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ARTICLE INFO ABSTRACT

Keywords: The ability to create mental models of story events is essential for narrative comprehension, yet

Updating little is known about the mechanisms that support children’s ability to build and update an in-

Situation model tegrated mental representation of a story (a ‘situation model’) as it unfolds. The current study

Earrmve investigated very young children’s ability to update their situation model of a simple story from

P?;ilrl:sge verbal and pictorial information about a physical event, manipulating both the explicitness of

Inferencing verbal information and the informativeness (Study 1) and presence (Study 2) of pictorial infor-
mation. Sixty-four 2-year-olds (35 girls) and 67 3-year-olds (36 girls) participated in Study 1, and
119 2-year-olds (69 girls) and 81 3-year-olds (43 girls) participated in Study 2. Two- and 3-year-
olds updated their mental representation of the physical state of the story protagonist at a rate
above chance, regardless of the informativeness of an accompanying picture (Study 1) and the
explicitness of verbal information provided (Study 2). However, children’s age in months
significantly predicted 2-year-olds’ performance across studies, and in the absence of a picture, 3-
year-olds performed less robustly when receiving implicit than when receiving explicit verbal
information. Findings suggest that 2- and 3-year-olds can integrate implicit information into their
situation model of a story, even when the accompanying pictorial information is not maximally
informative, but that implicit verbal information embedded in a narrative presents challenges for
young children’s updating when provided without pictorial support.

Introduction

Narratives engage children with the world beyond their direct experience, and so the sophistication with which children
comprehend them is a question of importance. In order to comprehend a narrative, listeners must integrate various dimensions of the
discourse, such as the spatial, temporal, and causal relations between characters and objects, with their prior knowledge about the
world and with previously comprehended parts of the story. The resulting mental model represents the narrative in a unified global
structure known as a situation model (Van Dijk & Kintsch, 1983; van den Broek & Lorch, 1993; Zwaan & Radvansky, 1998). As
comprehenders encounter new information from the unfolding text, they must update the situation model. Some information may
become outdated, for instance when a character changes location, or information may become peripheral to the narrative, as often
happens when initial scene-setting gives way to the main plot.

Building a situation model demands rapid automatic judgments about which parts of the story should remain mentally activated
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and available for integration with new information from the narrative as it unfolds (Zwaan & Radvansky, 1998). This includes not only
explicit information, but inferences that have already been generated (Graesser et al., 1994; Van den Broek et al., 2005). While
preschoolers find explicit information easier to process than implicit information in oral texts (Florit et al., 2011), the ability to
generate inferences while processing a story predicts preschoolers’ story comprehension both concurrently (Tompkins et al., 2012) and
longitudinally (Kendeou et al., 2008) and does so independently of children’s literal text comprehension, basic language skills, and
vocabulary (Kendeou et al, 2008).

Many children’s books convey important story information by providing affordances for inference. Some inferences are necessary
in order to maintain comprehension. For example, when Winnie the Pooh gets stuck in Rabbit’s hole, drawing an inference from Pooh’s
having eaten honey all morning that Pooh has become too big to fit through the hole is crucial to understanding the plot (that is, Pooh is
now unable to move). Other inferences are elaborative and, while not immediately necessary for story comprehension, allow com-
prehenders to create a richer model of what a situation is like (for instance, hearing that snow fell heavily and inferring that the ground
is white). Yet we do not know when children acquire the ability to successfully make connections between information in the narrative
and their real-world knowledge in a way that enables them first to draw accurate inferences, and then to use these inferences to update
their mental representation of the situation in the story.

By their second birthday, children can use explicit verbal information, delivered in person, to update representations about real
events such as a change in an object’s location or property. Children as young as 22 months can use language to understand changes in
an object’s properties (e.g., “Lucy got wet”) even when they cannot see the object (Ganea et al., 2007). However, young children’s
ability to use verbal testimony to update their mental representations of absent entities varies depending on the task and their age:
when verbal input describes a change in the location of an unseen object (e.g., “The puppy is moved from the bag to the box™), 30-
month-olds can successfully find the object in its new location, whereas most 23-month-olds will continue to search in the object’s
original location (Ganea & Harris, 2010). In the location task, the requirement to activate a ‘mental file’ not just for an object, but also
for its location, may explain children’s additional difficulty (Ozdemir & Ganea, 2020). Thus, while 2-year-old children demonstrate the
ability to update information about an absent object, this ability appears fragile.

There is also evidence that children as young as 2 can update situation models when they are implied in make-believe. For example,
if shown a toy monkey squirting pretend (i.e., invisible) ketchup onto a toy pig, children successfully infer that the pretend ketchup left
the container and was transferred to the pig, and they then select a picture of the transformed pig (covered in ketchup) from a set
including a clean pig and a transformed distractor animal (Harris et al., 1996). Thus, 2-year-old children enrich their mental repre-
sentation of the pretend action by integrating it with their real-world knowledge, form a mental representation of imaginary events
that are causally related, and infer the outcome.

An open question, unstudied to the best of our knowledge, is whether children of this age demonstrate the ability to update a mental
representation with information they receive about the outcome of an action within the context of a story narrative. This process may
present different challenges to those posed by either a real or a concurrent pretend transformation. First, it may be more difficult for
children of this age to infer the outcome of an action without the social input of a pretence partner (Gelman, 2009) whose interactional
style may support updating. Second, the drawing of an inference about an action within a story narrative requires the listener to
suppress the activation of plot features that have become irrelevant. If updating is to keep pace with the unfolding story, then once a
protagonist has rejected a particular course of action, objects associated with it should be activated to a lesser degree than objects
associated with the chosen course of action (Glenberg et al., 1987). Thus, to succeed in updating a situation model, children must
suppress the activation of an irrelevant action mentioned at the start of the story. As stories unfold, they afford simple elaborative
inferences about outcomes that have not yet taken place, whereas when updating information about real (or indeed concurrent
pretend) events, children are mentally representing a change that has already happened. In order to form elaborative inferences from a
story narrative and to create expectations for the story action, children need to dynamically track, update, and coordinate repre-
sentations of the situation based on described events, maintaining unified but continually shifting situation models (Zwaan & Rad-
vansky, 1998). This requires keeping relevant information activated in memory so that it is accessible for retrieval during the
inferencing process, across a number of dimensions of the situation in the story: time, space, causation, intentionality, and protagonist.
If young children’s greater difficulties with updating the location of real objects (versus their physical state) are, as Ozdemir & Ganea
(2020) suggest, partly explained by the need to maintain activation of multiple representations, then the tracking and coordination of
multiple elements of a narrative may prove a challenge, particularly when stories provide implicit, rather than explicit information
about events.

