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A growing body of work suggests that narrative comprehension involves the simulation of
the described events and actions (e.g., Barsalou, 2008; Matlock, 2004). Preliterate children’s
ability to simulate a narrative character’s movements is explored here in three studies.
Children’s simulations of a character’s movements were found to be constrained by their

expectation of the duration of the described activities (i.e., walking vs. driving) and by their
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expectations about the motivating influence of certain psychological factors (i.e., character
being eager or not eager to get to a location). These findings reveal an ability among pre-
literate children to create impressively rich and dynamic mental representations of narra-
tive events and address, with a novel methodology, an identified need for greater
exploration of precursors to narrative comprehension.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The ability to create and comprehend narratives is a
remarkable feature of the human mind. While reading,
readers explore the perspective of another person, place,
or time (e.g., Gerrig, 1993; Wolf, 2007). Research reveals
that readers and listeners often behave as if they are embed-
ded in the narrative situation, tracking and adopting a char-
acter’s spatial, temporal, and psychological perspective
(e.g., Black, Turner, & Bower, 1979; Bower & Morrow,
1990; Gernsbacher, Goldsmith, & Robertson, 1992;
Graesser, Singer, & Trabasso, 1994; Morrow, Bower, &
Greenspan, 1989; O’Neill & Shultis, 2007; Rall & Harris,
2000; Tapiero, 2007; Trabasso & Suh, 1993; Ziegler,
Mitchell, & Currie, 2005; Zwaan, 1999; Ozyiirek & Trabasso,
1997). Such findings indicate that, in addition to a represen-
tation of the surface structure of narratives, narrative com-
prehension also involves the creation of a mental

* Corresponding author. Tel.: +1 519 888 4567x35416; fax: +1 519 746
8631.
** Corresponding author.
E-mail addresses: ampolano@uwaterloo.ca (A.M. Fecica), doneill@
uwaterloo.ca (D.K. O'Neill).

0010-0277/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.cognition.2010.05.014

representation of the described situation, known as a situa-
tion model (e.g., Johnson-Laird, 1983; Kintsch, 1998; Zwaan
& Radvansky, 1998). The creation of a situation model dur-
ing comprehension is an ongoing process that involves the
integration of a readers’ background knowledge with the
information contained in the text. Studies indicate that
adults’ situation models are quite detailed and contain
information about the time, space, entities, intentionality,
and causal relations of the events and actions described in
a narrative (e.g., Zwaan, 1999; Zwaan & Radvansky, 1998).

A growing number of behavioral and neuropsychological
studies have presented evidence in support of an embodied
account of situation models. Such embodied accounts of sit-
uation models fit within the larger framework of embodied
cognition wherein “high-level cognitive processes (e.g., lan-
guage, mathematics) are grounded in bodily mechanisms of
perception, action, and affect (Barsalou, 1999, 2008; Semin
& Smith, 2008)” (Glenberg, Goldberg, & Zhu, 2009, p. 3). This
has led many to question a strictly amodal account of com-
prehension, which rests on the premise that “language
comprehension relies on the interdependencies of words”
(Louwerse & Jeuniaux, 2008, p. 309; for reviews of these
alternative accounts see Barsalou, 1999, 2008; Zwaan,
2004). The general conclusions drawn from the results of
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these studies is that “language comprehension requires
activation of our experiences with the world” (Louwerse &
Jeuniaux, 2008, p. 310) and that during comprehension
readers mentally simulate the perceptual, motor, and affec-
tive content of narratives (Barsalou, 2008; Brunyé, Ditman,
Mahoney, Augustyn, & Taylor, 2009; Fischer & Zwaan, 2008;
Glenberg, 2007; Havas, Glenberg, & Rinck, 2007; Speer, Rey-
nolds, Swallow, & Zacks, 2009; Zwaan, 2004). Consequently,
it has also been argued that, “...a simulation should share
certain ‘physical’ characteristics with its real-world coun-
terpart” and that “any transformation the referent under-
goes should cause an analogous transformation in the
simulation” (Stanfield & Zwaan, 2001, p. 153; see also
Barsalou, 1999).

And indeed, numerous neuroimaging and behavioral
studies have provided evidence consistent with an embod-
ied account, suggesting that during comprehension readers
often activate the perceptual and motor information de-
scribed in a text (e.g., Brunyé et al., 2009; Fischer & Zwaan,
2008; Glenberg & Kaschak, 2002; Matlock, 2004; Pecher &
Zwaan, 2005; Pulvermiiller, 2005; Speer et al., 2009; Stan-
field & Zwaan, 2001; Zwaan, 2004; Zwaan & Madden,
2005; Zwaan, Stanfield, & Yaxley, 2002). For example, read-
ing action words (e.g., kick, run) has been found to activate
brain regions associated with the performance of those ac-
tions (Pulvermiiller, 2005). Such findings have not been
limited to the comprehension of single word lists but have
also been observed during the comprehension of longer
stretches of text such as stories. Speer et al. (2009) investi-
gated the activity of different brain regions involved in the
creation of situation models and revealed increased activa-
tion in brain regions involved in the manual manipulation
of objects, the navigation of spatial environments, and the
processing of goal-oriented human when those aspects of
the narrated situation changed. For example, precentral
and parietal areas associated with grasping hand move-
ments increased in activation when the narrative situation
involved a change in a character’s interaction with an ob-
ject. These findings were interpreted by Speer et al.
(2009) to suggest that the brain regions involved in the
performance, imagination, and observation of real-world
activities are also involved in story comprehension. Over-
all, the results of neuroimaging studies suggest that the
process of comprehending narratives may involve the use
of perceptual and motor representations to simulate the
events and actions described in a narrative.

Behavioral studies also support the view that simula-
tion plays a critical role in narrative comprehension (e.g.,
Glenberg & Kaschak, 2002; Zwaan et al., 2002; see also
Barsalou, 2008; Zwaan, 1999 for reviews). Studies utilizing
a reaction-time methodology indicate that adult readers
simulate the perceptual and visual information described
in a text (e.g., Stanfield & Zwaan, 2001; Zwaan et al.,
2002). For example, after reading a sentence describing
an action (e.g., The ranger saw an eagle in the sky), people
were faster to recognize a picture that was consistent with
the described event (e.g., picture of eagle with outstretched
wings) than a picture that was inconsistent with the de-
scribed event (e.g., picture of eagle with folded wings).
Other studies indicate that adult readers are faster at
making movements that are consistent with the action de-

scribed in a text than movements that are inconsistent
with the action described (Glenberg & Kaschak, 2002).
Findings also suggest that readers simulate the duration
of movements described in a story. In Matlock (2004),
readers took longer to read the sentence “Road 49 crosses
the desert” when they were told earlier that the desert was
400 miles in diameter than when they were told the desert
was only 30 miles in diameter. Together, the results of both
behavioral and neuroimaging studies suggest that narra-
tive comprehension, and especially the creation of situa-
tion models, involves the simulation of linguistically
described events.

Important questions about the developmental nature of
the ability to simulate narrative events have not been the
focus of investigation. Indeed, little is known about the
narrative precursors of reading comprehension, and partic-
ularly children’s comprehension of oral stories. It has been
argued that studies of antecedents of reading comprehen-
sion are very much needed if we are to gain a fuller under-
standing of how literacy and narrative comprehension
skills develop (Lynch et al., 2008). More specifically, Skara-
kis-Doyle and Dempsey (2008) have argued that an explo-
ration of preschool-aged children’s mental representations
of stories is merited given that, “many of the foundational
abilities that contribute to children’s comprehension of
stories emerge in their oral language comprehension in ad-
vance of their learning to read” (p. 131). Thus, while an
investigation of young children’s ability to simulate narra-
tive events is warranted in its own right, exploring this
particular aspect of young children’s narrative comprehen-
sion will address a hitherto relatively unexplored aspect of
narrative competence of potential importance to both nar-
rative development and precursors to literacy.

