
Spatial Thinking: Why It Belongs in the Preschool Classroom

Calla Pritulsky, Caroline Morano,
and Rosalie Odean
University of Delaware

Corinne Bower
Temple University

Kathy Hirsh-Pasek
Temple University and The Brookings Institution,

Washington, DC

Roberta Michnick Golinkoff
University of Delaware

Children’s early spatial thinking abilities are predictive of their later STEM (science,
technology, engineering, and mathematics) achievement. While research has primarily
focused on spatial skills in the home environment, spatial learning can also occur in
schools and in informal learning settings in the real world. Despite calls for imple-
mentation—as in the Common Core standards—spatial skills instruction is absent from
most early education classrooms. The current article identifies key practices that can be
implemented by preschool educators to help foster spatial learning. Adopting Chatter-
jee’s (2008) Framework of Spatial Thought and Language, which offers a typology for
different aspects of spatial thinking, we argue that spatial skills should be taught early,
using examples from the classroom to illustrate how research can be brought to life. We
suggest ways to apply simple practices that preschool educators can use to improve
children’s spatial skills, as well as describe installations designed to foster spatial
thinking that can be implemented in some form in preschools.

What is the significance of this article for the general public?
This article addresses the absence of spatial skills instruction and playful learning
opportunities in preschools by presenting the latest research and providing evi-
dence-based examples of how preschools can integrate spatial language and ges-
tures into everyday activities, as well as provide spatial classroom activities. Since
spatial thinking develops early and predicts later success in STEM domains, it is
imperative to bring spatial learning experiences into preschool classrooms.
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We use spatial thinking each and every day of
our lives. Leaving your bed to go to the kitchen
requires navigational skills, putting your shirt
over your head when getting dressed requires
spatial visualization skills, and even figuring out

how to insert your bank card in the ATM re-
quires mental rotation skills. Spatial thinking
encompasses the ability to mentally rotate ob-
jects (e.g., thinking about how shoes must be
manipulated to fit in a shoebox), navigate
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spaces, and understand relative sizes, locations,
and orientations of objects (e.g., find the fruit
next to the bananas; Newcombe & Shipley,
2015). Spatial skills are necessary not only for
everyday tasks but for STEM (science, technol-
ogy, engineering, and mathematics) achieve-
ment and later careers (e.g., Wai, Lubinski, &
Benbow, 2009).

Correlational data, for instance, suggest asso-
ciations between students’ spatial skills and
STEM learning (e.g., Gunderson, Ramirez,
Beilock, & Levine, 2012; Hodgkiss, Gilligan,
Tolmie, Thomas, & Farran, 2018). Moreover,
experimental data suggest a causal role of spa-
tial skills in STEM learning (e.g., Bower et al.,
in press; Cheung, Sung, & Lourenco, 2019;
Gilligan, Thomas, & Farran, 2019). Providing
children with domain-general experiences in
spatial thinking may bolster the cognitive foun-
dations needed to learn about more abstract,
STEM-related concepts.

In the United States, research has found sex
differences (e.g., Voyer, Voyer, & Saint-Aubin,
2017) and socioeconomic status (SES) differ-
ences (e.g., Jirout & Newcombe, 2015) in the
spatial skills of children and adults. Although
some studies claim to find few gender differ-
ences between boys and girls (e.g., Verdine,
Golinkoff, Hirsh-Pasek, & Newcombe, 2017),
others report differences in spatial skills that
emerge in infant and preschool years (e.g., Kot-
sopoulos, Zambrzycka, & Makosz, 2017;
Pruden & Levine, 2017; Quinn & Liben, 2008).
Still, further research finds gender differences in
some tasks but not others: Harris, Hirsh-Pasek,
and Newcombe (2013) found gender differ-
ences in a mental rotation task but not in a
mental folding task. In fact, recent work has
shown that boys are making greater gains in
mental rotation skills during prekindergarten
than their female classmates (Abad, Odean, &
Pruden, 2018). Additionally, high-SES children
as young as age 3 already outperform their
low-SES peers on block building and other spa-
tial tasks (Verdine et al., 2014).