Surprisingly little recent work has addressed young children’s narrative situation model competence, perhaps because research on
discourse processing in young children has tended to focus on narrative production, rather than comprehension (as discussed by Paris
& Paris, 2003), and theoretical perspectives on young children’s narrative competence have tended to conceptualize it as an activity,
rather than as a form of mental representation (Berman, 2009). There is some evidence that around their fourth birthday, children
update the situation model of a story in terms of time and space by taking the mental perspective of a protagonist: they show slower
processing times for descriptions of a visual scene when the protagonist is described as walking as opposed to driving (Fecica & O’Neill,
2010). Rall & Harris (2000) asked whether even younger children could take a protagonist’s point of view when provided with a
familiar fairytale as the narrative. However, to our knowledge, the ability of 3-year-olds to construct a situation model from an un-
familiar story has not been addressed; nor has situation model building in children younger than this been studied, although children of
this age regularly hear unfamiliar stories in a number of genres, including narrative (Rudin, 2024).

One way to support young children’s situation model competence, and thus their inferencing in a story context, may be to include
informative pictures. Two-year-olds’ visual attention to relevant storybook illustrations predicts their comprehension (Kaefer et al.,
2017), and there are rapid developments in children’s pictorial understanding during the first few years of life (for reviews, see
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DeLoache, 2011a, 2011b; Jolley, 2008), suggesting that including pictures may facilitate younger children’s ability to draw inferences
and to use them to update their mental model of a story. Thus, when a story includes an accompanying picture that supports a target
inference at a crucial causal juncture, we might expect it to support children’s ability to update their mental model of the narrative. A
less supportive picture (that is, one that does not directly support the target inference) may play no role in children’s processing of the
narrative, or may even divide children’s attention and serve as a distraction. To date, we are not aware of any studies addressing the
role of pictorial support in young preschoolers’ situation model construction, nor of studies manipulating the extent of its informa-
tiveness. While there is evidence that pictorial representations support 7-year-olds’ situation model representations of simple stories,
as measured using a sentence recognition task (Seger et al., 2019), we do not yet know whether this is the case for much younger
children whose competence in updating a mental model of real events is still emerging.

In the present study, we ask whether 2- and 3-year-olds can draw a simple inference from verbal and pictorial information in the
context of a story, by integrating this information with their general knowledge of the world (e.g., water makes people wet). In Study 1,
we presented children with verbal information that afforded an inference about an action in the story, and we manipulated the
informativeness of accompanying pictorial information. In Study 2 (preregistered at https://osf.io/8jf39/), we manipulated the
presence or absence of an informative picture. We also manipulated the explicitness of the verbal information. In both studies, the
outcome measure was a forced choice between two alternative images of the story character and a distractor (as in Ganea et al., 2007,
Ozdemir & Ganea, 2020). All manipulations were administered between participants, and children received two trials in each study.
Stories were presented as audiovisual narrations on a computer screen. While very young Western children’s exposure to symbolic
media is arguably becoming a fundamental part of their developmental context (Barr, 2019), young children’s challenges in learning
from digital media are well-documented (see Strouse & Samson, 2021 for a review), and it is therefore important to discover whether
young children can update a simple situation model presented digitally.

Study 1

We first asked whether an informative picture would support young children’s updating. Since the ability to update mental rep-
resentations based on explicit information emerges and develops during the second year of life (Ganea & Saylor, 2013), we expected
that 2-year-olds, but not 3-year-olds would update more successfully when the story was accompanied by an informative rather than
uninformative picture (H1). Second, we expected an age effect, with 3-year-olds performing better than 2-year-olds overall (H2), given
evidence for increases during this age period in symbolic reasoning ability and narrative comprehension (Apperly et al., 2004;
DeLoache, 1997; Perfetti et al., 2005). Third, given prior evidence that 3-year-olds can simulate a character’s movements and actions
during story comprehension (Fecica & O’Neill, 2010), we also expected this age group to perform more consistently than 2-year-olds,
succeeding at a rate above chance (H3).

Method

Transparency and Openness

We report how we determined our sample size, all data exclusions, all manipulations, and all measures in the study, and we follow
JARS (Appelbaum et al., 2018). All data, analysis code, and research materials are available at osf.io/8jf39. Data were analyzed using
SPSS versions 28 and 29 and R version 4.0.1 (R Core Team, 2020) utilising the packages tidyverse 1.3.0 (Wickham et al., 2019) and
geepack 1.3-2 (Hgjsgaard et al., 2006). Data and materials are available at osf.io/8jf39.

Participants

Data were collected in 2016-17. We used prior studies on young children’s updating as a guideline for determining the sample size
(Galazka & Ganea, 2014; Ganea & Harris, 2010; Ganea et al., 2007; Ozdemir & Ganea, 2020). Sixty-four 2-year-olds
(Mage = 31.09 months, SD =2.51, range: 25.58 -35.97; 35 girls) and 67 3-year-olds (Mage = 42.25 months, SD = 3.56, range:
36.26-47.84; 36 girls) participated. Inclusionary criteria were normal or corrected-to-normal vision, no history of diagnosis or
treatment of cognitive, speech, language, hearing, or attentional issues, and hearing English spoken at home more than 75% of the
time.

