinking for past, future, current, and make-believe events, spatial
navigation, and perspective-taking (Fig. 2). Further, although the pre-
registered structural model showed a poor fit, our modified model
comprising a single latent factor indicated by internal details for the
episodic thinking tasks, showed excellent fit and revealed significant

positive loadings from episodic thinking processes and spatial naviga-
tion, but not from perspective-taking.

These findings support the constructive episodic simulation account
(Schacter & Addis, 2007, Table 1). That is, there were strong positive
relations between episodic memory and EFT in the study, aligning with
past research with children (Nyhout & Mahy, 2023) and adults (Addis &
Schacter, 2012; Table 1 and Fig. 4). Constructive episodic simulation
might be underlying the association between re-experiencing past
events and pre-experiencing future happenings during middle child-
hood. This account, however, pertains only to episodic memory and
EFT, rather than the various other forms of episodic thinking and related
abilities, including thinking about current events, imagination,
perspective-taking, and spatial navigation.

With respect to this broader array of cognitive abilities, our results
also partially supported the scene construction account (Hassabis &
Maguire, 2007). That is, children’s spatial navigation and imagination
were related to their episodic thinking for future, past, and current
events. Also, the factor loading for spatial navigation on the single un-
derlying latent factor was positive and statistically significant; however,
this loading was moderate in magnitude, indicating that spatial navi-
gation did not share substantial variance with the other episodic
thinking abilities. Additionally, when we controlled for verbosity,
spatial navigation was no longer significantly related to the underlying
latent factor, which implies that the association between episodic
thinking and spatial navigation might be driven by the amount that
children say. That is, children who produce higher number of words in
their narratives were likely to report more internal details in the Auto-
biographical Interview and get higher scores in the Navigation Board
Game. Thus, spatial navigation might not rely on the same mechanism as
episodic thinking processes in middle childhood, or at least not to the
same degree.

Additionally, the scene construction account proposed that imagi-
nation (the ability to visualize imaginary events that are not temporal
and self-relevant) requires scene construction like EFT and episodic
memory (Hassabis et al., 2007). In our study, the make-believe event
condition was aimed to measure children’s imagination ability. We
found significant covariance between children’s performance in the
future, past, and make-believe event narratives (Fig. 4). However, the
make-believe events might not have fully captured the definition of
imagination with respect to its proposed atemporality (Hassabis &
Maguire, 2007). Indeed, although almost all children produced events
that were subsequently confirmed to be imaginary by parents, post hoc
coding of children’s make-believe narratives showed that many of their
events were temporal (44.8 % happened in the future; 22.8 % happened
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in the present; 13.1 % happened in the past), whereas only a minority of
the events were atemporal (19.3 %). Accordingly, the commonality
among the past, future, and make-believe events we observed might not
have been a reflection of atemporal scene construction per se, but rather
other skills, such as children’s temporal reasoning (Hoerl & McCormack,
2019).

Further, in contrast to the assumptions of the self-projection account
(Buckner & Carroll, 2007), perspective-taking did not load significantly
on the underlying latent factor, despite showing positive correlations
with episodicity ratings of past, future, and current events (Figs. 2 and
5). The literature also shows mixed results concerning associations

between perspective-taking and the other abilities we examined: Studies
with preschool children have found non-significant relations (e.g. EFT,
Hanson et al., 2014; episodic memory, Naito, 2003), but studies with
school-aged children have shown significant relations between
perspective-taking and episodic thinking (e.g., Schidelko et al., 2025).
Although our sample comprised school-aged children, we did not find a
significant relation between episodic thinking and perspective-taking.
Our perspective-taking task may have failed to capture the self-
projection required in perspective-taking but instead assessed chil-
dren’s ability to anticipate others’ mental states. Thus, we might have
failed to capture the relation. It is also possible that during childhood,
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perspective-taking may have minimal underlying commonality with
episodic thinking. Rather, children’s episodic thinking might share
greater commonality with the ability to flexibly re-construct past details
(constructive episodic simulation) and create scenes in a spatial context
(scene construction) than with the ability to project the self.

Overall, the present study revealed that the skills (episodic thinking
for past, future, current, and make-believe events, spatial navigation,
and perspective-taking) proposed by three prominent cognitive accounts
of episodic thinking showed considerable shared variance in children.
These cognitive mechanisms may be functionally interrelated and sup-
port episodic thinking in children to some degree, as early as age 8 years.
However, episodic thinking processes showed greater associations be-
tween each other than to spatial navigation, and perspective-taking was
not significantly related to episodic thinking and spatial navigation
(Figs. 2, S4 and 5), which implies that mechanisms like self-projection
and scene construction might not account for individual differences in
children’s episodic thinking, perspective-taking, and spatial navigation.
It is possible that the neurocognitive mechanisms that support self-
projection and scene construction are not yet fully mature in middle
childhood (Buckner & Carroll, 2007; Hassabis & Maguire, 2007). During
middle childhood, mechanisms specific to episodic thinking, such as
constructive episodic simulation (Schacter & Addis, 2007) and episodic
simulator (Nyhout & Mahy, 2023), may more strongly support episodic
thinking processes.

