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Parents’ spatial talk to boys and
girls in museum settings:
variations by science topic and
exhibit scale

Vera M. Umansky* and Maureen A. Callanan

Department of Psychology, University of California, Santa Cruz, Santa Cruz, CA, United States

Introduction: Children are exposed to STEM ideas, including spatial and other
mathematical concepts, in a variety of everyday contexts through interactions
with their parents. There may be variations in the spatial language that boys
and girls hear from their parents within different informal contexts. The present
study investigated variations in the frequency and type of parental spatial talk
that occurred in museum settings that varied by topic (physical science vs. life
science) and exhibit scale (small-scale activity vs. large-scale activity).

Method: The sample consisted of 194 families with children between the ages
of 3—-6years who visited museums in Northern California. Of the total sample,
50 families visited a large-scale physical science exhibit, 44 families visited a
large-scale life science exhibit, 50 families visited a small-scale physical science
exhibit, and 50 families visited a small-scale life science exhibit. Parent—child
conversations that occurred during the duration of the museum visit were
coded for parents’ spatial language.

Results and discussion: Analyses revealed that parents in the large-scale life
science exhibit used more spatial language than parents in the other exhibits.
Additionally, parents used more "where” spatial language (spatial language
that describes location and directionality) than “what” spatial language (spatial
language that describes the look of something) across the exhibit contexts, but
especially in the large-scale exhibits. Finally, boys heard more “where” spatial
language than did girls across exhibit contexts, whereas there was no difference
by gender for “what” spatial language exposure. Variations in the kinds of spatial
language that parents use in different environments should be taken into
account in developmental models of children’s spatial understanding. Future
research is needed to more systematically explore how parents’ spatial language
varies across children’s gender, exhibit topic, and exhibit scale.

KEYWORDS

spatial language, gender differences, informal learning settings, parent—child
conversations, informal STEM learning

Introduction

Exposure to spatial concepts in early childhood may have important implications for later
learning and achievement in science, technology, engineering, and mathematics (STEM).
Particularly when engaging with STEM-related content, talk about spatial concepts may
support children’s early understanding of these domains. Hands-on museums provide a
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valuable context for investigating parent—child interactions because
they are settings where children may learn about a variety of STEM-
related topics and engage with diverse activities, and where boys and
girls may hear different types of language from their parents. Previous
research found that boys heard different patterns of spatial talk than
girls in home settings (Pruden and Levine, 2017; Ralph et al., 2020),
however less research has considered parents’ spatial language while
engaging with informal STEM-related activities. Further, more clarity
is needed regarding the conditions when gender differences might
arise. The present study investigated variations in the frequency and
type of parental spatial talk that occurred in museum settings varying
in topic (physical science vs. life science) as well as exhibit scale
(small-scale activity vs. large-scale activity).

Spatial thinking, which may be important for STEM learning,
and especially mathematics, includes understanding, mentally
visualizing, and physically transforming objects and locations in
space (Cannon et al., 2007). Children’s use of spatial language,
involving the words that are used to describe these mental images
and transformations, has been shown to be related to mathematics
reasoning later in life (Pruden et al., 2011). Taking a sociocultural
perspective, we argue that it is important to understand how
children learn within their everyday routines (Rogoff, 2003;
Rogoff et al., 2018). With regard to spatial concepts, researchers
have explored children’s exposure to spatial relational concepts in
their everyday conversations with parents (Pruden and Levine,
2017). Notably, there are differences in the amount of exposure
that boys and girls tend to have to STEM concepts, with boys
typically being more frequently exposed to STEM concepts than
girls (Crowley et al., 2001b; Tenenbaum and Leaper, 2003; Pruden
and Levine, 2017). Some research has also shown gender
differences in exposure to STEM concepts depending on the
science topic, such as between life versus physical science
(Tenenbaum and Leaper, 2003; Shirefley and Leaper, 2021).
According to the United States Census, there are more men than
women who have jobs in STEM fields in the United States
(particularly in math-intensive areas such as the physical sciences;
Martinez and Christnacht, 2021). Many possible reasons have
been posed for these discrepancies, including issues related to
abilities, preferences, and both explicit and implicit bias
(Charlesworth and Banaji, 2019). Another possible cause may
be inequities in amount and quality of early experiences with
STEM concepts (Cheryan et al., 2017). Because of these gender-
specific differences in the amount of exposure to STEM concepts
in childhood, and topic-specific career differences by gender, it is
important to look at children’s early exposure to spatial language
within informal learning settings, such as science museums.

