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Abstract
Word learning studies traditionally examine the narrow link between words and

Correspondence objects, indifferent to the rich contextual information surrounding objects. This
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research examined whether children attend to this contextual information and con-
struct an associative matrix of the words, objects, people, and environmental context
during word learning. In Experiment 1, preschool-aged children (age: 3;2-5;11 years)

All raw data, code, analyses, and stimuli are were presented with novel words and objects in an animated storybook. Results

available at https://osf.io/n3pxb/ revealed that children constructed associations beyond words and objects. Specif-

ically, children attended to and had the strongest associations for features of the
environmental context but failed to learn word-object associations. Experiment 2
demonstrated that children (age: 3;0-5;8 years) leveraged strong associations for the
person and environmental context to support word-object mapping. This work demon-
strates that children are especially sensitive to the word learning context and use
associative matrices to support word mapping. Indeed, this research suggests asso-
ciative matrices of the environment may be foundational for children’s vocabulary
development.
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1 | INTRODUCTION Bartlett, 1978; Horst & Samuelson, 2008; Vlach & Sandhofer, 2012).

» o«

Children are presented with novel labels (e.g., “wug”, “fep”) and are

The process of learning a new word involves many challenging steps.
Children must segment a speech stream, encode the novel word form,
identify the intended referent of a word, and store the word-referent
pairing for subsequent retrieval. Despite the difficulty of these steps,
preschool-aged children readily map words to referents, a behavior
termed fast mapping (Axelsson et al., 2012; Carey, 2010; Markman,
1989; Mather & Plunkett, 2012; Spiegel & Halberda, 2011; Vlach &
Sandhofer, 2012). In laboratory studies, researchers have used a con-
sistent paradigm to determine how children fast map words to objects

(see Figure 1 for a schematic of fast mapping tasks; e.g., Carey &

simultaneously shown novel objects during a learning phase. Children’s
ability to associate the labels with the respective objects is tested
immediately after the learning phase using a recognition memory test.
For instance, the experimenter shows children a series of novel and/or
familiar objects and asks: “Which one is the wug?”.

This body of work has revealed that children utilize a variety of
linguistic (Mather & Plunkett, 2009; Woodward et al., 1994) and
extralinguistic cues (Brooks & Meltzoff, 2008; Diesendruck & Markson,
2001; Grassman & Tomasello, 2010; Mather & Plunkett, 2012; Smith,
2000) during word mapping. Many of the cues children use to map

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
© 2022 The Authors. Developmental Science published by John Wiley & Sons Ltd.

Developmental Science. 2023;26:13291.
https://doi.org/10.1111/desc.13291

wileyonlinelibrary.com/journal/desc | 1of 17


https://orcid.org/0000-0003-1686-8878
https://orcid.org/0000-0001-6905-2106
mailto:mknabe@wisc.edu
https://osf.io/n3pxb/
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/desc
https://doi.org/10.1111/desc.13291
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fdesc.13291&domain=pdf&date_stamp=2022-06-03

20f17 Developmental Science
2 | WILEY

Word Object

Word Object
Person

Word Object
Context

FIGURE 1 Traditional fast mapping studies assess how children
map words to objects in a single encounter, as well as the use of social
(e.g., person) and environmental (e.g., context) cues in word mapping

words to objects are social in nature (Akhtar & Tomasello, 1996; Brig-
anti & Cohen, 2011; Houston-Price et al., 2006; Koenig et al., 2004;
Tomasello & Akhtar, 1995; Yu & Ballard, 2007). For instance, pointing
and eye-gaze are two potent extralinguistic cues used to determine the
referent of a label. Early on in development, infants and young children
recognize that eye gaze and pointing are intentional acts that refer to
shared events in the environment (Senju & Csibra, 2008). Furthermore,
caregivers use children’s attention to objects in the environment as
opportunities for word learning (e.g., Chen et al., 2021; Tamis-LeMonda
etal., 2014; Yu & Smith, 2017; Yu et al., 2019). The sociopragmatic cues
used by children and caregivers can then be exploited to guide learning
of novel word-object mappings, effectively reducing ambiguity during
labeling (Baldwin, 1991; Woodward, 2003).

Children also learn words across several environments (e.g., home,
school, play areas) and use these broad environmental cues to map
words to objects (Clerkin et al., 2016; Roy et al, 2015; Samuel-
son et al., 2011; Tamis-LeMonda et al., 2019; Vlach & Sandhofer,
2011). Research has shown that even when the environmental con-
text is irrelevant to the word learning event, children use these cues
to guide word mapping. For example, Vlach and Sandhofer (2011)
manipulated whether the physical background surrounding target
objects (i.e., the pattern/color of a cloth placed underneath the object)
matched between learning and test. Their results demonstrated that
2-year-olds’ word mapping performance was lower at test when the
context cues changed, whereas 3-year-olds’ performance was sup-
ported when learning was distributed across a variety of contexts.
These studies suggest that children encode the environmental con-
text during word learning and use these cues to determine word-object
associations.

Research on fast mapping has identified the social and environ-

mental cues that impact children’s mapping of words to objects in
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RESEARCH HIGHLIGHTS

* We examined children’s attention to and memory for the
associations between words, objects, people, and broader
environmental context encountered during a word learn-
ing episode.

* Experiment 1 revealed that children had the strongest
associations for features of the word learning context (i.e.,
person and scene context).

* Experiment 2 revealed that children could leverage
stronger associations for the person and scene context to
map words and objects.

* Children construct contextually-grounded associative
matrices to support word mapping and thus researchers
should shift to focusing on contextual information when
developing word learning theories.

Word Object

Word Object

FIGURE 2 Cross-situational word learning studies assess how
children use the co-occurrence of words and objects across multiple
encounters to learn word-object associations

a single encounter. Other approaches to language development view
word learning as the gradual accumulation of word meanings across
several encounters (see Figure 2 for a schematic of CSWL paradigms;
e.g., Smith & Yu, 2008; Suanda et al., 2014; Yurovsky et al., 2014). These
cross-situational word learning (CSWL) paradigms present learners
with several words and objects on-screen (“This is a wug. This is a
dax.”). At first, it is ambiguous which word corresponds to which
object. Across the learning phase, however, words and objects co-
occur in a reliable manner. If the learner attends to the presented
co-occurrence statistics, they will successfully learn the presented
word-object mappings.