6.2. Episodic simulation as the underlying commonality between skills

Children’s performance in episodic thinking for past, future, and
current events showed strong interrelations and shared significant
covariance (Figs. 2 and 5). When verbosity was controlled, the loadings
on the single underlying latent factor remained significant, although
weakened in magnitude (see Fig. S4). These findings go beyond the
assumptions of constructive episodic simulation, which focuses only on
EFT and episodic memory, and beyond scene construction, which fo-
cuses on EFT, episodic memory, imagination, and spatial navigation.
Notably, in a recent review of episodic memory and future thinking in
children, Nyhout and Mahy (2023) proposed that episodic thinking
processes, including episodic memory, EFT, imagination, or episodic
counterfactual thinking, are integrated by a “central episodic simulator”
(p. 2) that brings episodes to conscious awareness.

In support of this notion, previous studies have found that children’s
and adults’ performance in different episodic thinking processes shows
close resemblance in terms of neural activation and phenomenological
characteristics (e.g., vividness, Addis, 2020). Extending previous
research, in the present work all of the episodic thinking processes
loaded positively and significantly onto a single latent factor. Such
findings provide initial evidence that a single underlying ‘episodic
simulator’ ability might account for the relations among episodic
thinking about various types of events in children (including past,
future, current, and make-believe episodes). Nyhout and Mahy (2023)
proposed that the episodic simulator also underpins atemporal and
counterfactual episodes, which were not examined in the present study.
Future work is needed to test these other episodic thinking processes in
relation to the tasks and abilities examined in the present work,
including whether all of these abilities load positively onto a single
underlying latent factor.

Also noteworthy, the single latent factor was related to children’s
narrative ability and receptive vocabulary, suggesting significant links
between narrative ability, receptive vocabulary, and the proposed
episodic simulation ability. Children who created detailed narratives
and had better language skills might have also produced personal events
rich with internal details (see Coughlin et al., 2019 for a similar relation
in children). Note, however, that when children’s verbosity was
controlled, these relations were no longer significant. Interestingly, age
was not significantly related to episodic thinking, imagination, and
perspective-taking in the pairwise correlations (Fig. 2). Age-related
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improvement in episodic thinking may slow down during middle
childhood, resulting in weaker correlations with age. The lack of sig-
nificant correlations may also be attributed to the narrower age range in
our current sample. Previous studies with a broader age range showed
statistically significant correlations between age and several of the
specific skills and task-related abilities examined in the present work (e.
g., Coughlin et al., 2014, 2019). Future research could include a wider
age range to better examine age-related differences. Further, in the
present study, the number of participants in each age group was too
small to test the structural model separately by age group. However, in
future studies based on substantially larger sample sizes, the structural
model (Fig. 5) could be tested separately in different age groups (e.g.,
preschool-aged children, school-aged children, and adolescents) to
explore how the mechanisms underlying episodic thinking change
across development.

7. Limitations and future directions

The study administered a single task to capture children’s related
cognitive abilities (i.e., the Autobiographical Interview), instead of
using a battery of tasks. Given children’s limited attention span, we
decided to use a single task to measure each ability. Second, we
employed the Autobiographical Interview to measure children’s
episodic thinking. Although the interview and scoring protocol are
standardized and have been shown to capture robust effects (e.g., Open
Science Collaboration, 2015), it is possible that the strong correlations
we observed between episodic thinking processes were inflated because
we used the same task to measure each ability.” Nonetheless, future
work should employ different measures for each episodic thinking
process to avoid potential correlation inflation.

We did not strictly control the temporal distance of the episodic
simulations. That is, we asked children to generate events that happened
in the last few months or may happen in the next few months without
constraining such events to a specific temporal anchor or specific date.
Temporal distance may influence the phenomenal characteristics of
simulation in adults. For example, events in the distant future or past
comprise fewer sensorial details and have lower clarity than near future
or past events (e.g., D’Argembeau & Van der Linden, 2004, 2006).
Although such factors may also influence children’s simulations of the
past and/or future, we note that recently, O’Brien et al. (2024) failed to
find consistent effects of temporal distance on 5- to 9-year-old children’s
event descriptions. Also, we did not control for children’s visual
perspective in the imagined events (e.g., first vs. third-person perspec-
tives). Visual perspective may influence children’s episodic experience,
as first-person events include more visual information than third-person
events in adults (e.g., Butler et al., 2016). Future studies could expand on
the present work by examining children’s simulations and episodic
thinking based on systematically varying the temporal distance and vi-
sual perspective of past and future events.