A comprehensive model of narrative comprehension in
children does not exist. But several aspects of young chil-
dren’s narrative comprehension have been quite exten-
sively studied, including story structure understanding,
inference making and comprehension monitoring, gener-
ally in children older than age 4 (for reviews see Lynch
et al,, 2008; Perfetti, Landi, & Oakhill, 2005). The study of
young children’s situation models is a more recent area
of study, with only three studies to date exploring this as-
pect of children’s narrative comprehension (O'Neill &
Shultis, 2007; Rall & Harris, 2000; Ziegler et al., 2005).
Comprehension ability has also received more separate
study from the vantage point of children’s literacy develop-
ment and such models have been concentrated on identify-
ing critical components of reading ability and their
developmental emergence (e.g., decoding, phonological
processing, inference making). The ability to simulate nar-
rative events has not been a focus of such models either.
However, some evidence from studies conducted by Glen-
berg and colleagues with novice readers and school-aged
children who are poor readers has led to the suggestion
that the process of mental model creation may not be
transparent for some early readers (Glenberg, Brown, &
Levin, 2007, p. 390; Glenberg et al., 2009; Marley, Levin,
& Glenberg, 2007).

The three studies to date exploring young children’s
situation models in narrative comprehension (O’Neill &
Shultis, 2007; Rall & Harris, 2000; Ziegler et al., 2005) have
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demonstrated that preschoolers’ situation models of sto-
ries contain information about a character’s location and
mental goals and that preschoolers adopt the spatial (Rall
& Harris, 2000; Ziegler et al., 2005) and mental perspective
of the main character (O’'Neill & Shultis, 2007) by about
4 years of age. In Rall and Harris (2000), and also Ziegler
et al.’s (2005) studies, children’s ability to track a charac-
ter’s spatial perspective was explored in a fairly static man-
ner. For example, Rall and Harris (2000) asked 3- and 4-
year-old children to recall target sentences in stories that
included deictic verbs of motion (i.e., perspective-depen-
dent verb forms) such as, “Cinderella was sitting on the chair
by the fireplace, dreaming about the ball. Then her fairy god-
mother came (went) into the cottage.” They found that, like
adults, children’s accuracy in recalling the targeted deictic
verbs of motion suffered when the verb of motion was
inconsistent with the protagonist’s spatial perspective
(e.g., went), rather than when the verb of motion was con-
sistent with the protagonist’s perspective (e.g., came).
Although, this study demonstrated that preschoolers do in-
deed track a character’s spatial perspective, it did not ex-
plore the more dynamic temporal component of a
character’s movement. Indeed, as stories are essentially
series of events happening in space and time (Tversky,
2004; Wilson, 2003), it is even more informative for narra-
tive comprehension to consider whether children track and
simulate the spatial-temporal aspects of narratives — for
example, the duration of actions performed by a character.

Three new studies were designed to explore the
spatial-temporal aspects of young children’s situation
models of narratives by investigating whether and how
children’s expectations about the duration of certain activ-
ities (e.g., walking vs. driving) influences their simulation
of narrative action. Research suggests that adult readers’
expectations exert influence over a variety of narrative
comprehension processes including simulations (e.g.,
Anderson, Garrod, & Sanford, 1983; Rapp, Klug, & Taylor,
2006; Rapp & Taylor, 2004; Zwaan, 1994). For example,
Rapp et al. (2006) explored the influence of readers’ expec-
tations on the well established finding that readers track a
character’s movements and take longer to identify objects
that are located further from a character’s current location
than objects that are located near the character (Morrow,
Greenspan, & Bower, 1987; Morrow et al., 1989). Rapp
et al. (2006) found that when the events of a story did
not clearly specify how a character moved from one loca-
tion to another, and several alternative paths were avail-
able, readers no longer appeared to process text in a
manner consistent with this spatial distance effect. The
authors argue that expectations, which are often based
on personal experiences, enable readers to anticipate
how a narrative will unfold. And, in this case, the alterna-
tive paths made prediction of a character’s path unpredict-
able, thus leading to the elimination of the spatial distance
effect. Such findings highlight the importance of taking
into consideration readers’ expectations when investigat-
ing narrative comprehension and simulations of narrative
events.

In our first study, we explored whether young children’s
expectations about the duration of particular physical
activities (i.e., walking vs. driving) would influence their

simulation of the speed of a narrative character’s move-
ments. That is, as will be described further in the method
section for Study 1, would children’s processing times for
sentences heard describing a child character walking be
slower than their processing times for sentences heard
describing that same character being driven?

Study 2 explored whether children’s expectations about
the influence of certain motivating psychological factors
(i.e., eagerness to get to a particular location) might also
influence children’s simulations of the speed of a charac-
ter’s actions. In other words, would children’s processing
times be faster for sentences describing a child character
“getting ready” (e.g., getting dressed) for an activity that
he/she thinks is “really great” as opposed to “really
horrible”?

Study 3 explored the combined effect of children’s
expectations about the duration of particular physical
activities, specifically walking and driving, with the moti-
vating effect of eagerness. Because previous studies suggest
that the ability to create detailed mental representations of
narratives begins to emerge in preschoolers (O’Neill & Shul-
tis, 2007; Rall & Harris, 2000; Ziegler et al., 2005), the fol-
lowing three studies of children’s ability to simulate a
character’s movement focused on 3- to 5-year-olds.

2. Study 1

Study 1 explored whether young children’s expecta-
tions about the duration of particular physical activities
(i.e., walking vs. driving) would influence their simulations
of the speed of a character’s movements. To answer this
question, we created stories that contained a manipulation
of the speed of a character’s movement from one location
to another; namely, two ordinary motor activities familiar
to young children: walking and driving. We reasoned that
if children’s simulations of narratives are constrained by
their expectations and personal experiences of the dura-
tion of these two activities, then a character who is walking
would be expected to pass by scenes along the way more
slowly than a character who is being driven. And, in keep-
ing with previously observed reading time methodologies
used to study narrative comprehension in adults (Matlock,
2004), our corresponding prediction was that children
would demonstrate longer processing times for the events
described as being observed by a character walking as op-
posed to being driven.

To test this prediction in young children, we modified a
self-paced reading task typically used to investigate narra-
tive comprehension processes in adults (e.g., Zwaan & Sing-
er, 2003). In the adult version of the task, readers read a
sentence displayed on a computer screen and press a com-
puter key to be presented with the next sentence in the text,
providing researchers with an estimate of the amount of
time readers take to process each sentence. Because, most
3-and 4-year-olds cannot read, the children in our study lis-
tened to a pre-recorded story presented via computer speak-
ers. The story was presented one sentence at a time and the
children pressed a mouse button to hear each new sentence
of the story. This methodology enabled us to measure the
amount of time children took to process each sentence of
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the story (processing time or PT). (See Method section for
more details regarding our PT measure.) No other study
has utilized this type of methodology to investigate young
children’s story comprehension processes.

The story described a small child, Jamie, visiting aunt
Alice’s house (see Appendix A). In one part of the story,
Jamie was described as walking to aunt Alice’s house, and
in another part of the story as being driven to aunt Alice’s
house (i.e., Jamie’s mother said, “You know what Jamie?
This time, let’s walk/drive to aunt Alice’s”). Along the
way to aunt Alice’s house, Jamie was described as viewing
a series of four different events (e.g., dogs in a park, some
children playing baseball). Children heard a different, but
similar, set of four events for each of the two manipula-
tions of the character’s movement (drive/walk). We pre-
dicted that, if preschoolers simulate a character’s
movement while listening to a story, then they should pro-
ceed through the description of the four events Jamie sees
along the way to aunt Alice’s house more quickly (i.e., fas-
ter PT) when Jamie is being driven past them as opposed to
walking past them. That is, we reasoned that if children’s
simulations of a character’s movements and experiences
are influenced by their expectations of the duration of
these movements - for example, it takes less time to reach
a particular location when one is riding in a car as opposed
to walking - then these expectations should be reflected in
a predictable manner in the relative duration of children’s
processing times (PT).