This study aims to investigate the early origins of spatial language
exposure for boys and girls within a variety of STEM contexts.
We consider museum contexts that vary both in topic (life science and
physical science) and in scale (small-scale single-location exhibits and
large-scale room-sized exhibits). As background, we first review
existing literature on the relation between parents’ spatial talk and
children’s spatial skill development. Next, we look at the existing
literature on average gender differences in exposure to spatial and
broader STEM concepts within everyday family conversations. Then,
we examine research looking at family interactions with science
concepts in a variety of museum settings. Finally, we introduce the
current study.
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Parents’ spatial talk and children’s spatial
skill development

Spatial skills in academic settings as early as preschool have been
found to be associated with later mathematics skills (Gunderson et al.,
2012; Verdine et al., 2014; Pruden and Levine, 2017). Spatial skills can
be encouraged through parents’ support. For example, maternal
support of spatial skills in three-year-olds in observational studies has
been shown to be predictive of mathematics skills at 4% years old
(Lombardi et al., 2017). In two studies with 4-year-olds, researchers
found that children’s exposure to spatial language was correlated with
their own spatial language usage and spatial skills (Polinsky et al.,
2017; Casasola et al., 2020).

Spatial language categories have been theoretically separated into
spatial words that describe the “what” versus “where” of space (Landau
and Jackendoff, 1993; Verdine et al., 2016; Pruden and Levine, 2017).
“What” spatial categories include descriptive words relating to spatial
dimensions, spatial features and properties, and shapes of objects,
such as big, small, circle, wide, and size. “Where” spatial categories
include words that relate to where objects are located in space such as
by, below, across, left, and right. Children’s exposure to parents’ “what”
spatial language has been found to be positively correlated with
children’s spatial language production, which in turn is correlated with
greater performance on a spatial skills task (Pruden and Levine, 2017).

Average gender differences in exposure to
spatial language

Researchers have found gender-related inequities in the amount
of exposure that boys and girls tend to have to spatial language and
other STEM-related talk. In an at-home longitudinal naturalistic
observational study of parent—child interactions with a 60% majority
white sample, Pruden and Levine (2017) found that boys and girls
between 14- to 46-months old heard different types and amounts of
spatial language. More specifically, boys were exposed to more “what”
spatial language (i.e., shape, dimension, and spatial feature) than girls,
which in turn positively correlated with the amount of spatial talk that
the boys themselves produced (Pruden and Levine, 2017). There were
no gender differences in exposure or production found for “where”
spatial language or any other categories of spatial language in this
study (Pruden and Levine, 2017). In a different study done with a
sample of mostly highly educated, middle and high SES mothers,
researchers found that mothers used significantly more spatial
language with PreK boys than with PreK girls (Ralph et al., 2020). The
spatial language that was measured in this study included “what,”
“where,” and orientation and transformation terms. In contrast to
their findings with younger children, Ralph et al. (2020) found that
mothers of kindergarten and first-grade children used significantly
more spatial language with girls than boys. These divergent results
point to more research being needed on the situations where gender
differences appear in the amount and kinds of spatial language that
young boys and girls hear in conversations with parents.