Fortunately, spatial thinking is malleable and
can be taught at a young age (e.g., Bower et al.,
in press), rendering preschool an ideal place to
lessen SES and sex differences in spatial skills.
While the elementary school years can be rid-
dled with tests, memorization, and homework,
preschool is a unique time during which children
are expected to learn the essentials—including

spatial thinking—through play. Forty-percent of
3-year-olds and 68% of 4-year-olds attend pre-
school in the United States (McFarland et al.,
2019). While not all preschools are affordable
for families, some states (Vermont, Florida, and
the District of Columbia) have adopted univer-
sal pre-K programs starting at age 4, which
allow children to enroll in fully funded pre-
school programs (Barnett & Gomez, 2016). In
other states, programs such as Head Start pro-
vide another option. Head Start serves many
low-income families; in 2018, 1,050,000 chil-
dren in the United States enrolled in the pro-
gram (“Head Start Program Facts: Fiscal year
2018,” 2018).

Preschools can provide a valuable opportu-
nity for teaching children spatial thinking. Spa-
tial tasks, such as block building and mental
rotation, present children with a plethora of
spatial input that can be conceptualized and
discussed in numerous ways. During preschool,
children can strengthen their spatial skills in
several ways through (a) experiences with spa-
tial toys (e.g., Jirout & Newcombe, 2015), (b)
the language addressed to them (Pruden,
Levine, & Huttenlocher, 2011), (c) the use of
gestures used by adults in spatial contexts (Cart-
mill, Pruden, Levine, & Goldin-Meadow,
2010), and (d) engaging in activities that require
navigation (Foreman, Warry, & Murray, 1990).
Furthermore, spatial thinking predicts preschool
children’s school readiness by providing the
framework needed to learn later spatial and
mathematical skills, such as number, shape, and
spatial knowledge, all which are included in the
Common Core Standards for Kindergarten (Mix
& Cheng, 2012; National Governors Associa-
tion Center for Best Practices, 2010; Verdine et
al., 2014). Despite the findings that spatial
thinking predicts later achievement in STEM
fields, spatial instruction is largely absent from
preschool curricula, and SES differences are
evident as early as age 3 (Verdine et al., 2014,
2017). Additionally, while there is a large body
of research on the spatial skills of preschool
children, there remains a gap in the literature on
the role that preschool teachers can play in
fostering children’s developing spatial skills.

To address the absence of spatial skills in-
struction from preschools, the current article
will present the latest research and provide ex-
amples of how the research can be applied in
preschools through spatial language, gestures,
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and the selection of classroom activities. The
article adopts Chatterjee’s (2008) Framework of
Spatial Thought and Language, which posits
several types of spatial information that charac-
terize objects. Intrinsic characteristics refer to
an object’s shape, arrangement of parts, orien-
tation, size, and how it moves, whereas extrinsic
characteristics refer to an object’s location rel-
ative to other objects or to a frame of reference,
such as an apple being above a book (Chatter-
jee, 2008; Newcombe & Shipley, 2015). Intrin-
sic and extrinsic spatial relations can both be
demonstrated statically and dynamically. For
example, identifying shapes in a book is a static
intrinsic task, as the spatial relations do not
change, while putting a puzzle together is a
dynamic intrinsic spatial task, as the spatial re-
lations of the puzzle pieces are changeable.

The current article will use Chatterjee’s
(2008) framework to situate our discussion of
spatial instruction in preschools within the
larger literature on spatial skills. The following
sections will review literature on the roles of
spatial language and gesture in promoting spa-
tial thinking and how we can harness these
findings to support spatial thinking in class-
rooms. In addition to recommendations for
classroom instruction, we will also discuss op-
portunities to infuse spatial skill learning into
the preschool environment through creating
smaller replicas of “Playful Learning Land-
scapes” (Hassinger-Das, Bustamante, Hirsh-
Pasek, & Golinkoff, 2018).

Spatial Language Aids Spatial Thinking

The language children produce and hear from
others is strongly linked to their developing
understanding of spatial relations (e.g., Gentner,
Özyürek, Gürcanli, & Goldin-Meadow, 2013;
Pruden et al., 2011; Verdine, Bunger, Athana-
sopoulou, Golinkoff, & Hirsh-Pasek, 2017).
Spatial language includes words and phrases
that indicate the dimensions of objects (e.g.,
“big”), the shape of objects (e.g., “rectangle”),
or objects’ spatial properties (e.g., “bent”;
Pruden et al., 2011). In this article, we opera-
tionalize spatial language as referring to the
comprehension and use of terms describing spa-
tial relations, such as “above” or “below”, and
spatial features, such as “wide” or “narrow”.