2.1. Method

2.1.1. Participants

The participants were 48 native speakers of English
with no reported history of speech or hearing difficulties:
24 younger preschoolers (12 boys and 12 girls, mean
age = 47 months, range =41-53), 24 older preschoolers
(12 boys and 12 girls, mean age =57 months, range =
55-65) drawn from a university child laboratory database.
An additional seven children were tested but excluded
from the dataset because of fussiness (n = 3) or unwilling-
ness to listen to the story (n=4).

2.1.2. Procedure and materials

Children were seated at a small table beside an experi-
menter. Two different tasks were administered to each
child. Each child first received the story listening task, fol-
lowed by four subtests of a standardized measure of lan-
guage development (Clinical Evaluation of Language
Fundamentals - Preschool, Second Edition (CELF-P2); Wiig,
Secord, & Semel, 2004).

2.1.2.1. Story listening task. The main focus of the study was
children’s performance on the story listening task. Each
child listened to two pre-recorded stories (one practice
and one experimental story) presented via computer
speakers. The stories were initially recorded, using Audac-
ity recording software (2007), one sentence at a time, in
random order and in a neutral tone, by an adult female re-
search assistant, not otherwise affiliated with the study.
Children heard one sentence of the story at a time and
pressed a mouse button to hear the next sentence of the

story. The time from the end of each sentence to the child’s
next button press (i.e., processing time or PTs) was mea-
sured and logged by a Vault PC Series computer. Both story
presentation and processing time data collection were con-
trolled by E-prime software (Schneider, Eschmann, &
Zuccolotto, 2002).

At the start of each session, a drawing depicting Jamie, a
friendly looking preschool child (a boy for male partici-
pants and a girl for female participants), was placed in
front of the children. Children were introduced to the story
listening procedure by listening to a 15-sentence practice
story. Children were encouraged to listen carefully to the
story by being told that they would be asked four questions
later about the story and would receive a sticker for every
correct answer.

The experimental story described Jamie visiting aunt
Alice’s house and contained two manipulations of the
character’s movement. The story consisted of seven com-
ponents (Appendix A). Component 1 introduced the set-
ting of the story. The first manipulation of the
character’s movement occurred in Component 2. Children
heard Jamie’s mom say “You know what Jamie? This time,
let’s walk/drive to aunt Alice’s”. In Component 3, immedi-
ately following this movement manipulation, children
heard one of the two key focal four-sentence long
descriptions of the scenery Jamie saw along the way to
the aunt’s house (e.g., kids playing baseball, birds flying
around someone’s yard). Component 4 described Jamie’s
adventures at aunt Alice’s house, return home, as well
as the reason for returning to aunt Alice’s house (i.e., for-
gotten cell phone). Component 5 contained the second re-
verse manipulation of the character’'s movement to aunt
Alice’s house. In Component 6, children heard the second
of the two key focal four-sentence long descriptions of the
scenery Jamie saw along the way back to aunt Alice’s
house similar to that of Component 3. Component 7 con-
cluded the story. To assess children’s ability to track a
character’s spatial-temporal perspective, we compared
children’s PTs collected during the key focal descriptions
of the scenery Jamie saw along the way to aunt Alice’s
house (i.e., Components 3 and 6) in the walk condition
to the corresponding set of PTs in the drive condition.
Each child heard the story once. The presentation order
of Components 2 and 5 (movement manipulation) and 3
and 6 (descriptions of scenery) were fully counterbal-
anced across children. Following the story, children were
asked four story comprehension questions: Who did Ja-
mie visit?/What did Jamie do at aunt Alice’s?/How did Ja-
mie get there the first/s time? Children received one point
for every correct answer.

2.1.2.2. Language measures. Children were administered
the three core language subtests (Sentence Structure,
Word Structure, and Expressive Vocabulary) of the CELF-
P2 as well as the Recalling Sentences in Context (RSC) sup-
plementary subtest which evaluates a child’s ability to re-
peat sentences presented in the context of a story without
changing the wording of the sentence. We selected the
CELF-P2 because it can be administered fairly quickly to
young children and is commonly used to provide a broad
overview of children’s general language ability.
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Table 1
Children’s PTs in Study 1 collected during the four scenery sentences®
presented to children in the walk and drive conditions (N = 48).

Scenery Processing times (ms) Difference (SE)  p-Value
sentences
Condition
Walk Drive
1 1083 911 172 (126) .18
2 1274 1001 273 (124) .03
3 975 543 432 (170) .01
4 922 727 195 (101) .06

2 See Appendix A, example of Study 1 story, Components 3 and 6
(Sentences 7-10 and 26-29).

2.2. Results and discussion

Thirty-six out of 46 children' answered at least three of
the four story comprehension questions correctly, suggest-
ing that overall the children had complied with instructions
and listened carefully to the story.? The data analysis fo-
cused on a comparison of the mean of the four PTs collected,
for each child, during the four-sentence description of the
scenery Jamie saw along the way to aunt Alice’s house in
the walk portion of the story with the mean of the four
PTs collected for during the four-sentence description of
scenery in the drive portion of the story (i.e., Components
3 and 6; eight PTs in total). As is standard procedure in stud-
ies utilizing reading time methodology, an outlier analysis
was performed on children’s processing times. We adopted
a conservative approach and removed any PTs that were
four standard deviations from each participant’s condition
mean, resulting in the exclusion of 2.2% of the total process-
ing time data. Participants’ mean PTs were then submitted
to a speed of movement (walk vs. drive) x age (younger
vs. older preschoolers) x story order (walk/drive vs. drive/
walk) x sex (girl vs. boy) repeated measures mixed model
ANOVA with speed of movement condition as the within-
subjects factor. The analysis revealed no significant main ef-
fects of age, F(1, 40) = 2.3, MSE = 606,454, p =.14, 1 = .06;
story order, F(1, 40) =.51, MSE = 606,454, p = .48, #*=.01;
or sex, F(1, 40) = .43, MSE = 606,454, p = .52, > =.01. None
of these variables interacted with speed of movement condi-
tion, all ps > .1.

As predicted, children’s mean PTs were significantly fas-
ter when Jamie was driven (M =796 ms, SE =61 ms) vs.
when Jamie walked to aunt Alice’s house (M = 1064 ms,
SE = 111 ms), resulting in a mean difference of 268 ms be-
tween conditions, F(1, 40)=9.7, MSE = 173,075, p =.003,
1% = .2. Children’s mean PTs were faster on all four scenery
sentences (i.e., Components 3 and 6) in the drive condition
than in the walk condition. Table 1 provides the results of

1 Equipment failure (n = 4) and an unwillingness to answer the questions
(n=2)resulted in the absence of the data for a total of six children over all
three studies.

2 Additional analyses, conducted for each of the three studies with a
sample that included only the children who answered all of the story
comprehension questions correctly, yielded no differences with respect to
the significance of results of all analyses and thus the results reported here
include the full sample of children for all three studies.

more detailed sentence-by-sentence paired-samples t-test
analyses of the speed of movement effect.

Moreover, this speed of movement effect was highly spe-
cific and confined only to the sentences in Components 3
and 6 pertaining to the description of the scenery the char-
acter Jamie observed along the way to aunt Alice’s house.
That is, it was not observed for the movement manipulation
sentence that immediately preceded the scenery descrip-
tion, even though the movement word ‘walk’ or ‘drive’
was explicitly stated (i.e., “You know what Jamie? This time,
let’s walk/drive to aunt Alice’s”; Components 2 and 5),
t(47)=.17, p=.87, Mwax=1373 ms, Mpyiye = 1402 ms. It
was also not observed for each of the two sentences imme-
diately following each of the two key scenery description
components (i.e., Sentence 11 or 30, t(47)=.88, p=.39,
Mwak (ie., following walk condition scenery sen-
tences) = 1070 ms, Mpyve (i.e., following drive condition
scenery sentences)=1209 ms; or Sentence 12 or 31,
t(47)=.58, p=.56, Mwax condition=1292 ms, Mpyiye =
1144 ms. In addition, no significant effect of speed of move-
ment was found for the full remaining portions of the story
(i.e., Components 4 and 7), t(47)=1.4, p=.18, Mwak=
1265 ms, Mpive = 1380 ms. That is the speed of movement
effect was confined only to the focal Components 3 and 6.