Children were randomly assigned to one of two conditions: a story accompanied by an informative picture (33 2-year-olds, 33 3-
year-olds) and a story accompanied by an uninformative picture (31 2-year-olds, 34 3-year-olds). Data from 31 additional participants
were excluded from analysis due to lack of attention (five 2-year-olds, one 3-year-old), failing to make a choice on either trial (18 2-
year-olds, three 3-year-olds), parental interference (two 2-year-olds, one 3-year-old), and experimenter error (one 3-year-old). Ex-
clusions were evenly distributed across conditions.

Children were recruited from a family volunteer participant pool at a public university, local day cares and a Science Centre in a
large North American city. The majority of participants were White or mixed ethnicity. Due to data loss of demographic information,
information about participants’ specific ethnicity cannot be provided. Data collection took place in a developmental laboratory at the
university, in quiet spaces at daycares, and in a designated room at the Science Centre.

Materials

A sequence of 18 pictures was created using online cartoon generation software (ToonDoo.com) and displayed using animated
Power Point slides on a 24-inch monitor. The accompanying verbal input was recorded by a female native speaker of Canadian English.
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Sound was presented through loudspeakers located behind the screen. A camera was placed on a nearby table or on a tripod at a 90-
degree angle to the screen to record children’s behaviour during the task.

Procedure

Children sat on a child-sized bench or chair at a table ~ 60 cm from the computer monitor, and the experimenter sat next to the
child. The experimenter told the child ‘Let’s watch a story!” The experimenter advanced the PowerPoint slides manually, which
allowed her to bring the child’s attention back to the story if the child became distracted. When this occurred, the experimenter
regained the child’s attention by saying ‘look’ and gesturing towards the screen. Stimuli comprised two trials. Each trial comprised a
brief description phase (40 s), during which a story about a protagonist was presented, and a test phase lasting between approximately
10 and 20s, in which listeners were asked to identify the protagonist from several characters presented on the screen.

During the description phase, trials were administered within participants. All children saw two stories, both comprising a series of
static pictures accompanied by narration, which concerned a child protagonist choosing between two activities. In the first story, a boy,
Tom, chooses to swim in a pool rather than paint (henceforth, Pool Story), and in the second story, a girl, Sally, chooses to hug her
muddy dog rather than eat ice-cream (henceforth, Dog Story) (Fig. 1). All stimuli are available at osf.io/8jf39.

The protagonist then begins to engage in their chosen activity (Tom jumps into the air above the pool; Sally reaches out her arms
towards her dog). At this critical juncture, children heard ‘Tom jumps into the water!” (Pool Story) or ‘Sally hugs the muddy dog!” (Dog
Story). In the informative picture condition, the accompanying picture included water (Pool Story: Tom mid-air above the pool) or
mud (Dog Story: Sally stretching her arms towards the muddy dog). In the uninformative picture condition, the accompanying picture
did not include the substance involved in the action (Tom in mid-jump against a background of the sky, with the pool below him
located off-screen; Sally stretching her arms out towards an off-screen muddy dog).

This is Sally. Sally wants to have some fun today. She is  She could play with her
thinking about what she is going to do. muddy dog.

Or she could eat some ice cream. Sally wants to play with her dog. The dog
is very muddy!

Sally hugs the muddy dog! '[Child’s name], what does Sally look like ‘Like this, like this, or like
(Informative condition) now? What does Sally look like now?” this?"

[llustration used for uninformative picture condition:

Sally hugs the muddy dog!

Fig. 1. Dog Story stimuli in informative and uninformative picture conditions, Study 1.
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The subsequent test phase began with an image of a curtain. As soon as the curtain appeared, the experimenter made eye contact
with the child and asked in an interested tone ‘[Child’s name], what does (e.g.) Tom look like now?’ Without pause the experimenter
then advanced to the test slide, which presented three images of the protagonist: a Target image covered in dripping water (Pool Story)
or with mud (Dog Story); a Distractor image covered in paint (Pool Story) or ice-cream (Dog Story); and an Untransformed image of a
clean protagonist. Inmediately following the appearance of the test slide, the experimenter swept her hand back and forth between the
three versions of the protagonist displayed on the screen, while saying to the child ‘What does (s)he look like now, like this, like this, or
like this’? Thus, if children simply remembered that (e.g.) Tom had done something that would transform his physical appearance,
they should choose randomly between the wet target and the painted distractor. If they had not updated their representation of Tom,
they would choose the untransformed, dry Tom (an image matching that they had originally seen) or choose randomly between all
three images. Finally, if the children had updated their representation of Tom on the basis of what they had heard and seen, they would
choose the wet target Tom, ignoring both the untransformed, dry Tom and the painted distractor.

If children did not point, pointed to more than one image, or made multiple points that did not represent an intentional choice (such
as touching every picture in quick succession), the experimenter repeated the question once. We counterbalanced the order of pre-
sentation of the stories (Pool and Dog) and the location of the target character on the screen (left or right, with the Untransformed
character always displayed in the centre).

Data coding and scoring

Two research assistants coded children’s points to the on-screen images at test (Target, Distractor, or Untransformed). If a child
gave a verbal response that unambiguously identified one of the three images on the screen (e.g., ‘Wet’) but did not point, the verbal
response was accepted. Only those points judged to be intentional were included in the analysis. Children who did not choose an
image, or who indicated more than one image in a way that did not appear to indicate a choice (for instance, pointing to all three
images in quick succession) were excluded from the analysis. Agreement between coders was high, x =.89, p < .001. Disagreements
were resolved by a third coder.

Results and Discussion

Before proceeding to the main analysis, we screened for potential effects of story (Pool Story or Dog Story) on children’s perfor-
mance. For each of the two stories, children were deemed successful if they pointed to the Target image and unsuccessful if they
pointed to a non-target (Distractor or Untransformed image). Thus, children selecting the target image on a particular story were
scored 1 for that story; failure to select the target image resulted in a score of O for that story. A Generalized Estimating Equation (GEE)
analysis with a binomial distribution demonstrated a main effect of age, such that 2-year-olds had lower odds than did 3-year-olds of
succeeding on any given trial (Wald x? (1) = 8.50, p =.004, b =-.456, 95 % CI [-1.45,.54], SE =.51, Exp (B) =.634, 95% CI [.24,
1.71]; see Fig. 2). There were no other significant effects (all ps > .129). Thus, regardless of age or condition children did not perform
differently across stories. Since there were two trials, this result also indicates that children’s scores on the second trial were not
significantly different than their scores on the first trial. Subsequent analyses therefore collapsed children’s scores across Pool and Dog
stories.