Through spatial language, parents and teach-
ers convey numerous kinds of spatial informa-

tion. Adults can use nouns to refer to intrinsic
properties of objects, such as their shape, and
can use prepositions to orient objects within an
external reference frame. Adults can discuss the
shape of a rectangular magazine (i.e., intrinsic),
while pointing out that the magazine is on the
table (i.e., extrinsic). Spatial language can be
either static, describing the stable intrinsic and
extrinsic characteristics of objects (i.e., a trian-
gle has three sides), or dynamic, referring to
changes in intrinsic and extrinsic characteristics
of objects (i.e., two right angle triangles can be
rotated and fit together to form a square; Chat-
terjee, 2008; Newcombe & Shipley, 2015).
These properties also appear in combination; an
adult can explain that a stop sign is an octagon,
noting the shape’s intrinsic and static properties,
for example. Likewise, an adult might point out
a car to the right of the grocery store but, as the
car moves, update the language to reflect the
car’s new spatial location (e.g., the car is in
front of the store), reflecting both external and
dynamic properties. Due to the gap in research
on teachers’ spatial language, we harness the
findings from studies using parents to infer best
practices for classroom implementation.

Polinsky, Perez, Grehl, and McCrink (2017)
found that when parents used a shape language
script, which included shape terms and part-
whole relations, with their 4-year-old children
in a block wall museum exhibit, children used
more spatial language (words such as “in”,
“here”, and “big”) than when parents used a
goal-directed script, which discussed building
structures, without using spatial terms, or no
script. Only the shape language script condition
led to significant improvement in children’s
performance on puzzles from pre- to posttest.
Further analyses revealed that children’s use of
spatial language in this block exhibit was pre-
dictive of their improvement on the puzzle.
Even during a short intervention, parents’ spa-
tial language led children to use more spatial
language, resulting in improved spatial task per-
formance. Furthermore, Balcomb, Newcombe,
and Ferrara (2011) found that knowledge of
prepositions (like “in” and “out”), as measured
by the MacArthur Communicative Develop-
ment Inventory, was related to 16- to 24-month-
olds finding a puzzle hidden under a foam tile
in the floor. These spatial terms matter—
when children complete spatial tasks, they
perform better if they hear spatial language

273SPATIAL THINKING IN PRESCHOOL

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.



than nonspatial language (Casasola, Bhagwat,
& Burke, 2009; Loewenstein & Gentner,
2005). For example, Loewenstein and Gent-
ner (2005) found that preschoolers were more
accurate in mapping an object’s location in
one box to a corresponding location in a sec-
ond box when they heard spatial words, such
as “on”, “in”, and “under”, compared to when
they did not.

While short-term benefits of parents’ use of
spatial language is certainly promising, research
on long-term effects of using spatial language is
also telling about its power. Much of the spatial
language that children hear comes from adults
who talk to them during spatial play. In fact,
Ferrara, Hirsh-Pasek, Newcombe, Golinkoff,
and Lam (2011) found that parental spatial lan-
guage is more frequent during spatial play, in
particular with blocks, than other types of play.
Pruden et al. (2011) videotaped and transcribed
the spatial language 52 parents and their chil-
dren used while interacting naturally at nine
time points between 14 and 46 months. The
cumulative number of spatial terms parents
used across these time points predicted the cu-
mulative number of spatial terms children used
during the same time points. In turn, children’s
spatial language predicted their spatial problem
solving at 54 months (Pruden et al., 2011).

The implications of these interventions dem-
onstrate the influence of spatial language on
spatial performance. While some speculate that
spatial language is effective due to its direct
effect on spatial knowledge, others have found
support for an attentional hypothesis: Spatial
language, when directed toward a relevant task,
increases children’s selective attention to spatial
features and relations, leading to spatial learn-
ing (Miller & Simmering, 2018). By using spa-
tial language during problem solving (e.g., “turn
that puzzle piece around”), adults may guide
children’s attention to spatial features, leading
to greater learning. Regardless of the specific
mechanism involved, the use of spatial lan-
guage with children facilitates the acquisition of
spatial knowledge and skill.

