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Abstract
In this paper we examine the relations between parent spatial language input, children’s own
production of spatial language, and children’s later spatial abilities. Using a longitudinal study
design, we coded the use of spatial language (i.e., words describing the spatial features and
properties of objects; e.g., big, tall, circle, curvy, edge) from child age 14 to 46 months in a diverse
sample of 52 parent-child dyads interacting in their home settings. These same children were
given three non-verbal spatial tasks, items from a Spatial Transformation task (Levine et al.,
1999), the Block Design subtest from the WPPSI-III (Wechsler, 2002), and items on the Spatial
Analogies subtest from Primary Test of Cognitive Skills (Huttenlocher & Levine, 1990) at 54
months of age. We find that parents vary widely in the amount of spatial language they use with
their children during everyday interactions. This variability in spatial language input, in turn,
predicts the amount of spatial language children produce, controlling for overall parent language
input. Furthermore, children who produce more spatial language are more likely to perform better
on spatial problem solving tasks at a later age.
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Research findings have linked variations in early language input to individual differences in
children’s later language and literacy skills (Evans & Shaw, 2008; Hart & Risley, 1995;
Huttenlocher, Haight, Bryk, Seltzer & Lyons, 1991; Huttenlocher, Vasilyeva, Waterfall,
Vevea & Hedges, 2007). Most of these studies focused on the global aspects of language
input children receive, including the overall quantity of speech children hear from their
parents, the vocabulary diversity of parent speech, or the syntactic complexity of the speech.
For example, variations in the quantity of language that parents provide to their children
have been shown to predict children’s later cognitive and language abilities (Bornstein,
Haynes & Painter, 1998; Haden & Ornstein, 2009; Hart & Risley, 1995; Huttenlocher et al.,
1991; Huttenlocher, Vasilyeva, Cymerman & Levine, 2002; Hoff & Naigles, 2002; Hoff-
Ginsberg, 1998; Naigles & Hoff-Ginsberg, 1998; Pan, Rowe, Singer & Snow, 2005; Rowe,
2008; Weizman & Snow, 2001).

Much less is known about whether exposure to particular vocabulary items promotes
thinking about the concepts those words encode. In fact, only recently have researchers
examined whether production of specific sets of words (e.g., number terms, mental state
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words, etc.) predict children’s later cognitive skills in the related domain (Harris, de Rosnay
& Pons, 2005; Levine, Suriyakham, Huttenlocher, Rowe & Gunderson, 2011; Lohmann &
Tomasello, 2003; Meins, Fernyhough, Wainwright, Gupta, Fradley & Tuckey, 2002; Pyers
& Senghas, 2009; Taumoepeau & Ruffman, 2006). Research on parent’s naturalistic
production of number words, for example, shows that children who hear a lot of these word
types between 14 and 30 months of age have a better understanding of cardinal number at 46
months of age (Levine et al., 2011).

In the current study, we explore whether amount of parent use of spatial language predicts
not only children’s spatial language but also children’s performance on nonverbal spatial
tasks. In view of findings that show spatial thinking is an important predictor of STEM
(Science, Technology, Engineering, and Mathematics) achievement and careers (e.g.,
Humphreys, Lubinski & Yao, 1993; Shea, Lubinski & Benbow, 2001; Wai, Lubinksi &
Benbow, 2009), it is important to explore the kinds of early inputs that are related to spatial
thinking. We examine a particular subset of spatial words, in particular those that refer to
spatial features and properties of objects, including words that describe the dimensions of
objects (e.g., big, little, tall, fat, etc.), the shapes of objects (e.g., circle, rectangle, octagon,
triangle, etc.), and the spatial properties of objects (e.g., bent, curvy, flat, edge, pointy, etc.).
We characterize the variability in parents’ naturalistic use of these words when their children
are 14 to 46 months of age and examine the extent to which these variations are independent
of variations in overall language input. We then examine the relation of these input
variations to children’s own use of these spatial terms, and their later success on a variety of
spatial tasks.

Our interest in the relation between spatial language and spatial cognition grew out of a
more general debate on the relation between language and thought (see Bowerman &
Levinson, 2001; Gentner & Goldin-Meadow, 2003; Gumperz & Levinson, 1996, for recent
revivals of this topic). Theories about how language affects thought range from the strong
Whorfian position that language plays a determinative role in thinking (Whorf, 1956), to
“weaker” positions that language augments our capacity to think, represent and reason about
the world (e.g., Gentner, 2003) and influences how we categorize our world (e.g.,
Bowerman & Choi, 2003). Recent research on the language-thought relation has focused on
the domain of space and has mainly involved cross-linguistic comparisons. This research
shows that there are differences in how languages carve up and lexicalize space (Bowerman,
1996; Talmy, 1985), and that these differences are related to variations in spatial thinking
(e.g., Pederson, Danziger, Wilkins, Levinson, Kita & Senft, 1998). Here, we take a different
approach by looking at input variations within in a single language, and exploring whether
the amount of spatial language young English-speaking children hear is associated with
more developed spatial skills in those children.

Some theorists argue that exposure to spatial language can augment one’s ability to think
about the spatial world. For example, Gentner asserts that, “relational labels invite the child
to notice, represent, and retain structural patterns of elements” (Gentner & Loewenstein,
2002, p.103). In support of this position, experimental studies show that children who hear
spatial language while performing spatial tasks do better on those tasks than those who hear
non-spatial terms rather than these spatial terms (Casasola, Bhagwat & Burke, 2009;
Dessalegn & Landau, 2008; Loewenstein & Gentner, 2005; Kotovsky & Gentner, 1996;
Rattermann & Gentner, 1998; Rattermann, Gentner & DeLoache, 1990; Szechter & Liben,
2004).