Fast mapping and CSWL paradigms assess different timescales of
word learning but share an important commonality: Both tasks are
conducted in artificial word learning environments in which there
is little exposure to information beyond words and objects. That is,
researchers have primarily examined the narrow link between words
and objects even though various cues promote learning of word-object
associations. Indeed, what leads to better experimental control may
diverge in important ways from the environments presented to the
early word learner (see Smith et al, 2014, for a review). In real-

world scenarios, children are presented with a rich set of cues during
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FIGURE 3 Schematic of the associative matrix of a word learning
episode investigated in Experiment 1

word mapping. These cues provide the opportunity for children to
generate many associations, such as between words, objects, people,
and the broader environmental context. For example, when a child
hears “Can you get the fork?” for the first time, they may encode the
fork, their caregiver speaking, a nearby spoon, and the overall back-
ground context (i.e., kitchen), forming a rich matrix of associations
between the object and its environment. Thus far, we know very lit-
tle about the nature of these broader associative matrices during word
learning, and how the interconnectedness of associations contributes
to word mapping (for a review, see Yu & Smith, 2012).

We addressed this gap in the current research by characterizing
children’s associative matrices for word learning events and examin-
ing how children may use a broader system of associations to map
words to objects. We grounded our research in the context of children’s
learning from screens, in which children organically learn words via e-
storybooks, real-time conversations with relatives, etc. (Akhtar, 2005;
Axelsson & Horst, 2014; Horst & Houston-Price, 2015; Horst et al.,
2011; Houston-Price et al., 2014; Khu et al., 2014; Williams & Horst,
2014). We hypothesized that children acquire a system—or matrix—of
associations between words, objects, people, and the broader environ-
mental context (a simple version is presented in Figure 3). If children
build a system of associations, we predicted that the children lever-
age this system to retrieve word-object mappings (Smith & Yu, 2008;
Smith et al., 2014). One example of leveraging is semantic bootstrapping,
inwhich children use prior associations between word positionin a sen-
tence and word meaning to learn a novel word (e.g., see Hohle, 2009
for a review; Kachergis et al., 2017). Children may also use other asso-
ciations, such as the association between objects and their locations in
scenes, to learn word-object mappings.

1.1 | The current research

To characterize the nature of children’s associative matrices for word
learning events, the current research examined children’s visual atten-
tionto and recognition memory for features of aword learning episode.
We assessed visual attention to gauge online processing of the word
learning scene; understanding how children visually inspect their envi-
ronment in-the-moment provides a window into how associations
between words and objects are formed (Ellis et al.,2015; Weighall et al.,
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2017). Previous research has used eye tracking technology for captur-
ing children’s attention to cues in the word learning environment (e.g.,
Gliga et al., 2009; Yow et al., 2017), and thus we used a Tobii X3-120
eye-tracker to measure children’s visual attention. We also assessed
children’s recognition memory for features of the word learning events
as ameasure of the associations children form and retrieve during word
learning events. Children were tested on their memory for associa-
tions between words, objects, people, and the broader environmental
context.

We extended the basic model of studying word-object associations
(i.e., the fast mapping paradigm) by incorporating additional factors
children encounter in everyday word learning: multiple objects, peo-
ple, and an environmental context. In Experiment 1, children were
taught six novel-object pairings across six animated storybook scenes.
In line with research outlined above, we hypothesized that chil-
dren would encode the social and broader environmental context in
which words are presented, and thus remember more than just word-
object mappings. In Experiment 2, we investigated whether children
could use the broader person and environmental context to support
the mapping of word-object associations. We hypothesized that chil-
dren could leverage the environmental context for word-object map-
ping. Taken together, these experiments afforded the opportunity to
characterize children’s associative matrices more naturalistically, and
assess how cues beyond words and objects can be exploited to learn

novel words.

2 | EXPERIMENT 1
2.1 | Method

The experimental protocol was approved by the Education and
Social/Behavioral Institutional Review Board. Signed consent was
obtained from a parent or legal guardian of each participant and verbal
assent was provided by each participant before the study began.

2.1.1 | Participants

The participants were 46 typically developing preschool-aged children
(Mage = 55.57, SD = 9.16, range: 38-71 months, 21 girls) and were
recruited from local day care centers and preschools. An additional
four children were excluded due to missing eye-tracking data or gaze
samples lower than 30% (i.e., the percentage of usable samples from
the total number of recorded eye tracking samples). An additional child
was excluded for missing important demographic information. The age
range (i.e., 3- to 6-year-olds) was chosen because it is a period of devel-
opment in which children are rapidly learning new words. A power
analysis, using Cohen’s s d and a conservative estimate of effect size
(d =0.5), was conducted to determine a sample size that would provide
at least 80% power. Effect sizes were gathered from previous stud-

ies assessing children’s learning of word-object associations (ds < 1.0;
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Characters:
Anne Kate Jane Mike John Rob
ALY D) e
- . —
Novel Objects:
Zoop Blicket Neem Dax Modi Gipple
Scenes:
Bedroom Forestwith Snowman Living Room
X =
I A M
S
Playground Dining Room

FIGURE 4 Stimuli used during the experiment. Stimuli included six characters (three males, three females), six novel objects, and six animated
storybook scenes. Characters and novel objects were randomly assigned names and labels

e.g., Horst & Samuelson, 2008; Yow et al., 2017). A power analysis
for a one-sample t-test, with « = 0.05 and d = 0.5, yielded a sample
size of at least 27 participants to achieve 80% power. Because prior
research has found that attention to the social environment is affected
by language learning history (e.g., Colunga et al., 2012; Yow et al.,
2017), we recruited monolingual (n = 26) and second language exposed
(n = 20) children. Participants were collapsed into one group for sub-
sequent analyses because no differences between language groups
were observed. Children received a storybook as a thank you for their

participation.