There is wide variability in parents’ spatial
language use (Pruden et al., 2011). Pruden and
Levine (2017) found that between 34 and 46
months, boys used significantly more spatial
language than girls, a difference mediated by
parental spatial language use between 14 and 26
months. Hearing more spatial language early

may have a lasting impact on children’s spatial
thinking such that they know more spatial terms
than their peers. Moreover, in a study with a
large, representative sample of children be-
tween the ages of 4 and 7, boys had a higher
reported frequency of spatial play than girls,
even when controlling for spatial performance
(Jirout & Newcombe, 2015). Thus, gender dif-
ferences in the frequency of spatial play were
not due to differences in spatial ability; rather,
the genders may have differential access and/or
encouragement to engage with spatial toys.

Preschool teachers should make sure not only
to provide but also to encourage spatial play
with blocks and puzzles for both boys and girls
(Costales, Abad, Odean, & Pruden, 2014). Fur-
thermore, parents’ and teachers’ use of spatial
language should occur early and often, both in
the home and in schools, with spatial toys.

Play with spatial manipulatives, or toys such
as shape sorters, blocks, and puzzles, is a prime
opportunity to help foster spatial language pro-
duction in both parents and children (e.g., Ver-
dine et al., 2018; Zosh et al., 2015). Not only do
spatial toys create a rich context for spatial
language, but spatial materials also serve as
another source of spatial information them-
selves, which adults can capitalize on through
guided play (e.g., Fisher, Hirsh-Pasek, New-
combe, & Golinkoff, 2013). When adults en-
gage in guided play, they let children direct the
interaction while responding to the children’s
interests. In this way, adults scaffold children’s
learning, providing instruction and subtly guid-
ing the interaction toward a learning goal
(Weisberg, Hirsh-Pasek, & Golinkoff, 2013;
Weisberg, Hirsh-Pasek, Golinkoff, Kittredge, &
Klahr, 2016; Zosh et al., 2018). Spatial toys
differ in the sort of information they can yield.
They can provide children with intrinsic infor-
mation, such as the shape, orientation, or size of
a manipulative, but whether the input is static or
dynamic varies depending on the type of toy
(Newcombe & Shipley, 2015). Some materials
provide intrinsic-static input that supports shape
learning, such as shape sorters and shape books
(Newcombe & Shipley, 2015), while other toys,
like puzzles and blocks, offer intrinsic-dynamic
information that helps develop mental rotation
and transformation (Jirout & Newcombe,
2015). Moreover, the quality of spatial play is
also important for the development of chil-
dren’s spatial thinking. For example, providing
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corrective feedback with spatial language to
preschoolers during structured puzzle play (e.g.,
“the circle goes above the rectangle”) can boost
their spatial performance (Bower et al., in
press). Thus, scaffolding preschoolers during
spatial play by using shape names and spatial
relational terms (e.g., “above”, “next to”) may
facilitate their spatial thinking.

One opportunity to use spatial language with
preschoolers is when learning about shapes, a
common preschool topic (National Governors
Association Center for Best Practices, 2010).
Verdine et al. (2018) investigated how different
shape toy versions affected parents’ and chil-
dren’s use of spatial language during a natural-
istic play session. Children produced more spa-
tial language tokens and shape names when
playing with unusual, alternate-shape toys (e.g.,
isosceles triangle) than when playing with more
typical, standard-shape toys (e.g., equilateral
triangle). Children used less language when
playing with shapes on a tablet application than
when playing with physical toys. Parents used
more spatial language with physical toys than
when standard shapes were presented on a tab-
let. Zosh et al. (2015) similarly found that tra-
ditional shape sorters prompted more parental
spatial language with children than electronic
shape sorters. Although tablets can lead to a
decrease in talk between children and adults
(Verdine et al., 2018), professional develop-
ment targeted at teachers may help promote
more effective use of spatial learning apps with
children. Children’s learning from digital de-
vices may be enhanced when accompanied by
in-person social interactions with an adult (Dore
et al., 2018; Eisen & Lillard, 2020). Future
research should address how teachers can be
prepared to implement technology (e.g., elec-
tronic applications) to support children’s spatial
skill learning from an early age. The effective-
ness and role of educational technology in the
development of spatial thinking is just begin-
ning to be investigated. A recent study by
(Bower et al., in press) suggests that 3-year-old
children profit from the use of digital puzzles to
the same degree as concrete materials in a spa-
tial training intervention. Early mathematics ed-
ucation has also found benefits in the use of
tablets (Schacter & Jo, 2017). Thus, more work
is needed in early spatial education to examine
the potential benefits of digital interfaces versus
traditional, tangible materials.

