
Early childhood teachers' content and
pedagogical knowledge of geometry

Item Type text; Dissertation-Reproduction (electronic)

Authors Maxedon, Sandra Jo

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:58:46

Link to Item http://hdl.handle.net/10150/280485

http://hdl.handle.net/10150/280485


EARLY CHILDHOOD TEACHERS' 

CONTENT AND PEDAGOGICAL KNOWLEDGE 

OF GEOMETRY 

by 

Sandra J. Maxedon 

Copyright © Sandra J. Maxedon 2003 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF TEACHING AND TEACHER EDUCATION 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

2 0 0 3 



UMI Number: 3119966 

Copyright 2003 by 

Maxedon, Sandra J. 

All rights reserved. 

INFORMATION TO USERS 

The quality of this reproduction is dependent upon the quality of the copy 

submitted. Broken or indistinct print, colored or poor quality illustrations and 

photographs, print bleed-through, substandard margins, and improper 

alignment can adversely affect reproduction. 

In the unlikely event that the author did not send a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion. 

UMI 
UMI Microform 3119966 

Copyright 2004 by ProQuest Information and Learning Company. 

All rights reserved. This microform edition is protected against 

unauthorized copying under Title 17, United States Code. 

ProQuest Information and Learning Company 
300 North Zeeb Road 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346 



TdE UNIVERSir/ OF ARIZONA ® 
GRADUATE COLLEGE 

As members of the Final Exaniination Committee, we certify that we have 

read the dissertation prepared by Sandra J. Maxedon 

entitled Early Childhood Teachers^ Content and Pedagogical 

Knowledge of Geometry 

and recommend that it be accepted as fulfilling the dissertation 

requirement for the Degree of Doctor of Philosophy 

/ /-
Date 

Date 

Date 

Date 

Date 

Car^,F. Larson, Ph.D. 
/ 

Alice Pauls Ed,D, MJli S QkrtiSuO-
Wilbur Ames, Ed.D. 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

F • —- i(~ / W ' ̂ 3 
Dissertation Director Carol F, Larson^ Ph.D. Date 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of 
the Library. 

Brief quotations from this dissertation are allowable 
without special permission provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the 
copyright holder. 

SIGNED 



4 

ACKNOWLEDGEMENTS 

No work of this type is ever the result of one 
person"s efforts. Many people contributed in numerous ways 
to the completion of this document. I am deeply grateful to 
the following people for their support in this endeavor: 

Dr. Carol F. Larson who encouraged roe to return to 
Graduate School and edited my dissertation with unerring 
accuracy, guiding me through my own construction of 
geometric concepts; 

Drs. Alice Paul and Wilbur Ames who served on my 
dissertation committee and were extraordinarily patient and 
supportive; 

Tony Sollars and Nancy Mosman who were always helpful 
and kind; 

Elizabeth, without whom the data would have been 
incomplete; 

the teachers who trusted me with their knowledge, 
their thoughts, and their friendship; 

the kindergarten and first grade students who have 
helped me learn how to teach, how to question, and how to 
learn; 

my mother and sister who believed in me, fed me, 
listened to me whine and comforted my spirit at all the 
right times; 

my dog who did not live to have my complete attention; 
and Jim who came into my life at the perfect time. 



5 

TABLE OF CONTENTS 

LIST OF FIGURES .......................................... 10 

LIST OF TABLES ........................................... 11 

ABSTRACT 14 

CHAPTER 1 BASIS OF THE INVESTIGATION ................... 16 

Statement of the Problem ............................ 16 

Statement of Purpose ................................ 21 

Research Questions .................................. 21 

Conceptual Base and Rationale 23 
Changing Professional Standards in Mathematics 

Education 23 
Changing Professional Standards in Early-

Childhood Education and the Status of 
Children 25 

The Professional Knowledge Base ................ 28 

Limitations 31 

Definitions 31 

Summary 32 

CHAPTER 2 REVIEW OF THE LITERATURE ..................... 34 

Introduction 34 

Goals of Geometry 34 
Geometry Goals Before the Standards Movement . . . 36 
Goals in the Standards and Beyond .............. 40 
State and District Goals ....................... 44 
Summary " 4 5 

Child Development and Geometric Concepts ............ 46 
Observational and Longitudinal Data on Child 

Development in Geometric Concepts ........... 46 
Constructivist Theory and Geometry for Young 

Children 50 



6 

TABLE OF CONTENTS - Continued 

The van Hiele Levels of Geometric 
Understanding ........................... 60 

Summary 63 

Curriculum'and Curriculum Content ................... 53 
Curriculum Theory ............................... 63 
Disciplinary Standards in Early Childhood 

Curriculum .................................. 67 
Geometry Curriculum for Young Children 72 
Curriculum Concepts in Early Childhood 

Geometrys Predating National Standards ...... 74 
First perspective ......................... 74 
Second perspective ........................ 75 
Third perspective ......................... 80 

Curriculum Standards in Early Childhood 
Geometry: The Current Disciplinary 
Standard for Curriculum ..................... 84 

State and District Curricula 87 
Summary 89 

Teacher Knowledge 90 
Professional Teaching Standards ................ 90 
Teacher Subj ect Matter Knowledge ............... 93 
Teacher Knowledge in Mathematics ............... 97 
Teacher Knowledge of Geometry ................. 103 
Early Childhood Teacher Knowledge of 

Mathematics ................................ 104 
Summary 106 

Conclusion to the Literature Review ................ 107 

CHAPTER 3 DESIGN AND METHODS OF THE STUDY ............. 109 

Introduction 109 

Data Collection Overview 110 
Summary of Interview Procedure and 
Instrumentation 114 

Development of the Interview Questions and 
Geometry Tasks 114 

Pilot Studies ...................................... 117 



7 

TABLE OF CONTENTS - Continued 

Subject Selection .................................. 118 

Subject Protection ................................. 119 

Description of the Subjects 120 
DegreeSj. Certifications^ and Endorsements » . . . . 120 
Teaching Experience ^. 121 
Mathematics Content Courses ................... 123 
Mathematics Education Coursework and 

