Fostering the Mathematical Thinking of Young Children, Pre-K-2
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At root, mathematics is the science of relationships. The young child’s world, like the teacher’s/caregiver’s, is a world of relationships. So mathematics is pregnant in every situation. It could be argued that teachers/caregivers are “teaching” mathematics, either consciously or unconsciously, in any social interaction with a child, whether they are aware of it or not. Experiences and vocabulary laid down in the early years will consolidate a huge fund of experience already begun before birth, and paves the way for fluent and accurate ways to communicate about relationships, as language arts, mathematics, science, and so on, are taught in K-12 programs. 

There has been a renewal of interest in the mathematical capacities of young children following recent advances in cognitive science, convincing evidence that young children are more capable learners than current practices reflect, and evidence that good educational experiences in the preschool years can have a positive impact on school learning.

Evidence is also mounting that prior to formal schooling, children’s potential for engaging in powerful and diverse mathematical behavior is not being recognized or realized by their teachers and caregivers (Ginsburg, Inoue, & Seo, 1999; Greenes, 1999). Balfanz (1999) noted that linkage of early childhood education—championed in the 19th century by Froebel and Montessori—with the public schools had the effect of suppressing child-centered curriculum. Since a kindergarten experience was not universal for all children, textbook authors assumed that young children started school with no prior mathematical knowledge or experience. Also public education shifted from a primarily rural system with flexible age-groupings to become dominated by the age-graded classroom of urban settings. Serious and sustained work in mathematics was delayed until the second or third grade. Thus an examination of representative mathematics material for preschoolers provides evidence for a minimalist curriculum—activities for teaching numbers to 10 and some basic geometric shapes.

It is important to differentiate the learning of connections between representations of mathematical symbols and representations of perceptual material such as patterns of items, sequences, and spatial phenomena, on one hand, and development of mental schema for dealing with mathematical relationships and problem solving, on the other. Both are important, so to emphasize one and neglect the other is wrong. One reason for the imbalance is that one is better understood than the other. Another reason is a commonly held view that basic skills should be taught before higher order thinking. An example of the first might be learning to associate the symbol 5 with a collection of five items, or labeling with a symbol 5 the fifth item in a sequence. An example of the second might be mental coordinations allowing an understanding that a set of 5 items can be partitioned in various ways—one and four, two and three, three and two, four and one, two and two and one, and so on. It is this kind of knowledge which is the fuel for powerful problem solving. Piaget (1977) called it logico-mathematical knowledge; Skemp (1971) called it schematic learning.

Participants in this discussion group will be invited to contribute informal reports of recently completed research, research in progress, and/or assist in identifying problems and questions worthy of future investigation. Current and future collaborations between participants interested in common problems will be encouraged. Some areas that seem to offer fruitful avenues for investigation, together with some possible questions, include:

I. Investigations of the nature of young children’s mathematical thought and capabilities

a. What emotional and affective factors influence young children’s engagements in mathematical problem solving?

b. How powerful do affective factors appear to be in the early years?

c. How do verbal interactions between child and teacher/caregiver facilitate mathematics learning?

d. What strategies do young children use to solve particular mathematical problems?

e. What are the foundations of young children’s reasoning in core areas such as probability, combinatorics, multiplicative thinking, part-whole relations, spatial relations, and so on

f. What is the relation between logico-mathematical development and “school” mathematics? How can one serve the other?

g. What are the mathematical features of children’s play? Are some play activities more likely to provoke mathematical reasoning than others? 

II. Investigations of the role of teachers/caregivers in fostering mathematical thought.

a. What do teachers/caregivers of young children know about mathematics? What is their background, particularly with respect to providing mathematical experiences for young children?

b. What do teachers/caregivers of young children believe about mathematics, particularly the mathematics that is appropriate for young children? 

c. How do teachers/caregivers interact with young children during a mathematical learning activity? What interactions are conducive to learning?

d. What kinds of support materials and other assistance do teachers/caregivers need to bring forth mathematical growth in young children?

e. What sorts of interventions (e.g., workshops, courses) are needed to assist teachers/caregivers provide meaningful mathematical experiences for young children?

III. Investigations of what mathematics young children can learn using computer-accessible materials.

a. Can young children learn mathematics using computer-accessible materials? What is the role of the adult in computer-situated mathematical problem situations?

b. What role can computer technology play in the mathematical development of young children?

c. Can young children’s ability to learn mathematics using computer-accessible materials be enhanced by exposure to conventional materials first?

d. Is there evidence of transfer from knowledge gained from computer-accessible materials to problems set in non-computer-based environments?

e. Are some kinds of games more efficacious for enabling transfer to other problem contexts? If so, what are their features?

IV. Investigations into the nature and role of mathematics curriculum and professional development.

What early childhood mathematics programs work, and what are their characteristics?

What insights, theories, and practices from primary mathematics education are transferable to the preschool situation?

How can mathematical thinking be fostered through music, story books, outside activities, movement, etc?

Are there cultural or social class differences in the ways young children engage in mathematical experiences? If so, how can early childhood teachers and authors of mathematics curricula take account of such differences?
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