2.1.2 | Apparatus and stimuli

The experimental stimuli (Figure 4) were presented on a Dell Preci-
sion 7510 laptop. Visual stimuli consisted of six animated storybook
scenes, which were shown twice in the same order (Figure 5). Scene
settings included a bedroom, a forest with a snowman, a living room,
a playground, a dining room, and a forest in the summer. These scenes

were selected because they are all familiar spaces for children in the

local area. To ensure scenes were similarly interesting, each contained
two salient background objects (e.g., tree and snowman, tree and rock,
television and bookshelf etc.). Two novel objects were displayed in
each scene, which included one target and one distractor object. Novel
objects were tested for their nameability and familiarity by a sample of
34 adults. Each scene also consisted of two cartoon characters selected
from a set of three female and three male characters. Every character
appeared twice across the six scenes, labeling the target object once
and serving as an additional speaker once. Target objects were ran-
domly assigned a set of six novel labels (i.e., gipple, dax, modi, neem, zoop,
and blicket) that followed American English phonotactics. A female,
native American English speaker narrated the procedure.

Eye movement data was collected during the learning phase using a
portable Tobii X-120 eye-tracker mounted ona 34.5 x 19.3 cm Dell Pre-
cision 7510 laptop monitor, sampling at 120 Hz. Cameras embedded in
the eye tracker recorded the reflection of an infrared light source on
the cornea relative to the pupil for each eye. The average accuracy of
the eye tracking system is 0.4° with an average precision of 0.24°. Gaze
recovery time following eye blinks is immediate, whereas a 100-ms

recovery time is needed following lost tracking. Children were seated
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Exposure 1

Learning Phase: Experiment 1 and Experiment 2

Exposure 2

Bedroom

Anne: Can | showyou gipple, Mike?
Mike: What is it like, Anne?

Anne: Gipple is very comfortable to
sleepon!

Snowman

Rob: Do you see dax, Kate?

Kate: Why is itonthe snowman,
Rob? Rob: Dax is a great snowman
hat!

Living Room

Mike: Can you give me modi, John?
John: Why do you need it, Mike?
Mike: Modi switches channelson
™!

Playground

Kate: Have you played with neem,
Jane?

Jane: How do you play with it,
Kate?

Kate: Neem isthrown like this!

Dining Room

John: Have you used zoop, Rob?
Rob: Whatdoes it do, John?
John: Zoop helps you eat your
food!

Forest

Jane: Canyou see blicket, Anne?
Anne: Where is it, Jane?

Jane: Blicketis inthe tree!

FIGURE 5 Stimuliand script used during the learning phase of Experiments 1 and 2. Each scene was shown twice, resulting in target objects

being labeled four times each

at a viewing distance of 60 cm. With this viewing distance, the 34.5 x
19.3 cm stimuli on-screen subtended 32.08 x 18.27 ° visual angle. The
eye-tracker was calibrated for each child using a 5-point calibration.
The recording was started after each of the 5 points was calibrated for

each eye.

2.1.3 | Procedure

There were two phases of the experiment: a learning phase and a

testing phase. Before beginning the experiment, children were told

that they would be watching videos of characters teaching them new
things. They were also asked to stay as still as possible throughout the

experiment.

2.1.4 | Learning phase

Following eye tracker calibration, the experiment began with a learning
phase (Figure 5). In the learning phase, children viewed six animated
videos twice, resulting in 12 learning trials. A black fixation cross

(159 x 167 pixels) was displayed on a white screen for 1 s after each
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scene to orient the child’s attention to the middle of the screen. The
order of the videos (i.e., bedroom, forest with a snowman, living room,
playground, dining room, and forest in the summer) stayed the same
across both exposures. Furthermore, the pairings between the novel
objects, characters, and scenes were consistent across participants.
Each scene began with a target and distractor object in view. Imme-
diately after the scene began, the target speaker entered from either
the left or right side of the screen for 3 s. Following the entrance of the
first character, the second character entered from the opposite side
of the screen for 3 s. The side (left/right) from which each character
entered was counterbalanced across scenes to ensure characters spent
an equivalent amount of time on-screen. A dialogue began once both
characters had entered (12 s after the start of the trial). The dialogue
consisted of three sentences in which the target object was named
twice. For example, in the first scene, the target speaker stated: “Can
| show you gipple, Mike?”. The additional speaker responded: “What is it
like, Anne?”. Finally, the target speaker claimed: “Gipple is very comfort-
able to sleep on” (see Appendix A for dialogue script). The characters
moved their arm every time they spoke to indicate that they were
the speaker, and the target speaker pointed at the target object dur-
ing the last sentence to highlight the intended referent. After a 0.25 s
delay following the last sentence, the target object spun for 2 s to high-
light the intended referent once more. Visual attention was measured

throughout the entire duration of each scene (23 s).

2.1.5 | Testing phase

Immediately following the learning phase, the experimenter presented
children with six forced-choice recognition tests for six categories of
associations: word-object, person-object, scene-object, scene-person,
scene-word, person-word associations. Each test consisted of six trials
(Figure 6). Children were assigned to one of two randomly generated
test orders (Order 1, Order 2). For all trials, the image was displayed
on screen until children selected one of the options. Thus, chance per-
formance was at 33.33%. Each of the six novel objects was tested once
and each trial was separated by a fixation cross displayed for 1 s. The
experimenter did not provide feedback during testing. If no answer was

selected, the trial was left blank and scored as incorrect.

2.1.6 | Word-object associations test trials

Children viewed three target objects along the bottom of the screen
and heard the narrator request one of the objects (e.g., “Which one is
gipple?”). The three objects consisted of the target object, the distractor
object, and a third object that did not appear with the target object.

2.1.7 | Person-object associations test trials

Children saw the target object appear on the top of the screen while the

narrator asked, “Can you point to who played with this?”. Three charac-

KNABE anp VLACH

ters appeared on screen after the narration, which included the target
speaker, the additional speaker, and a third speaker that did not appear
when the target object was named.

2.1.8 | Scene-object associations test trials

Children saw the target object appear on the top of the screen while
the narrator asked, “Can you point to where you heard the kids talk
about this?”. Three scenes appeared at the bottom of the screen, includ-
ing the scene where the object served as a target, the scene where the
object served as a distractor, and a third scene in which the object did

not appear.