Professional Development ................... 126 
Early Childhood Education Coursework and 

Professional Development ................... 130 

Preparation of the Data 132 

Data Analysis 133 

Summary ............................................ 134 

CHAPTER 4 DATA ANALYSIS 135 

Introduction 135 

Research Question One: Goals of Geometry in Early 
Childhood Education 135 

Goals of Teaching Geometry 136 
Benefits of Geometry to Students 14 0 
Teachers' Knowledge of District Standards 

for Geometry 143 
Teachers' Knowledge of State Standards 

for Geometry 146 
Teachers' Knowledge of National Professional 

Standards for Geometry ..................... 147 

Research Question Two: Child Development and 
Geometric Concepts 148 

The First Perspective; Developmentally 
Appropriate Practice 14 9 

The Second Perspective: Teaching Experience ... 157 
The Third Perspective: Formal Research into 

Geometric Concept Development .............. 166 



8 

TABLE OF CONTENTS ~ Continued 

Research Question Three; Geometry Curriculum and 
Curriculum Content * 173 
Contextual Issues Related to Geometry 

Curriculum and Curriculum Content 174 
Teachers' Understanding of Aspects of 

Geoirvetry Curriculum 179 
Resources Available to the Teachers for 

Implementation of Geometry Curriculum 188 

Research Question Four: Early Childhood Teacher 
Knowledge of Geometric Concepts 193 
Cylinder Task ................................. 195 
Square Pyramid Task 199 
Equilateral Triangular Prism Task 203 
Sphere Task 207 
Summary of Solid Figures Tasks ................ 212 
Drawing Nets of a Cube and of a Cylinder ...... 213 
Results for the Cube 213 
Results for the Cylinder 217 
Summary of Nets of Solids Tasks ............... 220 
Recognizing and Describing Polygons ........... 221 
Summary of Polygons Task ...................... 228 
Naming, Describing, and Classifying 

Quadrilaterals ........................... 228 

Summary 238 

CHAPTER 5 OVERVIEW, FINDINGS, IMPLICATIONS, 
RECOMMENDATIONS ............................. 241 

Overview 241 

Findings and Discussion 242 
Research Question One: What Do Early 

Childhood Teachers Perceive to Be the 
Goals of Geometry in Early Childhood? ...... 242 

Research Question Two: What Do Early 
Childhood Teachers Know About Child 
Development Relevant to the Construction 
of Geometric Concepts? 247 



9 

TABLE OF CONTENTS - Continued 

Research Question Three; What Do Early 
Childhood Teachers Know About Curriculum 
for Geometry in the Early Childhood 
Years? 253 

Research Question Four; What Do Early 
Childhood Teachers Know About Selected 
Geometric Concepts in the Geometry 
Curriculum for Young Children? 256 

Impressions of the Teachers^ Knowledge ........ „ 260 

Implications ....................................... 2 62 

Recommendations for Further Research 265 

APPENDIX A PERSONAL INFORMATION FORM ................... 268 

APPENDIX B INTERVIEW ONE ............................... 273 

APPENDIX C INTERVIEW TWO 278 

APPENDIX D MATERIALS LIST FOR INTERVIEW ................ 285 

APPENDIX E VOLUNTEER REQUEST LETTER TO TEACHERS ........ 287 

APPENDIX F SUBJECT'S CONSENT FORM ...................... 289 

REFERENCES 293 



10 

LIST OF FIGURES 

FIGURE 1.^ Shapes presented to subjects for sorting 
according to polygon or non-polygon .......... 222 

FIGURE 2.^ Quadrilateral shapes identified and 
described by teachers ........................ 229 



11 

LIST OF TABLES 

TABLE 1., Teacher Endorsements by Area of Expertise .... 122 

TABLE 2., Teaching Experience of Subjects .............. 123 

TABLE 3.f Early Childhood Teachers'" Mathematics Content 
Courses in High School and College ........... 125 

TABLE A., Mathematics Education Courses by Degree 
Level 128 

TABLE 5., Mathematics Related Professional Development 
Activities 130 

TABLE 6., Early Childhood Professional Development 
Activities 133 

TABLE 7., Early Childhood Teachers' Goals in Teaching 
Geometry 137 

TABLE 8., Early Childhood Teachers' Perceptions of 
Student Benefits from Geometry 140 

TABLE 9., Early Childhood Teachers' Knowledge of 
District Goals for Students in Geometry ...... 145 

TABLE 10., Developmentally Appropriate Practices in 
Early Childhood Geometry ..................... 153 

TABLE 11., Teacher Expectations of Student Competencies 
in Geometry .................................. 159 

TABLE 12., Early Childhood Teachers' Responses for 
Determining Students' Developmental Level of 
Problem Solving in Geometry .................. 163 

TABLE 13., Early Childhood Teachers' Construction of 
Normal Development of Geometric Concepts ..... 168 

TABLE 14., Early Childhood Teachers' Construction of 
Children's Conceptual Development of 
Triangle ..................................... 171 



12 

LIST OF TABLES - Continued 

TABLE 15., Early Childhood Teachers' Definitions of 
Geometry 175 

TABLE 16., Early Childhood Teachers'' Knowledge of the 
Role of Geometry in the Primary Mathematics 
Curriculum 17 6 

TABLE 17., Early Childhood Teachers'' Knowledge of 
Important Geometric Concepts for Primary 
Level Children ............................... 177 

TABLE 18., Early Childhood Teachers' Two-Dimensional 
Geometry Curricula by Grade .................. 18 0 

TABLE 19., Early Childhood Teachers' Definition of 
Curriculum Compared to Their Selected 
Curriculum Sources ........................... 183 

TABLE 20., Early Childhood Teachers' Knowledge of 
Curriculum Before and After Their Grade ...... 185 

