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What is developmentally appropriate for early mathematics education?  On the one hand,

we want to help children get ready for school and succeed there.  We know that

children—especially low-income, minority children—often have difficulty with school

mathematics and science, usually beginning around the third grade.  Perhaps intensive early

mathematics education can provide the “basics” that can help prepare them to achieve at an

acceptable level.  At the same time, we do not wish to pressure young children, to subject them

to harsh forms of instruction, and to impose on them material they are not ready to learn.  We do

not want a “push down curriculum” forcing young children to engage in developmentally

inappropriate forms of written drill and practice in mathematics.

Our desire to prepare children for school success (and to avoid school failure) thus

clashes with our reluctance to impose inappropriate forms of teaching on young children.  This

conflict then raises several basic questions: Are there approaches to early mathematics

instruction that are developmentally appropriate for young children and that can help prepare

them for school?  Can these approaches be both enjoyable and effective for all

children—including low-income minority children?



2

We believe that in order to determine what is developmentally appropriate for early

mathematics education, early childhood educators need to begin with a deeper understanding of

children’s mathematical interests, motivations, and competence.  Our recent research, we think,

illuminates these issues (Ginsburg, Inoue, & Seo, 1999).  We observed young children’s

everyday activities and attempted to learn about their spontaneous mathematical interests and

questions.  We studied children from several income and ethnic groups.  This research on young

children’s everyday mathematical activities provides useful information about what might be

developmentally appropriate in early mathematics education.

Several basic questions framed our research:

•  How often do young children engage in mathematical activities during their free play?

•  In what kinds of mathematical activities do young children spontaneously engage during

their free play?

•  Does the everyday mathematics of low-income African-American and Latino children differ

from that of middle-income African-American and Latino children and from that of white

upper income children?

Method

The participants were 90 4- and 5-year-old children drawn from 5 schools (see Table 1).

Of the 90 children, 30 were from low-income families (mean age = 4.92).  The low-income

group consisted of 18 African-Americans and 12 Latinos, and 17 boys and 13 girls. The second

group included 30 children from middle income families (mean age = 4.86).  The middle income

group consisted 13 African-Americans, 13 Latinos, and 4 whites; and 16 boys and 14 girls.  The

last group consisted of 30 white children from upper income families (mean age = 4.98, SD).
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The upper income group consisted of 16 boys and 14 girls.  The groups were unevenly

distributed by ethnicity.  Such is social reality in this country.

-------------------------------------------------

Insert Table 1

-------------------------------------------------

We began by observing these 90 children during their free play, one at a time.  We then

introduced them to a camcorder and cordless microphone.  After familiarizing the children with

us and with the video equipment, we videotaped the target child’s play for 15 minutes without

interruption.  A total of 90 fifteen-minute episodes of children’s free play was collected.

To analyze children’s everyday mathematical activities, mathematical content codes were

developed.  The codes were developed inductively.  Instead of imposing conceptual categories

derived from the literature, we attempted to draw analytic constructs from our pilot data,

explored many possible explanatory categories, and looked for the best of several alternative

accounts.  Progressively new analytic schemes emerged as we went through lengthy and

repetitive processes of coding, revision, and re-coding.  The mathematical content codes involve

the following categories:

•  Classification (CL): Systematic arrangement in groups according to established criteria

•  Magnitude Comparison (MC): Comparison of two or more items to evaluate relative

magnitude

•  Enumeration (EN): Numerical judgment or quantification

•  Dynamics (DY): Exploration of the process of change or transformation

•  Pattern and Shape (PS): Exploration of patterns and spatial forms
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•  Spatial Relations (SR): Exploration of positions, directions, and distances in space

Classification activity involves, for example, sorting blocks by size or shape or grouping

cubes by color.  Magnitude Comparison involves activities such as describing the global

magnitude of the objects, making direct or side-by-side comparison of objects, or making

magnitude judgements with or without quantification.  Enumeration activity involves saying

number words, counting, subitizing, or reading or writing numbers.  Dynamics involves activities

such as putting things together or taking them away or apart, or exploring motions like flipping

or rotations.  Pattern and Shape activity involves identifying or creating simple pattern or shape

or exploring geometric relations such as balance, symmetry, foundation, or enclosure.  Finally,

Spatial Relations involves activities such as telling the location or direction or representing the

location in three-dimensional space or on paper.