2.1.9 | Scene-person associations test trials

Children saw the target speaker appear on the top of the screen while
the narrator asked, “Where did this person teach you about a new toy?”.
Once again, three scenes appeared at the bottom of the screen, includ-
ing the scene where the target speaker labeled the object, the scene
where the character was the additional speaker, and a scene in which

the character did not appear.

2.1.10 | Scene-word associations test trials

Children viewed three scenes along the bottom of the screen and heard
the narrator ask where the characters taught them about a given novel
object (i.e., “Can you point to where the kids taught you about gipple?”).
The three options included the scene in which the intended referent
was labeled, the scene in which the intended referent appeared but was
not labeled, and a scene in which the referent did not appear.

2.1.11 | Person-word associations test trials

Children viewed three characters along the bottom of the screen and
heard the narrator ask who taught them about a given novel object (i.e.,
“Can you point to who taught you about gipple?”). The three options
included the target speaker, the additional speaker, and a character

that did not appear with the intended referent.

2.1.12 | Data analysis

To characterize children’s visual attention, we analyzed children’s eye
movements during learning using an Area of Interest (AOI) approach
on Tobii’s Pro Lab (Version 1.118). AOls were defined manually around
five areas in the learning phase: the target object (180 x 190 pixels),
the distractor object (180 x 190 pixels), the target speaker (369 x 660
pixels), the additional speaker (369 x 660 pixels), and the entire scene
(1919 x 1074 pixels). The scene AOI was drawn around the entire
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FIGURE 6 Example stimuli and script used during the testing phase of Experiment 1. The testing phase consisted of six forced-choice
recognition tests (i.e., word-object, person-object, scene-object, sceneperson, scene-word, person-word), in which associations for all six scenes

were tested

frame and the target object, distractor object, target speaker, and addi-
tional speaker AOls were subtracted from the scene AOI. These AOIls
were chosen because they represented important features of the word
learning episode and associative matrix: the objects, speakers, and
environmental context. AOI sizes for each feature were kept constant
across all six storybook scenes and all looking measures were weighted
based on AOQI size (see calculations below). Looking to the AOls was

measured for the entire duration of the scene, which was consistent

across all six scenes. No AOIs were drawn for the testing phase because
our research aim focused on attentional mechanisms during learning.
Children’s looking during learning was quantified as the average
proportion of looking to each AOI (e.g., Gangopadhyay & Kaushan-
skaya, 2020; Pomper & Saffran, 2019; Yow et al., 2017) using the
following steps: First, as larger AOIs result in more looking, all out-
come measures Vv (e.g., total fixation duration, average fixation count)

were weighted based on AOI size. Below, g, s, and i index the AOI,
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TABLE 1 Weighted averages for eye tracking measures by AOI-Experiment 1
Variable Target object Distractor object Target speaker Additional speaker Scene
Proportion of total fixation duration 0.22(0.01) b:d-e 0.03(0.00) 2:<:d-e 0.21(0.01) b-d-e 0.16 (0.01) @b 0.30(0.01) >b-cd
Average fixation count 15.17 (1.09) >© 2.96(0.29) 2<de 19.27(1.02) e 14.33(0.70) >-<e 29.24(1.19) b-ed

Note: Weighted proportion of total fixation duration and average fixation count (+ SE) to the five AOls. To adjust for multiple comparison, the p-value was set

t0 0.005.

aSignificantly different from target object. PSignificantly different from distractor object. Significantly different from target speaker. 9Significantly different

from additional speaker. ©Significantly different from scene.

scene, and individual participant, respectively. The weighted outcome

vis

Va,s,i
o S 1
Vasi 1+ Pa,s @)

where the weights p are the proportions each AOI comprised in the
oversall scene: p, s = %f'“;. Next, the proportions of looking to each
AOI for each individual and scene were calculated. Finally, because we
were interested in the average proportion of looking to each AOI for
each individual participant, the mean proportion across all scenes was

computed:

6 o

1 Va,s,i

Vai=7 2 5 . 2)
s=1 Ea: 1 Vasi

Thus, the outcome measures y capture the average proportion of
looking to an AQI for each participant, controlling for the size of the
AOI.

Children’s memory performance on the forced-choice recognition
tests was calculated as the proportion of correct trials out of six trials
for each of the six tests. Because each testing trial included three
response options, chance level was 0.33. One-sample t-tests were
conducted to assess whether mean performance on each of the six
tasks was significantly greater than chance, ps > 0.05. Furthermore,
paired samples t-tests were conducted to compare the strength of
associations. Finally, Pearson’s correlations were conducted to assess
the relation between children’s visual attention and their memory for
associations.

2.2 | Results and discussion
2.2.1 | Visual attention

A central aim of this study was to assess children’s attention to fea-
tures of aword learning episode (Figure 7). First, we analyzed children’s
eye movements during learning. We assessed looking using total fix-
ation duration and average fixation count. Fixation duration captures
the total duration of all individual fixations to an AOIl and is a common
eye-tracking metric used in psychological science (Gliga et al., 2009;
Yow et al., 2017).

Results revealed that children spent a high proportion of the

learning trials fixating on key features of the word learning episode:

FIGURE 7 Example stimuli and script used during the testing
phase of Experiment 2. The testing phase only tested word-object
associations. Half of the objects were presented with their
corresponding scene context; half of the objects were presented with
their corresponding person context. Order of object presentation and
type of context reinstatement was counterbalanced across
participants

the target object, speakers, and overall scene (Table 1). Specifically,
Bonferroni-corrected (« = 0.005) paired samples t-tests revealed that
children spent a significantly greater proportion of time attending
to the overall scene in comparison to the target speaker, p < 0.001,
d = 0.84, additional speaker, p < 0.001, d = 2.71, target object,
p <0.001, d =0.73, and distractor object, p < 0.001, d = 7.53. Notably,
children spent a significantly lower proportion of time attending to the
distractor object in comparison to the scene, target speaker, p < 0.001,
d = 4.91, additional speaker, p < 0.001, d = 4.66, and target object,
p < 0.001, d = 3.70. The same pattern of results was observed when
examining the average number of fixations across children: the high-
est number of fixations were to the scene and the lowest number of
fixations were to the distractor object (Table 1). In sum, looking mea-
sures revealed that children attended to important features of the
word learning environment and spent the most time attending to the
overall scene and person context.