Some research suggests that parents gender-differentiated
communication in science-related contexts may depend on the science
topic. For example, Tenenbaum and Leaper (2003) observed that
fathers from a majority white middle-class sample used more science-
teaching talk with school-age sons than daughters during an at-home
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science teaching task—but only during a physical science activity and
not during a life science activity. However, Shirefley and Leaper (2021)
observed that parents from a majority white sample used more science
teaching talk with their young daughters than sons while reading a
book on physical science, but not when reading a book on life science.
These two studies differed in the children’s ages (early vs. middle
childhood) and type of setting (teaching activity vs. book reading).
Therefore, it is unclear if and how these differences might apply to the
current study’s focus on parents’ spatial language with young children
at a science museum. Nonetheless, these studies suggest that parents’
gender-differentiated talk might partly depend on the science topic of
the museum exhibit.

Exploring science in different museum
environments

Science museums and children’s museums provide important
contexts for looking at parent-child interactions because museums are
settings that integrate features of formal and informal learning
environments. Whereas the signs and other intentional learning tools
of museum exhibits can resemble school-like formal learning settings,
learning in museums is usually open-ended and voluntary, and varies
depending on individuals’ and families’ styles of engagement. Children
and their families who visit science museums are able to further
explore what is most important to them in a more hands-on way than
they might encounter in a formal school setting, both with each other
and within the intentional exhibit organization (Crowley et al., 2001a;
Rogoft et al., 2016).

The ways in which families interact with science exhibits may vary
depending on physical features of the exhibit, including size, scale,
accessibility, and interactivity (Afonso and Gilbert, 2007; Wineman
and Peponis, 2010). Both large-scale immersive and small-scale
tabletop exhibits have been found to be engaging for museum visitors
(Dancstep et al., 2015). Past research has found that tabletop exhibits
promoted more scientific reasoning about exhibit content while
immersive exhibits were reported to be more enjoyable for parents and
children (Dancstep et al.,, 2015). Discrepant findings emerged from
studies that measured time spent. In one study, families spent more
time at tabletop exhibits than at immersive exhibits (Dancstep et al.,
2015), but another study found that families spent significantly more
time in larger immersive exhibits as opposed to other exhibit types
(Gilbert, 2002). This may be due to the nature of the exhibits, not only
in relation to their scale. Parents were found to use more high-level
spatial language (talking about how or why spatial relations are as they
are) while talking about tabletop exhibits compared with immersive
exhibits (Dancstep et al., 2015).

The current study

The current study investigated variations in the frequency and
type of parental spatial talk that occurred in museum settings varying
in topic (physical science vs. life science) as well as exhibit scale
(small-scale activity vs. large-scale activity). As mentioned, prior
research has shown differences in the amount of science talk that boys
and girls heard within museums (Crowley et al., 2001b), as well as in
the types of spatial talk boys and girls heard at home (Pruden and
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Levine, 2017). Parents’ science talk may vary depending on whether
the context is life science or physical science (Tenenbaum and Leaper,
2003; Shirefley and Leaper, 2021), and whether the spatial arrangement
is small-scale or large-scale (Dancstep et al., 2015). The field has yet to
address whether gender-specific differences in children’s exposure to
spatial language would vary depending on topic and scale within a
science context. Following the majority of the previous research,
we predicted that parents of boys would be more likely than parents
of girls to use spatial language overall (Pruden and Levine, 2017), and
that parents of boys would use more “what” spatial language
(describing shape, dimension, and spatial feature) than parents of girls
(Pruden and Levine, 2017). Finally, we explored whether there was
variation in the amount and types of spatial language talk that parents
used with their children in physical and life science exhibits and in
large-scale and small-scale exhibits, tentatively predicting that more
“where” spatial talk might occur in larger exhibit environments.

Method
Participants

The samples of participants for this study were taken from existing
data sets collected at Children’s Discovery Museum of San Jose
(Callanan et al., 2017, 2020; McHugh et al., 2023), as well as from
Seymour Marine Discovery Center in Santa Cruz, CA (Rigney and
Callanan, 2011). The families included a child between the ages of 3
and 6years and at least one parent. Of the total sample size of 194
families, 50 families (mean age 64 months, 50% girls) visited a large-
scale physical science exhibit at Children’s Discovery Museum of San
Jose, CA; 44 families (mean age 64 months; 54% girls) visited a large-
scale life science exhibit at Children’s Discovery Museum of San Jose,
CA; 50 families (mean age 64 months; 56% girls) visited a small-scale
physical science exhibit at Children’s Discovery Museum of San Jose,
CA; and 50 families visited a small-scale life science exhibit at
Seymour Marine Discovery Center in Santa Cruz, CA. Data collection
methods differed for the small-scale life science exhibit, and only age
in years was obtained. The mean age of the participants was 4 years
and 22 out of the 50 participants were girls (44%).