Existing experiments examining the relation of spatial language to spatial thinking have
mainly tested whether spatial language input, that immediately precedes a spatial task, is
related to children’s performance on that task. For example, Loewenstein and Gentner
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(2005) showed that preschool children were better at finding a target item in one of three
possible locations when the experimenter used related spatial language to describe the
target’s location (e.g., “I’m putting the winner on/in/under the box,” or “I’m putting the
winner at the top of/at the middle of/at the bottom of the box”) than when the target’s
location was described with deictic, non-spatial language (e.g., “I’m putting the winner
here”). Dessalegn and Landau (2008) recently found that 4-year-olds who heard spatial
language specifying direction (e.g., “The red is on the left”) during a complex matching task
were more apt to bind and remember color and location information than those who heard
language not specifying directional information (e.g., “the red is touching the green”).
Szechter and Liben (2004) report evidence that even spatial terms that are not highly
relevant to the later spatial task predict children’s spatial performance. In a laboratory task,
they found that 5-year-old children whose parents use spatial language to highlight spatial
relations in picture books, including language about object size and location, were better at
correctly ordering sequences of photographs using spatial information, such as viewing
distance right after the book reading interaction.

There is also evidence that children’s use of spatial language is related to their spatial skills.
Two studies have reported a link between children’s spatial lexicons and their proficiency on
spatial tasks (Hermer-Vasquez, Moffet & Munkholm, 2001; Shusterman, 2006). Both
studies evaluated whether children could successfully search for a hidden object after being
disoriented, commonly referred to as a spatial reorientation task. Hermer-Vasquez and
colleagues found that children who produced the spatial terms “left” and “right” correctly
during a language production task were more likely to reorient themselves to search in the
correct corner for a hidden object after disorientation than their peers who did not produce
these words (also see Pyers, Shusterman, Senghas, Spelke & Emmorey, 2010 for evidence
that success on this spatial reorientation task in adult Nicaraguan Sign Language signers is
modulated by the acquisition of spatial language). Similarly, Shusterman demonstrated that
4-year-olds who were taught and later showed correct comprehension of the terms “left” and
“right” in the laboratory performed better on the same spatial reorientation task than those
who were not taught these terms. These results suggest that children’s use of spatial words is
a predictor of their success in performing a spatial task.

Taken together, these experimental studies suggest that children who hear and produce
spatial language during various spatial-cognitive tasks often perform better on those tasks
than those who do not receive or produce spatial language. Our study takes this experimental
research one step further by looking at naturalistic spatial language over a long period of
time to see if its use is related to children’s performance on spatial tasks (e.g., mental
rotation, block design and spatial analogies) that are not as obviously related to the spatial
words as those that have been used in experimental studies.

In the present study, we track spatial language production in both children and their primary
caregivers longitudinally, between 14 and 46 months of age, while they interacted
naturalistically in their homes and assessed children’s spatial skills at 54 months of age. Our
goal was to explore the variability in both parent’s and children’s spatial language
production through 46 months of age, and investigate the extent to which variability in
parent spatial language is related to variability in child spatial language, controlling for non-
spatial language or what we refer to as “other talk.” In addition, we examine the extent of
individual differences in children’s performance on three non-verbal spatial tasks, including
a spatial transformation task, a block design task and a non-verbal spatial analogies task and
whether performance levels on these three tasks are correlated. Finally, we explore the
relation between parent spatial language input, children’s spatial language production, and
children’s later performance on these three non-verbal spatial tasks.
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We hypothesize that parents’ spatial language use will predict children’s spatial language
use, which in turn, will predict children’s later performance on spatial tasks. By using three
different spatial tasks as outcome measures, we are able to explore whether spatial language
is generally predictive of children’s performance on spatial tasks, or whether this relation
varies, depending on particular aspects of the spatial task. Importantly, each of the spatial
tasks taps different spatial skill sets, with the Spatial Transformation task assessing
children’s ability to mentally rotate or translate shapes, the Spatial Analogies task assessing
children’s ability to match spatial relations across different objects, and the Block Design
task assessing children’s ability to reconstruct spatial patterns. It is possible that spatial
language will help children attend to spatial relations that are critical for the performance of
all of these tasks. Alternatively, it is possible that spatial language will be more important
for spatial tasks with certain characteristics. For example, spatial language may be more
critical for the performance of spatial tasks where the coding of verbalizable spatial features
and relations is important. If this is the case, we may see a stronger relation between spatial
language and children’s performance on the Spatial Transformation task and the Spatial
Analogies task than on the WPPSI-III Block Design subtest, which requires children to copy
spatial patterns that are composed of a limited number of spatial elements (red block faces,
white block faces, and block faces that are half red and half white, divided along the
diagonal).

Method
Participants

The sample consisted of 52 typically developing children (26 males; 26 females) and their
primary caregivers (50 mothers; 2 fathers). These parent-child dyads were part of a larger,
longitudinal language study in which 64 families participated. All children were from
monolingual, English-speaking homes in the greater Chicago area. Twelve additional dyads
were excluded from the study because they missed more than one of the nine sessions
between 14 and 46 months (n = 6), or they did not complete our battery of spatial tasks at 54
months of age (n = 6). Children who did not complete two out of three spatial tasks were
omitted from final analysis (n = 3: two children did not complete the Spatial Analogies test
and one did not complete the Block Design subtest because they refused to do the task).

Families were recruited for the longitudinal study via an advertisement in a parenting
magazine and through mailings. Interested families completed a screening interview in
which they were asked about their demographic information, including family income,
parents’ education, parents’ occupation, race/ethnicity, and their child’s sex. Families
selected to participate in the longitudinal study represented the diversity of the Chicago area
as assessed by their demographic information, with the caveat that all parents were native
English speakers and participating families spoke only English in the home. Families varied
in their ethnic/racial backgrounds, with 42% of the families being Hispanic (n = 5), Asian
American (n = 2), African American (n = 9), or mixed race (n = 6). Families also varied in
their income and education. Table 1 summarizes the demographic information of the
participating families by their income and educational backgrounds. The average family
income for our sample fell within the $50,000 to $75,000 range and the average number of
years of education was 15.58 (SD = 2.25).

