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five-years old, as they played. Some of them came from low-income families,
others from middle-income families. The researchers examined the ninety epi-
sodes, each fifteen-minutes long. They observed six categories of mathematics
content in the children’s play activities (Seo and Ginsburg, 2004, all examples
are from this team’s observations).

Classification

This category includes grouping, sorting, or categorizing by attributes. A child
cleaned up the blocks on the rug, for example, by taking one block at a time
and placing it in a box that contained the same size and shape of blocks. Also
a girl took all the plastic bugs out of the container and sorted them by type of
bug and then by color. They were classifying.

Magnitude

Children engaging in activities under this category are describing or comparing
the size of objects. Two boys, for example, built structures with LEGO blocks.
One said to the other, “Look at mine. Mine is big!” The other protested, “Mine
is bigger!” They placed their LEGO structures side by side to compare them. In
another instance, when one of the girls in the study brought a newspaper to the
art table to cover it, another remarked, “This isn’t big enough to cover the table.”
These boys and girls were considering the mathematical concept of magnitude.

Enumeration

This category includes saying number words, counting, instantly recognizing
a number of objects (called subitizing in mathematics), or reading or writing
numerals. A boy took out all the beads in a box, for example, and put them
on a table. He said, “Look! I got one hundred!” He started counting them to
check his assertion. Others joined in the counting, and they did count up to
one hundred, with few errors. In another case, three girls drew pictures of their
families and discussed how many brothers and sisters they had and how old
their siblings were. These kids were enumerating.

Dynamics

Those engaged in activities related to this category put things together, take
them apart, or explore motions such as flipping. Several girls, for example, flat-
tened a ball of clay into a disk, cut it, and made “pizza,” clearly working on the
dynamics of their object.



Building Blocks and Cognitive Building Blocks

315

Pattern and Shape

This category includes identifying or creating patterns or shapes or exploring
geometric properties. In one example, a child made a bead necklace, creating
a yellow-red color pattern. In another, a boy put a double-unit block on the
rug, two unit blocks on the double-unit block, and triangular blocks in the
middle, building a symmetrical structure. These children were playing with
pattern and shape.

Spatial Relations

The final category includes describing or drawing a location or direction. For
example, one girl put a dollhouse couch beside a window. Another moved it
to the center of the living room, saying, “The couch should be in front of TV.”
Or a boy asked another where he found the button puzzle he was playing with.
“There,” said the latter, pointing to a storage unit in the block area. The first
boy went to the storage unit and asked him again, “Where?” The second boy
replied, “Second one . . . right side, no, the left side,” (adapted from Seo and
Ginsburg 2004, 93-94).

The range of mathematics in the study was impressive. Even more so was
the frequency with which children engaged in math activities. About 88 percent
of children engaged in at least one math activity during their play. Overall, the
children showed at least one instance of mathematical activity 43 percent of the
time they were observed. These actions may have been brief episodes during
the minutes of play the study observed, but there is little doubt that children
are involved in mathematics for a considerable portion of their free play (Seo
and Ginsburg 2004).

Although the level of involvement varied by individual, it was remarkably
similar despite family income—44 percent of the children from low-income
families, 43 percent of middle-income children, and 40 percent of upper-income
youngsters. Further, there were no significant gender differences. A related
study did reveal that Chinese children engage in considerably greater amounts
of these types of play, particularly in the category of pattern and shape (Gins-
burg, Ness, and Seo 2003), to which we will return later.

The frequency with which children engaged in mathematical play was not
the same in the different categories of Ginsburg’s studies. The greatest frequency
was in pattern and shape (21 percent), magnitude (13 percent), enumeration (12
percent), dynamics (5 percent), spatial relations (4 percent), and classification
(2 percent). Most adults think the math skills of children are limited to simple 1
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verbal counting and shape recognition, but this study reveals a surprisingly
rich grasp-among the very young of these basic mathematical categories.

Indeed, the children’s everyday experiences form an intuitive, implicit con-
ceptual foundation for mathematics. Later, children represent and elaborate
on these ideas—creating models of an everyday activity with mathematical
objects, such as numbers and shapes; engaging in mathematical actions, such
as counting or transforming shapes; and using mathematics to build struc-
tures. We call this process mathematization (Sarama and Clements, 2009).
That is, when children play a game and recognize that they cannot win on the
next move because they need a seven and the largest number they can roll is
a six, they have represented the game situation with numbers and have used
mathematical reasoning. Children who recognize that a floor can be tiled with
regular hexagons because “the angles fit together” have modeled an aspect of
their world with geometry. '

Further, recognizing the difference between foundational and mathematized
experiences is necessary to avoid confusion about the type of activity in which
children are engaged (Kronholz 2000). We need to recognize this difference
because children need both and, unfortunately, adults often do not provide the
mathematics experiences. For example, observations across all settings of a full
day in the lives of three-year-olds revealed remarkably few activities, lessons,
or episodes of play with mathematical objects—60 percent of the children had
no such experience across 180 observations (Tudge and Doucet 2004). Factors
such as race-ethnicity, socioeconomic status, and setting (home or child care)
did not significantly affect this low frequency. We will return to this issue, but
first we discuss the development of different types of play among children.