Next, we screened for potential effects on children’s overall performance of the order in which children heard the two stories and of
gender. Children selecting the target image on both trials resulted in a score of 1, and failure to select the target image on one or both
trials resulted in a score of 0. A logistic regression analysis stratified by age group and condition was conducted on children’s scores.
There were no significant effects for either age group in either condition (all ps >.099).

To conduct the main analysis investigating the effect of condition (informative picture, uninformative picture), story (Pool Story,
Dog Story), age in months, and their two-way interactions on children’s choices, we submitted the data to a further Generalized

0.75 1

0.70 4

o o
@ =)
=} @
L L

Condition

0.55 1 Uninformative

— Informative

Probability of success
g

0.45 4

0.40 1

0.35 1

26 28 30 32 34 36 38 40 42 44 46 48
Age in months

Fig. 2. Probability of success (0-1) collapsed across Pool and Dog stories, by condition (informative, uninformative).
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Estimating Equation (GEE) analysis with binomial distributions, logit-log link functions and independent covariance structures.
Testing location (laboratory or daycare versus Science Centre, which involved testing children in a somewhat noisier environment) and
order of story presentation were included as covariates. This analysis accommodates the binary nature of the dependent variable and
the presence of a within-subject factor (story) in the data. On each trial, children’s responses were scored as O if they selected an
incorrect response (Distractor or Untransformed) and 1 if they selected the correct response (Target). Table 1 shows the proportion of
children who selected each response category.

There was a main effect of age in months, such that younger children were less likely to succeed than older children on any given
trial (Wald x? (1) =7.54, p=.006, b=.11, 95 % CI [.03,.18], SE =.04, Exp (B) =1.11., 95% CI [1.03, 1.2]). There were no other
significant effects (all ps > .136). Thus, regardless of age or condition, children did not perform differently across stories, and neither
testing location nor the order of story presentation affected overall performance. All interactions were subsequently dropped from the
model. The main effect of age in months remained, such that younger children had lower odds than did older children of succeeding on
any given trial (Wald x? (1) = 12.46, p < .001, b = .08, 95 % CI [.04,.13], SE = .02, Exp (B) = 1.09, 95 % CI [1.04, 1.14]). There were no
other significant effects (all ps > .148). Finally, all three control variables (story, testing location, and item order) were dropped from
the model. There was no significant effect of condition (p = .84), and thus no support for H1. The main effect of age in months remained
(Wald x? (1) =11.81, p < .001, b =.08, 95 % CI [.03,.12], SE = .02, Exp (B) = 1.08, 95 % CI [1.04, 1.12]), confirming H2. This model
was retained.

We then conducted tests against chance in order to examine children’s robust performance, comparing the distribution of children’s
correct responses across two trials (0, 1, or 2 out of 2 trials correct; Table 2). Chance calculations across trials considered the fact that
on each separate trial the probability of success was.33 (.67 for failure) given the 3-choice item test structure. Across 2 trials, the
probability was .45 (.67 x .67) for scoring 0 on 2 consecutive trials, .44 (.33 x.67) = .22 for scoring 1 on 2 trials, and. 11 (33 x.33) for
scoring 2 on 2 trials. Given that the GEE analyses revealed no effect of condition, we examined the performance of each age group
collapsed across both conditions in which they were tested (informative and uninformative picture). Chi-square goodness of fit tests
demonstrated that both 2-year-olds” (x? (2) = 10.01, p = .007, @ = 0.40) and 3-year-olds’ (x? (2) = 95.99, p < .001, @ = 1.20) pattern
of responses across trials was significantly better than that expected by chance. Thus, H3 was not supported.

Taken together, these results suggest that during their third year of life, children acquire the ability to infer a story outcome (i.e.,
wetness) when hearing implicit verbal information (i.e., Tom jumps in the water) by integrating verbal information with their existing
knowledge. Contrary to our prediction (H1), not only 3-year-olds, but also 2-year-olds were able to draw this inference regardless of
whether the picture was supportive of the transformation described in the story. However, as predicted (H2), children’s success
increased as a factor of age in months. The prediction that 3-year-olds, but not 2-year-olds would perform better than chance (H3) was
not supported; however, it is important to note that the size of the effect was substantially larger in 3-year-olds than in 2-year-olds.
Overall, the 2-year-olds had lower odds of succeeding on any given trial in Study 1.

To find out whether the source of 2-year-olds’ difficulty came from the fact that they had to update based on an inference, in Study 2
we manipulated the explicitness of verbal information. Two-year-olds were tested in conditions where no inference was required (the
verbal information was explicit) and this was done either in the presence or absence of a picture. Because 3-year-olds’ performance was
more robust in Study 1 on the basis of implicit information, in Study 2 we were particularly interested in whether this performance
holds even when no picture is present.

Study 2

Study 2 manipulated both the availability of picture information and the explicitness of verbal information, allowing us to address
three research questions and a number of pre-registered hypotheses (available with the data and materials for the experiment at osf.io/
8jf39). Of particular interest was whether pictorial support is necessary for 3-year-olds to successfully update their mental repre-
sentation of a narrative on the basis of an inference drawn from implicit information, and whether 2-year-olds who heard explicit
information but saw no picture would be able to apply their demonstrable updating skills (Ganea et al., 2007) in a narrative context.