Demographics information was collected for families at three exhibits
(n =144 families), but not at the small-scale life science exhibit. In an
open-ended question, parents were asked to describe their family’s
ethnicity. Out of these 144 participants, 44 identified as White or
European-American (30.3%), 8 identified as Hispanic or Latinx (5.6%),
54 identified as Asian or Asian-American (38%), 25 identified as mixed
race or ethnicity (17.4%) and 13 did not report their race or ethnicity
(9%). The parents also reported on their education background, and 13
had a Doctorate degree (9%), 59 had a Masters or other advanced degree
(41%), 42 had a Bachelors degree (29.2%), 8 had an Associates degree
(5.6%), 10 had some college experience (7%), 7 had a high school degree
(5%), 1 had some high school experience (1%), and 4 did not report on
their education background (3%).

Materials and procedure

The data used for these analyses come from four different previous
projects in which parents were invited to participate in a study of how
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children learn in museums (Rigney and Callanan, 2011; Callanan et al.,
2017,2020; McHugh et al., 2023). In each case, parents were invited to
participate with their children, the study was explained, and they were
asked to sign a consent form. After parents gave written consent and
children gave verbal assent, children were asked to wear a sticker
showing that they had consent to be video- and audio-recorded while
visiting particular exhibits. Parents either wore a lapel microphone or
a microphone was embedded in the exhibit. Cameras were set up near
the exhibit space with a sign informing families that “Researchers are
at work while you are at play;,” however the camera was only turned on
when a child with a sticker was at the exhibit. For the large-scale
physical science exhibit only, the exhibit was blocked off during data
collection so that one family at a time interacted with the exhibit. With
the other three exhibits, researchers attempted to capture only the
participant family on video and any other families inadvertently on
camera were not coded or analyzed. In the case of the small-scale life
science exhibit, the video recordings were the extent of data collected;
in the other three cases, families were also invited to be interviewed
and/or engage in other activities either before or after the exhibit visit.

Large-scale physical science exhibit

The large-scale physical science exhibit investigated for this
study was “Amazing Airways” (see Figure 1) within Children’s
Discovery Museum of San Jose (McHugh et al., 2023). There were
109 families who participated in the large-scale physical science
exhibit, and within the sample there were 53 boys and 56 girls. In
order to have a comparable number of participants in all of the
exhibits, 50 participants were randomly selected for this study from
the total of 109 participants, with the constrained that they were

FIGURE 1
"Amazing airways" exhibition. Photo credit: Children’s Discovery
Museum of San Jose.
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approximately matched by age and gender to the participants in the
other exhibits.

This exhibit consisted of an interactive air flow tube. The tube had
an entry point for small balls. There was also a knob several feet away
from the tube that could be manipulated to change the direction of
airflow leading the balls to different exit points. Families were
instructed by researchers to play with the exhibit in an open-ended
way. These interactions were audio- and video-recorded.

Large-scale life science exhibit

The large-scale life science exhibition was “Mammoth Discovery!”
(see Figure 2) at Children’s Discovery Museum of San Jose, which is
located in San Jose, CA (Callanan et al., 2017). There were a total of 83
families who participated in the original “Mammoth Discovery!”
study. The full sample included children outside of the age range for
this study; 44 families out of the original sample fit the 3- to 6-year-old
age range and were in included in the coding and analysis for this
study. The families were video- and audio-recorded during their time
in the exhibition. The families were instructed to take as much time as
they would like at the exhibit.