Development of Different Types of Play

Children engage in different types of play as they develop (Monighan-Nourot
1987; Piaget 1962). Sensorimotor play involves learning and repeating action
sequences, such as sucking, grasping, clapping, or pouring water. It makes up
over 50 percent of all the free activity engaged in by children up to two years
of age but declines by about 33 percent before they reach five years of age and
another 14 percent or so by age six or seven. However, sensorimotor play re-
mains a part of more sophisticated types of play.
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Symbolic or pretend play emerges when a child is about fifteen months old,
and it develops throughout the preschool years. Because it engenders the growth
of representation and decontextualization, symbolic play is important as a child
grows for understanding more sophisticated mathematical concepts, up through
algebra. As an example of symbolic play, a two-year-old might set a table with toy
plates, silverware, and plastic food, copying what he has seen at home. A three-
year-old might use a flat piece of wood for a plate and cylinder block for a glass. A
four- or five-year-old might imagine the dishes and the roles of family members
at dinner, including various interactions and plots related to those interactions.

There are three types of symbolic play: constructive, dramatic, and rule gov-
erned. In constructive play, children manipulate objects to make something. This
constitutes about 40 percent of three-year-olds’ play and 50 percent of the play of
four- to six-year-olds (Monighan-Nourot et al. 1987). The attraction for the child
lies in playing with alternate ways of building something. Many of the examples of
free play in the previous section fall into this category, such as the girls’ classifica-
tion of bugs, clay pizzas, and the yellow-red necklace. Clearly, constructive play

is well named, as children are also building mathematical ideas and strategies. |

Dramatic play involves substituting some imaginary situation for the chil-
dren’s immediate environment. Parten observed that this play may be solitary,
parallel, or group play, which Smilansky calls sociodramatic play (Monighan-
Nourot et al. 1987). Depending on their ages, personalities, and situations,
children play in different ways. On average, most two- to three-year-old children
engage in parallel play. They play side-by-side, aware of and observing each
other. Although they may not seem to some adults to be playing together, they
usually want to be playing near each other. Group play is typical of three- to
five-year-old children. Girls moving a couch, for example, involve both con-
structive and sociodramatic play.

Games with rules involve the gradual acceptance of prearranged, often ar-
bitrary rules. Game play is more structured and organized than sociodramatic
play. Children from four to seven years of age learn to participate in such games.
Younger children play in an improvisational way, with vague idea of rules. For
older children, rules are decided beforehand, and alterations must be agreed upon.
Even beyond the more obvious number ideas (on dice, cards, and spinners), such
games are a fertile ground for the growth of mathematical reasoning, especially
strategic reasoning, autonomy, and independence (Kamii 1985). In what follows,
we elaborate on the mathematics that may develop in each type of play.



318

AMERICAN JOURNAL oF PLAY . WinTER 2009

Sensorimotor, or Manipulative, Play

The desire to manipulate things, to explore the physical aspects of the world,
motivates sensorimotor play (Elkonin 1978). Sensorimotor play may seem
only distantly related to mathematics, but many sensorimotor activities can
provide foundations for or direct experience with mathematical ideas. For ex-
ample, very young children love to jump up and down, march, and chant. Such
activities—a mixture of sensorimotor and symbolic processes—build the kind of
action sequences common to the basic mathematical concept of pattern. Older
preschoolers chant, “Up!” (as they jump), “Down!” (as they crouch low), “Up,
down; up, down,” creating a connected movement-verbal pattern. Music can
help deepen these patterns. Early sensorimotor play involving parent and child
can emphasize patterns and foundations of other mathematical content. In a
popular Chinese game, Count the Insects, a mother holds her baby’s hand with
the index finger pointing as she says, “Insects fly, fly, fly, fly,” waving the index
finger each time. The pointing is coordinated with the rhythmic enunciation of
the words, laying the groundwork for the one-to-one correspondence between
pointing at objects and saying numbers as in counting. Other early parent-child
games promote foundational geometric concepts as well as patterning—for ex-
ample, in another Chinese mother-baby game, Open-Close, where the mother
repeatedly forms the baby’s hand into a fist as she says “Close,” and opens it
for “Open” (Monighan-Nourot et al. 1987).

With toddlers, imitating what children do when they play with blocks,
sand, or water, and then carefully adding subtle variations, sometimes invites
premathematical explorations. For example, the toddlers might see and at-
tempt new ways at balancing or bridging blocks. Indeed, the benefits of block
building are deep and broad. Children increase their math, science, and general
reasoning abilities when building with blocks (Kamii, Miyakawa, and Kato
2004). Consider how block building develops. Infants either engage in little
systematic organization of objects or show little interest in stacking (Forman
1982; Kamii, Miyakawa, and Kato 2004; Stiles and Stern 2001).