In coding the videotaped data, we usually divided each child’s 15-minute long episode

into one-minute segments and then coded each minute-long segment.  Pairs of independent

coders judges coded the 15-minute long episodes of 30 children and achieved satisfactory

agreement in coding (89% of perfect agreement for mathematical content).

Results

Frequency of Everyday Mathematics

How often do young children engage in mathematical activities in everyday settings?

When children play, they do not appear to be doing mathematics. But our results show otherwise.

We found that the average percentage of minutes (recall that each of the 90 children was taped

for 15 minutes) in which mathematical activity occurred was 42%.    In other words, during the

child’s free play, there is at least some mathematical activity in about half of the minutes.  The
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result shows that young children engage in a considerable amount of mathematical activity

during their free play.

We then considered income level differences (Figure 1).  Statistical analyses showed that

income level is not related to overall frequency of mathematical activity.  Low and middle

income children showed virtually identical averages (43.8% and 43.2% respectively) and upper

income children slightly less (39.8%).

-------------------------------------------------

Insert Figure 1

-------------------------------------------------

We also examined gender differences.  Statistical analysis shows that gender is not

associated with overall frequency of mathematical activity. Boys and girls engage in similar

amounts of mathematical activity, 41.3% and 43.5% respectively on the average of percentages

of minutes of mathematical activity. Note that these are averages and some children do not engage in any

mathematical activity.

Relative Frequency of Different Types of Mathematical Activity

We were also interested how frequently different types of mathematical activity occurred.

We examined the average percentage of minutes during which a particular category of

mathematical activity occurred within a 15-minute episode. The results show that the most

frequently occurring mathematical activity was Pattern and Shape (21%), and then Magnitude

Comparison (13%), Enumeration (12%), Dynamics (5%), Spatial Relations (4%), and

Classification (2%) (see Figure 2). The children in this study spent a good deal of time on

exploring patterns and shapes, comparing magnitudes, and making numerical judgements.

-------------------------------------------------

Insert Figure 2
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-------------------------------------------------

Age is related to the overall frequency of mathematical activity.  Older children engaged

in more mathematical activity than younger.  Consider next whether and how age is related to

specific types of mathematical activity. Statistical analyses show that two of the three most

frequent categories of mathematical activity, Pattern and Shape and Enumeration, are related to

age, while other categories of mathematical activity are not.  Older children in this study dealt

with patterns and shapes and enumerate to a slightly greater extent than did younger children.

What about income level differences in specific types of mathematical activity?  As

shown in Figure 3, the relative frequency of different types of mathematical activity is very

similar across income groups.  In all three groups, Pattern and Shape, Magnitude Comparison,

and Enumeration are most frequent types of mathematical activity.  Statistical analyses show that

there is no relation between income level and any of the categories of mathematical activity with

the exception of Spatial Relations, which middle and upper income children engage in to a small

extent and low income children almost not at all.  But this result should be evaluated with

caution because the frequency of Spatial Relations was very small (4% overall).

-------------------------------------------------

Insert Figure 3

-------------------------------------------------

We also examined gender differences in specific types of mathematical activity. The

relative frequency of different types of mathematical activity is similar across gender (see Figure

4).  Statistical analyses show that boys and girls do not differ in specific types of mathematical

activity except for Spatial Relations, where boys show roughly seven times as much of this
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activity as do girls.  Again, the results should be treated with caution because the frequency of

Spatial Relations was so low.

-------------------------------------------------

Insert Figure 4

-------------------------------------------------

In brief, our findings reveal that the frequency of overall mathematical activity and the

relative frequency of different types of mathematical activity are related to age, but not to income

level and gender. Older children engage in mathematical activity more often than do younger

children, particularly in Enumeration and Pattern and Shape.  But different income level groups

and also boys and girls do not differ in their everyday mathematical activities.

However, these results do not capture possible differences in complexity of mathematical

activity. It is possible that two children engage in the same amounts of Enumeration activity, or

any other categories, and yet engage in different levels of Enumeration activity. Thus, we

examined the complexity levels of three most frequent types of mathematical activity - - Patterns

and Shapes, Magnitude Comparison, and Enumeration.