First, we asked whether updating is harder for young children on the basis of an inference than on the basis of explicit information.
We predicted that explicitness of verbal information would influence 2- and 3-year-olds’ performance, such that both groups would be

Table 1
Number and proportion of participants choosing each image (target, untransformed target, distractor) by age group and condition, Study 1.
Age group and trial Condition Target Untransformed Distractor
n (%) n (%) n (%)
2-year-olds
Pool Story Uninformative 12 (38.7) 9 (29) 10 (32.3)
Informative 18 (54.5) 9(27.3) 6(18.2)
Dog Story Uninformative 17 (54.8) 5(16.1) 9 (29)
Informative 11 (33.3) 14 (42.4) 8 (24.2)
3-year-olds
Pool Story Uninformative 22 (64.7) 6 (17.6) 6 (17.6)
Informative 22 (66.7) 5(15.2) 6 (18.2)
Dog Story Uninformative 22 (64.7) 9 (26.5) 3(8.8)
Informative 22 (66.7) 9(27.3) 2 (6.1)
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Table 2
Number and percentage of children giving correct responses across two trials (0, 1, or 2 out of 2 trials correct) as a function of age and condition, Study
1.

Condition Informative picture Uninformative picture

n (%) n (%)
Score 0/2 1/2 2/2 0/2 1/2 2/2
2-year-olds 9 (27) 18 (55) 6 (18) 9 (29) 15 (48) 7 (23)
3-year-olds 5(15) 12 (36) 16 (49) 7 (21) 11 (32) 16 (47)

more likely to update when explicit verbal information was given than when implicit verbal information was provided (H1a). In the
case of 3-year-olds, we predicted that receiving explicit verbal information, even in the absence of pictorial information, would support
appropriate inferences at a rate significantly higher than expected by chance (H1b). We made no strong prediction regarding 3-year-
olds’ performance when receiving implicit verbal information with no picture.

Second, we predicted that when receiving explicit verbal information, the presence of an informative picture would influence 2-
year-olds’ performance, such that they would be more likely to update when a picture is provided than when it is not (H2a). We also
expected that 2-year-olds seeing an informative picture while listening to explicit verbal information would demonstrate robust
performance at a rate significantly higher than expected by chance, whereas 2-year-olds who received explicit verbal information and
no picture would do so at a rate no different from chance (H2b); while previous research (Ganea et al., 2007) indicates that explicit
verbal information can be sufficient to support updating, this work did not situate the information in a narrative context. Given that 2-
year-olds gave a less robust performance than 3-year-olds when receiving implicit verbal information accompanied by a picture in
Study 1, we made no strong prediction about 2-year-olds’ performance in these circumstances.

Third, we investigated whether children’s performance improves across their third and fourth years of life. We anticipated that age
in months would predict appropriate inferencing in both 2-year-olds and 3-year-olds, such that older children were more likely to
select the target referent, with no interaction between age in months and condition in either age group (H3).

Method

Participants

Data were collected in 2023. Power analysis using G*Power indicated that for tests against chance (chi-square goodness of fit), in
order to detect a large effect (w = 0.5) at the conventional levels for alpha (.05) and power (.8), we required a minimum of 39 children
per condition: that is, 117 2-year-olds and 78 3-year-olds. One hundred and nineteen 2-year-olds (Mage = 30.05 months, SD = 3.64,

Or he could do some ‘ [CHILD], what does
painting. Tom look like now?
The water is really warm! .
2-year-olds 3-year-olds
(n=119) (n=81)
Explicit Verbal and  Implicit Verbal and  Explicit Verbal and Implicit Verbal and  Explicit Verbal and
Picture (n = 40) Picture (n = 40) No Picture (n = 39) No Picture (n =41)  No Picture (n = 40)
“Tom jumps Into the water! “Tom jumps into the um’ “Tom jumps into the water!
Tom is all wet, He is all “Tom jumps into the water™  Tom is all wet. He is all “Tom jumps into the watert”  Tom is all wet. He is all
covered in water” covered in water” covered In water”
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Fig. 3. Conditions to which 2- and 3-year-olds were randomly allocated and procedure, Study 2. The penultimate slide varied by condition, as
illustrated by the boxes in orange outline. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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range: 24-36 months, 69 girls) and 81 3-year-olds (Mage = 41.95 months, SD = 3.21, range: 36-47 months; 43 girls) participated.
Parents reported their ethnicity as White (39 %), mixed (24.5 %), South Asian (11 %), Chinese (9.5 %), Black (6.5 %), Filipino (3.5 %),
West Asian (2 %), Latin American (1 %), Arab (1 %), and Southeast Asian (.5%). An additional 1.5 % of families declined to disclose
ethnicity information. Inclusionary criteria were identical to those in Study 1.

Children were randomly assigned to conditions as follows (Fig. 3). Two-year-olds were randomized between explicit verbal in-
formation with picture (40 2-year-olds), explicit verbal information with no picture (39 2-year-olds), and implicit verbal information
with picture (40 2-year-olds). Three-year-olds were randomized between explicit verbal information with no picture (40 3-year-olds),
and implicit verbal information with no picture (41 3-year-olds).

We counterbalanced the order of presentation of the stories (Pool and Mud) and the location of the target characters on the screen
(left or right, with the Untransformed character always displayed in the center). An additional 29 children were tested but excluded
from the analysis due to not meeting the language or age requirement (n = 17), failing to make a choice on either trial (n = 11) or being
inattentive (n = 1). Exclusions were evenly distributed across conditions and age groups.

Children were recruited via a family volunteer participant pool at a public university in a large North American city and from local
daycares. Data collection took place in a developmental laboratory at the university and in quiet spaces at daycares.

Materials

Stimuli were identical to those used in Study 1 save for the following changes. First, the visual representation of muddy and water-
soaked protagonists at test was somewhat enhanced. Second, a blank screen was presented in the no-picture conditions. Finally, when
presented at test, verbal information was additionally paraphrased (e.g., in the Pool Story, the protagonist was said not only to be ‘all
wet’, but also ‘covered in water’: see Fig. 3). The procedure for presentation of pictures and audio was identical to that in Study 1. All
stimuli are available at osf.io/8jf39.

Design

In picture conditions, a character was seen in the process of completing the verbally described action, including visual context
(equivalent to the informative picture information provided in Study 1). In no-picture conditions, the screen was blank. In implicit
verbal information conditions, verbal information described an action, but not its consequences (e.g., a character was said to jump into
a pool). In explicit verbal information conditions, actions and their consequences were described (e.g., a character was said to jump
into a pool, be swimming in the water, be “all wet”, and be “covered in water”).