Correlation analyses did not reveal a significant relation
between children’s performance on the story listening task
(as assessed by processing time difference scores between
the walk and drive condition) and children’s performance
on any of the CELF-P2 subtests (all p’s >.1).

In interpreting the results of this study, the reader is re-
minded that the scenery description sentences were coun-
terbalanced across the walk/drive condition and across
participants, thus any differences with regard to the content
of the scenery descriptions or presentation order cannot ac-
count for the results. Overall, these findings support the
hypothesis that children simulate a character’s movement
during story comprehension and that these simulations
are constrained by their knowledge and expectations of
the duration of certain motor activities, such as walking
and driving.

3. Study 2

Study 2 was designed to continue our exploration of the
manner in which children’s expectations and prior knowl-
edge influence their simulations of the duration of a
character’s movement. Older preschoolers’ sophisticated
understanding of other people’s mental states is well doc-
umented (e.g., Perner, 1991; Wellman, 2004) and previous
studies have revealed that 4-year-olds track and adopt a
character’s mental goal perspective (O’'Neill & Shultis,
2007). In Study 2, we explored the impact of a far more
sophisticated type of expectation on children’s simulations
of a character’'s movement, namely, the motivating influ-
ence of certain psychological states such as eagerness.

To illustrate what we mean by eagerness, consider the
following passage from The Secret Garden (Burnett, 1909/
1993, p. 106). The main character, Mary has just intro-
duced Dickon to the secret garden and Dickon has discov-
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ered that, despite appearances, some of the plants in the
garden may still be alive:

“...this here’s a new bit”, and he touched a shoot that
looked greenish-brown instead of hard, dry grey. Mary
touched it herself in an eager, reverent way. “That one?”
she said “is that one quite alive - quite?” Dickon curved
his wide smiling mouth. “It’s as wick as you or me,” he
said; and Mary remembered that Martha had told her
that ‘wick” meant “alive” or “lively.” “I'm glad it’s
wick!” she cried out in her whisper. “I want them all
to be wick. Let us go around the garden and count
how many wick ones there are.” She quite panted with
eagerness, and Dickon was as eager as she was. They
went from tree to tree and from bush to bush. Dickon
carried his knife in his hands and showed her things
she thought wonderful.”

The above passage does not explicitly state how quickly
Mary and Dickon moved about the garden, however, the
use of the words “eager” and “eagerness” may easily lead
an experienced reader to imagine Mary and Dickon moving
fairly quickly from plant to plant inspecting each for signs
of life. But how would a more inexperienced story listener,
such as preschooler, comprehend a similar passage?
Would young children’s simulations of the character’s
movements reflect a character’s eagerness?

To answer these questions, we created two new stories
describing Jamie getting ready for an activity (e.g., going to
the dentist or the ice cream store). We manipulated Jamie’s
eagerness by inserting a sentence in each story describing
Jamie as thinking that an activity she was getting ready for
was either “really great” (i.e., eager condition) or “really
horrible” (i.e., not eager condition). Just as in the excerpt
presented above, we hypothesized that a state of eagerness
should result in a character moving more quickly (e.g., get-
ting ready faster) than a state of non-eagerness, resulting
in a character moving more slowly. Thus, the prediction
with regard to processing times was that children’s PTs
should be faster when the character is progressing through
the “getting ready” actions while thinking the activity he/
she is getting ready for is “really great” as opposed to
“really horrible.”

3.1. Method

3.1.1. Participants

The participants were 48 native speakers of English
with no reported history of speech or hearing difficulties:
24 4-year-olds (12 boys and 12 girls, mean age=53
months, range = 47-59) and 24 5-year-olds (12 boys and
12 girls, mean age =66 months, range =61-71) drawn
from a university child laboratory database. An additional
seven children were tested but excluded from the dataset
because of fussiness or unwillingness to listen to both of
the stories.

3.1.2. Procedure and materials

Children were seated at a small table beside the exper-
imenter. All children were administered the story listening
task, followed by the CELF-P2 (Wiig et al., 2004) as de-
scribed for Study 1. In addition, parents were asked to de-

scribe and rate their child’s feelings about going to the ice
cream store/dentist using a five point scale (i.e., 1 = child
REALLY does not like going and 5 =child REALLY likes
going to ice cream store/dentist). Children were asked to
simply indicate, by replying yes or no, whether they liked
going to either location. This information was important
in demonstrating that, even if a child’s perspective differed
from the character’s perspective, a child’s simulation
would reflect the character’s perspective rather than their
own.

3.1.2.1. Story listening task. The story listening task used in
this study was essentially the same as the one used in
Study 1. However, unlike Study 1, children in Study 2 lis-
tened to two different stories. Each story described the
activities of a young child, Jamie, as she/he got ready to,
and eventually engaged in, an activity (i.e., going to the
ice cream store/dentist). Just as in Study 1, prior to the pre-
sentation of the stories, children were shown a laminated
11 x 8 in. drawing depicting Jamie, a friendly looking pre-
school boy for the boys and girl for the girls. The picture re-
mained on the desk throughout the story listening task.

Each story consisted of four components (see Appendix B
for an example story). Following the story introduction
(Component 1), we manipulated the character’s eagerness
via the one sentence presented in Component 2. That is, in
the eager condition, children heard that “Jamie thought that
going to the ice cream store/dentist was really great”. In the
not eager condition, children heard that “Jamie thought that
going to the ice cream store/dentist was really horrible.”
Immediately following this eagerness manipulation sen-
tence, children heard the key focal six-sentence long
description of Jamie’s preparatory activities (i.e., changing
clothes or cleaning up; Component 3). After the preparatory
activities, children heard about Jamie’s adventures at the ice
cream store/dentist (Component 4). To assess children’s
ability to simulate the duration of a character’'s movement,
we compared children’s PTs collected during Jamie’s prepa-
ratory activities (i.e., Component 3) in the eager condition of
one story with the corresponding set of PTs in the not eager
condition of the other story.

The activity (i.e., going to the ice cream store/dentist),
the character’s eagerness (i.e., eager/not eager), the two
preparatory activities (i.e., changing clothes/cleaning up),
and the presentation order of the stories (i.e., dentist story
first/dentist second) were counterbalanced across children.
Each child listened to one story about Jamie going to the
ice cream store and one story about Jamie going to the den-
tist, each with a different eagerness manipulation and set
of preparatory activities.

As in Study 1, to ensure that children were actively
listening to the stories, the experimenter told the children
that at the end of each story they would be asked some
questions about the story and would receive a sticker for
every correct answer. In an effort not to draw children’s
attention to the character’s eagerness, children were not
questioned about the character’s thoughts about each
activity. The three questions asked at the end of the ice
cream story included: Where did Jamie go in that story?;
What did Jamie eat when he/she got there? What kind of
toppings did Jamie get on his/her ice cream? The three
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question asked at the end of the dentist story included:
Where did Jamie go in that story?; Why did Jamie go to
the dentist?; What happened to Jamie's tooth? Children
were scored one point for every correct answer and could
receive a total score of 6.

3.2. Results and discussion

Forty-four of 46 children answered at least five of the
six questions correctly, suggesting that overall the children
had complied with instructions and listened carefully to
the story.2 The data analysis focused on a comparison of
the six PTs, for each child, during each of the character’s
preparatory activity sentences (Component 3) in both the
eager condition and the not eager condition. Processing
times that were four standard deviations from each partic-
ipant’s condition mean were considered outliers and elim-
inated from further analyses, resulting in the exclusion of
4% of the total data.