The “Mammoth Discovery!” exhibition consisted of several
stations including real fossilized bones and bone replicas, as well as
several exhibits designed for active engagement. For example, the
Femur Chair exhibit included a chair next to a display of the
mammoth’s femur bone to encourage comparing it to the child’s own
bone, and interactive dig pits allowed children to physically dig for
bone replicas using provided tools.

Small-scale physical science exhibit

The small-scale physical science exhibit was the Gears exhibit,
developed as part of the larger “Secrets of Circles” exhibition (see
Figure 3) at Children’s Discovery Museum of San Jose (Callanan et al.,
2020). There were 109 families who participated in the small-scale
physical science exhibit, and within the sample there were 51 boys and
58 girls. In order to have a comparable number of participants, 50
participants were randomly selected for this study from the total of
109 participants, with the constraint that they were approximately
matched by age and gender to the participants at the other exhibits.

This exhibit consisted of a large magnetic table with gears on it. The
gears could be moved around the table. At the back of the table there
were three stationary gears with a doll, a clock, and a drill attached to
the tops of them. A sign encouraged visitors to move the gears on the
table to connect and try to make the doll, clock, and drill move faster
or slower. These interactions were audio- and video-recorded.

Small-scale life science exhibit

The small-scale life science exhibition was “Rocky Reef” (see
Figure 4) within the Seymour Marine Discovery (Rigney and Callanan,
2011). There were 107 families who participated in the small-scale life
science exhibit, and within the sample there were 58 boys and 49 girls.
The children in the original study ranged from 1- to 12-years-old, so a
sample of 50 participants who fit the 3- to 6-year-old age range criteria
for this study were randomly selected from the original sample, with the
constraint that they were approximately matched by age and gender to
the participants in the other exhibits.

This exhibit consisted of an observational aquarium tank. Within
the tank there were living sea creatures, some which moved around
the tank (such as fish) and some which were more stationary (such as
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sea stars). Beside the tank there was a sign describing what kinds of
animals and plants live in the exhibit. The interactions at the tank were
audio- and video-recorded.

Coding spatial language

For this study, the categories of spatial language are defined by the
coding scheme System for Analyzing Children’s Language About Space
(Cannon et al., 2007). The museum visits were transcribed and then
coded for parents’ spatial language use. The coding scheme, shown in
Table 1, outlines eight different spatial language categories: spatial
dimensions (e.g., big, little, wide), shapes (e.g., circle, triangle, square),
location and directions (e.g., at, underneath, left, right), orientation
and transformation (e.g., turn, rotate, upside down), continuous

TABLE 1 Definitions of spatial language categories (Cannon et al., 2007).

Category ‘ Definition ‘ Example

Spatial dimensions Words that describe the Big, little, long
size of objects, people,

and spaces.

Shape Words that describe the Circle, square, shape
standard or universally

recognized form of

enclosed two- and three-

dimensional objects and

spaces.

Location and direction Words that describe the To, at, from, inside,

relative position of under, around
objects, people, and

points in space.

Orientation and Words that describe the Turn, flip, upside down,

transformation relative orientation or rotate
transformation of objects

and people in space.

Continuous amount ‘Words that describe Whole, all, part, more,
amount (including less

relative amount) of

continuous quantities

(including extent of an

object, space, liquid, etc.).

Deictic terms Words that are place Here, there, where
deictics/ pro-forms (i.e.,

these words rely on

context to understand

their referent).

Spatial features and ‘Words that describe the Side, round, line, edge

properties features and properties of
2D and 3D objects,
spaces, people, and the
properties of their

features.

Pattern Words that indicate thata | Design, order, pattern
person may be talking

about a spatial pattern.
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amount (e.g., whole, part, piece), deictic terms (e.g., here, there,
anywhere), spatial features or properties (e.g., round, corner, angle),
and pattern (e.g., first, next, last; Cannon et al, 2007). Spatial
dimension, spatial features and properties, and shape were considered
part of the “what” spatial category, and location and direction were
identified as the “where” spatial category. Orientation and
transformation, continuous amount, deictic terms, and pattern were
not counted as either “what” or “where” spatial language.