Procedure

Stimuli again comprised two trials. The narrative, description, and test phases were structured as in Study 1. However, the verbal
and visual information presented across conditions was patterned differently from that in the narrative and description phases of Study
1. As the protagonist begun to engage in their chosen activity (e.g., Tom jumps into the air above the pool), children in the explicit
verbal with picture condition heard “Tom jumps into the water. Tom is all wet. He is all covered in water”, alongside a picture of Tom
jumping into the air above the pool. Children in the explicit verbal with no picture condition heard identical verbal information and
saw a blank screen. Children in the implicit verbal with picture condition heard only “Tom jumps into the water” and saw a picture
depicting Tom jumping into the air above the pool. Children in the implicit verbal with no picture condition also heard only “Tom
jumps into the water” and saw a blank screen.

Data coding and scoring
Data coding and scoring were performed in a manner identical to that in Study 1. There was nearly perfect agreement between the
two coders, k=.98, p <.001.

Table 3
Number and proportion of participants choosing each image (target, untransformed target, distractor) by age group and condition, Study 2.
Age group and trial Condition Target Untransformed Distractor
n (%) n (%) n (%)
2-year-olds
Pool Story Explicit verbal with picture 21 (52.5) 10 (25) 9 (22.5)
Explicit verbal, no picture 19 (48.7) 8 (20.5) 12 (30.8)
Implicit verbal with picture 24 (60) 6 (15) 10 (25)
Dog Story Explicit verbal with picture 16 (40) 9 (22.5) 15 (37.5)
Explicit verbal, no picture 24 (61.5) 2 (5.1) 13 (33.3)
Implicit verbal with picture 22 (55) 10 (25) 8 (20)
3-year-olds
Pool Story Explicit verbal, no picture 36 (90) 0 (0) 4 (10)
Implicit verbal, no picture 28 (63.3) 8 (19.5) 5(12.2)
Dog Story Explicit verbal, no picture 39 (97.5) 0(0) 1(2.5)
Implicit verbal, no picture 29 (70.7) 8(19.5) 4(9.8)
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Results and discussion

Table 3 shows the proportion of children who selected each response category.

Before proceeding to the main analysis, we screened for potential effects of story (Pool Story or Dog Story) on children’s perfor-
mance. As in Experiment 1, for each of the two stories, children were deemed successful if they pointed to the Target image and
unsuccessful if they pointed to a non-target (Distractor or Untransformed image). Thus, children selecting the target image on a
particular story were scored 1 for that story; failure to select the target image resulted in a score of O for that story. A Generalized
Estimating Equation (GEE) analysis with a binomial distribution demonstrated a main effect of age, (Wald x? (1) = 42.16, p < .001,
b=.16,95% CI [.11,.20], SE=.02, Exp (B) =1.17, 95 % CI [1.12, 1.22]. There were no other significant effects (all ps >.073). Thus,
regardless of age or condition children did not perform differently across stories. Subsequent analyses therefore collapsed children’s
scores across Pool and Dog stories.

Next, we screened for potential effects on children’s overall performance of the order in which children heard the two stories and of
gender. As in Experiment 1, children selecting the target image on both trials resulted in a score of 1, and failure to select the target
image on one or both trials resulted in a score of 0. A logistic regression analysis stratified by age group and condition was conducted
on children’s scores. There were no significant effects for either age group in any condition (all ps > .75).

To investigate the effect of condition (implicit, explicit verbal information), age in months, and their two-way interactions on trial-
level data (choose target, scored 1; choose non-target, scored 0), data were submitted to Generalized Estimating Equation (GEE)
analysis with binomial distributions, logit-log link functions and independent covariance structures. Story (Pool Story, Dog Story) and
order of story presentation were included as covariates. Given that most experimental conditions were completed either by 2-year-olds
or 3-year-olds but not both, analyses were stratified by age group.

Table 4 shows the proportion of 2-year-olds who selected each response category. For 2-year-olds there were no significant effects,
though there was a marginal effect of age in months (p = .052; all other ps > .125). Interactions that included item order were removed
from the model. There was a main effect of age in months (Wald x? (1) = 18.04, p =.006, b =.178, 95 % CI [.05,.30] SE = .06, Exp
(B) =1.2,95 % CI [1.05,1.36]). There were no other significant effects (all ps > .123). Thus, regardless of age in months or condition,
2-year-olds did not perform differently across stories, nor did order of story presentation affect overall performance. All interactions
were subsequently dropped from the model. The main effect of age in months remained (Wald x?(1) = 15.67,p < .001, b = .15, 95 % CI
[.08,.23] SE =.04, Exp (B) = 1.16., 95 % CI [1.08, 1.25]). There were no other significant effects (all ps > .179). Finally, story and item
order were dropped from the model. There was no significant effect of condition (all ps > .261). Given the lack of condition effects, we
did not find support for our prediction that 2-year-olds would perform better when given explicit than when given implicit verbal
information (H1a), nor that when presented with explicit verbal information, they would do better when shown an informative picture
than when shown no picture (H2a). The main effect of age in months remained, such that older 2-year-olds had higher odds than did
younger 2-year-olds of succeeding on any given trial, supporting our prediction of a significant effect of age in months (H3) for this age
group (Wald x? (1) =12.97, p <.001, b=.14, 95% CI [.06,.21], SE=.04, Exp (B) =1.14, 95% CI [1.06, 1.23]). This model was
retained and is illustrated, along with the 3-year-olds’ model described below, in Fig. 4.