Materials
Three non-verbal spatial tasks were administered to children at 54 months of age: a Spatial
Transformation task (Levine, Huttenlocher, Taylor & Langrock, 1999), the Block Design
subtest of the Wechsler Preschool and Primary Scale of Intelligence – Third Edition
(WPPSI-III; Wechsler, 2002), and a Spatial Analogies test based on the Primary Test of
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Cognitive Skills (PTCS; Huttenlocher & Levine, 1990). In addition to these spatial tasks,
children’s comprehension of language was assessed at 54 months using the Peabody Picture
Vocabulary Test, 3rd Edition (Dunn & Dunn, 1997).

Spatial Transformation task—An abbreviated version of the Children’s Mental
Transformation Task used by Levine et al. (1999) contained 10 items assessing children’s
ability to mentally transform two shapes to make a whole. On each item children were
shown four shapes (right picture; Figure 1) and two target pieces (left picture; Figure 1).
Children were asked to select a shape that the two target pieces would make if they were put
together. For each item, the child received the following instructions from the experimenter,
“Look at the pieces. Now look at these shapes. If you put the pieces together, they will make
one of these shapes. Point to the shape the pieces make.” Six items had pieces that were
rotated 45° from each other (rotation items), while the other four items had pieces that were
translated from each other through a horizontal or diagonal displacement (translation items).
Thus, some items required only a rotation while others required a translation of the pieces.
The first item children selected was scored as either correct or incorrect and every correct
item received 1 point. Children completed all 10 items yielding a possible score range of 0
to 10 points.

Block Design subtest of WPPSI-III—The Block Design subtest from the WPPSI-III
was administered according to the directions in the WPPSI-III instruction manual. Using
three-dimensional red and white colored blocks, children were asked to recreate a design
that was either modeled by the experimenter or shown pictorially. Children were
administered items until the stopping criterion had been reached (i.e., three consecutive
incorrect responses). There were 20 items on this test and the maximum raw score was 40, if
all items were completed correctly and within a specified amount of time.

Spatial Analogies test—The Spatial Analogies test was adapted from the Primary Test
of Cognitive Skills (Huttenlocher & Levine, 1990). This adapted version contained 12 of the
16 spatial items found on the analogies subtest of the PTCS and was used to assess
children’s ability to perceive the analogous relation between two spatial figures. In this task,
children were shown an array of four pictures and a target picture and were instructed by the
experimenter to select the picture that “goes best” with the target picture. For half of the
items a verbal, spatial label could not easily be mapped onto the spatial relation depicted,
however for the other half one could readily map a spatial word to the relation depicted in
the picture (Figure 2; e.g., “bird above the tree”). Most of these spatial labels referred to
either spatial locations (i.e., above, between, in front of, next to) or were words that neither
parents nor children in our sample used (i.e., symmetrical). Children completed all 12 items
and received one point for every correct item, yielding a possible score range of 0 to 12
points.

Peabody picture vocabulary test—The Peabody Picture Vocabulary Test, Version III
(PPVT-3; Dunn & Dunn, 1997), a standardized measure of children’s receptive vocabulary,
was used as a proxy to assess verbal intelligence (Childers, Durham & Wilson, 1994).
Scores for each child are age-based standard scores based on a mean score of 100 and the
standard deviation, 15.

Procedure
This study was part of a larger longitudinal study in which parent-child dyads were visited in
their homes every four months beginning at 14 months of age. In the current study, we
focused on the language of children and their primary caregivers between the ages of 14
months and 46 months (9 visits). During each visit, parent-child dyads were videotaped for
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90 minutes and asked to engage in their everyday, daily routines. Dyads were not given
specific objects or toys to play with, rather, they were asked to spend their time as they
normally would. During typical visits dyads often engaged in toy play, book reading, and
meal or snack time, but were free to do whatever they wanted. When parents and children
were engaging in different activities (e.g., child was playing with toys while mom was in the
kitchen preparing a snack), the video camera continued to record the child’s behavior. In
addition to these nine visits, we evaluated children’s performance on three non-verbal spatial
tasks and the PPVT-3 administered when the children were 54 months of age.

Coding and dependent variable—Both children’s and parent’s speech were transcribed
at each of the nine time points (i.e., 14-, 18-, 22-, 26-, 30-, 34-, 38-, 42-, and 46-months) by
trained research assistants using the procedures outlined in Huttenlocher et al. (2007).
Reliability in transcription was achieved by having a second research assistant
independently code at least 20% of speech, yielding reliability for the transcription of
speech, r > .95.

These transcriptions were then coded to assess use of language about spatial features and
properties of objects. While many other aspects of speech are spatial in nature, we targeted
only those terms that encoded the spatial properties and features of objects and people (e.g.,
shape, size, and featural information of the object; i.e., the “what” aspects of spatial
information). Other spatial terms, including those terms that encode the “where” aspects of
spatial information (i.e., location and direction terms such as between, into, and forward)
were not entered as predictors in further analyses because these words were highly
correlated with children’s overall language use (e.g., r = .92, p ≤ .05 for tokens). This high
correlation ensures collinearity of the “where” spatial terms with overall language use,
which would invalidate any mediation analysis assessing the relation between “where”
spatial terms and the behavioral measures. Note, this was not true for “what” spatial terms as
these terms were less related to children’s overall language use (r = .57, p ≤ .05).

We used the System for Analyzing Children’s Language About Space (Cannon, Levine &
Huttenlocher, 2007) to identify and code our targeted spatial words. The three categories of
spatial terms we coded are as follows:

Shape terms: words that describe mathematical names of two- and three-dimensional
objects and spaces. For example, words such as circle, triangle, octagon, and the word,
shape, were identified as shape terms.

Dimensional adjectives: words that describe the size of objects, people and spaces. For
example, words such as big, little, tall, tiny, small, and long, were classified as dimensional
adjectives.

Spatial features terms: words that describe the features and properties of twoand three-
dimensional objects, people, and spaces. For example, words in this category include bent,
curvy, edge, side, line, and corner.