We calculated reliability first to identify spatial language used in a
spatial way. For example, if a child answered a question and the parent
responds with “that’s right!” the word right was judged in this context
to be not spatial. In contrast, “look on the right” would be identified
as spatial because it refers to direction. Both the video recordings and
transcripts were used to code the dataset. Video recordings helped
coders to understand how language was used in context, and to
determine whether or not a word was used spatially when it was not
immediately clear from the transcripts. An example of this would be if
a parent said the utterance “there” Without a pointing gesture, the
word would not be coded as spatial, but paired with the parent
pointing to something, the word “there” would be coded in the
Deictics category.

Three coders obtained reliability on the first step for the “Gears”
exhibit, with percent agreement ranging from 81 to 89% and Cohen’s
kappas ranging from 0.65 to 0.79. Two coders obtained reliability on
the “Mammoth Discovery!” exhibit with percent agreement of 85%
and Cohen’s kappa of 0.69. Two coders obtained reliability on the
“Rocky Reef” exhibit with percent agreement of 98% and Cohen’s
kappa of 0.95. Two coders obtained reliability on the “Amazing
Airways” exhibit with percent agreement of 92.5% and Cohen’s kappa
of 0.84. All disagreements were resolved through discussion and
coders divided the remaining transcripts equally.

Next, we coded each spatial term into one of the categories in
Table 1 and calculated reliability on 20% of the transcripts for each
sample. Three coders obtained reliability on the second step for the
“Gears” exhibit, with percent agreement ranging from 93 to 98% and
Cohen’s kappas ranging from 0.90 to 0.97. Two coders obtained

”

reliability on the “Mammoth Discovery!” exhibit with percent
agreement of 96.8% and Cohen’s kappa of 0.95. Two coders obtained
reliability on the “Rocky Reef” exhibit with percent agreement of
97.3% and Cohen’s kappa of 0.95. Two coders obtained reliability on
the “Amazing Airways” exhibit with percent agreement of 99.3% and
Cohen’s kappa of 0.99. After obtaining reliability, the coders resolved
disagreements through discussion, and then, dividing the remaining

transcripts evenly, completed the coding.

Data analysis

Analyses were conducted in order to address whether there was
variation in the total amount of spatial language that parents used with
their children in large-scale and small-scale physical science exhibits
and in large-scale and small-scale life science exhibits. Additionally,
we analyzed the data to ask whether parents of boys used more spatial
language than parents of girls. Finally, we separately looked at the
amount of “what” spatial language (describing shape, dimension, and
spatial feature) and “where” spatial language (describing location and
direction) to see if there was a difference in exposure to these
categories of spatial language by gender, exhibit topic, and exhibit
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FIGURE 2
“Mammoth discovery!” exhibition. Photo credit: Children’s Discovery Museum of San Jose.

TABLE 2 Parents’ mean frequency (and standard deviation) for different
use of types of spatial talk by exhibit.

Type of Airways Mammoth Gears Rocky

spatial (Large-  discovery! (Small- reef
language Phys (Large-Life = Phys (Small-
Sci) Sci) o)) Life Sci)
Spatial 0.30 (0.81) 10.07 (10.31) 4.94 (6.59) 0.74 (1.08)
dimension
Shapes 0.02 (0.14) 0.75 (1.74) 0.36 (1.14) 0.0 (0.0)
Location and 16.50 39.25 (30.90) 15.30 5.68 (6.73)
direction (10.29) (15.94)
FIGURE 3 Orientations 1.58 (3.01) 1.27 (2.28) 3.52(536) | 0.04(0.20)
“Gears” exhibition. Photo credit: Children’s Discovery Museum of San and
Jose. .
transformation
Continuous 1.46 (2.41) 6.11 (6.94) 2.84 (4.44) 0.18 (0.48)
amount
Deictics 10.66 (6.72) 22.57(19.17) 8.46 (6.83) 2.04 (2.63)
Spatial features 0.04 (0.2) 1.27 (1.67) 0.12 (0.39) 0.0 (0.0)
and properties
Pattern 0.09 (0.38) 0.3 (0.67) 0.04 (0.2) 0.02 (0.14)

scale. Because families spent different amounts of time at the different
exhibits, we chose to control for time spent at the exhibits within
our analyses.