2.2.2 | Memory performance

Much like prior studies testing memory for word-object associations,
we assessed children’s forced-choice recognition performance at an
immediate test. We hypothesized that children would have mem-

ory for more than just word-object mappings, and potentially have
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FIGURE 8 Proportion correct on the word-object (A), person-word (B), scene-word (C), scene-object (D), person-object), and scene-person (F)
associations at the post-test, * indicates performance was significantly above chance, ps < 0.05

TABLE 2 One-sample T-tests comparing associations to chance level-Experiment 1

Variable M SD

Scene-object 0.75 0.32
Word-object 0.38 0.26
Scene-person 0.42 0.23
Scene-word 0.44 0.24
Person-word 0.47 0.20
Person-object 0.51 0.22

df T p d

45 9.10 <0.001* 1.34
45 1.23 0.227 0.18
45 2.84 0.007* 0.42
45 3.01 0.004* 0.44
45 4.79 <0.001* 0.71
45 541 <0.001* 0.79

Note: Results for one-sample t-tests comparing all associations to chance level (0.33).

*ps < 0.05.

stronger memory for the social and scene context in which words
were presented (Baldwin, 1991; Vlach & Sandhofer, 2011; Woodward,
2003).

We began our analyses by examining performance on the six
forced-choice recognition tests. Performance was calculated as the
proportion of correct responses out of six trials (Figure 8). One sam-
ple t-tests revealed that mean performance was significantly above
chance (33.33%) for all associations, except word-object associations
(Table 2). Overall, children’s memory for word-object associations
was numerically lowest and their memory for scene-object associa-
tions was numerically highest. A series of Bonferroni-corrected t-tests
(ex = 0.005) revealed that children’s performance on word-object asso-
ciations was significantly lower than performance on scene-object and
person-object associations (Table 3), whereas performance on scene-
object associations was significantly greater than all other associations

(Table 4). Taken together, these findings suggest that children did not
learn the novel words. Instead, their memory performance was great-
est for associations between objects and scenes, followed by objects
and speakers.

2.2.3 | Linking visual attention and memory

The next question was whether children’s visual attention was related
to their memory performance. That is, did children who looked more to
the scene and object also demonstrate better memory for scene-object
associations? In contrast to our prediction, total fixation duration,
r =0.29, p = 0.06, and average fixation count, r = 0.17, p = 0.27, to
the scene and object were not related to performance on scene-object
associations. Similarly, total fixation duration, r = 0.27, p = 0.09, and
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TABLE 3 Paired-samples T-tests comparing word-object associations to all other associations-Experiment 1

KNABE anD VLACH
df T p d
45 6.77 <0.001* 1.27
45 -0.95 0.174 0.16
45 -1.35 0.092 0.24
45 -2.24 0.015 0.39
45 -2.72 0.005* 0.54

Note: Results for paired-samples t-tests comparing word-object associations to all other associations. To adjust for multiple comparison, the p-value was set

Association M SD
Scene-object 0.75 0.32
Scene-person 0.42 0.23
Scene-word 0.44 0.24
Person-word 0.47 0.20
Person-object 0.51 0.22

to0.01.

*ps < 0.01.

TABLE 4 Paired-samples T-tests comparing scene-object associations to all other associations-Experiment 1

df T p d

45 6.77 <0.001* 127
45 6.58 <0.001* 1.18
45 557 <0.001* 1.10
45 5.35 <0.001* 1.05
45 6.36 <0.001* 0.87

Note: Results for paired-samples t-tests comparing scene-object associations to all other associations. To adjust for multiple comparison, the p-value was set

Association M SD
Word-object 0.38 0.26
Scene-person 0.42 0.23
Scene-word 0.44 0.24
Person-word 0.47 0.20
Person-object 0.51 0.22

to 0.01.

*ps < 0.01.

average fixation count, r = -0.01, p = 0.97, to the target object were
not related to performance on word-object associations (see Appendix
B for additional analyses). These results did not align with previous
research on fast mapping, which has found that children’s visual atten-
tion generally parallels the strength of their associations (e.g., Elliset al.,
2015; Weighall et al., 2017; Yow et al., 2017).

Taken together, the results from Experiment 1 revealed that chil-
dren formed associations between multiple features of events during
word learning, forming an associative matrix. When aggregating visual
attention to and memory for features of the word learning episode
across children, we found that children spent the most time looking
at the scene and had the strongest association for the relationship
between the object and the scene. Individual children’s looking behav-
ior to the overall scene and object; however, was not related to their
memory for scene-object associations. These results suggest that there
may be individual differences in children’s looking to word learning
scenes. Whereas some children may rapidly link objects with the scene
context (e.g., Oliva, 2005) and then attend to different information
within the word learning episode, other children may struggle to link
objects with the overall scene context, resulting in longer dwelling
times. Moreover, coarse measures of looking—as used in the present
study—do not provide insight into children’s dynamic visual attention.
Future work should therefore investigate the relation between scan
patterns and children’s associations between words, objects, speakers,
and the scene context (see Helo et al., 2014 for scene viewing behavior
in children).

Why did children have weaker associations between objects and
words in comparison to objects and the environmental context (i.e.,

person or scene context) when prior research has demonstrated robust

fast mapping in children? Unlike prior studies, the word learning events
in the current study were more visually complex. It is plausible that
children spent time encoding other aspects of the scene and thus
more weakly encoded the target object and/or word. In fact, although
children fixated on the target object, the proportion of fixations to
the speakers and overall scene either matched or exceeded looking
to the target object. This suggests that, when learning environments
are more complex, children may have difficulty mapping words and
objects.

Another way in which this study diverged from real world contexts is
that children did not receive contextual information at test. Thus, chil-
dren were not cued to use other associations to access word-object
associations. Can providing contextual cues that are strongly associ-
ated (e.g., person or scene context) aid word-object mapping? That is,
can children use their associative matrices for word learning events to
support the mapping of word-object associations? Experiment 2 sought
to answer this question by presenting word-object trials with one of
two contextual cues: the person context or the scene context. We
predicted that mapping performance for word-object trials would be
higher when children are presented with the person or scene context
at test.