Zosh et al.’s (2015) study and Verdine et al.’s
(2018) study have significant implications for
designing shape activities in preschool. First,
using concrete toys rather than electronic toys
and tablets may increase children’s and adults’
use of spatial language. Electronic toys and
tablets often boast “enhancements” or addi-
tional features like lights and sound effects;
these “add-ons” may make electronic toys seem
more enticing than traditional toys. However,
these additional features are often not related to
the learning goal of the toy and may serve as
distractions from learning. Zosh et al. (2015)
found that parents spoke about the same number
of utterances overall to their children when
playing with traditional and electronic shape
sorters. However, when playing with electronic
toys, parents used fewer unique words overall
and fewer spatial terms. While playing with
electronic shape sorters, parents’ language was
more toy related and often focused on “enhance-
ments,” for example, “What does that button do?”
Whereas, when playing with traditional shape
sorters, parents used more shape-related lan-
guage, for example, “Which one is the circle?
Where does the circle go?” Second, incorporat-
ing atypical, unfamiliar shape versions in class-
rooms would likely promote more spatial lan-
guage. These unfamiliar shape instances help
children identify the defining features of shapes.
For example, seeing both isosceles and equilat-
eral triangles may help children learn that the
defining feature of a triangle is the presence of
three angles and not that it has three equal sides.
When choosing toys to include in the class-
room, preschools should prioritize toys with a
wide variety of shape categories, as well as
atypical shape variants. Unfortunately, these ir-
regular versions of shapes are largely absent
from children’s educational materials, and chil-
dren’s early shape knowledge appears to mimic
what is and is not available for them to see
(Resnick, Verdine, Golinkoff, & Hirsh-Pasek,
2016; Verdine, Lucca, Golinkoff, Hirsh-Pasek,
& Newcombe, 2016).

Additionally, teachers can incorporate guided
play, which has been linked to increased paren-
tal spatial talk (Ferrara et al., 2011). Ferrara et
al. (2011) found that both 4.5-year-olds and
parents used more spatial language when they
played with blocks in a guided play condition,
in which they were provided with photographs
depicting steps to build either a garage or a
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helipad, than when playing in a free play con-
dition. The photographs of the prescribed build-
ing steps may have served as a reminder to
parents to direct the conversation toward topics,
such as spatial configurations, that elicit more
spatial language. Further, the dyad may have
benefited from the shared goal (Ferrara et al.,
2011). Including spatial instruction in preschool
curricula may provide early educators with the
necessary reminder to help increase children’s
early exposure to spatial language.

The Use of Gesture to Promote
Spatial Thinking

Gestures—movements made by the hands or
arms that enrich or emphasize communica-
tion—are so common that we often do not give
them a second thought (Hostetter & Alibali,
2007). While they may seem trivial, gestures are
powerful learning tools, especially in the con-
text of spatial thinking. For example, Austin
and Sweller (2018) found that 3- and 4-year-old
children who used both speech and gestures
conveyed more navigational information than
children who used speech alone (Austin &
Sweller, 2018). Kita and Özyürek (2003) sug-
gest that gestures provide a unique “interface,”
supplementing units of speech with spatial rep-
resentations that may be more accessible. For
example, when children want an object and try
to describe the object’s location, it may be dif-
ficult to use spatial language such as, “I want
the thing that is above the box and beside the
bear.” Instead, gesture can translate the spatial
information into a communicable unit by allow-
ing children to simply point to the object, indi-
cating its location.

Gestures themselves can be either static (de-
ictic) or dynamic (iconic), depending on the
gesture type (Chatterjee, 2008; Newcombe &
Shipley, 2015). A deictic gesture, or pointing
gesture, can be either intrinsic-static, such as
pointing to the leg of a stuffed bear, or extrinsic-
static, such as pointing to a stuffed bear on an
out-of-reach shelf. Iconic gestures, such as mak-
ing a rotation gesture to express how a chair
spins, enact a concept or word. These can be
intrinsic-dynamic, as in the chair example, or
extrinsic-dynamic, as when making a move-
ment gesture to show where a chair will be
moved in relation to other objects in the room.
As seen in these four examples, gestures are

extremely versatile tools to represent each of the
four types of spatial representations.