TABLE 21., Early Childhood Teachers' Use of District-
Provided Books and Materials ................. 192 

TABLE 22., Results of the Cylinder Task ................. 196 

TABLE 23., Results of the Square Pyramid Task 200 

TABLE 24., Results of the Triangular Prism Task ......... 204 

TABLE 25., Results of the Sphere Task ................... 209 

TABLE 26., Teachers' Drawings for a Cube That Has Been 
Opened Out Flat 214 

TABLE 27., Teachers' Drawings for a Cylinder That Has 
Been Opened Out Flat ......................... 218 

TABLE 28., Teachers' Sorting of Seven Shapes into 
Categories of Polygon or Not Polygon ......... 226 

TABLE 29., Early Childhood Teachers' Identification of 
Five Quadrilaterals .......................... 230 



13 

LIST OF TABLES - Continued 

TABLE 30., Similarities and Differences Among Five 
Q u a d r i l a t e r a l s  . o »  2 3 1  

TABLE 31., Six Early Childhood Teachers'" Classification of 
Five Quadrilaterals .......................... 235 



14 

ABSTRACT 

This study investigated early childhood teachers' 

knowledge of the following four components of the 

professional knowledge base: goals of geometry^ child 

development and geometry^ geometry curriculum and 

curriculum content^ and geometric concepts. Eight 

experienced early childhood teachers in grades kindergarten 

through two participated in interviews on each of the four 

knowledge components. Their responses to interview 

questions and geometric concept activities were 

electronically recorded and transcribed for analysis of 

patterns, trends, or themes which emerged for the group. 

The teachers knew how geometry would benefit students 

and could elucidate their own goals when teaching geometry. 

They were more familiar with their district's curriculum 

and performance objectives for geometry than they were with 

state or national goals. They had ideas about what 

constitutes developmentally appropriate practice, both 

generally and in geometry education. Child development as 

it relates to geometry was an elusive concept. Their 

expertise in this area was primarily based on their 

experiences as teachers and their faith in the district's 

curriculum. They were somewhat familiar with pedagogical 



aspects of their grade level curricula, including 

expectations, materials^ and resources, with shape names 

being their primary focus. They were less familiar with 

subject matter issues such as the scope and content of the 

geometry curricula in the grades preceding and following 

theirs, important geometric concepts for primary students, 

and the role of spatial visualization in children's 

development of geometry. When solving geometric problems? 

they tended to be anxious and uncertain but overall were 

persistent problem solvers who willingly communicated thei 

thinking. Their problem solving was marked by doubt, self-

talk, hand movements, and ambiguity. In general there was 

evidence of difficulty with class inclusion, deductive 

reasoning, and conceptual verbalization. 
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CHAPTER 1 

BASIS OF THE INVESTIGATION 

Statement of the Problem 

National concern regarding the education of America's 

children is demonstrated by documents ranging from A Nation 

at Risk (National Commission on Excellence in Education, 

1983) to What Matters Most (National Commission on Teaching 

and America''s Future? 1996). Recently scrutiny has turned 

from concerns regarding literacy to those regarding 

mathematics education. National initiatives have played key 

roles in distilling the issues and the strategies for 

addressing these concerns; for example, America 2000: An 

Education Strategy (USDOE, 1991) set a goal for American 

children to be first in the world in mathematics 

achievement by the turn of the century. Concern over 

mathematics achievement and the subsequent mathematics 

reform efforts has historical roots in the national efforts 

to overcome the perceived disadvantage resulting from the 

launch of Sputnik. A previous wave of reform thinking in 

mathematics began in the late fifties but had peaked by the 

end of the sixties (Lazerson et al., 1990). 

The current concern is fueled by results of national 

and international studies of students' mathematics 



achievement. The Third International Mathematics and 

Science Study conducted in 1995 compared fourth-grade^ 

eighth-grade, and final year stiidents, which in the United 

States are 12*^^-graders (Caslyn et al.^ 1999; Peak, 1995,. 

1996f 1997; Takahira et al,, 1998). At eighth grade. United 

States students scored below the international average in 

mathematics; and by 12^"^ grade they were among the lowest in 

mathematics performance, even though the United States 

spends more per student on education than any other nation 

(Geary, 19 96). Geary also pointed out that American 

children are among the most poorly educated in mathematics 

and that the gap begins growing as early as first grade. 

Remedies suggested by Schmidt, Houang, and Wolfe (1999) 

include close analysis of curriculum and teaching. Saks 

(1999) stated that lack of depth in teaching underlies poor 

student performance. 

The academic preparation and achievement of students 

depends on effective teaching by knowledgeable teachers who 

teach in ways that mediate subject matter and facilitate 

students' construction of knowledge and their development 

of skills and strategies. The contention is that teaching 

for student understanding and achievement depends on the 

teacher's personal comprehension of subj ect matter. 
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combined with extensive knowledge of how best to create an 

interactive learning environment that will support a 

student's development and potential for the tasks at hand. 

Young children are powerful learners? and matheinatics 

is a part of their daily lives before school. As students? 

they are continuing the development of the intellectual 

foundations upon which formal mathematics will later be 

based. Early systematic and developmentally appropriate 

experiences in mathematics are crucial for young children 

if local, state, and national goals are to be met and if 

student potential in mathematics is to be fulfilled. 

Our youngest chiIdren deserve teachers who are 

competent and efficacious in mathematics subject matter and 

pedagogy, but that does not necessarily imply discrete 

periods for subj ect matter teaching, which are considered 

developmentally inappropriate (Bredekamp & Copple, 1997; 

Kostelnik et al., 1993). Early childhood teachers who teach 

mathematics effectively also teach in a developmentally 

appropriate manner. 

Early childhood teachers must avoid misinformation and 

misinterpretation by understanding the fundamental 

underpinnings and scope of any mathematics that they teach, 

if we are to avoid the conclusion made by Driscoll (1988) . 



He pointed out that researchers have found . numerous 

flavfs in the way math usually is presented" (pp. 1-2) . 