Participants’ mean PTs were then submitted to a eager-
ness (eager vs. not eager) x age (4- vs. 5-year olds) x sex
(male vs. female) x story order (eager/not eager vs. not ea-
ger/eager) x story version (eager to go to dentist/not eager
to go to ice cream store vs. eager to go to ice cream store/
not eager to go to dentist) repeated measures mixed model
ANOVA with age, sex, story order, and story version as the
between-subjects variables and eagerness as the within-
subjects variable. The ANOVA did not reveal a main effect
of age, F(1, 32)=.7, MSE =234,363, p = .41, #*=.02; sex,
F(1,32)=.001, MSE = 234,363, p = .98, 1> = .00; story order,
F(1,32)=2.1, MSE = 234,363, p = .16, #* = .06; or story ver-
sion, F(1, 32) =1, MSE = 234,363, p = .32, #*=.03. None of
these variables interacted with eagerness, all ps >.15.

The ANOVA revealed a main effect of eagerness, F(1,32) =
23.4, MSE = 69,318, p <.001, ? = .42. Children’s PTs were sig-
nificantly faster when the character was described as think-
ing that the activity was “really great” (i.e., eager condition;
M =676 ms, SE =49 ms), than when the character was de-
scribed as thinking that the activity was “really horrible”
(i.e., not eager condition; M = 941 ms, SE = 58 ms), resulting
in a mean difference of 265 ms between conditions. Chil-
dren’s mean PTs were faster on all six sentences of Compo-
nent 3 in the eager condition than in the not eager
condition. Table 2 provides the results of more detailed
sentence-by-sentence paired-samples t-test analyses of the
eagerness effect.

Moreover, the main effect of eagerness was highly spe-
cific and confined only to the sentences pertaining to the
character’s preparatory activities (Component 3). That is,
it was not observed for the eagerness manipulation sen-
tence that immediately preceded the preparatory activities,
even though the word ‘horrible’ or ‘great’ was explicitly sta-
ted (i.e., “Jamie thought that going to the ice cream store
was really great/horrible”), t(47)=1.6, p=.15, Mgager=
897 ms, Mot Eager = 1030 ms. It was also not observed for
each of the two sentences immediately following the pre-
paratory activity sentences (Sentence 12: t(47)=1.1,
P =.27 (Mgager = 758 mS, Mot Eager = 889 ms); Sentence 13,
t(47)=.05, p=.96 (Mgager =872 mS, Mnot Eager = 366 ms).
Nor was it observed for Component 1, t(47)=.56, p=.58
(Mgager Condition = 1132 ms, Mot ager = 1190 ms) or Com-

Table 2
Children’s PTs in Study 2, presented as a function of the six preparatory
sentences® presented to children in the not eager and eager conditions
(N=48).

Preparatory Processing times Difference (SE) p-Value
sentences (ms)

Condition

Not eager Eager
1 1427 933 494 (108) p<.001
2 832 557 275 (83) p=.002
3 678 530 148 (76) p=.06
4 852 640 212 (115) p=.07
5 850 678 172 (86) p=.05
6 1008 717 292 (111) p=.01

2 See Appendix B, example of Study 2 story, Components 3 (Sentences
6-11).

ponent 4, £(47)=.18, p = .86 (Mgager = 1055 ms, Mot Eager =
1067 ms).

Correlation analyses revealed only a significant relation
between children’s performance on the story listening task
(as assessed by processing time difference scores between
the eager and not eager condition) and children’s perfor-
mance on the CELF-P2 Recalling Sentences in Context
(RSC) supplementary subtest, r(47) = .37, p <.015 (all other
p’s >.25). The nature of the relation between children’s RSC
scores and their performance on the story listening task is
not yet clear and warrants further study.

The results of the parent and child questionnaire do
not suggest children’s own feelings about the two activi-
ties (i.e., going to ice cream store/dentist) influenced their
ability to simulate the character’s actions. Overall, moth-
ers rated their children’s feelings about the dentist as po-
sitive (mean = 3.8 out of 5), and their feelings about the
ice cream stores as very positive (mean =4.8 out of 5).
All of the children said that they liked going to the ice
cream store. All but nine of the 48 children also said that
they liked going to the dentist. Thus, on almost all not
eager trials where the character was described as think-
ing the activity was “really horrible,” the character’s per-
spective differed from that of the child participant’s
perspective. Nevertheless, a significant effect of eagerness
in the hypothesized direction was observed. Additionally,
correlation analyses did not reveal a significant relation
between children’s performance on the story listening
task (as assessed by processing time difference scores
between the eager and not eager condition) and parent
ratings’ of their child’s feelings about going to the dentist,
r(47)= .17, p=.27, or the ice cream store, r(47)=.16,
p=.28.

Overall, the results of this study suggest that children’s
expectations about the influence of certain motivating psy-
chological factors (i.e., eagerness to get to a particular loca-
tion) also influence children’s simulations of the speed of a
character’s actions. Children’s processing times were faster
for sentences describing a child character “getting ready”
(e.g., getting dressed) for an activity that he/she thinks is
“really great” as opposed to “really horrible.” Furthermore,
children’s own feelings about the activities the character
was getting ready for did not influence children’s process-
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ing times. That is children’s processing time were consis-
tent with the character’s perspective, even when their
own perspective toward each activity differed from that
of the character’s (e.g., child listener liked going to the
ice cream store but story character thinks that going to
the ice cream store is “really horrible”).

4. Study 3

Study 3 was designed to continue our exploration of
children’s situation models by focusing on the manner in
which children’s expectations and spatial-temporal and
psychological knowledge might combine together to influ-
ence their simulations of a character’s movements. That is,
to put our predictions and findings from Studies 1 and 2 to
an even stronger test, we examined how the effect of the
spatial-temporal movement variables (i.e., walking and
driving) observed in Study 1 might be moderated by the
psychological variable of eagerness investigated in Study
2. More specifically, among children randomly assigned
to the walk condition (N = 16), the prediction was that a
character’s described state of eagerness (eager, not eager)
would exert an influence on children’s PTs, given that the
speed of walking is under a person’s control. Among
children assigned to the drive condition (N = 16), however,
the prediction was the opposite: namely, that a character’s
described state of eagerness (eager, not eager) would not
exert an influence on children’s PTs, given that the speed
of being driven is not under a passenger’s control.

4.1. Method

4.1.1. Participants

The participants were 32 4-year-old native speakers of
English with no reported history of speech or hearing diffi-
culties, drawn from a university child laboratory database:
16 boys and 16 girls (mean age =55 months, range
48-61 months). Sixteen children (eight boys/girls) were
randomly assigned to the walk condition (mean age = 55
months, range 48-61 months) and 16 to the drive condi-
tion (mean age =55 months, range 48-61 months). An
additional four children were tested but excluded from
the dataset due to inattentiveness.

4.1.2. Procedure and materials

The walk condition explored the influence of the char-
acter’s eagerness when the character walked to his/her
aunt’s house; while the drive condition explored the influ-
ence of eagerness when the character was driven to his/her
aunt’s house. The story listening task used in this study
was identical to that of Study 1, with the exception of
the inclusion of eagerness manipulation sentences used
in Study 2 (i.e., “Jamie thought that going to aunt Alice’s
was really great/horrible.”). This sentence was presented
right after the movement manipulation sentence (“You
know what Jamie? This time, let’s walk/drive to aunt
Alice’s”). As shown in Appendix C, these eagerness manip-
ulation sentences were inserted immediately following the
1st and 2nd movement manipulation sentences of Compo-

nents 2 and 6. All other components of the story and pro-
cedure remained the same.

Each child heard the story once. As in Study 1, the pre-
sentation order of Components 3 and 7 (eagerness manip-
ulation) and 4 and 8 (descriptions of scenery) were fully
counterbalanced across children. As in Study 1, following
the story, children were asked several story comprehen-
sion questions: two questions from Study 1 (Who did
Jamie visit; What did Jamie do at aunt Alice’s?) and two
additional questions (Did Jamie want to go his/her aunt’s
house the first/s time?). Children received one point for
every correct answer. Following the story listening task,
children were administered the CELF-P2’s (Wiig et al.,
2004) core language subtests (Sentence Structure, Word
Structure, and Expressive Vocabulary) as well as the Recall-
ing Sentences in Context (RSC) supplementary subtest.