3 | EXPERIMENT 2

In this experiment, we examined whether stronger associations, such
as associations grounded in social and environmental cues, could be
used to map words and objects. Children viewed the same six story-

book scenes from Experiment 1. At test, their word-object associations
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FIGURE 9 Example visualization of participants’ total fixations to the target object, distractor object, target speaker, and additional speaker

AOIs while watching an animated storybook scene

were assessed with one of two cues: the person who taught the novel
object or the environment in which the object was presented. We
hypothesized that children would use these contextual cues to map
words and objects, resulting in higher performance on word-object

associations in Experiment 2 than Experiment 1.

3.1 | Method

The general methods for Experiment 2 resembled Experiment 1, but
no eye tracking paradigm was used. After all, an assessment of visual
attention was not central to this study’s research question. The Test-
ing Phase differed in structure and number of trials, which will be
described in further detail below.

3.1.1 | Participants

A total of 53 typically developing preschool-aged children
(Mgge = 50.17, SD = 7.59, range: 36-68 months, 30 girls) were
recruited from local day care centers and preschools. This age range
was chosen to match the age range for Experiment 1. Children did
not participate in Experiment 1. All parents consented to their child’s
participation, and all children gave oral assent. Children received a
storybook as a thank you for their participation.

A power analysis, using Cohen’s s d and a conservative estimate of
effect size (d = 0.50), was again conducted to determine a sample size
that will provide at least 80% power. Effect sizes were gathered from
previous studies assessing children’s learning of word-object associa-
tions (ds < 1.0; e.g., Yow et al., 2017). A power analysis for a one-sample
t-test, with & = 0.05 and d = 0.50, yielded a sample size of at least 27

participants to achieve 80% power.

3.1.2 | Apparatus and stimuli

The experimental apparatus and stimuli were similar to Experiment 1,

except that eye movements were not measured.

3.1.3 | Procedure

The Learning Phase resembled Experiment 1. However, the Testing
Phase differed. The Testing Phase consisted of six word-object asso-
ciation trials (Figure 9). For three of the six trials, the objects were
presented with their corresponding person context (i.e., the person
who taught them the object label). For the other three trials, the objects
were presented with their corresponding scene context (i.e., the scene
where the object was labeled). Children were simultaneously pre-
sented with the word for one of the objects (i.e., “Which one is wug?”)
and were asked to select one of the objects. The image was displayed
on screen until the child selected one of the objects.

Each of the six novel objects was tested once and each trial was
separated by a fixation cross displayed for 1 s. The order in which the
trials were presented, and whether the scene or person context was
shown, was counterbalanced across participants. The experimenter did
not provide feedback throughout testing but did encourage the child
to select an answer. The child’s answers were recorded on a response

sheet.

3.2 | Results and discussion

This study assessed whether displaying the person or scene would help
children map words and objects. Performance was calculated as the
proportion of correct trials out of three person and three scene context
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FIGURE 10 Proportion correct on word-object associations with
person and scene reinstatement, ps < 0.001

trials (Figure 10). First, we assessed whether children performed above
chance for each trial type. One sample t-tests confirmed that children
performed significantly above chance (0.33) for the person (M = 0.48,
SD = 0.31), t(52) = 3.62, p = 0.001, d = 0.48, and scene context trials
(M=0.51,5SD=0.30),t(52) = 4.40,p < 0.001,d = 0.60.

Next, we were interested in whether performance on the word-
object associations with contextual cues in Experiment 2 was signif-
icantly better than the word-object associations without contextual
cues from Experiment 1. For this purpose, we calculated the propor-
tion of correct trials out of the six total trials and conducted a one-way
ANCOVA with Experiment subtask as the between-subjects factor and
age as a covariate. We controlled for age to account for possible age
differences between the children recruited in Experiment 1 and Exper-
iment 2. This analysis revealed that providing contextual cues led to
significantly better performance in Experiment 2 (M = 0.50, SD = 0.25)
than Experiment 1 (M = 0.38, SD = 0.26), F(1, 96) = 6.57, p = .012,
d = 0.06. These results suggest that children used their memory for
scene-object and person-object associations to map word-object asso-
ciations. That is, children encoded an associative matrix during word
learning and utilized stronger associations (i.e., person-object, scene-
object) to map previously weaker associations (i.e., word-object). The
implications of these findings will be discussed in greater detail in the
General Discussion.

There is an alternative explanation for these findings. One differ-
ence between the two experiments was that the recognition memory
test in Experiment 2 was shorter than in Experiment 1. That is, children
completed six test trials (i.e., only the word-object association trials)
in Experiment 2 as opposed to the 36 test trials in Experiment 1. This
difference in time and trials may have led to more interference during
Experiment 1, and thus weaker performance in Experiment 1. Indeed,
children at this age have been shown to experience verbal interference
and rapidly forget verbal material across even short delays (Brainerd
et al., 2012; Filippi et al., 2020; Hale et al., 1997; Horst & Samuelson,
2008; Vlach & DeBrock, 2019).

KNABE anp VLACH

To investigate this possibility, we compared the two test orders chil-
dren encountered in Experiment 1. In one test order, the word-object
association trials appeared first. In the other test order, word-object
associations appeared fifth out of six. We predicted that performance
on the word-object associations would not differ significantly between
the two test orders in Experiment 1, despite the difference in test-
ing phase duration. We conducted an independent-samples t-test with
test order as the between-subjects factor (Test Order 1; Test Order
2) to test our prediction. Results supported our prediction: Children’s
memory performance did not differ significantly when they saw word-
object associations first (M = 0.36, SD = 0.25) versus last (M = 0.39,
SD = 0.28), t(44) = -0.39, p = 0.35, d = 0.11, in Experiment 1. More-
over, when we compared performance on the word-object associations
from Test Order 1 in Experiment 1 (M = 0.36, SD = 0.25) to the per-
formance on word-object associations in Experiment 2 (M = 0.50,
SD = 0.25), we also found significantly better memory performance for
word-object associations in Experiment 2, F(1, 78) = 5.30, p = 0.024,
d = 0.064. Together, these results provide evidence against the possi-
bility that testing phase duration solely contributed to the difference

in performance on word-object associations in Experiment 1 and 2.