Complexity of Pattern and Shape

Consider first the most frequent type of mathematical activity, Patterns and Shapes.  We

examined several levels of complexity involving Pattern and Shape:

•  Level I Simple Patterns / Shapes

Horace makes a line of alternating red and blue blocks.

•  Level II Balance / Symmetry

Anna builds a simple block tower like the letter U.

•  Level III Foundation / Implicit Precision
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Otoniel builds a solid foundation for his tower.  Later, he holds two blocks side by

side to determine which is larger.

•  Level IV  Complex Structures / Explicit Precision

Michelle builds a complex, symmetrical tower.  Later, she determines that it takes

three short blocks to produce the same length as a larger one.  “I need three of

these to make one like this.”

First, we examined the relative frequency of four levels of Patterns and Shapes (Figure

5). The most frequently occurring level of Patterns and Shapes activity was Level I, Simple

Patterns and Shapes (41%), and then Level II (35%), Level III (13%), and Level IV (11%). In

other words, about 40% of the children’s Pattern and Shape activities involved identifying or

creating simple patterns or shapes; and 35% involved exploring balance or symmetry, or creating

variations in patterns.

-------------------------------------------------

Insert Figure 5

-------------------------------------------------

Secondly, income level differences in the complexity of Pattern and Shape were

examined in all 39 children who engaged in Patterns and Shapes activity. Statistical analysis

shows that the complexity of Pattern and Shape activity is not related to age and income level.

Lower and upper income children engaged in virtually the same average level of Patterns and

Shape activity (mean of average level = 1.7) and middle income children exhibited a slightly

higher score (mean of average level = 2.0).
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Finally, gender differences were examined in the complexity of Pattern and Shape. Boys

exhibited a slightly higher score (mean of average level = 1.9) than did girls (mean of average

level = 1.6), but the difference was not statistically significant.

Complexity of Magnitude Comparison

We also examined the complexity of children’s Magnitude Comparison.

•  Level I  Saying Quantity or Magnitude Words

Emily says, “Oh, this is really big.”

•  Level II  Empirical Matching

John places his Lego structure next to Aaron’s structure and says, “Mine is

bigger.”

•  Level III  Estimation without Quantification

John looks at Aaron’s Lego structure, adds more Lego pieces to his own structure,

and makes it equal in height to Aaron’s.

•  Level IV  Estimation with Quantification

Victor and Paul lay down blocks to create the base of a house. Victor says to Paul,

“We need three more” blocks to complete the base.

We examined the relative frequency of four levels of Magnitude Comparison (Figure 6).

The most frequently occurring level of Magnitude Comparison activity was Level I, Saying

Quantity or Magnitude Words (44%), and then Level III (29%), Level II (17%), and Level IV

(10%). About half of the children’s Magnitude Comparison activity involved saying words

describing the global quantity or magnitude of the objects; and about 30% involved making

magnitude judgements without direct comparison or quantification.

-------------------------------------------------
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Insert Figure 6

-------------------------------------------------

Then, income level differences in complexity of Magnitude Comparison were examined

in all 55 children who engaged in Magnitude Comparison. The results show that there is no

income level difference in the complexity of Magnitude Comparison activity.  Lower, middle,

and upper income children engaged in virtually the same average level of Magnitude

Comparison (mean of average level = 2.0).  Boys and girls also do not differ in the complexity of

Magnitude Comparison, with boys showing 2.1 and girls 2.0 on means of the average level.

Complexity of Enumeration

We also examined complexity levels for Enumeration.

•  Level I Saying Number Words

Ann says, “I’m five years old.”

•  Level II Counting

Laura counts some chips, tagging each of them, “One, two, three, four, five.”  She

says, “I got five.”

•  Level III  Subitizing/Estimation

Subitizing involves immediately seeing that a set has a particular number, without

overt counting.  Jack looks at the puzzle pieces on the table and quickly says, “I

got five.”  Zoe estimates, “I think there are about 7 there.”

•  Level IV  Reading/Writing Numbers

Lucy points to the numbers on the calendar and reads them out loud to her friend.