Targeted words that were used in a non-spatial manner were not considered as part of our
spatial language measures. Usages that were not included consisted of the following:
homonyms (e.g., “Are you my big boy?” and “You are a little angel.”), metaphorical uses
(e.g., “That took a long time” and “You have a big heart”), spatial words used in names
(e.g., “Big Bird” and “Little Drummer Boy”), and other spatially ambiguous usages (e.g., “It
will only be a short walk” might refer to time).
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For each child and parent we assessed the cumulative number of spatial tokens and spatial
types used from 14 to 46 months over the three targeted word categories (i.e., dimensions,
shapes, and features). Spatial tokens assessed the number of spatial word uses and spatial
types assessed the number of unique spatial words used. For example, a child who used the
word big in a spatial manner five times had 1 spatial type and 5 spatial tokens. We also
measured non-spatial language use (i.e., “other talk”) for each parent and child by
calculating cumulative non-spatial word tokens and types. These variables included the
production of all word tokens and word types minus the spatial tokens and spatial types.

Results
Variation in spatial language production and relation to overall language use

Descriptive statistics for children and parents’ language use (i.e., other tokens and other
types; spatial tokens and spatial types) showed that there was considerable variability in the
production of the various word tokens and word types (Table 2). Not surprisingly, some
children and some parents used relatively few spatial words between 14 and 46 months of
age while others used substantially more. On average, parents said 167.06 (SD = 120.52)
spatial tokens during the 9 visits (i.e., 810 minutes or 13.5 hours) between child ages 14- and
46-months. The number of spatial tokens used by parents ranged from a low of only 5
spatial tokens to a high of 525 spatial tokens. If one were to extrapolate for a week, based on
8-hour days, it would yield a range of 21 spatial words to 2178 parent spatial words to
children, a 100-fold difference. We also saw the same pattern of variability in children, with
children producing on average 74.44 (SD = 45.71) spatial tokens over the 9 visits, with a
range of 4 to 191 spatial tokens. A t-test assessing sex differences on children’s cumulative
spatial tokens showed only a marginally significant difference in the amount of spatial
language used by boys (M= 85.88, SD = 49.03) and girls (M = 63.00, SD = 39.82; F[1,50] =
1.85, p = .07). The same pattern of results held for spatial types, with considerable
variability in both parents’ and children’s use of spatial word types. Table 3 shows the most
common spatial words used by parents and by children, broken down by category (i.e.,
shape terms, dimension terms and spatial feature terms). Only those spatial terms that at
least 50% of parents produced by 46 months are included in this table, although all coded
spatial terms used by parents were used in our analyses.

In general, those parents and children who produced a lot of spatial word tokens also
produced a lot of spatial word types (for children: r = .80, p ≤ .001; for adults: r = .84, p ≤ .
001); we use tokens as our dependent variable for all further analysis, although using types
yields the same general pattern of results. Further, those parents who produced a lot of non-
spatial language, what we called “other tokens” also produced a lot of spatial tokens (r = .86,
p ≤ .001). For children, the relation between other tokens and spatial tokens was also
significant, but not as highly related (r = .57, p ≤ .001). These findings show that we must
control for overall language (i.e., other tokens) when examining the relation between spatial
word tokens and children’s performance on spatial tasks.

Individual differences in children’s non-verbal spatial skills and relation among tasks
Descriptive statistics for children’s performance on the three non-verbal spatial tasks (i.e.,
Spatial Transformation task, Spatial Analogies test, and WPPSI-III Block Design) indicate
that there was also a great deal of variability in children’s performance on these tasks (see
Table 4).

T-tests comparing boys to girls showed no sex differences in children’s performance in the
WPPSI-III Block Design subtest (t[49] = 0.71, p > .05) or the Spatial Analogies task (t[48] =
1.09, p > .05). A significant sex difference was found for children’s spatial transformation
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scores (t[50] = 2.28, p ≤ .05), with boys (M = 5.65, SD = 1.85) performing better than girls
(M = 4.46, SD = 1.92).

Significant, positive correlations showed that children’s performance levels on the three
spatial tasks were related. Thus, children who performed well on the Spatial Transformation
test were also likely to do well on the WPPSI-III Block Design subtest (r = .49, p ≤ .001)
and the Spatial Analogies task (r = .39, p ≤ .01) and those who performed well on the Spatial
Analogies task were likely to do well on the WPPSI-III Block Design subtest (r = .47, p ≤ .
001). These correlations remained significant when we controlled for performance on the
PPVT-3 suggesting that that these positive relations do not merely reflect a more general
intellectual factor (r’s > .36, p’s ≤ .01).

Relation of parent and child spatial language use
One of our primary questions of interest is whether there was a relation between parent and
child spatial language use. Table 5 reports the correlations between children’s and parent’s
language measures and children’s performance on our three non-verbal spatial tasks We
asked whether parents who use a lot of spatial language have children who use a lot of
spatial language, even after controlling for parents’ other word tokens. An analysis of parent
spatial tokens and child spatial tokens revealed that this was the case (r = .55, p ≤ .001).
These results suggest that parents who used a lot of spatial language had children who also
produced a lot of spatial language and that this was not merely a bi-product of hearing or
producing more language in general, since we controlled for other tokens, in our analysis.

Relation of spatial language production to children’s performance on each non-verbal
spatial task

We examined whether individual differences in children’s performance on each non-verbal
spatial task was related to the amount of spatial language children heard. Controlling for
parents’ other tokens and children’s other tokens, parents’ spatial tokens were positively
related to children’s performance on the Spatial Transformation task (r = 0.27, p ≤ .05) and
the Spatial Analogies test (r = 0.30, p ≤ .05), but not to children’s performance on the
WPPSI-III Block Design subtest (r = 0.09, p > .05). Thus, children who heard more spatial
language from their primary caregivers performed significantly better on two out of three
spatial tasks, the Spatial Transformation task and Spatial Analogies test, even after
controlling for overall parent language use or “other tokens”.

We next tested our hypothesis that the link between parent spatial language and children’s
performance on the Spatial Transformation task and the Spatial Analogies test were the
result of parent spatial language influencing children’s spatial language use, which in turn
promotes children’s attention to spatial aspects of the world and ultimately better spatial
thinking. If this is the case, the significant relation between parent spatial language and
children’s performance on the Spatial Transformation task and the Spatial Analogies test
should be mediated by children’s spatial language use.