Considering the current mathematics achievement of the 

majority of America''s students and the consequent public 

concern^ mathematics knowledge is critical for all 

teachers, including those who teach the youngest students. 

Comprehensive understanding of mathematics and mathematics 

education can guide the teacher'' s selection and 

presentation of activities, enable him or her to focus the 

chiId's inquiry through appropriate remarks and questions, 

and create informed support of the child's construction of 

knowledge. 

Geometry is important mathematics for young children 

according to mathematicians, mathematics educators, and 

child development specialists. Geometry and Spatial Sense 

is Standard Three in the revised standards (2000) of the 

National Council of Teachers of Mathematics for 

prekindergarten through second grade, which provides 

benchmarks, teaching examples, and research to support the 

application of the standard. The standard emphasizes the 

school'3 responsibility to recognize, and provide 

opportunities which elaborate upon, the informal learning 

about shape and space that young children bring to school. 
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Geometry is fundamental to life skills development, 

kinesthetic and perceptual development, visual-spatial 

orientation, abstract visual language, and logical-

mathematical cognition. Geometry is also a natural topic of 

teaching and learning for young children due to the 

dominance of perception which is grounded in experience 

over logic. It has? however^ historically been omitted or 

treated as an optional topic in early childhood mathematics 

curricula (exemplified in Baur & George, 1976; Spencer & 

Brydegaard, 1952; Weber, 1965). 

Early informal geometric experiences in the primary 

grades can form the basis of continued learning, lending 

themselves as they do to a variety of developmentally 

appropriate manipulative and play situations such as 

construction, movement, outdoor learning, art, crafts 

projects, and puzzles. In addition to these traditional 

early childhood materials and activities, current 

commercially available mathematics manipulatives, such as 

pattern blocks, tiles, and computer programs, provide 

further opportunities to enhance children's intuitive and 

reasoned knowledge of shape and space, of movement through 

space, and of figural and spatial relations. 
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In order to create mathematically powerful learning 

opportunities that will result in demonstrated achievement? 

early childhood teachers must understand geometry for young 

children, including its purposes^ its developments. its 

scope^ and its representations. This investigation will add 

to the current limited research of early childhood teacher 

knowledge related to geometry for young children. It may 

potentially add to the conceptual and strategic knowledge 

base used in early childhood teacher preparation programs. 

Statement of Purpose 

The purpose of this study is to investigate and 

describe selected knowledge about geometry and geometry 

pedagogy of early childhood teachers who are teaching 

kindergarten, first, or second grade. 

Research Questions 

This study will investigate early childhood teachers' 

understanding of goals of geometry in early childhood, of 

children's development in construction of geometric 

concepts, of the content of geometry curriculum for young 

children, and of geometric concepts in the early childhood 

geometry curriculum. The research questions are: 
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Question One: What do early childhood teachers 

perceive to be the goals of geometry in early childhood? 

Question Two; What do early childhood teachers know 

about child development relevant to the construction of 

geometric concepts? 

Question Three: What do early childhood teachers know 

about curriculum for geometry in the early childhood years? 

Question Four: What do early childhood teachers know 

about selected geometric concepts in the geometry 

curriculum for young children? 

The research questions were formulated based on a 

model developed by Wilson, Shulman, and Richert (1987) that 

provides a framework for thinking about kinds of knowledge 

held by teachers which they call the professional knowledge 

base. The research questions have been aligned with four 

components of that model. Question One refers to the 

component of educational aims^ Question Two to the 

component of learners, Question Three to the component of 

curriculum, and Question Four to the component of subject 

matter. 
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Conceptual Base and Rationale 

Changing Professional Standards in Mathematics Education 

During the last two decades^ professional preparation 

and continuing education programs have developed a 

congruent relationship with the standards movements^ in 

which professional organizations concerned with quality of 

instruction have examined issues o-f subject matter content 

and pedagogy. Subject matter standards have been developed 

which not only delineate content but also include 

pedagogical principles and practices meant to inform, 

shape, and guide effective teaching of the content in 

question. A new research question in education has emerged, 

"Are teachers teaching with the critical knowledge for the 

subj ect matter, using the disciplinary framework for that 

subject?" 

The National Council of Teachers of Mathematics (NCTM) 

has provided innovation and leadership in the subject 

matter standards movement. In 1989, the NCTM published 

Curriculum and Evaluation Standards for School Mathematics^ 

The standards were designed to be ". . . statements of 

criteria for excellence in order to produce change ..." 

(1989, p. 2). In 1991, the NCTM published Professional 

Standards for Teaching Mathematics; and in 1995 Assessment 
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Standards for School Mathematics was published, rounding 

out a vision of excellence in mathematics education. The 

NCTM standards are a comprehensive and cohesive framework 

for mathematics education in schools^ including geoinetry 

for young children. 

A little over two decades ago^ the geometry that was 

taught in elementary school was limited and missed the 

developmental mark (for example, Devine & Kaufman, 1974), 

contrary to the demonstrations of the developmental 

psychology of Jean Piaget and the Geneva school of thought. 

According to that research, from their earliest months 

infants use their senses to contact their environment and 

make sense of the space that they are in. As toddlers, they 

begin to manipulate themselves through space, and as 

preschoolers they begin manipulating objects in space to 

suit their needs. This development is the foundation of 

geometry for young children. 

In accord with Piagetian principles, the National 

Council of Teachers of Mathematics has led the way to a 

standard of teaching and content that encourages deep 

understanding of the complexities of geometry for young 

children. In 19 8.9, attention was directed away from "... 

the primary focus on naming geometric figures" (1989, p. 



21). The focus shifted from treating geometry as only a 

function of language and memory to treating it as a 

disciplinary topic both in content and in process. 