Table 5 shows the proportion of 3-year-olds who selected each response category. For three-year-olds, the model including all
interactions between predictors and between predictors and covariates did not converge. Interactions that included item order were
removed from the model. There was a main effect of story (p =.016) and an interaction between story and age in months (Wald x?
(1)=4.83,p=.028,b=.27,95% CI [.03,.51] SE=.12, Exp (B) =1.31, 95 % CI [1.03, 1.66]), such that the older the child, the higher
their odds of success on the pool story trial, but not the dog story trial. There were no other significant effects (all ps >.200). All
interactions were subsequently dropped from the model. There was a main effect of condition (Wald x* (1) = 8.94, p = .003, b =.1.80,
95% CI[.61, 2.97] SE = .60, Exp (B) = 6.02, 95 % CI [1.89, 19.5]), and no other significant effects (all ps > .242); hence, our prediction
of a significant effect of age in months (H3) was not supported in this age group. Finally, both control variables (story, item order) were
dropped from the model. The main effect of condition remained, such that 3-year-olds who heard explicit verbal information without a
picture had higher odds of success than 3-year-olds who heard implicit verbal information without a picture (Wald x? (1) =9.07,
p=.003,b=1.76,95% CI [.61, 2.9] SE = .58, Exp (B) = 5.8, 95 % CI [1.85, 18.22]), confirming for this age group our prediction that
children would perform better when given explicit than when given implicit verbal information (H1a). This model was retained and,
along with the 2-year-olds’ model described above, is illustrated in Fig. 4.

Next, chi-square goodness of fit analyses were conducted to examine performance against chance across trials (0, 1, or 2 trials
correct; Tables 4 and 5), stratified by age group and condition.

As in Study 1, the chance of succeeding on one trial was.22, and the chance of succeeding on two trials was.11. Given that the GEE
analyses revealed no effect of condition for 2-year-olds, we examined their performance collapsed across all three conditions in which
they were tested (explicit verbal information with picture; explicit verbal information with no picture; implicit verbal information with
picture). Two-year-olds demonstrated success at a rate above chance, x? (2) = 46.10, p < .001, ® = 0.62. Note that analysing 2-year-

Table 4
Number and percentage of 2-year-olds giving correct responses across two trials (0, 1, or 2 out of 2 trials correct) as a function of condition, Study 2.
Condition Explicit verbal with picture Explicit verbal, no picture Implicit verbal with picture
n (%) n (%) n (%)
Score 0/2 1/2 2/2 0/2 172 2/2 0/2 1/2 2/2
13 (32.5) 17 (42.5) 10 (25.0) 5(12.8) 25 (64.1) 9(23.1) 8 (20) 18 (45) 14 (35)
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Fig. 4. Probability of success (0-1) collapsed across Pool and Dog stories, by condition (explicit verbal information with picture, implicit verbal
information with picture, explicit verbal information with no picture, implicit verbal information with no picture).

Table 5
Number and percentage of 3-year-olds giving correct responses across two trials (0, 1, or 2 out of 2 trials correct) as a function of condition, Study 2.
Condition Explicit verbal, no picture Implicit verbal, no picture
n (%) n (%)
Score 0/2 172 2/2 0/2 1/2 2/2
0 (0) 5(12.5) 35 (87.5) 9 (22) 7 (17.1) 25 (61)

olds’ responses separately by condition (our pre-registered analysis) produces analogous results: they performed above chance in the
explicit verbal with picture condition, y%(2) = 8.71, p = .013; in the implicit verbal with picture condition, 2 (2) = 26.88, p < .001; and
in the explicit verbal with no picture condition, )(2 (2) =17.14, p < .001. Thus, our prediction that 2-year-olds hearing explicit verbal
information would perform above chance when also shown a picture was confirmed, while our prediction that they would not do so if
not shown a picture was disconfirmed (H2b).

Three-year-olds also succeeded at a rate above chance in both of the conditions in which they were tested: the explicit verbal
information with no picture condition (x? (2) = 242.64, p < .001, ® = 2.46), supporting H1b, and the implicit verbal information with
no picture condition (x%(2) = 106.08, p < .001, ® = 1.61), about which we made no strong prediction.

To summarize, Study 2 results showed that contrary to expectation, neither the explicitness of verbal information (H1a) nor the
presence of a supportive picture (H2a, H2b) significantly affected 2-year-olds’ updating ability. They performed similarly across
conditions, although as anticipated, older 2-year-olds performed better than younger 2-year-olds regardless of the explicitness of the
verbal information and the presence or absence of a picture (H3). As predicted, explicitness of verbal information influenced 3-year-
olds’ updating ability, such that 3-year-olds who heard explicit verbal information without a picture had higher odds of success than 3-
year-olds who heard implicit verbal information without a picture (H1a). Also as predicted, 3-year-olds given no picture performed
above chance when they received explicit verbal information (supporting H1b) and, impressively, also when they received only im-
plicit verbal information, about which we made no strong prediction. Their performance did not improve as a function of their age in
months (failing to support H3 for this age group). Older 3-year-olds’ improved odds of success on the pool story, but not on the dog
story, may reflect more frequent encounters with mud than with pools; in previous work, the strength of a child’s representation has
been demonstrated to influence their ability to update (Galazka & Ganea, 2014). Future research could control for the role of parent-
reported child experience.

Overall, these results indicate impressive and rapidly developing narrative situation model competence on the part of 2-year-olds
when their updating is supported by an informative picture. They also demonstrate that even without pictorial support, 3-year-olds are
able to update a narrative situation model using only implicit information, though explicit information improves their performance.

General discussion

We investigated for the first time whether young children aged 2 and 3 demonstrate an ability to update a situation model from an
unfamiliar story narrative. We asked whether children’s mental representation of the physical state of a story’s protagonist (wet or
muddy) used information drawn from two systematically manipulated sources: verbal statements that were provided either implicitly
or explicitly in the story, and an informative picture. Two- and 3-year-olds updated their mental representation of the protagonist at a
rate greater than chance, even when the verbal information provided was implicit rather than explicit. This success in using implicit
information for updating in a story context was demonstrated regardless of the type of picture accompanying the verbal information:
an informative picture explicitly depicting a physical substance involved in the event that was causally central to the outcome (water
or mud: Studies 1 and 2), an uninformative picture that did not show this substance (Study 1), or — in the case of a condition presented
only to 3-year-olds — no picture (Study 2). These findings provide evidence that children as young as 2 are beginning to integrate not
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only explicit, but also implicit information into their situation model of a story at a critical juncture when an inference is afforded, and
that the accompanying pictorial information need not be maximally informative in order for this to take place; indeed, that 3-year-olds
can manage this feat with no supporting pictorial information at all. The findings do not, of course, provide evidence that children of
this age would draw the intended elaborative inference from our story when they are not prompted by a question such as that offered at
test (“What does [protagonist] look like now?”). However, given the benefits conferred to children’s comprehension when adults
engage with children in scaffolded dialogic reading (Whitehurst et al., 1988; for a review, see Mol et al., 2008) and the benefits to
children’s learning when adults scaffold children’s engagement with video (Strouse et al., 2013), the ability to use even ‘cued’ in-
ferences to update a situation model is likely to be supportive of children’s developing understanding of narrative.