In addition, in the Autobiographical Interview we did not limit the
number of words children produced in their narratives, but in an
exploratory analysis we included verbosity as a covariate (Fig. S4).
Although our results controlling for verbosity were similar with respect
to the pattern of loadings for the episodic thinking tasks on the single
latent factor, the strength of the loadings was attenuated; further, the
loading for spatial navigation was no longer statistically significant.

2 In a post-hoc (exploratory) analysis, we re-estimated the single latent factor
model (Figure 5) after including correlations among the residual variances in
the past, current, future, and imagination scores to account for common method
variance arising from the use of the Autobiographical Interview to assess all
four abilities. In this model, the loadings for each of the tasks on the single
latent factor remained positive and statistically significant, along with the
loading for spatial navigation; in contrast, the loading for perspective-taking
was still not statistically significant (see Figure S5 for details).
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Such findings are consistent with the proposal from Lockrow et al.
(2024) that verbosity might account for part of the relations among
episodic thinking processes. Past studies examining episodic thinking in
children based on the Autobiographical Interview typically have not
controlled for verbosity (e.g., Gott & Lah, 2013; Terrett et al., 2013).
Notably, such findings may be confounded, at least in part, by individual
differences in verbosity — an issue that merits further consideration with
respect to interpreting previous results and evaluating future findings
based on the Autobiographic Interview.

However, we may lose meaningful individual differences in chil-
dren’s episodic thinking by controlling the number of words that chil-
dren produce. For example, producing more details is likely to be an
important way that children demonstrate a rich imagination (or a so-
phisticated cognitive representation of future, current, or past events),
and thus, children with vivid imaginations would be expected to have
higher word counts than others with poorer imaginations. If so, statis-
tically controlling for verbosity may change the meaning of the residual
variation in episodic thinking abilities particularly in those with rich
imaginations. In our view, therefore, more work is needed to better
understand the role of verbosity in episodic thinking and to examine
alternative ways to measure children’s performance based on the
Autobiographical Interview (e.g., Levine et al., 2002; Lockrow et al.,
2024) and other methodologies.

Additionally, we used the Silent Film task (Devine & Hughes, 2016)
to measure children’s perspective-taking. In the task, children were
required to anticipate others’ mental states. However, employing a task
in which children need to take their own point of view at different time
points may better capture self-projection. For example, the future-
preferences task (Bélanger et al., 2014) assesses children’s anticipa-
tions about their future preferences (e.g., coffee vs. juice). Also, the
Director Task (Epley et al., 2004) measures children’s ability to take
another person’s point of view. During pilot testing, we administered
both the Director and Silent Film tasks to measure children’s
perspective-taking (see the pre-registration form for more details). The
Silent Film task produced fewer technical errors during the online
testing than the Director Task, so we chose to use the Silent Film task.
Future studies might seek to use tasks that capture self-projection more
specifically, to see if the present results hold.

Finally, the current sample size provided sufficient statistical power
to detect moderate but not small associations. Studies based on much
larger sample sizes may be needed to identify statistically significant but
small associations between perspective-taking and the other tasks and
abilities examined in the present study. At present, therefore, it may be
premature to conclude that perspective-taking is entirely unrelated to
episodic thinking and spatial navigation. Further, the pre-registered
SEM comprising first-order latent factors for each of the four event
types, along with separate second-order latent factors each of the three
explanatory accounts, did not provide good fit. Although a modified
model comprising one latent factor provided excellent fit and is
consistent with the recently proposed notion of a central episodic
simulator (Nyhout & Mahy, 2023), further pre-registered research is
needed to determine the replicability of our findings, as well as gener-
alizability to other samples and age groups.

8. Conclusion

The current study examined episodic thinking during middle child-
hood in relation to imagination, spatial navigation, and perspective-
taking based on three prominent cognitive accounts: constructive
episodic simulation (Schacter & Addis, 2007), scene construction
(Hassabis & Maguire, 2007), and self-projection (Buckner & Carroll,
2007). Episodic thinking (internal details for future, current, and past
events), imagination, and spatial navigation shared significant variance,
and these abilities loaded positively onto a single underlying latent
factor. These results align with the adult literature (Addis, 2020), sup-
porting the roles of constructive episodic simulation and scene
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construction mechanisms in middle childhood. In contrast, perspective-
taking was not significantly related to episodic thinking and spatial
navigation and did not load significantly onto the latent factor. Such
results do not support the self-projection mechanism, consistent with
other emerging evidence (Immel et al., 2022). Extending these three
accounts, the strong relations between episodic thinking, imagination,
and spatial navigation, along with their significant and positive loadings
onto a single latent factor, suggest a general underlying episodic simu-
lation ability (Nyhout & Mahy, 2023) that contributes to episodic
thinking by creating a conscious awareness in the episodes. Thus, the
present work provides important new insights concerning episodic
thinking during middle childhood and informs our understanding of the
cognitive mechanisms that support episodic thinking more broadly.
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