Researchers have assessed the relationship
between gesture and cognitive abilities, such
as spatial skills, quite early in development
(Goldin-Meadow & Alibali, 2013; Iverson &
Goldin-Meadow, 2005). Parents’ use of spatial
utterances (e.g., “wide”) and gestures (e.g.,
spreading the hands apart) with 14-month-old
children predicts the number of spatial types
(i.e., unique dimensional adjectives, spatial fea-
tures, or shape terms) children can produce in
their own speech at 42 months old (Cartmill et
al., 2010). Young, Cartmill, Levine, and Gol-
din-Meadow (2014) found that 4- and 5-year-
olds benefited from using both spatial language
and gestures—preschoolers performed better on
jigsaw puzzles when using both gestures and
spatial language.

Gesture and speech combinations are espe-
cially helpful in the spatial domain, which often
includes components that are difficult to explain
only using speech, especially for children. For
example, explaining how to pack a car for va-
cation is far simpler when gestures are involved:
Instructing someone to “turn the blue suitcase
on its side and then rotate it 45 degrees” is much
more complicated than simply pointing to the
blue suitcase and gesturing to show how it
should be rotated. Indeed, Sauter, Uttal, Alman,
Goldin-Meadow, and Levine (2012) showed
that children conveyed more information about
a spatial layout when using both gesture and
spatial language.

Another area of spatial skills research that has
received a great deal of attention is mental ro-
tation, or the ability to mentally imagine how an
object would look if turned (Ehrlich, Levine, &
Goldin-Meadow, 2006; Levine, Goldin-
Meadow, Carlson, & Hemani-Lopez, 2018; Sti-
eff, Lira, & Scopelitis, 2016). Ehrlich et al.
(2006) found that preschoolers’ performance on
mental transformation tasks improved when
they made gestures, such as moving their hands
to show how two shapes could be rotated to fit
together. Levine et al. (2018) examined chil-
dren’s gestures during puzzle play and empha-
sized an important distinction between different
types of gestures. Children who were trained to
gesture to indicate the movement of pieces per-
formed better on mental rotation and transfor-
mation tasks than children who were trained to
point to the perceptual features of objects. Ges-
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tures may be more effective in different learning
contexts, depending on how closely they align
with a learning goal (Alibali & Nathan, 2018).
In the mental transformation examples, the goal
is to move pieces—therefore, movement ges-
tures are best suited to the task.

Parents and educators can use gestures
early and often when speaking about spatial
information, which is often abstract and dif-
ficult for children to grasp. Research points to
three key practices, including (a) closely
aligning gestures with learning goals, such as
using movement gestures when speaking
about moving objects together, rather than
pointing gestures; (b) combining gestures
with speech to either supplement or enhance
explanations; and (c) encouraging children to
use gestures when speaking.

Although gesture is often produced sponta-
neously with speech, it is not a skill generally
taught to preservice teachers or parents (Gol-
din-Meadow, 2015). Some children appear to
naturally use gestures while engaging in spa-
tial thinking, while others do not. In light of
research supporting the efficacy of gesture,
children should be encouraged to use ges-
tures. At the most basic level, teachers and
parents can encourage children when problem
solving, with prompts such as, “Try using
your hands,” or “Can you show me with your
hands?” By simply reminding children that
they can use their hands as tools to represent
and understand concepts, they may be more
likely to engage in gesture. Moreover, teach-
ers should also produce effective gestures
during instructional activities as it can help
students’ learning (e.g., Alibali et al., 2013).
One study (Bower et al., in press) found that
providing corrective feedback with gesture to
preschoolers during structured puzzle play
(e.g., rotating their hand in a certain direction
or tracing the outline of a shape to indicate the
correct location and orientation of the puzzle
piece) can boost low-income preschoolers’
spatial performance.