The importance of early childhood teachers' empowering 

the youngest children in geometry received significant 

emphasis in the newest edition of the NCTM standards 

(2000)f Principles and Standards for School Mathematics, 

This publication has far reaching implications for early 

childhood teachers. The grade level bands have been revised 

so that the previous standards for grades 1 through 5 are 

now divided into two groups of standards, one for pre-

kindergarten through 2 and one for grades 3 through 5, This 

change emphasizes the young child's potential for 

development and achievement in mathematics, acknowledges 

that these years have their own intellectual requirements, 

and draws attention to the particular developmental needs 

of the age group. 

Changing Professional Standards in Early Childhood 

Education and the Status of Children 

From the perspective of the early childhood teacher, 

the changes in the age bands described above demonstrate 

alignment with the definition of early childhood by the 
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National Association for the Education of Young Children 

(NAEYC). The age band change encourages mathematics subject 

matter to be taught with and integrated by the practical 

principles espoused by the NAEYC in Developmentally 

Appropriate Practice in Early Childhood Programs (Bredekamp 

& Copple, 1997), a landmark document devoted to policy and 

practice in the education of young children. This document 

provides nationally recognized standards in early childhood 

education and addresses the complexities that can arise 

when early childhood education is embedded in the culture 

of public school (Bredekamp & Shepard, 198 9) . This 

challenge has been described as being ". . . between a rock 

and a hard place in the primary grades" (Goldstein, 1997) , 

and it has roots in the long history of debate over how 

best to care for and educate young children. 

The current status of young children in education has 

been affected by an historic conflict between daycare and 

home care that first edged its way into the national 

consciousness when mothers entered the work force in large 

numbers (Bettelheim, 1969; Bronfenbrenner, 1974, 1977; 

easier, 1961; Fraiberg, 1977; Levine, 1976) . A professional 

debate emerged over whether the best approach for early 

childhood education should be developmental or academic 
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{Abt Associates^ 1977; Bergstrom & Morgan^, 1969; Datta? 

Mitchell, & McHale, 1972; Education Coniiiiission of the 

States^ 1971; Levitan. & Alderman, 1975; Prescott, 1970; 

Radloff, 1976; Robinson? Robinson, Darling, & Holm^ 1979; 

Schweinhart & Weikapt, 1977; White & Watts, 1973). The 

standards movement has had a significant impact on this 

debate. 

An example of the effect of the standards movement on 

attitudes toward early education can be seen in the case of 

the public kindergarten. Traditionally, the kindergarten 

year was the transition year in public education, and the 

kindergarten teacher's primary job was to develop a bridge 

between daycare or home care and formal schooling (Balaban, 

1983; Bain, 1981; Burkhart, 198 9; Church, 1996; Elkind, 

1979, 1980, 1986; Katz, 1977; Wills & Stegeman, 1951). The 

presence on public school campuses of classrooms for 

preschool aged children has, however, strengthened the case 

of the special and specific needs of the young child. With 

the advancement of practical and pedagogical standards for 

all of the early years from the NAEYC and with a more 

specific early childhood age and grade band in the 2000 

standards of the NCTM, it is obvious that kindergarten is 

more than readiness for first grade and beyond. Teachers of 



all young children now have a mandate to intentionally and 

knowledgeabl.y provide appropriate activities in an 

environment that ineets the developing needs of the young 

child. 

The Professional Knowledge Base 

Recently, professional development and teacher 

preparation programs have begun to reflect research in 

teacher knowledge, which focuses attention on the 

multiplicity of skills, strategies, and understanding that 

teachers must control (Conant, 1963; Feiman-Nemser & 

Buchman, 1985; Fuller & Bown, 1975; Gage, 1978; Leinhardt & 

Greeno, 198 6; Murray, 1996; National Board for Professional 

Teaching Standards, 1989; Richardson, 1994; Rosenshine & 

Stevens, 198 6; Shulman, 1986; Wittrock, 1986). The complex 

nature of teaching has been well documented by educators 

who have given voice to their classroom experiences and 

have shared their reflections on those experiences (Ashton-

Warner, 1963; Ayers, 1993; Clemens, 1983; Jackson, 1978; 

Jones, 197 8; Keizer, 1988; Liebermann & Miller, 1984; 

Lortie, 1975; Postman & Weingartner, 1969). The knowledge 

of teaching gained from teachers' reflections and personal 

narratives has become part of a larger body of important 
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research on teacher cognition. Teaching is no less complex 

for the early childhood teacher who balances the emerging 

developmental needs of the child, multiple subject 

knowledgef and wide ranging pedagogical knowledge with the 

various institutional policies and requirements of the 

public school environment. 

Research on teacher knowledge attempts to answer 

questions regarding the content and processes underlying 

the intellectual structures teachers bring to an 

educational setting. This research inhabits many domains 

and cuts across many topics. Elbaz (1981) wrote about 

practical knowledge; Clandinin (198 5) studied personal 

practical knowledge; Wineburg and Wilson (1991) focused on 

subject matter knowledge; Marks (1990) discussed 

pedagogical content knowledge. Wien (1995) wrote of the 

practical knowledge of early childhood teachers who are 

concerned with the realities of developmentally appropriate 

practice. Current research on this topic is not only 

concerned with the obj ective application of formal 

knowledge but also with the teacher's personal 

interpretation and representation of that knowledge. 

This investigation will make an important contribution 

to the field of subject matter knowledge of early childhood 
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teachers, an area marked by a significant lack of research. 

Many of the pedagogical decisions made by early childhood 

teachers, for example, development and management of the 

physical environment, verbal interventions, and modeled 

behaviors, stem from their personal interpretations of 

subject matter knowledge which may not be commensurate with 

the structural demands of a subject. 

A cursory review of texts for early childhood teachers 

reveals that the subtleties of subject matter teaching 

identifled by Brophy in 1992 have not been addressed. More 

unfortunately, also according to these sources, the 

curriculum is almost never mathematics and therefore even 

more rarely geometry (Gordon & Browne, 1993; Leeper, 

Skipper & Witherspoon, 197 9; Morrison, 1998; Spodek & 

Saracho, 1994; Taylor, 1964), It seems that a great deal of 

reticence exists regarding the discussion of content as 

subject matter or of subject matter knowledge, perhaps 

because of an aversion in early childhood education to 

explicit teaching using a subj ect matter framework. Early 

childhood teachers and students are profoundly affected by 

this position. 