4.2. Results

Twenty-three of 30 children answered at least three of
the four story questions correctly, suggesting that overall
children had complied with instructions and listened care-
fully to the story. Two children would not respond to the
story questions. The data analysis focused on a comparison
of the four PTs collected, for each child, during the four-
sentence description of scenery Jamie saw along the way
to aunt Alice’s house in the eager portion of the story with
the four PTs collected for during the four-sentence descrip-
tion of scenery in the not eager portion of the story (i.e.,
story Components 4 and 8; eight PTs in total). Processing
times that were four standard deviations from each partic-
ipant’s condition mean were considered outliers and elim-
inated from further analyses, resulting in the exclusion of
2.2% of the total data.

Participants’ mean PTs were then submitted to an eager-
ness (eager vs. not eager) x speed of movement (walk vs.
drive) x story order (eager/not eager vs. not eager/ea-
ger) x sex (male vs. female) repeated measures mixed
model ANOVA with speed of movement, story order, and
sex as the between-subjects factors and eagerness as the
within-subjects factor. The ANOVA did not reveal a main ef-
fect of story order, F(1, 24)=.4, MSE = 335,269, p =.53,
n?=.02; sex, F(1, 24)=2.3, MSE=335269, p=.14, n*=
.09; or speed of movement, F(1, 24)=.72, MSE = 335,269,
p = .4, n*=.03. The ANOVA did reveal a main effect of eager-
ness, F(1, 24) = 4.6, MSE = 156,494, p = .042, * = .15. Chil-
dren’s PT’s were significantly faster in the eager condition
(M =838 ms, SE=98 ms) than in the not eager condition
(M =1049 ms, SE = 76 ms). Critically, however, the analysis
revealed a significant eagerness by speed of movement
interaction, F(1, 24)=5.5, MSE= 156,494, p=.032, n°=
.14. As predicted, the effect of eagerness was only observed
in the walk condition and not in the drive condition. The de-
tails of this interaction are explored below for the walk and
drive condition separately.

As found in Studies 1 and 2, correlation analyses did not
reveal a significant relation between children’s perfor-
mance on the story listening task (as assessed by process-
ing time difference scores between the not eager and eager
condition) and children’s performance on any of the
language subtests of the CELF-P2 in the walk condition
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Table 3

Children’s PTs in Study 3's walk condition, presented as a function of the
four scenery sentences® presented to children in the not eager and eager
conditions (N = 16).

Table 4

Children’s PTs in Study 3's drive condition, presented as a function of the
four scenery sentences® presented to children in the not eager and eager
conditions (N = 16).

Scenery sentences Processing times Difference (SE) p-Value Scenery Processing times (ms) Difference (SE)  p-Value
(ms) sentences
Condition Condition
Not eager Eager Not eager Eager
1 1186 620 566 (221) p=.02 1 858 736 122 (166) p=.47
2 1399 888 519 (270) p=.07 2 1354 1347 -7 (215) p=.94
3 875 484 390 (142) p=.02 3 915 884 31(274) p=.91
4 947 665 282 (191) p=.16 4 859 1084 225 (308) p=23

2 See Appendix C, example of Study 3 story, Components 4 and 8
(Sentences 8-11 and 28-31).

(all p’s>.2) or in drive condition (all p’s >.3). Children’s
core language scores also did not differ significantly across
the two speed of movement conditions, t(27) = 1.4, p =.27.

4.2.1. Walk condition

Twelve out of 15 children answered at least three of the
four story comprehension questions correctly, suggesting
that overall children had complied with instructions and
listened carefully to the story. The ANOVA did not reveal
a main effect of story order, F(1, 12) = 3.2, MSE = 198,419,
p=.10, y*>=.2; or sex, F(1, 12)=.1, MSE = 198,419, p = .75,
7% =.009. None of these variables interacted with eager-
ness, all ps >.1. Children’s PT’s were significantly faster in
the eager condition (M =663 ms, SE =57 ms) than in the
not eager condition (M = 1102 ms, SE = 146 ms), resulting
in a main effect of eagerness, F(1, 12)=13.2, MSE=
112,999, p =.003, 5 = .52. Children’s mean PTs were faster
on all four scenery sentences (i.e., Components 4 and 8) in
the eager condition than in the not eager condition. Table 3
provides the results of more detailed sentence-by-sentence
paired-samples t-test analyses of the effect of eagerness.

Moreover, this effect of eagerness was highly specific and
confined only to the sentences in Components 4 and 8 per-
taining to the description of the scenery Jamie observed
along the way to aunt Alice’s house. That is, it was not ob-
served for the eagerness manipulation sentence that imme-
diately preceded the scenery description, even though the
words ‘great’ or ‘horrible’ were explicitly stated (i.e., “Jamie
thought that going to visit aunt Alice’s was really great/hor-
rible.”; Components 3 and 7), {(15) =.25, p = .8 (Mot Eager =
1221 ms, Mgager = 1326 ms). It was also not observed on
either of the two sentences immediately following each of
the two key scenery description components (i.e., Sentence
12 or 32, (15) = 1.1, p =27, Mot gager = 1550 MS, Mager =
1021 ms; or Sentence 13 or 33, {(15) = .98, p = .34, Mot Eager =
1180 ms, M, =937 ms. In addition, no significant eager-
ness effect was found for the remaining Components 5 and
9,t(15)=1.4,p = .19, Mot Eager = 1463 mS, MEager = 1285 ms.

4.2.2. Drive condition

Eleven of the 15 children answered at least three of the
four story questions correctly, suggesting that overall chil-
dren had complied with instructions and listened carefully
to the story. As in the walk condition, the ANOVA did not re-
veal a main effect of story order, F(1, 12)=3.7, MSE =

2 See Appendix C, example of Study 3 story, Components 4 and 8
(Sentences 8-11 and 28-31).

472,118, p=.08, n*=.24, or sex, F(1, 12)=4.1, MSE=
472,118, p =.07, n? = .26; and none of these variables inter-
acted with eagerness, all ps > 4.

Unlike the results of the walk condition, children’s PTs
were not significantly faster in the eager condition
(M =1013 ms, SE = 195 ms) than in the not eager condition
(M =996 ms, SE =142 ms), F(1, 12)=.015, MSE = 199,988,
p=.90, 5% =.001.2 Table 4 provides the results of more de-
tailed sentence-by-sentence paired-samples t-test analyses
of the eagerness effect. Children’s mean PTs on the four
scenery sentences (i.e., Components 4 and 8) revealed no
consistent pattern of being faster or slower.

In addition, as in the previous studies, an effect of eager-
ness was not observed for the eagerness manipulation sen-
tence that preceded the scenery description, t(15)=.44,
P =.67 (Mot gager = 1163 mS, Mgager = 1298 ms). It was also
not observed on either of the two sentences immediately
following each of the two key scenery description compo-
nents (i.e., Sentence 12 or 32, {(15) =.17, p = .87, Mot Eager =
1076 ms, Mgager=1120ms; or Sentence 13 or 33,
t(15)=1.5, p =15, Mot Eager = 850 MS, MEager = 1217 ms. In
addition, no significant eagerness effect was found for
the remaining Components 5 and 9, t(15)=.85, p= .41,
Mot Eager = 1117 MS, Mgger = 1238 ms.