4 | GENERAL DISCUSSION

The current research extended traditional word learning paradigms
by investigating children’s associations between words, objects, peo-
ple, and the broader environmental context encountered during word
learning. Experiment 1 revealed that children attended to several
features of the word learning environment and had the strongest asso-
ciation for features of the overall scene. Children’s association between
words and objects—an association typically measured in word learn-
ing studies—was comparatively weak; indeed, children failed to learn
the words. Experiment 2 demonstrated that the scene and person con-
text could be used to support the mapping of words and objects. Taken
together, this work suggests that (1) children privilege associations
with the broader environmental context, and (2) the broader envi-
ronmental context can be leveraged to map word-object associations.
We suggest that researchers should further examine the contribu-
tion of the environmental context to children’s early word learning
and account for the role of children’'s memory for the context when
developing word learning theories. This will lead to a more robust
understanding of how regularities in the environment interact with the
learner to facilitate word learning.

Using an eye-tracking paradigm, the key finding from Experiment 1
was that children attended to all aspects of the word learning episode
but spent the greatest proportion of time fixating on and visiting
aspects of the overall scene. This was observed even when control-
ling for the size of the AOls. These results suggest that children do not
ignore contextual information during word learning episodes. In addi-
tion to the overall scene, children demonstrated a high proportion of
looking to the two speakers in the scene. These results corroborate a
robust literature on the salience of social cues in children’s early word
learning (Yu & Ballard, 2007; Yurovsky & Frank, 2017). Taken together,
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eye gaze measures from Experiment 1 revealed that children attended
to the central features of a word learning episode and constructed an
associative matrix of these features.

A notable characteristic of the matrix was that the associations
were not equivalent in strength, even if children attended to all fea-
tures of the word learning episode. That is, certain associations were
stronger—or weaker—than other associations. Children demonstrated
significantly stronger memory for scene-object associations than for
all other associations (i.e., word-object, scene-word, person-word,
scene-person, object-person), whereas their memory performance for
word-object associations was lowest in magnitude. In fact, their mem-
ory for word-object associations was significantly lower than their
memory for the association between objects and scenes, as well as
objects and speakers. These results from Experiment 1 suggest that
the scene and person context may play an important role during
word learning, and word learning suffers in more complex learning
environments

Why might the learner privilege the association between objects
and the broader scene and person context? One explanation is that chil-
dren spend the initial months of their life exploring the visual world
before they utter their first word. These explorations provide a rich
data set for the developing system, which comprises the caretakers and
speakers in the environment, the typical settings and routines in which
word learning occurs, the objects that co-occur, and semantic informa-
tion about objects that are commonly labeled (Bahrick, 1988; Bushnell,
2001; Jayaraman et al., 2015; Perry & Saffran, 2017; Roy et al., 2015;
Slater et al., 1999; Smith et al., 2018; Wojcik & Saffran, 2013; 2015;
Zettersten et al., 2018). That is, children accrue knowledge about the
world prior to comprehending and producing words, and this world
knowledge may in turn aid word learning.

Two important aspects of this world knowledge are the associ-
ation between objects and the contexts in which they appear, as
well as the speakers that label the objects. Might children use their
robust associations between the object, speaker, and scene in ser-
vice of word learning? Experiment 2 sought to answer this question.
Results revealed that word-object associations were strengthened
when the corresponding person or scene context was displayed. That is,
performance on word-object associations was enhanced when the cor-
responding context was displayed in comparison to when no context
was displayed. We also ruled out the possibility that a longer test-
ing phase duration may have led to poorer memory for word-object
associations in Experiment 1 in comparison to Experiment 2. Instead,
these results suggest that children used stronger scene-object and
person-object associations to map weaker word-object associations.

There are several possible ways that children leveraged their knowl-
edge of scene-object and person-object associations. For instance,
children could have used the scene and person context as a cue to
retrieve fragile word-object associations. Alternatively, children might
have used their knowledge of the scene and person context to make
inferences about word-object associations. That is, rather than map-
ping the words to the objects, children mapped the word to the scene
or person presented in the trial. The data in the present study do

not distinguish between these possibilities. Therefore, future studies

WILEY 13017

should identify the specific process by which children leverage their
knowledge of the context in complex word learning environments.

One reason why the scene and person context may support mapping
of words to objects is that objects reliably co-occur with specific social
and environmental contexts. That is, children frequently encounter
objects in consistent environments (e.g., a fork in the kitchen) and with
consistent people (e.g., caretakers). In fact, studies have found that
word learning occurs within and is aided by predictable routines (Ben-
itez & Saffran, 2018; Benitez & Smith, 2012; Hirsh-Pasek et al., 2015;
Roy et al.,, 2015). During these predictable routines and interactions,
children are gathering data about the visual properties, functions, and
locations of objects, as well as the speakers labeling the objects. The
associations children encode between objects and their correspond-
ing scenes and speakers may then be used to support word-object
mappings.

Constructing a system of associations between these features of a
word learning episode has a notable advantage for the word learner.
If the word learner only encoded a single association between a label
(“fork”) and an object, the word learning problem would become ardu-
ous and slow. Instead, if the word learner constructs associations
between a label, object, social context (e.g., speaker), and scene context
(e.g., kitchen), partial knowledge of these associations could be used
to accelerate learning of word-object mappings (Smith & Yu, 2008; Yu,
2008; Yurovsky et al., 2014). In fact, evidence suggests that seeing an
object in its typical environment facilitates visual processing and acti-
vates corresponding semantic and phonological information, thereby
strengthening subsequent memory for word-object mappings (e.g., Bar,
2004; Biederman et al., 1982; Chun & Jiang, 1998; Gronau et al., 2008;
Hollingworth, 2009; Huettig & McQueen, 2007; Huettig et al., 2011;
Meints et al., 2004). Thus, encoding multimodal information in a matrix
of associations may increase the efficiency of the language learning
system, contributing to the rapid vocabulary gains observed in early
childhood.