Children begin stacking objects at one year, thus revealing an infant’s
understanding of the spatial relationship of “on” (Kamii, Miyakawa, and Kato
2004). The “next-to” relation develops at about a year-and-a-half (Stiles-Davis
1988). At two-years old, children place each successive block congruently on or
next to the block previously placed (Stiles-Davis 1988). They appear to realize
that blocks do not fall when so positioned (Kamii, Miyakawa, and Kato 2004).
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At three to four years of age, children regularly build vertical and horizontal
components within a building (Stiles and Stern 2001). When asked to build a
tall tower, they use long blocks vertically because to their goal of making a stable
tower, they have added the making of a stable fall tower, first using only one
block in this fashion, then several (Kamii, Miyakawa, and Kato 2004). At four
years, they can use multiple spatial relations, building in multiple directions
and with multiple points of contact among components, and showing flexibility
in how they compose and integrate parts of the structure. A small number of
children will build a tower with all blocks, for example, by arranging triangular
blocks, making these parts combine to make a whole (Kamii, Miyakawa, and
Kato 2004). This leads us to symbolic constructive play, since most preschoolers
enjoying building something.

Symbolic Constructive Play

Preschoolers engage in rhythmic and musical patterns such as jumping rope
while singing or chanting. When guided, they can add more complicated, delib-
erate patterns, such as “clap, clap, slap; clap, clap slap” to their repertoires. They
can talk about these patterns and represent the patterns with words. Kinder-
gartners enjoy making up new motions to fit the same pattern, so “clap, clap,
slap” is transformed to “jump, jump, fall down; jump, jump, fall down” and
soon symbolized as an g, g, b; 4, g, b pattern. Kindergartners also can describe
such patterns with numbers (two of something, then one of something else),
creating the first clear links among patterns, numbers, and algebra.

Children with such experiences will intentionally re-create and discuss pat-
terns in their own artwork. A four-year-old in one of our Building Blocks class-
rooms loved knowing the rainbow colors (ROYGBIYV, for red, orange, yellow,
green, blue, indigo, violet) and painted rainbows, flowers, and designs that re-
peated this sequence several times. (Building Blocks is a National Science Foun-
dation-funded research and development project that includes a full preschool
mathematics curriculum based on the notion of mathematizing children’s play
[Clements and Sarama 2007a.])

Constructive play often involves multiple mathematical concepts. Measure-
ment frequently underlies play in water or on a sand table. Kathy Richardson
tells of visiting two classrooms in the same day, observing water play in both.
Children were pouring in both, but in one they were also excitedly filling dif-
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ferent containers with the same cup, counting how many cupfuls they could fit
into each container. The only difference between the two classes was that in the
latter, the teacher had asked, “I wonder which of these holds the most cupfuls
of water?” (Richardson 2004).

Materials such as sand and Play-doh offer many rich opportunities to
promote mathematical thinking and reasoning. Adults might provide sugges-
tive materials (cookie cutters), engage in parallel play with children, and raise
comments or questions regarding shapes and amounts of things. For example,
children might make multiple copies of the one cookie-cutter shape in Play-doh
or transform sand or Play-doh objects into one another. One teacher told two
boys she was “going to hide the ball” of modeling clay, then covered it with a
flat piece and pressed down. The boys said the ball was still there, but when
she lifted the piece, the ball was “gone.” This delighted them, and they copied
her actions and discussed the idea that the ball was “in” the flat piece (Forman
and Hill 1984, 31-32).

Seo and Ginsburg’s study (2004) coded children’s behaviors during free
play of the pattern and shape category more frequently than the other six cat-
egories. About 47 percent of these behaviors involved recognizing, sorting, or
naming shapes. However, children’s capabilities exceed naming and sorting
shapes. Ironically, geometry may be the richest mathematical topic in children’s
play, but it is the most neglected or oversimplified by adults who usually stop
at naming a couple of basic shapes.

Block building is a prime example. Preschoolers use, at least intuitively,
more sophisticated geometric concepts than most children experience through-
out elementary school. For instance, they often produce symmetry in their play
(Seo and Ginsburg 2004). One boy mentioned in the study put a double-unit
block on the rug, two single-unit blocks on the double-unit block, and a triangle
unit on the middle, thus composing a symmetrical structure. But, even teachers
in middle school approach the topics of parallelism and perpendicularity with
trepidation. They should not. Consider the study’s account of a preschool boy
making the bottom floor of a block building. He laid two long blocks down
parallel to each other. Then he tried to bridge the two blocks with a shorter
block. It did not span the space between the long blocks, so he moved an end
of one of the long blocks to make it reach. However, before he tried the short
block again, he carefully adjusted the other end of the long block. He seemed to
understand that parallel lines are the same distance apart at all points. He then
confidently placed the short block and followed quickly with the placement of
many short blocks to create the floor of his building.
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