Limitations 

This study focuses on a small^ local group of early 

childhood teachers. The outcomes are not generalizable to 

all early childhood teachers. The information generated 

describes only the knowledge of the selected teachers. 

This is not a study of teaching but an investigation 

into four components which contribute to the structure 

underlying the teaching process. This investigation is 

designed to discover teachers'' knowledge on topics related 

to teaching geometry in public primary schools. It is 

outside the scope of this investigation to discourse in 

philosophical and psychological determinations on the 

meaning of what it is to know. It is also outside the 

purposes of this investigation to discourse on any 

distinctions between knowledge and knowing. In this 

investigation, knowledge is assumed to be a cognitive 

construct which is reflected in, and the basis of, the 

subjects' responses. 

Definitions 

In this study, knowledge in geometry is defined from 

three perspectives. The first is as the underlying 

framework that is part of the basis for teaching, that is, 
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knowledge of goals, knowledge of curriculum^ and knowledge 

of development. This knowledge is defined as the teacher's 

responses to direct questions. The second perspective is 

that of the geometric problem solving using concepts found 

in the geometry curriculum for young childrenj, and 

knowledge is defined in terms of the teacher'' s problem 

solving process and responses to factual items. The third 

perspective is that of reflection. Knowledge is defined as 

the immediate response of the teacher as a reflection of 

her education, experience, and professional development. 

Early childhood teachers are defined as those who 

teach kindergarten, first grade, and second grade— 

basically, five-year-olds to early eight-year-olds. It is 

understood that other grades or ages could be considered 

part of the early childhood years. 

Summary 

More than ever the early childhood teacher needs 

access to a repertoire of knowledge and practice which 

makes it possible to maximize the cognitive development of 

young children in developmentally appropriate ways. With 

the release of the revised standards for geometry for 

prekindergarten through second grade by the National 



Council of Teachers of Mathematics (2000) the nation may 

be on its way to meeting The Challenge for America: A High 

Quality Teacher in Every Classroom (Riley, 1998). Early 

childhood teachers' understanding of geometry as subject 

matter is one step in this direction. 

In early childhood education, mathematics subject 

matter has been a low priority, and geometry has been 

considered an optional topic. Research and standards are 

changing that perspective. Early childhood teachers must 

understand the systemic framework of geometry, including 

the goals of geometry, the developmental issues associated 

with geometry learning, geometry curriculum, and geometric 

concepts associated with geometry learning in order to 

provide quality, equity, and power to their young students. 

Focused high quality learning is dependent in part on 

effective teaching. According to the NCTM (2000) Standards 

and Principlesf "Effective teaching requires knowing and 

understanding mathematics, students as learners, and 

pedagogical strategies" (p. 17). 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Introduction 

This investigation is concerned with the knowledge of 

early childhood teachers in the subject matter of geometry. 

The particular focus of this investigation is early 

childhood teachers'" knowledge of some underlying structures 

of geometry that are known to impact pedagogical decision 

making. These are the goals of geometry for young children, 

developmental concepts related to geometry for young 

children, the curriculum of geometry for young children, 

and certain geometric concepts common in the teaching of 

young children. 

Goals of Geometry 

Early childhood teachers must have deep understanding 

of the goals of the program of geometry for young children. 

Geary (1996) stated that improvement in mathematics 

instruction would result from explicitly stating the goals 

when a topic is introduced. However, it has taken a great 

deal of time for geometry to gain recognition in the 

mathematics programs for young children, and until recently 
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the goals for early childhood' geometry^ when recogni-zed at 

all^ have remained static and narrowly defined» 

Explicitness about goals has been one of several 

concerns' regarding geometry programs. Battista and Clements 

(198 8) found that some mathematics programs do not 

emphasize geometric content in ways that help students'' 

development of understanding nor do they provide 

opportunities for geometric problem solving that are 

sufficient for development of understanding. Fuys, Geddes, 

and Tischler (1988) found that geometry is often taught by 

rote with minimal representation by students of their 

understanding. Lindquist and Kouba (1989) reported that, in 

comparing geometry portions of the National Assessment of 

Educational Progress, students did best on identifying 

geometric figures and worst on problems of interpretation 

or application of geometric properties. If one looks at the 

concerns raised by these authors, it seems that there are 

expectations of certain kinds of learning in geometry which 

could characterize goals, i.e., that geometric content 

should be systematically organized, that geometric problem 

solving is an important element of the curriculum, that 

student response supports understanding, and that only 
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knowing the names of geometric figures does not constitute 

profound understanding in geometry. 

In this investigation? teacher knowledge of goals in 

geometry education might come from a variety of sources. 

Goals could be related directly to curricula? stated,, 

implied^, or experienced. Goals could be set by national^ 

state, and local standards. Goals could be implied in 

benchmark behaviors. Goals could emanate from the fields of 

mathematics, mathematics education, education, in general, 

or early childhood education specifically. 

Geometry Goals Before the Standards Movement 

Sampling the literature in the two decades prior to 

the first publication of national mathematics standards 

reveals a number of views of the goals of geometry 

education. Some literature describes the goal of geometry 

as serving the learning of number or as a readiness study 

for Euclidean geometry. Other literature describes the 

goals of geometry as an expression of the child's 

developing understanding of the world and as a way to model 

that world. 

Baur and George (197 6) present an example of geometry 

goals that historically underestimates the power of the 
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mathematical content and processes of geometry for the 

student. Although they thought that geometry could help 

children understand the physical world and develop 

aesthetic appreciation, the mathematical purpose according 

to them was to understand concepts of arithmetic and 

measurement. 