A mediation analysis is a statistical procedure used to examine whether a third (mediating)
variable intervenes between a predictor variable and an outcome variable (Iacobucci, 2008).
For example, in our study we are interested in assessing whether the relation between parent
spatial token production and child performance on the Spatial Transformation, Block Design
and Spatial Analogies tasks may be mediated by children’s production of spatial tokens.
This analysis allows us to determine whether parent spatial language directly influences
child spatial skill, or alternatively whether parent spatial language influences child spatial
language, which then influences child spatial skill. Notably, a mediation analysis requires a
number of prerequisite assumptions to be met, including: (1) that there is a significant
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relation between the independent variable (i.e., parent spatial tokens) and the mediating
variable (i.e., child spatial tokens); (2) that there is a significant relation between the
independent variable (i.e., parent spatial tokens) and the dependent variable (i.e., child’s
performance on Spatial Transformation, WPPSI-III Block Design and Spatial Analogies
tests); and (3) that there is a significant relation between the mediating variable (i.e., child
spatial tokens) and the dependent variable (i.e., child’s Spatial Transformation, WPPSI-III
Block Design and Spatial Analogies scores). Once these necessary correlations are
established, the mediation analysis can proceed through linear regression analysis with child
spatial tokens as a potential mediator between parent spatial tokens and child scores on the
non-verbal spatial task. Using this analysis we were able to ask whether children’s own
spatial language use was explaining a significant amount of the variance accounted for by
the relation of parent spatial language input and children’s spatial skill. Results obtained
from the mediation models were evaluated using those guidelines outlined by Baron and
Kenny (1986).

Spatial Transformation task—Figure 3a shows that all three variables of interest, parent
spatial tokens, child spatial tokens, and child spatial transformation scores, were
significantly, positively correlated with each other, thus meeting the necessary prerequisite
for a mediation analysis (r’s > .27, p’s ≤ .05; after controlling for parent’s other tokens and
children’s other tokens).

Regression analysis established that parent spatial tokens significantly predicted children’s
spatial transformation scores (β = .93, t = 3.81, p ≤ .001). Figure 3b shows the strength of
this direct effect (path c) of parent spatial language input on children’s later Spatial
Transformation performance. When children’s spatial tokens were included as a potential
mediator, the path coefficient (c’) was reduced substantially (β = .36, t = 1.11, p > .05),
suggesting that parent spatial language influences children’s Spatial Transformation
performance via children’s own spatial language use (Figure 3c)1. This model accounted for
over 31% of the variance (based on R2) on children’s spatial transformation scores. A bias-
corrected bootstrapping procedure (Preacher & Hayes, 2004) gave a 95% confidence
interval of 0.19 to 1.07. This bias corrected confidence interval did not contain zero,
suggesting that the reduction in the direct relation between parent spatial tokens and
children’s spatial transformation scores was significant. Taken together, these results
indicate that the relation between parent spatial language and children’s performance on the
Spatial Transformation task was accounted for by children’s use of spatial language. It
should be noted that when we considered only the earlier time points (14 to 30 months) or
only the later time points (34 to 46 months) in computing cumulative parent and child spatial
tokens, results of this analysis were similar, but not as strong as when spatial tokens were
cumulated from 14 to 46 months.2

Spatial Analogies test—As was the case for the Spatial Transformation task, Figure 4a
shows that all three variables of interest, parent spatial tokens, child spatial tokens, and child
spatial analogies scores, were significantly, positively correlated with each other, meeting
the prerequisites for mediation analyses (r’s > .30, p’s ≤ .05; after controlling for parent’s
other tokens and children’s other tokens).

1Entering “other” tokens in the model as covariates revealed no significant effect on children’s spatial transformation scores
(children’s tokens, β = −0.3, t = −0.09, p = .93; parents’ tokens, β = 0.68, t = 0.15, p = .88). Similarly, entering child’s sex in the
model as a covariate revealed no significant effect on children’s spatial transformation scores (β = −0.59, t = −1.16, p = .25).
2Repeating this mediation analysis using either cumulative spatial tokens from 14- to 30-months (“early talk”) or 34- to 46-months
(“late talk”) showed that these models accounted for less variance in children’s spatial transformation scores, R2 = .27 and R2 = .21,
respectively, than the full model, 14- to 46-months, R2 = .31.
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Figure 4b and 4c illustrate the direct and indirect influence of parent spatial tokens on
children’s spatial analogies scores, with child spatial tokens as the potential mediator
between these two variables. The direct effect (c) of parent spatial tokens on children’s
spatial analogies scores was significant (Figure 4b; β = 1.27, t = 3.68, p ≤ .001). Including
children’s spatial tokens as a potential mediator reduced the direct effect (c’) of parent
spatial tokens on children’s spatial analogies scores (Figure 4c; β = .57, t = 1.22, p > .05).3

This model accounted for 29% of the variance (based on R2) on children’s spatial analogies
scores. These results suggest parent spatial language influences children’s spatial analogies
scores indirectly via our mediating variable, children’s spatial language production. Using
the bias-corrected bootstrapping procedure, the 95% confidence interval did not contain zero
(95% CI: 0.05 to 1.42) suggesting that this reduction in the direct relation between parent
spatial tokens and children’s spatial analogies scores was significant. When we again
considered only the earlier time points (14 to 30 months) or only the later time points (34 to
46 months) in computing cumulative parent and child spatial tokens, results of this analysis
were similar, but not as strong as when spatial tokens were cumulated from 14 to 46 months.
4

Predictors of children’s WPPSI-III Block Design performance—A partial
correlation, as reported previously, revealed that the variable, parent spatial tokens, was not
significantly correlated with children’s performance on the Block Design task after we
controlled for parent other tokens (r = 0.09, p > .05) – a key prerequisite required for a
mediation analysis (Figure 5). Thus, mediation analysis was not an appropriate statistic for
analyzing children’s Block Design scores, as there was no relation to mediate.