Environmental Installations to Promote
Spatial Engagement

Opportunities for spatial learning can be
infused in the actual architecture of the class-
room. Playful Learning Landscapes is a
movement that transforms urban spaces into

playful learning environments (Bustamante,
Hassinger-Das, Hirsh-Pasek, & Golinkoff,
2018; Hassinger-Das et al., 2018; Playful
Learning Landscapes Action Network, 2019).
Parkopolis, a life-sized mathematical and spa-
tial board game in a children’s museum, led to
increased spatial and mathematical talk, as
well as questions about spatial and mathemat-
ical topics, between adults and children
(Bustamante et al., 2018; Morano, Busta-
mante, Schlesinger, Golinkoff, & Hirsh-
Pasek, 2019). Another installation, Urban
Thinkscape, transformed a bus stop in Phila-
delphia into a space for parent– child interac-
tion and learning, with a puzzle wall and
hidden figures in a metal design supporting
spatial skills development (Hassinger-Das et
al., 2018). Playful Learning Landscapes have
multiple goals, including fostering interaction
between adults and children, involving com-
munity members, and increasing children’s
language and STEM skills (Bustamante et al.,
2018). While originally designed for learning
outside the classroom, these goals likewise
complement preschool classroom learning.

When designing preschool environments,
architects and school leaders can think about
designs that incorporate playful learning in
ways that will promote spatial thinking
through interactions between teachers and
children. For example, in Parkopolis, children
casually talk about shapes with caregivers
when standing on the shape mat, decorated
with different-colored shapes. When design-
ing preschool classrooms, educators might
consider including shape designs painted on
the floor—a simple, yet effective method for
promoting spatial talk and shape learning.
Including construction paper outlines of
where toys go on the shelves not only can
help children clean up but can also be a great
opportunity to introduce more shapes into the
classroom, as children can see the shapes that
make up real objects. While not all preschools
have the resources to engage in large-scale
architectural transformation, teachers can use
inexpensive methods, such as homemade
signs with atypical shape exemplars (e.g.,
isosceles triangle), to promote spatial learn-
ing.
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Promoting Spatial Navigation Through
Play Spaces

Where Playful Learning Landscapes were
used to increase talk and thinking about intrinsic
spatial concepts, the classroom environment can
be incorporated into curriculum to encourage
thinking about larger-scale extrinsic spatial con-
cepts. Spatial navigation is the ability to use
landmarks, distance traveled, cognitive maps,
and, for many adults, tools like maps or GPS to
orient and move through space (Nazareth, New-
combe, Shipley, Velazquez, & Weisberg,
2019). Large-scale spatial activities during
childhood, like sports, have been linked to later
spatial abilities and can help mitigate sex dif-
ferences in adult spatial activities (Nazareth,
Herrera, & Pruden, 2013).

The preschool period is one that shows rapid
improvement in children’s spatial working
memory and ability to use landmarks to find
hidden objects in familiar spaces (Foreman et
al., 1990). Liben, Moore, and Golbeck (1982)
had preschoolers complete two furniture ar-
rangement tasks, one using a scale model of
their classroom with furniture models made of
balsa wood and the other using the actual class-
room and full-sized cardboard representations
of the classroom furniture. Children showed a
greater capacity to arrange the furniture models
in their classroom than to use a scale model,
representing the importance of full-scale spatial
activities for young children.

Another important developing spatial skill is
the ability to use scale models or maps to un-
derstand how to find something or navigate a
space. Very young children have a poor under-
standing of scale; toddlers tend to try to use
miniature toys or objects as though they are
full-sized objects (DeLoache, Uttal, & Rosen-
gren, 2004). However, experience with small-
scale objects decreases the frequency of these
errors (Rosengren, Schein, & Gutiérrez, 2010).
Rosengren and colleagues (2010) introduced fa-
miliar types of objects in small-scale form (i.e.,
a miniature couch, slide, and toy car) into two
classrooms. After 10 weeks experience with
these toys, children made fewer scale errors,
showing that experience with scaled objects can
change even young children’s understanding of
the objects’ affordances.

Preschool aged children are just beginning to
understand how to use representative models of

their environments, navigate spaces on their
own, and understand the relations between
large-scale objects in familiar locations (e.g.,
DeLoache et al., 2004; Foreman et al., 1990;
Liben et al., 1982). By creating spaces and
activities where children can manipulate large
objects, practice using maps and other scale
models, and try finding things on their own,
preschool teachers can support children’s bur-
geoning extrinsic spatial skills.