Before the publication of national professional 

standards, some authors had attempted to bring meaningful 

geometry content and processes for young children to the 

attention of teachers. Trafton (1975) proposed that 

geometry in the curriculum was part of a broadened view of 

the study of mathematics for young children, having 

previ ously been considered . . nonstandard ..." 

content (p. 17). The goal for an earlier introduction to 

geometry would be ". . . the basis for helping the child 

interpret an inherently geometric environment" {p. 24). 

Gibb and Castaneda (1975) said that the aim was 

insightful learning, satisfied by a balanced program with a 

". . . broadly intellectual orientation . . ." (as opposed 

to . . narrow academic skills . . , based on the 

interrelations among physical, social, and intellectual 

development (p. 96). Specific aims of mathematics for young 

c h i l d r e n ,  i n c l u d i n g  g e o m e t r y ,  w e r e  d e s c r i b e d  a s . .  .  



38 

® accumulation of sensory data; 

® organization into concepts; 

® acquisition of appropriate language; 

* development of an intuitive background, and 

® trust and confidence in perception^ cognition^ 
and ability to learn, {p. 97) 

Regarding geometry specifically? the above authors said the 

goals should be to develop a . . general concept of 

shape, observe and describe likenesses and differences 

. . . and . . , learn names for the most coiration shapes" {p. 

107) . 

Robinson (197 5) specifically addressed geometry for 

young children. She proposed that children learn about 

conceptual relationships among geometric figures. She 

believed the goals of the geometry curriculum were for the 

student to . . . 

• . . . learn ideas of geometry, e.g., that some 
things will always happen a certain way and 
some things will never happen; 

• understand that mathematics describes reality; 
and, 

• develop confidence and self-reliance. (pp. 209-
210) 

Robinson also believed that children should experience 

many geometries. She believed that the preferred geometry 

for young children was topology. She did not believe that 

children's precise vocabulary use was necessary in the 
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early stages^ nor did she promote learning the names of 

geometric figures. Her philosophy can be summed up thus: 

. (J)ust as there is more to art than the ability to 

distinguish blue from green^ so there is more to geometry 

than the ability to distinguish a square from a rectangle" 

(p. 222). Robinson''s work has a distinctly investigative 

and developmental flavor. 

Dienes (1964) noted the need to shift to a deeper 

understanding of structures on which skills are built. He 

wrote that there were unifying concepts to be learned 

through which spatial relationships could be brought into 

focus as a larger whole. These made it easier and more 

efficient to later embed the material of traditional 

geometry courses. His goal, then, could be described as 

being for children to learn these unifying concepts which 

would in turn facilitate later learning. 

Bishop (1983) described two possible approaches to the 

study of geometry. One approach was to learn the outcome of 

the investigations of others. A second was to develop 

unique personal mathematical approaches to space. Bishop's 

goal for geometry merged these two approaches and concluded 

that students should learn what he called well established 
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geometries for the purposes of developing their own 

geometrical ideas. 

On the cusp of the standards movement, Reys, Suydam^ 

and Lindquist (1989) best summarized the goals of geometry 

in the modern early childhood curriculum. They said that 

some or all of the following are reasons to include 

geometry; 

• to provide for the child's everyday needs; 

• to provide for the child's developmental 
needs; 

• to achieve subject matter and content goals; 

• to achieve process goals. (p. 248) 

Goals in the Standards and Beyond 

A disciplinary approach to goals is evident in the 

first edition of the NCTM's Standards (1989) for K-4 

geometry and spatial sense. In this publication of the 

standards young students were to have experiences in which 

they could . . . 

• . . . explore geometry in two and three 
dimensions; 

• develop (their) sense of space and 
relationships in space; and 

• solve problems that involve geometry and its 
application to other topics in mathematics and 
other fields. (p. 50) 
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The recent revision of the NCTM standards (2000) makes 

it clear that young children deserve meaningful and 

appropriate mathematics programs. This revision frames the 

content of geometry in a developmental context. The 

geometry standard for prekindergarten through second grade 

presents four benchmark goals for students which should 

enable them to understand? represent, and utilize their 

environment by enhancing the geometric and spatial 

knowledge that they bring with them to school. 

The broad goals are that, first, students' 

understanding of geometry will increase through the grades 

starting with informal thinking in the early years of 

school and, second, they will learn about geometric shapes, 

structure, location while developing spatial reasoning and 

spatial visualization skills. These goals can be met 

according to activities in which students do the following: 

• analyze characteristics and properties of two-
and three-dimensional geometric shapes and 
develop mathematical arguments about geometric 
relationships; 

• specify locations and describe spatial 
relationships using coordinate geometry and 
other representational systems; 

• apply transformations and use symmetry to 
analyze mathematical situations; 
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® use visualization^ spatial reasoning, and 
geometric modeling to solve problems. (NCTM^ 
2000^ p. 96) 

Other authors have also stated the goals of geometry, 

from either a disciplinary approach or a developmental 

approach. Fuys and Liebov (1993) discussed broad goals of 

geometry curriculum, which they believe should include not 

only the topics one would assume from personal experience 

in elementary school but also exposure to geometry concepts 

not commonly taught in the past {for example, topological 

ideas, motion and coordinate geometry), geometrical 

representation of other topics (for example, number-

multiplication and fractions), and early development of the 

mathematical processes found in the standards. 

Teacher researchers Rectanus (1994) and Confer (1994, 

1998) stated the goals of the geometry curriculum from a 

disciplinary perspective. Confer said that the goal is 

participating in investigations of geometric properties and 

of relationships among shapes. Rectanus said that the goals 

are to connect geometry to the real world (particularly 

mentioning the relating of geometry to number and 

measurement ideas), and to develop spatial sense. 
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Some authors have focused specifically on mathematics 

for young children^ and their approach emphasizes the 

developmental perspective in their description of geometry 

goals. Haylock and Cockburne (1989) explained the goals of 

geometry for the early years as being able to describe^ 

identify^ and classify the shapes in the real world for two 

dimensional and three dimensional objects, studied 

simultaneously. Burns (1992) described the goals of 

geometry as part of the rationale for teaching geometry. 