To determine the best predictors of children’s performance on the Block Design task, we
performed multiple linear regressions. These regressions were used to establish the amount
of variance in children’s block design scores explained by each of the following variables:
(1) parent’s other tokens, (2) parent’s spatial tokens, (3) children’s other tokens, and (4)
children’s spatial tokens. Regressions were also used to assess which variables were
significant predictors of the children’s Block Design scores. For each regression model, two
types of statistics are presented. The first is the standardized partial regression coefficient, β.
This coefficient indicates the change in standard deviation in children’s Block Design scores
for every one standard deviation change in the predictor variable (e.g., children’s spatial
tokens, etc.). The second statistic reported is adjusted R2. This statistic indicates the total
amount of variance (adjusted for multiple predictors) accounted for by each of the regression
models.

The regressions presented in Table 6 show which variables were significant predictors of
children’s performance on the WPPSI-III Block Design test. In Model 1 we found that the
parent’s other tokens variable, our measure of parent overall language use and talkativeness,
was a significant predictor of children’s performance on Block Design (β = .27, p ≤ .05),
accounting for 5.5% of the variability in children’s scores (adjusted R2 reported; Model 1,
Table 6). However, when we added parent’s spatial tokens in Model 2 we found that neither
parent’s spatial tokens (β = .22, p > .05) nor parent’s other tokens (β = .09, p > .05) were
significant predictors of children’s performance on the Block Design test (adjusted R2 =
4.9%; Model 2, Table 6), the same result we captured in the partial correlation between
parent spatial tokens and children’s Block Design scores. In Model 3, we assessed whether

3Controlling for “other” tokens does not significantly alter the pattern of results. Including “other” tokens in the model as covariates
showed that neither children’s “other” tokens (β = −0.14, t = −0.35, p = .73) nor parent’s “other” tokens (β = −0.13, t = −0.19, p = .85)
had an effect on children’s spatial analogies scores.
4Repeating this mediation analysis using either cumulative spatial tokens from 14- to 30-months (“early talk”) or 34- to 46-months
(“late talk”) showed that these models accounted for less variance in children’s spatial analogies scores, R2 = .17 and R2 = .26,
respectively, than the full model, 14- to 46-months, R2 = .29.
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children’s other tokens would add any predictive power. This regression revealed children’s
other tokens did not significantly predict children’s later performance on the WPPSI-III
Block Design test (β = .17, p > .05; adjusted R2 = 5.6%; Model 3, Table 6). Finally, in
Model 4, we tested whether children’s use of spatial language (as assessed by spatial tokens)
predicted their performance on the Block Design task, even after controlling for parent and
child other tokens and parent spatial tokens. This model revealed that children’s spatial
tokens remained a significant predictor of their performance on the Block Design task (β = .
52, p ≤ .05, adjusted R2 = 14.5%; Model 4, Table 6). These results indicate that just as for
the Spatial Transformation and the Spatial Analogies tests, children’s use of spatial language
is a significant predictor of their later performance on the WPPSI-III Block Design task,
even after controlling for children’s and parent’s overall language use. Repeating these
models with either early time points (14 to 30 months) or only the later time points (34 to 46
months) in computing cumulative parent and child spatial tokens shows similar patterns,
however the “late” spatial talk model accounted for less variance (adjusted R2 = .032) than
the full model, whereas the “early” spatial talk model accounted for roughly the same
amount of variance (adjusted R2 = .18) in children’s Block Design scores when compared to
the full model (adjusted R2 = .15). Thus, in contrast to the findings for the Spatial
Transformation task and the Spatial Analogies test, these results raise the possibility that
children’s earlier uses of spatial language may be more predictive of their later performance
on the Block Design task than their later spatial talk.

Discussion
Our longitudinal study examined three questions. The first concerned variability in children
and parents’ spatial talk and the relation between the two, controlling for “other talk.”
Consistent with prior research, our results revealed substantial variability in the production
of spatial language by both children and their primary caregivers (Bates, Bretherton &
Snyder, 1988; Bloom, 1991; Clark, 2003; Naigles, Hoff & Vear, 2009; Pruden & Levine,
2011) and a significant relation between parents’ spatial language use and children’s spatial
language use, controlling for parent and child “other talk.” The current study is among only
a few to examine parent input as it relates to the development of children’s spatial language
and spatial thinking (Szechter & Liben, 2004). By focusing on talk about the size and shapes
of objects, we show that parents who provide more talk about these aspects of space have
children who do the same. Our second question concerned variation in children’s
performance on three nonverbal spatial tasks and whether children who perform well on one
of these tasks are likely to perform well on all of these tasks. Our findings show modest
positive correlations among the three tasks, even controlling for performance on a verbal
test, the PPVT-3, and substantial individual variation in performance level on three non-
verbal spatial tasks.

These findings enabled us to address our third and main question, which concerns the
relation of parent and child spatial language to children’s spatial thinking. We hypothesized
that parents’ spatial language use with their young children would predict children’s spatial
language production, which in turn would predict their later spatial skills. As predicted, on
the Spatial Transformation and the Spatial Analogies tests, our analyses showed that
children’s use of spatial language mediated the positive relationship between parent spatial
language input and children’s performance on these two tasks. In addition, children’s
performance on the WPPSI-III Block Design subtest was predicted by children’s cumulative
production of spatial tokens between 14 and 46 months, even after controlling for their
overall other talk and their parents’ spatial and other talk. Taken together, these results
suggest that children’s talk about space early in development is a significant predictor of
their later spatial thinking.
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The current results extend those of prior studies examining the relation between spatial
language and spatial thinking in several ways. First, the present study shows that there is
variability in exposure to and use of spatial language over the 32-month time period between
14 and 46 months of age in everyday, naturalistic interactions that occur in the home
environment. Indeed, this is one of only a handful of studies to document variability in the
use of spatial and relational words longitudinally (Choi & Bowerman, 1991; Fenson et al.,
1994; Internicola & Weist, 2003; Naigles et al., 2009). Second, as mentioned previously,
most prior studies have examined the relation of spatial language and spatial thought by
examining cross-linguistic variations in the ways different languages lexicalize spatial
relations (e.g., Pederson et al., 1998). We instead focused on variations in exposure and
production of spatial language within a single language, English, and found a relation
between children’s spatial language use and their performance on three spatial tasks that do
not require a verbal response. Finally, previous research examining the relation of spatial
language to spatial thinking mainly presented spatial terms that: (a) were highly relevant to
the spatial task (e.g., using the word “middle” to describe the middle location) and; (b)
directly preceded the spatial task in time (i.e., word was said minutes before spatial task). In
contrast, we showed that a broad range of spatial words, including words not necessarily
directly related to our spatial tasks, predicted children’s success on these tasks. Moreover,
the samples of spatial language were gathered across multiple time points, spanning almost
3 years, suggesting that the relation of language and spatial performance are not simply due
to priming before the task.