The most frequently occurring level of Magnitude Comparison activity was Level III,

Subitizing/Estimation (37%), and then Level I (30%), Level II (19%), and Level IV (14%).
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Children’s Enumeration activity involved for the most part subitizing, estimation, and saying

number words (Figure 7).

-------------------------------------------------

Insert Figure 7

-------------------------------------------------

Income level differences in complexity of Enumeration were examined in all 49 children

who engaged in Enumeration.  Statistical analysis shows that the complexity of Enumeration

activity is related to age, but not to income level.  Lower and middle income children engaged in

virtually the same average level of Enumeration activity (mean of average level = 2.1) and upper

income children exhibited a slightly higher score (mean of average level = 2.5).  <<I’m

especially concerned, then, about averaging these level scores.>> Gender differences were also

examined.  Boys exhibited a slightly higher score (mean of average level = 2.4) than did girls

(mean of average level = 2.0), but the difference was not significant.

In brief, we find a lack of income level and gender differences in the complexity of three

most frequent types of mathematical activity, Pattern and Shape, Magnitude Comparison, and

Enumeration.

Conclusions

Our findings show that preschool and kindergarten children engage in a significant

amount of mathematical activity during free play.  Young children’s everyday mathematics

involves various types of mathematical activity.  Children often explore patterns and shapes,

compare magnitudes, and enumerate.  Less frequently, they explore dynamic changes, classify,

and explore spatial relations.  We also find a lack of income level and gender differences in the

frequency of overall mathematical activity, the relative frequency of different types of
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mathematical activity, and the complexity of specific mathematical activities such as Pattern and

Shape, Magnitude Comparison, and Enumeration.  The bottom line is that preschool and

kindergarten children’s mathematics is more advanced and powerful than is often realized, and

that children from different income level groups display similar amounts, patterns, and

complexities of mathematical behavior.

What are the implications of this for educational practice and policy?

Most importantly, revise your views about what is developmentally appropriate.  Adopt

State standards and policies that serve to engage preschool and Kindergarten children in

challenging and exciting mathematics programs.  Use children’s spontaneous interests as a

starting point, and help them—with what we call “artful guidance” (see Carole Greenes’ and

Robert Balfanz’s papers for this conference)—to learn about patterns and shapes, about numbers

and their transformations, about symmetries, and about mathematical relations.

Don’t limit early mathematics to play alone.  Yes, children do learn from play, but they

can learn much more with artful guidance and challenging activities provided by their teachers.

At the same time, remember that children deserve more than mindless drill sheets or workbook

pages.  They need to engage in diverse and challenging mathematical activities.

Institute challenging and exciting mathematics programs for all children—not only the

privileged.  Low-income minority children can profit greatly from programs like these.

Support programs of professional development that will help teachers to implement new

programs in mathematics.  Teachers of young children need to learn new forms of pedagogy,

new mathematical content, and new psychological insights.  Help teachers to learn how to

implement new mathematics programs.  Help teachers to learn the necessary mathematics if they
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don’t know it already.  And help teachers to understand the mental lives and learning potential of

young children—including poor, minority children.
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Table 1
Participants of the Study

Centers A B C D E Total
Categories

SES Lower Class 9 14 7 0 0 30
Middle Class 4 7 0 19 0 30
Upper Class 0 0 0 0 30 30

Ethnic African-Americans 9 11 4 7 0 31
Latinos 3 10 3 9 0 25
Whites 1 0 0 3 30 34

Gender Boys 10 12 4 7 16 49
Girls 3 9 3 12 14 41

Total 13 21 7 19 30 90
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Figure 1
Frequency of Mathematical Activity: SES Differences
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Figure 2
Relative Frequency of Six Types of Mathematical Activity
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Figure 3
Relative Frequency of Six Types of Mathematical Activity: SES Differences
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Figure 4
Relative Frequency of Six Types of Mathematical Activity: Gender Differences
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Figure 5
Frequency of Complexity Levels: Pattern and Shape
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Figure 6
Frequency of Complexity Levels: Magnitude Comparison

Level I Saying Quantity or Magnitude Words
Level II Empirical Matching
Level III Estimation without Quantification
Level IV Estimation with Quantification
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Figure 7
Frequency of Complexity Levels: Enumeration
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