Conclusions

Although spatial instruction is largely absent
from formal early education curricula, playful
instruction on spatial thinking can be easily
embedded in preschools and possibly help ad-
dress the spatial lags in children from low-
income homes that already exist by age 3 (Ver-
dine et al., 2014, 2017), as well as gender
differences in spatial skills (Abad et al., 2018).
Taking findings from research and using them
in classrooms offer preschool educators multi-
ple options for implementing spatial skills in-
struction. Simply using more spatial language
with children has been linked to improved spa-
tial skills (Pruden et al., 2011), and it matters
not whether the effect is specific to spatial lan-
guage or to the attentional effects spatial lan-
guage invites (Miller & Simmering, 2018). Ad-
ditionally, encouraging children of both genders
to engage with more spatial toys such as blocks
and puzzles is likely to improve children’s spa-
tial thinking. Increasing the use of gesture pro-
vides another avenue for educators, and al-
though it is difficult to become conscious of
using gestures, it can be prompted (Alibali et
al., 2013). Teachers can try to use more spatial
gestures when talking about spatial topics, such
as gesturing to show children where they will
walk for lunch. Educators can even encourage
children to try to use their hands when engaging
in spatial problem solving, as it has been shown
that gesturing of this nature improves spatial
performance (Ehrlich et al., 2006; Levine et al.,
2018; Stieff et al., 2016). Lastly, the preschool
classroom itself can serve as a learning tool.
Teachers can use the classroom creatively by
hiding objects and challenging children to use
navigational strategies and spatial language to
uncover objects (e.g., Foreman et al., 1990).

Playful Learning Landscapes is another way
to increase spatial talk between adults and chil-
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dren, and teachers can consider ways to enrich
play areas with elements of these installations.
Based on similar designs described by Has-
singer-Das et al. (2018), installations such as
painting a ruler on the floor with whole integers
and fractions, adding atypical shape exemplars
to posters, and offering large foam floor puzzles
might improve children’s spatial language use
in the classroom. Incorporating elements from
the Playful Learning Landscapes initiative can
be inexpensive yet effective for children’s spa-
tial skill development.

One common theme seen in spatial language,
gesture, and preschool classroom design is the
importance of adult interaction with children.
Children need adults to guide their learning—
and while children learn best when they are
given freedom to follow their own curiosities
and interests, adult interaction is also essential
for learning. While peer interactions are cer-
tainly influential during the preschool years, the
importance of engaging, involved adults cannot
be understated. Preschool is not the time for rote
memorization and “drill-and-kill” but instead a
time for play. Preschool teachers can use guided
play to follow the child’s lead and identify and
utilize opportunities to infuse spatial learning in
classroom activities (Weisberg et al., 2013;
Weisberg et al., 2016; Zosh et al., 2018). For
example, when a child is painting, a teacher
may use spatial language by pointing out how a
painted bird is above the ground. When a pre-
schooler is playing house, a teacher may use
gestures to demonstrate how to rotate a baby
doll to fit into a crib. Even when a child is
interacting with the classroom itself, such as
playing on a mat filled with shapes of different
sizes and dimensions, the teacher can name
shapes and point out similarities and differences
between different shape exemplars.

Teachers should keep three main practices in
mind when bringing spatial learning into the
classroom. First, spatial learning should be fun.
The examples given in this article mention play-
ful activities such as block building and puzzle
play. These activities should be engaging for
children, naturally encouraging the develop-
ment of spatial thinking. Second, spatial learn-
ing should include an adult. Children may miss
out on opportunities for spatial learning without
the presence of adult scaffolding. Third, spatial
learning should be integrated at every level of
the classroom. Beyond occasional activities, the

actual classroom can be designed to facilitate
spatial learning by adopting principles from ini-
tiatives such as Learning Landscapes.

Translating the research on spatial thinking
into practice in the classroom is entirely feasible
and can only support children’s learning and
enjoyment. Preschool educators can even con-
sider novel ways to do so. Given that spatial
thinking skills begin developing early—and
predict later success in STEM domains from an
early age (Verdine et al., 2014)—it is impera-
tive to bring spatial learning experiences into
preschool classrooms.
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