Our findings are consistent with the following developmental trajectory. During everyday,
parent-child interactions, parents vary widely in the amount of spatial language they use
with their children. This variability in spatial language input is, in turn, predictive of the
amount of spatial language children use. That is, between 14 and 46 months, those children
who have been exposed to a lot of spatial language input are far more likely to produce
spatial language themselves. Furthermore, children who produce more spatial language are
more likely to perform better on spatial problem solving tasks somewhat later, at 54 months
of age. The correlational pattern obtained from this naturalistic study is consistent with
causal as well as non-causal explanations of the relationship between children’s spatial
language and their performance on spatial tasks.

A possible causal story is that rich spatial language has a general positive effect on spatial
cognition, promoting children’s attention to spatial information and their ability to solve
spatial problems (Casasola, 2005; Gentner & Goldin-Meadow, 2003). Rich spatial language
can also be useful in the specific problem solving contexts that we present. In the context of
the children’s Spatial Transformation task, enhanced ability to verbally describe the shapes
may result in better performance by supporting more robust encoding of spatial information.
For example, a study with adults who were given the task of deciding whether two
molecules are identical shows that rich representations of these molecules in chemistry
experts results in a decreased need to mentally rotate the molecules (Stieff, 2007). Similarly,
children with rich spatial language may be able to decrease the cognitive load involved in
mentally transforming the shapes because they are able to form a better representation of the
shapes by using spatial language to describe key features of the shapes that differentiate the
target shape from foil alternatives.

A similar mechanism may also explain the relation between spatial language and children’s
performance on the Spatial Analogies task. An enhanced ability to verbally describe spatial
features and spatial relations may lead to an increased awareness and better encoding of
spatial features and relations (Gentner, 1988; Gentner, Simms & Flusberg, 2009). According
to Gentner’s relational shift hypothesis (1988), young children initially focus on objects and
only later shift to a reliance on spatial relations in analogical tasks. One tool that appears to
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aid children in moving from a reliance on objects to relations is relational or spatial language
(Gentner, 2003; Genter & Ratterman, 1991; Gentner et al., 2009). Under this view, those
children who hear and produce more spatial language would have an advantage on the
Spatial Analogies task as they may be more apt to notice the spatial relations required to
succeed on our Spatial Analogies task. Those children exposed to and producing less spatial
language may be less likely to note these spatial relations, but instead focus on object
properties, such as object kind.

Unlike the other two non-verbal spatial tasks, parent’s spatial language use was not related
to children’s later WPPSI Block Design scores. Why might this be the case? One possibility
is that verbal coding of spatial features (e.g., shape, size, and spatial feature terms) is simply
more useful for tasks that require one to mentally manipulate, rotate or compare images (i.e.,
the Spatial Transformation and Spatial Analogies tasks), than for performing the Block
Design task. On the Block Design task, the individual elements involved are limited to solid
red block faces, solid white block faces, or block faces that are half red and half white, with
the block divided along the diagonal. As a result, the spatial terms that might be useful to the
child in reconstructing these patterns may be more limited than for the other two spatial
tasks and as our “early” versus “late” spatial talk models suggest, may be limited to the
child’s early spatial lexicon. In fact, it may be the case that those spatial words not examined
in the present study, including location, direction and orientation (e.g., next to, above,
below) terms are the ones that are most useful to the child in solving problems on the Block
Design task. It is also likely that spatial tasks vary in terms of the extent to which spatial
language and spatial visualization skills (i.e., imagery, spatial memory, and the ability to
carry out mental transformations) are used, and that the differential use of particular kinds of
processes may have influenced our pattern of results. Indeed, our findings provide a starting
point for the design of studies aimed at increasing our understanding of the types of spatial
tasks and problem solving strategies that are and are not influenced by spatial language
knowledge.

While the amount of variance in children’s spatial skills that was accounted for by our
spatial language predictors was statistically significant, there was additional unexplained
variance (e.g., explained variance for Spatial Transformation task R2 = .31, for Spatial
Analogies R2 = .29, for WPPSI-III Block Design R2 = .15). Thus, there may be additional
factors that contribute to variability in the outcomes such as engagement in spatial play. For
example, recent research suggests that the amount of puzzle play children engage in early in
life is predictive of their later performance on a mental rotation task (Levine, Ratliff,
Huttenlocher & Cannon, 2011). It may be the case that children’s engagement in spatial
activities such as puzzle play, which co-occurs with a lot of spatial language, is causally
related to better spatial abilities. Under this account, spatial activities promote better spatial
thinking and children simply learn more spatial language as a by-product of engaging in
these spatial activities. Moreover, it could be that early spatial ability or early interests in
spatial activities leads parents to engage children in more spatial activities and to provide
them with more spatial language. In this case, rather than exposure to spatial language or
spatial activities leading to improvement in spatial skill, children’s pre-existing spatial skills
and interests lead to more exposure to spatial language and activities. Finally, a third
variable could explain the relation of spatial language to spatial thinking. For example,
parents’ gesture during spatial talk predicts children’s spatial language (Cartmill, Pruden,
Levine & Goldin-Meadow, 2010) and may also be related to children’s later spatial thinking.