Results

Parents varied in their use of spatial language across the different

FIGURE 4 exhibits and the different categories of types of spatial language. The
"Rocky reef” exhibition. mean frequencies of parents’ use of the different categories of spatial

language talk by exhibit are shown in Table 2.
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Exhibit Topic
[[] Physical Science
[ Life Science

-
T T

Parents' Mean Frequency of All Spatial Language

Large Scale Exhibits
Exhibit Scale

Small Scale Exhibits

Error bars: 95% CI

FIGURE 5
Parents’ total spatial language by exhibit condition (Topic and Scale).

TABLE 3 Parents’ mean frequency (with standard error and confidence
intervals) of overall spatial language by exhibit context.

95% Confidence

interval
Exhibit [LL, UL]
context
Large scale life 61.01 6.40 [48.38, 73.65]
science
Small scale life 18.52 5.44 [7.80, 29.24]
science
Large scale physical 36.22 4.76 [26.84, 45.61]
science
Small scale physical 37.83 4.72 [28.53, 47.13]
science

Our first research question asked whether there was variation in
the overall amount of spatial language that parents used with sons and
daughters in physical and life science exhibits of different scales.
We had predicted that boys would be exposed to more spatial talk
than girls and had no clear predictions about the kinds of variation in
the amount and kinds of spatial talk that parents would use with their
children depending on the exhibit topic or exhibit scale. Families on
average spent more time in the large-scale life science exhibit (an
average of 20.5min) than in the large-scale physical science exhibit (an
average of 7.25min), the small-scale physical science exhibit (an
average of 8.2 min), and the small-scale life science exhibit (an average
of 1.9min), so we controlled for time spent at the exhibit with an
analysis of covariance (ANCOVA). We conducted a 2 (Gender) x 2
(Exhibit topic: Life science, Physical science) x 2 (Exhibit scale: Large
scale, Small scale) ANCOVA with time in minutes as the covariate.
This ANCOVA revealed a significant main effect of Exhibit scale in
the amount of total spatial talk that children heard from their parents,
as well as a significant interaction between exhibit topic and exhibit
scale (Figure 5), F(1, 184)=13.81, p <0.001. As shown in Table 3,
follow-up paired comparison tests revealed that more total spatial
language was used in the large-scale life science exhibit than in any of
the other exhibits. There were no significant differences found related
to gender. Lastly, there was a significant interaction between time
spent in the exhibit and total spatial language, F(1, 193)=26.53,
p <0.001, reinforcing the importance of controlling for time in
the analysis.
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Our second research question asked more specifically about
children’s exposure to the subcategories of “what” and “where”
spatial language. Parents’ spatial language was analyzed with a
four-way mixed 2 (Gender) x 2 (Exhibit topic) x 2 (Exhibit scale) x 2
(Type of spatial language: What, Where) ANCOVA with gender,
exhibit topic, and exhibit scale as between-subject variables and
with the type of spatial language as a repeated measure, covarying
time spent at exhibit. This analysis yielded several significant
results. First, there was a significant main effect of type of spatial
language; with “where” spatial language being used more on average
than “what” spatial language, F(1, 185)=23.40, p <0.001. Next,
there was a significant interaction between exhibit scale and type of
spatial language (see Figure 6), F(1, 185)=13.01, p <0.001. For
“where” spatial language, a large effect between the large scale
(M =23.88) and small scale exhibits (M =13.92) was detected, F(1,
185)=12.11, p <0.001, npz =0.61, with parents using more “where”
spatial language in the large-scale than the small-scale exhibits. For
“what” spatial language, there was no significant difference based
on scale, F(1, 185)=0.82, p =0.364, nP2= 0.004. Finally, we found a
significant interaction between child gender and child exposure to
“what/where” spatial language (see Figure 7), F(1, 185)=8.15,
p =0.005. For “where” spatial language, a large effect between
speech to boys (M =21.50) versus girls (M =16.29) was detected,
F(1, 185)=4.655, p =0.032, npz =0.025. For “what” spatial language,
there was no significant difference, F(1, 185)=0.704, p =0.402,
1,2=0.004.