Future studies should investigate whether and how children inte-
grate associative matrices. For instance, researchers should examine
how children integrate word-object associative matrices (e.g., Figure 2)
into more contextually-rich matrices (e.g., Figure 3). We predict that
children integrate a multitude of associations between words, objects,
people, and the scene context, and use these associative matrices to
guide word mapping. However, there could be consequences of inte-
grating associative matrices; integration could lead to competing and
spurious associations. For instance, children may map the word “fork”
to competing objects in the kitchen, such as a knife, because these
objects share several contextual features.

Furthermore, the present study investigated children’s mapping of
words to objects when a single speaker labeled the object in a single
scene context. Prior research has found that variability in the speaker
and scene context can aid children’s word mapping and retention
(Crespo & Kaushanskaya, 2021; Goldenberg & Sandhofer, 2013; Gold-
enberg et al., 2022). A fruitful extension of the current study would
therefore be to present objects in several contexts and with several
speakers. How does this variability in contextual cues impact the map-

ping of word-object associations? These investigations would reveal
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the level of variability in the person and scene context that is desirable
for novel word learning.

In conclusion, the present study demonstrates that children acquire
a system of associations between words, objects, people, and the
broader environmental context during word learning. This work high-
lights that word learning is a contextually grounded process, and the
contextually grounded nature of word learning can be used to lever-
age novel word mapping. Indeed, while Quine (1960) posited that the
rich information presented by the world should deter children’s word
mapping, the accumulation of this vast information may be what makes

language learning possible.
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APPENDIX A
Scene script
Task introduction:

Are you ready to play a game? | will show you a few cartoons with differ-
ent people, places, and things. The people will teach you something. Try to
remember as much as you can from what you see!

Learning phase script:

1. Bedroom

Anne: Can | show you gipple, Mike?
Mike: What is it like, Anne?
Anne: Gipple is very comfortable to sleep on!

2. Snowman

Rob: Do you see dax, Kate?
Kate: Why is it on the snowman, Rob?
Rob: Dax is a great snowman hat!

3. Livingroom

Mike: Can you give me modi, John?
John: Why do you need it, Mike?
Mike: Modi switches channels on TV!

4. Playground

Kate: Have you played with neem, Jane?
Jane: How do you play with it, Kate?

Kate: Neem is thrown like this!

5. Diningroom

John: Have you used zoop, Rob?
Rob: What does it do, John?

John: Zoop helps you eat your food!

6. Forest

Jane: Canyou see blicket, Anne?
Anne: Where is it, Jane?

Jane: Blicket is in the tree!
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Testing phase introduction:
I will now ask you a few questions about what you saw. Are you ready?
Testing phase script:

1. Word-object association

“Whichoneis__?"

2. Person-object association

“Can you point to who played with this?”

3. Scene-object associations

“Can you point to where you heard the kids talk about this?”

4. Scene-person association

“Where did this person teach you about a new toy?”

5. Scene-word association

“Can you point to where the kids taught you about ___?"

6. Person-word association

“Can you point to who taught you about __?”).

APPENDIX B

Linking children’s visual attention and memory performance

We examined the relation between children’s total fixation duration
and average fixation count to AOls (target object, target speaker,
scene) and their memory performance for associations that contained
the AOI (word-object, person-object, scene-object, scene-person,
scene-word, person-word). For associations that contained two AOls
(e.g., person-object, scene-object, scene-person), we examined the
association between the combined total fixation duration and average
fixation count of the AOls and children’s memory performance for the
associations.

Target object
Total fixation duration to the target object was not significantly related
to children’s memory performance on the object-word association,
r = 0.27, p = 0.09. Total fixation duration to the target object and
target speaker was not significantly related to children’s memory per-
formance on the person-object association, r = 0.26, p = 0.09. Similarly,
total fixation duration to the target object and scene was not signifi-
cantly related to children’s memory performance on the scene-object
association,r =0.29, p = 0.06.

Average fixation count to the target object was not significantly

related to children’s memory performance on the object-word asso-
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ciation, r = 0.04, p = 0.80. However, average fixation count to the
target object and target speaker was significantly related to children’s
performance on the person-object association, r = 0.30, p = 0.048.
Average fixation count to the target object and scene was not signifi-
cantly related to children’s memory performance on the scene-object
association,r=0.17,p =0.27.

Speaker

Total fixation duration to the speaker was not significantly related to
children’s memory performance on the person-word association, r = -
0.31, p = 0.052. Similarly, total fixation duration to the target speaker
and scene was not significantly related to children’s memory perfor-
mance on the scene-person association, r = -0.23, p = 0.13. As shown
above, total fixation duration to the target speaker and target object
was not significantly related to children’s memory performance on the
person-object association, p = 0.09.

Average fixation count to the target object was not significantly
related to children’s memory performance on person-word associa-
tion, r =-0.27, p = 0.09. Similarly, average fixation count to the target
speaker and scene was not significantly related to children’s memory
performance on the scene-person association, r = 0.26, p = 0.10. As
shown above, average fixation count to the target speaker and tar-
get object was significantly related to children’s performance on the

person-object association, p = 0.048.

Scene

Total fixation duration to the scene was not significantly related to
children’s memory performance on the scene-word association, r = -
0.25,p =0.12. As shown above, total fixation duration to the scene and
target object was not significantly related to children’s memory perfor-
mance on the scene-object association, p = 0.06. Similarly, total fixation
duration to the scene and target speaker was not significantly related
to children’s memory performance on the scene-person association,
p=0.13.

Average fixation count to the scene was not significantly related
to children’s memory performance on the scene-word association,
r = 0.23, p = 0.15. As shown above, average fixation count to the
scene and target object was not significantly related to children’s mem-
ory performance on the scene-object association, p = 0.27. Similarly,
average fixation count to the scene and target speaker was not sig-
nificantly related to children’s memory performance on scene-person
association, p = 0.10.

Finally, we assessed whether greater looking to the scene nega-
tively impacted performance on word-object associations. We found
that total fixation duration, r = -0.18, p = 0.25, and average fixation
count, r = -0.14, p = 0.37, were not significantly negatively correlated

with performance on the word-object associations.
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