An experimental approach is needed to examine whether enhancing children’s spatial
language leads to improvements in spatial thinking. In such a study, children could be
randomly assigned to engage in spatial activities with or without accompanying spatial
language and gesture. The key question is whether children in the spatial activity plus spatial
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language condition show greater improvements on tasks such as the Spatial Transformation
task than children in the spatial activity minus spatial language condition, a finding that
would demonstrate a causal link between children’s spatial language and their spatial
cognition.

In summary, the current findings indicate that children’s early spatial language is related to
parents’ use of spatial language. Further, children’s spatial language production is a
significant predictor of their later spatial skills. Should further research reveal that spatial
language not only predicts but also improves children’s spatial skills there would be obvious
educational implications. In particular, such findings would indicate that talking about the
spatial world is a relatively easy way to enhance young children’s spatial language as well as
their spatial thinking.
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Figure 1.
Sample item from the Spatial Transformation task (Levine et al., 1999). While viewing the
figures children were asked to select a shape that the two pieces would make if they were
put together.
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Figure 2.
Sample item from the Spatial Analogies test (adapted from the PTCS; Huttenlocher &
Levine, 1990). Children were asked to select one picture out of the four that “goes best”
with the target picture. Picture reprinted with permission of The McGraw-Hill Companies,
Inc.
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Figure 3.
Scatter plots (3a) showing: (1) the relation between parent’s spatial tokens by 46 months and
children’s spatial tokens by 46 months (top left; r = 0.55, p ≤ .001), (2) the relation between
parent’s spatial tokens by 46 months and children’s scores on the Spatial Transformation
task (top middle; r = 0.27, p ≤ .05) and (3) the relation between children’s spatial tokens by
46 months and children’s scores on the Spatial Transformation task (top right; r = 0.39, p ≤ .
01), after controlling for parent’s other tokens and children’s other tokens. The mediation
analysis reveals that the direct effect (c) of parent spatial tokens on children’s spatial
transformation scores (3b) is no longer significant when children’s spatial tokens are
included as a potential mediator (3c; c’). These results suggest that children’s own
production of spatial language accounts for the relation between parent spatial language and
children’s spatial transformation scores. (n = 52, β = Standardized regression coefficient, *p
≤ .05, **p ≤ .01, ***p ≤ .001).
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Figure 4.
Scatter plots (4a) showing: (1) the relation between parent’s spatial tokens by 46 months and
children’s spatial tokens by 46 months (top left; r = 0.55, p ≤ .001), (2) the relation between
parent’s spatial tokens by 46 months and children’s scores on the Spatial Analogies test (top
middle; r = 0.30, p ≤ .05) and (3) the relation between children’s spatial tokens by 46
months and children’s scores on the Spatial Analogies test (top right; r = 0.39, p ≤ .01), after
controlling for parent’s other tokens and children’s other tokens. The mediation analysis
reveals that the direct effect (c) of parent spatial tokens on children’s spatial analogies scores
(4b) is no longer significant when children’s spatial tokens are included as a potential
mediator (4c; c’). These results suggest that children’s own production of spatial language
accounts for the relation between parent spatial language and children’s spatial analogies
scores. (n = 50, β = Standardized regression coefficient, *p ≤ .05, **p ≤ .01, ***p ≤ .001).
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Figure 5.
Scatter plots showing (1) the relation between parent’s spatial tokens by 46 months and
children’s spatial tokens by 46 months (top left; r = 0.55, p ≤ .001), (2) the relation between
parent’s spatial tokens by 46 months and children’s scores on the WPPSI-III Block Design
subtest (top middle; r = 0.09, p > .05) and (3) the relation between children’s spatial tokens
by 46 months and children’s scores on the WPPSI-III Block Design subtest (top right; r =
0.33, p ≤ .05), after controlling for parent’s other tokens and children’s other tokens. The
relation between parent’s spatial tokens and children’s scores on the WPPSI-III Block
Design subtest was no longer significant, so we did not conduct mediation analyses as this
was no longer an appropriate test. (n = 51, *p ≤ .05, **p ≤ .01, ***p ≤ .001).
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Table 2

Descriptive Statistics for Language Production by 46 Months

M SD Minimum Maximum

Children’s Language

 Other Tokens1 11372.15 4355.47 3859 22310

 Other Types1 765.31 204.12 387 1213

 Spatial Tokens 74.44 45.71 4 191

 Spatial Types 11.06 5.27 1 22

Parent’s Language

 Other Tokens1 30257.38 14466.06 6009 71926

 Other Types1 1326.90 360.39 566 2103

 Spatial Tokens 167.06 120.52 5 525

 Spatial Types 19.77 8.47 2 42

1
Note. Other tokens and other types included all other words besides spatial tokens and types.
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Table 3

Most Common Spatial Terms

% Parent Produced % Child Produced

Shape Terms

 Circle 80% 72%

 Shape 72% 30%

 Square 65% 43%

 Triangle 62% 45%

Dimension Terms

 Little 100% 88%

 Big 98% 100%

 Small 87% 52%

 Long 78% 57%

 Tall 72% 38%

 Full 72% 27%

 Tiny 50% 27%

 Empty 50% 22%

Spatial Feature Terms

 Side 68% 23%

 Line 60% 45%

 End 58% 25%

Note. This table represents only a sample of spatial words said by parents and their children. Only those terms that were produced by at least 50%
of parents are reported in this table. However, all spatial terms, even those produced by fewer than 50% of parents are included in further statistical
analyses.
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Table 6

Predictors of Children’s Block Design Scores at 54 months

Predictors Model 1 Model 2 Model 3 Model 4

β β β β

Parent’s Other Tokens1 0.27* 0.09 0.07 0.22

Parent’s Spatial Tokens 0.22 0.17 −0.25

Children’s Other Tokens1 0.17 −0.02

Children’s Spatial Tokens 0.52*

R2 (adj.) 5.5% 4.9% 5.6% 14.5%

1
Note. Other tokens included all other words besides spatial tokens. β = Standardized regression coefficient;

*
p ≤ .05,

**
p ≤ .01,

***
p ≤ .001.
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