Discussion

In the present study we explored parents’ spatial talk to young
children, exploring variations in frequency and type of parental spatial
talk within several museum contexts that varied by science topic and
exhibit scale. We found evidence of topic-specific, scale-specific, and
gender-specific differences in the amounts and kinds of spatial talk
that children heard from their parents in these science museum
contexts. Specifically, there was variation in the kinds of spatial talk
that boys and girls were exposed to, with boys hearing more “where”
spatial language than girls. In contrast, there were no statistically
significant gender differences found in children’s exposure to “what”
spatial language or to overall spatial language. These results differ from
past research that had found gender differences in child exposure to
“what” spatial language, but not in other types of spatial language or
overall spatial language (Pruden and Levine, 2017). Our finding also
differs from research that had found gender differences in overall
spatial language exposure for PreK children, with boys being exposed
to more spatial language of all types than girls (Ralph et al., 2020). It
is unclear why the present study found gender differences in “where”
spatial language what.

We found no evidence of gender differences related to science
topic (physical vs. life science) or exhibit scale (large or small scale).
However, we did find that parents used more “where” spatial talk,
focused on location and direction, when they were in the large-scale
life science exhibit environment. This makes sense because this
particular exhibition had many parts that were related to one another.
For example, when interacting with a replica of the mammoth skull,
parents may have made comments about the location of the authentic
fossilized skull in another part of the room.
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FIGURE 6
Parents’ what/where spatial language by exhibit condition.
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FIGURE 7
Parents’ what/where spatial language by child gender.

Much of the research on parents’ spatial language with children
has investigated parents’ talk during everyday activities at home
(Pruden and Levine, 2017). What this study adds is a more
systematic focus on how spatial talk may vary depending on the
specific topics under discussion as well as the particular
characteristics of the spatial environment. Our data suggest that the
characteristics of the space were more important than the topic. The
large-scale life science exhibit stood out as the environment where
parents were most likely to use “where” spatial terms. This
environment was also the most expansive space we considered,
which may account for the finding.

It may be surprising that there were few differences in
parents’ spatial talk related to children’s gender. And yet, as the
literature review shows, the findings regarding gender and
STEM-related talk have been quite mixed (Crowley et al,
2001a,b; Pruden and Levine, 2017; Ralph et al., 2020; Shirefley
and Leaper, 2021). Perhaps gender stereotypes have led to an
expectation that boys will hear consistently more spatial talk; this
expectation has not been widely supported and it may be time for
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the field to clarify the conditions under which gender differences
do and do not appear.

Several limitations of this study could be addressed in future
work. First, the four exhibits studied differ in other ways beyond
large scale vs. small scale and life science vs. physical science. For
example, the large-scale life science exhibit included many
different stations with an overarching subject of mammoths, and
the large-scale physical science exhibit included one interactive
station that spanned a large area of space. Therefore, future
research should consider differences in the kinds of interactions
that occur at exhibits with different physical structures. Further
development of the coding scheme may also be useful since it
may not have captured all the spatial language that parents used.
For example, the word “spin” was used frequently at the Gears
exhibit but this word was not a part of Cannon et al’s (2007)
coding scheme. Future research could expand the existing coding
scheme to better encompass the spatial language that is most
relevant in the specific context studied.

Although more research is needed on this topic, our findings add
to the existing literature on parent-child conversations regarding
STEM topics, and more concretely contribute to research that looks
at everyday conversations involving spatial talk in science settings.
These results also add more information about the kinds of variation
in spatial talk that boys and girls hear in conversations with their
parents. Further investigating the kinds of exposure that children
have to spatial language and concepts outside of school contexts can
better inform researchers about how spatial understanding, and
other of STEM knowledge,
everyday interactions.

aspects develop through
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