4.3. Discussion

Overall the results of Study 3 suggest that children’s
simulations of a character’s speed of movement are also
constrained by the impact of a psychological factor, such
as eagerness. Children PT’s were faster when the character
was described as eager, as opposed to not eager, to get to
his/her aunt’s house, but only when the speed of the char-
acter’s movement was under his/her control; namely,
when walking but not when being driven. Furthermore,
in interpreting the results of Study 3, the reader is

3 The reader may note that overall mean PTs are longer in the eager
condition in Study 3’s drive condition than Study 3's walk condition, and in
turn question the coherence of these findings with respect to Study 1. The
reader should recall that the data from Study 3's walk and drive condition
are from two different groups of children. Just as in adult studies assessing
reading times, our hypotheses are not about absolute values of processing
times that would hold across different groups of children, but rather about
relative differences observed for different conditions presented within
subjects.
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reminded that the scenery descriptions were counterbal-
anced across children, thus any differences with regard to
their content and presentation order cannot account for
the results. Overall, these findings support the hypothesis
that children simulate a character’s movement during
story comprehension and that these simulations are con-
strained by their knowledge and expectations of the moti-
vating influence of certain psychological states, specifically
in this case, eagerness.

5. General discussion

The results of these three studies demonstrate that pre-
literate children construct rich mental representations of
the events described in a narrative. Specifically, our results
demonstrate that children simulate a character’s move-
ments and actions during story comprehension and that
these simulations are constrained by children’s expecta-
tions and knowledge of certain physical and psychological
factors that can influence the duration of these
movements.

Study 1 demonstrated that while listening to a story,
children simulate a character’s movements and that these
simulations are influenced by children’s expectations about
the duration of certain activities such as walking and driv-
ing. Children’s processing times were slower for scenery
descriptions of what the character saw along the way to
a relative’s house when the character was described as
walking as opposed to driving.

Study 2 demonstrated for the first time that preschool-
ers’ simulations of character actions are constrained by the
motivating influence of certain psychological states such as
eagerness. When the character in the story was described
as thinking an upcoming activity (e.g., going to ice cream
store or dentist) was “really great,” children’s processing
times were faster for sentences describing the character
getting ready for this activity, than when the character
was described as thinking the upcoming activity was
“really horrible”. Furthermore, the results of Study 2 indi-
cate that preschoolers simulated a character’s actions, even
when their own perspective toward each activity differed
from the character’s (e.g., child listener liked going to the
ice cream store but story character thinks that going to
the ice cream store is “really horrible”).

Study 3 extends the findings of Studies 1 and 2 by dem-
onstrating that children’s simulations of a character’s
speed of movement are also constrained by the impact of
a psychological factor, such as eagerness. Children pro-
gressed through a description of the scenery and events a
narrative character observed along the way to his/her
aunt’s house faster when the character was described as
eager, as opposed to not eager, to get there, but only when
the speed of the character’s movement was under his/her
control; namely, when walking but not when being driven.

Our studies make a novel methodological contribution
to the study of narrative development in young children.
Investigating children’s story comprehension using a re-
sponse-time based approach offers an alternative to meth-
odologies requiring children to verbally produce narratives
or answer comprehension questions. Our method is a sen-

sitive measure of children’s representation of characters
and events, not easily demonstrated by children in more
taxing verbal narrative tasks. A processing time methodol-
ogy may also prove especially useful in the study of com-
prehension difficulties. Our method offers a unique and
less taxing means of investigating these types of compre-
hension difficulties in young children.

Our results extend the findings of previous studies of
children’s situation models (Rall & Harris, 2000; Ziegler
et al., 2005) in three main ways. Our study is the first to ex-
plore the systematic capacity of preschool-aged children to
track the spatial-temporal aspect of a character’s experi-
ence. Second, our studies extend previous findings by high-
lighting the dynamic nature of children’s narrative
comprehension. While previous studies have examined
children’s simulations of a character’s perspective in a rel-
atively static manner (i.e., the character was not actually
moving), our study explored children’s ability to simulate
a character’s spatial-temporal movement in space (i.e.,
the speed of movement). Third, Studies 2 and 3 explored
children’s simulations in the most depth yet, examining
the interplay between children’s expectations regarding
physical constraints and psychological constraints on a
character’s speed of movement. Indeed, the results of these
studies speak to arguments that narrative comprehension
is an intricate skill that entails the integration of a large
amount of information, including the ability to make infer-
ences about information not explicitly stated in the text
and the “understanding of abstract concepts such as char-
acters’ underlying motivations” (Lynch et al., 2008, p. 350).

The results of the present investigation also contribute
to our understanding of how movement is represented in
narratives by preschool-aged children. What makes the re-
sults of the present investigation especially interesting is
that the key sentences (i.e., the movement manipulation
sentences, the preparatory sentences and the scenery sen-
tences) did not explicitly communicate the speed of the
character’s movement. Rather, children were just told that
the character was walking or being driven or was eager or
not eager. These findings further support the findings of
other studies, albeit with adults, suggesting that mental
simulation of motion is not limited to explicit descriptions
of motion but rather generalizes to implicit types of
descriptions of motion such as those expressed in fictive
or figurative thought and language (Matlock, 2004).

With respect to the nature of children’s simulations,
we would also interpret our results as suggesting that
these simulations involved more than just a representa-
tion and use of spatial information, similar to traditional
spatial situation model effects (e.g., Bower & Morrow,
1990). That is, these results appear more in line with
embodied accounts of comprehension that involve per-
ceptual-motor simulation, as discussed in the introduc-
tion (e.g., Barsalou, 2008). We interpret the processing
time effects observed in our studies as reflecting an
automatic reactivation of experiential traces associated
with the described events that, at minimum, encom-
passed information about the differing temporal duration
(i.e., speed) of walking or being driven, or of moving
more quickly or slowly (because one is eager or not
eager). That is, children’s processing times (which were
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not time restricted) for individual sentences in these
studies are proposed to reflect children’s automatic, sim-
ulation of the events described in a particular sentence,
in addition, of course, to other linguistic and cognitive
processes involved in the processing of spoken language
(e.g., translating speech sounds into meaning).

Our results may also be viewed as a bit inconsistent
with the results of the grounding training studies of
Glenberg and colleagues (Glenberg, Brown, & Levin,
2007; Glenberg et al., 2009; Marley et al., 2007). Glen-
berg and colleagues argued that school-aged children
needed to be taught how to ground words to their refer-
ents and that doing so aids comprehension. That is, in
addition to decoding, Glenberg and colleagues argue that
comprehension requires that readers map the abstract
symbols of language “onto embodied experiences or rep-
resentation of those experiences” (Glenberg et al., 2009,
p. 3). Their findings have demonstrated that having chil-
dren reproduce events and actions in a narrative via
manipulatives that are physically interacted with or
imagined increases comprehension performance. Our
findings, however, demonstrate that children as young
as 3 years of age generate simulations of narrative events
spontaneously, without any instruction to do so. We be-
lieve that this discrepancy may be accounted for by a
methodological difference between our studies and those
of Glenberg and colleagues. Our studies focused on lis-
tening comprehension, whereas those of Glenberg and
colleagues explored reading comprehension. The addi-
tional demands of reading comprehension (e.g., decod-
ing) as compared to listening comprehension may make
it difficult for some school-aged children to simulate
the events described in a story.

Further studies will be needed to determine precisely,
beyond duration, which perceptual and motor aspects of
a character’s described experience of moving faster or
slower were simulated by children in our studies. For in-
stance, when children listened to a sentence describing a
character’s movements (e.g., “On the way to aunt Alice’s,
they saw some dogs in a park”), how exactly was the
simulation different in the drive condition as opposed
to the walk condition? Were children “viewing” scenes
in the drive condition in less detail than in the walk con-
dition (e.g., a blurrier, more distant car seat window-
framed view vs. clear, closer sidewalk view; Horton &
Rapp, 2003)? Could this be revealed using a more visu-
ally based task that teases apart these alternatives? For
example, as implemented in adult research, would chil-
dren be faster to recognize a picture that was consistent
with the described event than an inconsistent picture
(e.g., Yaxley & Zwaan, 2007; Zwaan, Madden, Yaxley, &
Aveyard, 2004)? Similarly, one could address in future
studies whether there are further differences at the level
of a child’s motor system in response to hearing ‘drive’
vs. ‘walk’ or ‘eager’ vs. ‘not eager’, such as motor activity
in the child’s leg or activation of the leg area of the pre-
motor cortex (i.e., motor resonance effects, Fischer &
Zwaan, 2008). And indeed, whether an action is under
a character’s control or not may also have implications
for children’s simulations (e.g., attenuating effects). Fur-
ther studies will also need to explore the intricate inter-

play between the different narrative dimensions (e.g.,
character’s psychological states vs. motor actions) and
how these may be more or less prominently featured
in a simulation of narrative events.