Nevertheless, effects of both age and informativeness of verbal information were clearly apparent. Taken as a group, children’s age
in months significantly predicted their performance in Study 1 regardless of the explicitness of the verbal and visual information that
they received, and this remained true of 2-year-olds in Study 2. This gradual improvement with age speaks against an account in which
children succeed by using mere associations between linguistic references to the transformation of the protagonist (e.g., ‘water’ ‘wet’,
‘swimming’) and the image of a wet protagonist at test; on such an account, even the youngest 2-year-olds should find the task
straightforward. Three-year-olds’ performance in Study 2 stabilised, such that in this group there was no effect of age in months.
However, in the absence of a picture, 3-year-olds’ performance was significantly less robust when the verbal information they received
was implicit than when hearing explicit verbal information. This suggests that implicit verbal information embedded in a narrative,
when provided without pictorial support, presents challenges for young children’s updating. It seems unlikely that this simply reflects
a broader cognitive difficulty with updating a mental representation from information that is not explicit, since, as discussed, it has
long been established that young children are able to update their mental representation of a situation that is largely imaginary, using
information that is merely implied (Harris et al., 1996).

The current study used narrated pictorial stories were presented via digital media, meaning that children had to draw an inference
without social input while avoiding activating representations of irrelevant actions (in the current study, Tom’s opportunity to paint in
the Pool Story, and Sally’s opportunity to eat ice-cream in the Dog Story). These aspects of updating a situation model are not required
during in-person verbal updating (e.g., Ganea et al., 2007), nor during pretend transformations in which the implied actions are
physically acted out in front of the child by a social partner as they unfold (Harris et al., 1996). Across Studies 1 and 2, a substantial
proportion of 2-year-olds appeared to have difficulty in suppressing representations of irrelevant actions, choosing an inaccurate
representation of the protagonist’s current state (e.g., Tom covered in paint). The nature of the distractor used in this study contrasts
with the nature of the distractor used in both the work of Harris and colleagues (in which the distractor option was not mentioned) and
with live interaction updating paradigms to date, in which children are required to suppress the activation of an irrelevant character,
rather than an irrelevant action. For instance, Ganea et al. (2007) introduced children to Lucy, a toy frog, and to a nameless toy pig.
Once out of sight of Lucy, children were told verbally that Lucy is ‘all covered in water’; the distractor offered at test was a wet toy pig. a
used a similar procedure in studying children’s updating of imaginary states of affairs. Given the relative simplicity of distinguishing
individual identities when compared with the complexity of human goals, which can change for a wide variety of reasons, the acti-
vation of actions that are irrelevant to the story may be more difficult for young children to suppress than the activation of an irrelevant
character. Picture books for young children tend to establish narrative coherence through goal-directed action (Nicolopoulou, 2008).
Thus, it is possible that in a narrative context, goal information that becomes irrelevant is particularly disruptive of young children’s
updating, their situation model building, and ultimately their story comprehension. Further work will be required in order to test this
account. For instance, the nature of the information to be updated, and thus the distractor, could be manipulated while also inves-
tigating inhibitory control as a potential cognitive correlate of success.

Future work should also attempt to draw out the particular picture/text relations that support updating most effectively in a
narrative context, both during the unfolding of the story and at the critical juncture when an inference is required. This work might
usefully draw upon the category system for picture-text relationships developed by Martinez & Harmon (2012), which develops the
notion of the informativeness of a picture within a story by examining not only how much critical information about character, plot,
setting, and mood is conveyed by the picture, but also the degree of interdependence of picture and text in terms of the extent to which
both are necessary in order to gain information considered critical to the story. For instance, the plot of a story in which a fox attempts
to catch an oblivious chicken, and is continually foiled (Hutchins, 1968), is categorised as ‘picture only’ by dint of the fact that the fox
and its thwarted threats to the survival of the chicken are only ever evident in the pictures. They are never referred to in the text, in
which only the activities of the chicken are described. By contrast, a story in which the text informs readers that that a small boy has
brought friends to see the king and queen, revealing which friends (animals) only in pictures (de Regniers, 1964), has a plot categorised
by Martinez & Harmon (2012) as ‘interdependent’: that is, both picture and text are needed in order to understand it.

While the target inferences in our stories concerned physical changes that were salient to children, drew attention to the relations
between characters and objects, and were within children’s prior experience of the world (getting messy), future studies may reward
attention to the developmental trajectory of situation model construction that requires updating of different types of transformations
and events, including mental states. There is some evidence that even when provided with explicit information, 3-year-olds cannot yet
take the mental perspective of a character who is thinking about a place (O’Neill & Shultis, 2007), nor attribute feelings to a story
character that contradict their own privileged knowledge about upcoming story events (for instance, that the wolf, not grandma, is
waiting for Red Riding Hood: Ronfard & Harris, 2013), suggesting that this question may reward future investigation in older 3- and 4-
year-old children.

To gain insights into very young children’s situation model updating is to understand how they come to know aspects of the world
through narrative. Future research that seeks to clarify the nature and time course of the encoding and activation processes involved in
preschoolers’ narrative comprehension will move our understanding of children’s early narrative comprehension beyond the what and
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towards the how of children’s creation of meaning-based representations from narratives.
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