Overall, our findings, we argue, underscore the impor-
tance of considering, and further investigating, the devel-
opment and role of mental simulation in narrative
comprehension. In particular, we would note that,
although it has been argued that narrative comprehension
is a critical component of, and precursor to, the acquisition
of reading ability, recent reviews have highlighted the
need for studies directed at children’s comprehension,
rather than production, of narratives, especially among
typically developing children (e.g., Milosky & Skarakis-
Doyle, 2007; Paris & Paris, 2003).

We believe the study of mental simulation in narra-
tive may offer new insights into the development of nar-
rative comprehension, especially given the complexity of
these simulations in very young children. That such com-
plexity exists, long before children are even able to read
is exciting, as is the opportunity to learn more about this
very fundamental aspect of how our minds process lan-
guage and longer stretches of discourse and narrative.
The processing time methodology we have developed
may also prove useful in the further study of individual
differences related to the ability to build adequate situa-
tion models and its possible relation to identifying chil-
dren at risk for reading comprehension difficulties, even
before they learn to read.
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Appendix A. Example of a story used in Study 1
A.1. Component 1: introduction

1. Jamie was at home playing in the playroom down-
stairs when her mom called to her and said,

2. “Jamie. It’s almost time to go.”

3. “As soon as you're finished playing, we're going to

visit aunt Alice.”

“Ok, mom” said Jamie.

5. Jamie tidied up her toys and went upstairs to put on
her shoes.

~

A.2. Component 2: 1st movement manipulation

6. “You know what Jamie? This time, let’s walk to aunt
Alice’s.”

A.3. Component 3: description of scenery

7. On the way to aunt Alice’s, they saw some dogs in a
park;
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8. And some kids playing baseball;
9. And squirrels running around someone’s yard;
10. And even some Kkids sliding on a slide.

A.4. Component 4: visit

11. Aunt Alice lived all alone and sometimes needed
help with the housework.

12. When they got to aunt Alice’s, they helped her plant
flowers in the backyard.

13. Jamie had a great time planting all the flowers.

14. When they were all done, aunt Alice brought out
some lemonade and sandwiches and afterwards
Jamie had a Popsicle.

15. But just when they were getting ready to go home,
they heard a noise.

16. “It sounds like a meow!” said Jamie.

17. “Oh no! I think the neighbour’s kitty is stuck in my
tree” aunt Alice said.

18. “Let’s get it down” all three of them said and Jamie’s
mom went to get a ladder.

19. Then, Jamie’s mom climbed up the ladder and
grabbed the scared kitty.

20. Then, they played with the kitty a bit but soon it was
time to go home.

21. Then, Jamie and her mom went home.

22. But when they got home, Jamie’s mom realized that
she forgot something at aunt Alice’s.

23. “Sorry, Jamie but we have to go out again. I forgot
my cell phone at aunt Alice’s” said Jamie’s mom.

24. Jamie tidied up her toys and put on her shoes.

A.5. Component 5: 2nd movement manipulation

25. “You know what Jamie? This time, let’s drive to aunt
Alice’s.”

A.6. Component 6: description of scenery

26. On the way to aunt Alice’s, they saw some ducks in
the park;

27. And some kids playing soccer;

28. And birds flying around in someone’s yard;

29. And even some kids swinging on a swing.

A.7. Component 7: conclusion
30. When they got to aunt Alice’s, she was already wait-
ing for them with the phone.
31. Then, Jamie and her mom went home to make
dinner.
Appendix B. Example of a story used in Study 2
B.1. Component 1: story introduction
1. Jamie was at home playing when her mom called to

her and said.
2. “Jamie, it’s time to get ready.”

3. “As soon as you're finished changing your clothes/
cleaning up the mess you made in the backyard
we're going to the ice cream store/dentist.”

4. “Ok, mom” said Jamie.

B.2. Component 2: eagerness manipulation

5. Jamie thought that going to the ice cream store/den-
tist was really great/really horrible!

B.3. Component 3: preparatory activities
Changing clothes sequence of preparatory activities:

Jamie walked over to her dresser.

She put on her cool green t-shirt.

Jamie put on her socks.

She pulled on her favourite jeans.

And finally, Jamie put on her bright red sweatshirt.
Now Jamie was all ready to go.

o0 ®Ng

—_

or
Cleaning up mess in backyard sequence of preparatory
activities:

Jamie went outside.

She picked up the blocks.

Jamie put the blocks in the bucket.
She picked up her ball.

And finally, Jamie walked back in.
Now Jamie was all ready to go.

—~ o Lx N

1
1
B.4. Component 4: adventure

12. “Jamie, it’s time to go” said Jamie’s mom.

13. Jamie and her mom drove to the ice cream store/
dentist’s office.
14-31. Another 18 sentences describing Jamie’s
activities at the ice cream store/dentist.

Appendix C. Example of a story used in Study 3 - walk
condition

C.1. Component 1: introduction

1. Jamie was at home playing in the playroom down-
stairs when her mom called to her and said,

2. “Jamie. It’s almost time to go.”

3. “As soon as you're finished playing, we're going to

visit aunt Alice.”

“Ok, mom” said Jamie.

5. Jamie tidied up her toys and went upstairs to put on
her shoes.

~

C.2. Component 2: 1st movement manipulation

6. “You know what Jamie? This time, let’s walk to aunt
Alice’s.”
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C.3. Component 3: 1st eagerness manipulation

7. “Jamie thought that going to visit aunt Alice’s was
really great.”

C.4. Component 4: description of scenery

8. On the way to aunt Alice’s, they saw some dogs in a
park;
9. And some kids playing baseball;
10. And squirrels running around someone’s yard;
11. And even some kids sliding on a slide.

C.5. Component 5: visit

12. Aunt Alice lived all alone and sometimes needed
help with the housework.

13. When they got to aunt Alice’s, they helped her plant
flowers in the backyard.

14. Jamie had a great time planting all the flowers.

15. When they were all done, aunt Alice brought out
some lemonade and sandwiches and afterwards
Jamie had a Popsicle.

16. But just when they were getting ready to go home,
they heard a noise.

17. “It sounds like a meow!” said Jamie.

18. “Oh no! I think the neighbour’s kitty is stuck in my
tree” aunt Alice said.

19. “Let’s get it down” all three of them said and Jamie’s
mom went to get a ladder.

20. Then, Jamie’s mom climbed up the ladder and
grabbed the scared kitty.

21. Then, they played with the kitty a bit but soon it was
time to go home.

22. Then, Jamie and her mom went home.

23. But when they got home, Jamie’s mom realized that
she forgot something at aunt Alice’s.

24. “Sorry, Jamie but we have to go out again. I forgot
my cell phone at aunt Alice’s” said Jamie’s mom.

25. Jamie tidied up her toys and put on her shoes.

C.6. Component 6: 2nd movement manipulation

26. “You know what Jamie? This time, let’s walk to Aunt
Alice’s.”

C.7. Component 7: 2nd eagerness manipulation

27. “Jamie thought that going to visit aunt Alice’s was
really horrible.”

C.8. Component 8: description of scenery

28. On the way to aunt Alice’s, they saw some ducks in
the park;

29. And some kids playing soccer;

30. And birds flying around in someone’s yard;

31. And even some kids swinging on a swing.

C.9. Component 9: conclusion

32. When they got to aunt Alice’s, she was already wait-
ing for them with the phone.

33. Then, Jamie and her mom went home to make
dinner.
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