For young children, the goal is to elaborate on and extend 

the learning that they have accomplished through play and 

exploration. Through problem solving they should 

participate in investigations of pattern and structure in 

shape and make connections among geometry, measurement, 

number, and pattern. They should also learn >. . 

reasoning processes in spatial context" (p. 79). 

In her mathematics curriculum for young children 

Althouse (1994) elucidated the goals behind planned 

investigations that draw upon geometry. Young students will 

use prior knowledge to expand what they already understand 

and to construct new knowledge; they will interact with the 

environment to define and solve problems; and they will 

work with others and communicate ideas. 
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Askew (1998) believed it is important to base geometry 

education OR the three-dimensional world in which children 

live. His goals for geometry include starting with familiar 

experiences and "» , » developing understanding of 

geometric properties and relationships in order to solve a 

range of problems" (p. 125). Furthermore^ children should 

. gain experience of patterns and transformations 

through practical work" (p. 125). 

Charlesworth's goals (2000) were explained as an 

explicit extension of the child's formerly implicit 

intuitive learning about shapes and space. She emphasized 

an informal approach to basic concepts for the primary 

years, which for her meant not going into what she called 

the technicalities (including naming of concepts). 

State and District Goals 

There are state and district goals for geometry 

education in early childhood which apply to this 

investigation. In its Student Achievement Program, the 

State of Arizona Department of Education (1998) has 

established two sets of primary objectives for geometry for 

kindergarten (Readiness Level) and two for grades one 

through three (Foundations Level). The state's overarching 
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goal for the geometry standards is that . . (s)tudents 

use geometric methods^ properties? and relationships as a 

means to recognize^ draw, describe? connect^ and analyze 

shapes and representations in the physical world" (p. 20) . 

This terminology is identical to that used by the local 

district in this study, which has curriculum and curriculum 

standards aligned with and expanded from the state 

standards. 

Summary 

In fewer than two decades? geometry has achieved 

significant attention and substantive importance in the 

mathematics curriculum for young children. Significant 

goals in geometry education have been developed over time. 

Standards for teaching and learning have improved the focus 

of the goals for geometry education. 

Early childhood teachers have been advised against 

naming shapes as their only geometry teaching and have been 

encouraged to help children to take advantage of intuitive 

knowledge gained from contact with their environments and 

to pursue understanding and representation of spatial and 

geometric ideas. Early childhood teachers are being urged 

to understand and use geometry as a mathematical model of 
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their students'' universe. Using informal methodsthey can 

help their students develop personal understandings of 

mathematically significant geometric concepts. 

Child Development and Geometric Concepts 

Three types of literature are reviewed in this 

section: literature from observational and longitudinal 

studies of young children; literature from the 

constructivist perspective, including the research of Jean 

Piaget; and literature on the research of Pierre van Hiele 

regarding children's developmental stages in two-

dimensional geometry. 

Observational and Longitudinal Data on Child Development 

in Geometric Concepts 

When children enter school, they have constructed an 

informal mathematics from contact with and understanding of 

their physical and social environments. "Mathematical 

events and phenomena appear to be universal in the physical 

world. From infancy, children encounter small discrete 

objects that can be manipulated, touched, and counted" 

(Ginsburg & Baron, 1993, pp. 4-5). Cognitive development in 

geometry begins, as with all development, in infancy. 
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Morrison (1998) emphasized that experiences are the raw 

material for cognitive development. The foundations for 

later learning are built on repeated physical experiences 

mentally coordinated over time. Experience is the keyj, as 

age is ". . . not necessarily the key in a child''s 

mathematical ability" {Kostelnik^ Soderman^ & Whiren^ 1993^ 

p. 127). 

Ilg and Ames (1965)^ in their work at the Gesell 

Institute, engaged in longitudinal studies of how children 

develop. Among their many findings, they discovered some 

geometric skills that students have developed informally, 

i.e., that a three-year-old can draw a circle stopping 

after a single revolution; a four-year-old can make a 

square with acceptable corners; and a five-year-old can 

copy an equilateral triangle. However, regarding the 

triangle, their research revealed that 15% of five-year-

olds failed at copying the triangle, but only 17% produced 

a well-proportioned figure. Robinson (1975) interprets the 

young child's ability to reproduce geometric forms as a 

representational form of perceptual awareness. 

Sampling the developmental profiles created by Allen 

and Marotz (1994) reveals a continuity in perceptual 

skills, motor skills, and knowledge that demonstrates the 



development of geometric concepts and that sets the stage 

for later learning in school: 

® by 12 months the child picks up objects with 
thumb and forefinger^ transfers objects hand-
to-hand, feeds self crackers^ looks directly at 
adult face; 

® by two years the child seats self in chairs^ 
walks up and down stairs without assistance,, 
places rings on a stick or pegs in a board,, 
matches familiar objects; 

• by four years the child throws a ball with 
direction,, copies crosses and circles, pours 
and spreads well, responds appropriately to 
directions involving location; 

• by six years the child cuts out simple shapes 
sorts objects on one or more dimensions, does 
15 piece puzzles. {passim, pp. 164-171) 

Gordon and Brown {1993) summarized the child's general 

developmental path in constructing a mental picture of 

spatial relationships. The experiences include visual 

tracking, reaching and grasping, relating the positions of 

objects to each other and their own body, fitting and 

taking apart, creating and rearranging shapes and obj ects, 

and observing and describing. These experiences create an 

awareness as stated by Schwartz and Robison (1982), 

"Children seem to acquire geometric concepts by developing 

awareness of attributes . . ." {p. 66) which they use to 

construct mental maps of similarities and differences. 
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In the process of determining the extent to which 

teachers made use of the existing^ informal knowledge that 

children bring to school^ Aubrey (1997) found that the 

child subjects^, four-year-olds^ entered school already 

knowing much of the mathematical content of their 

designated curriculum. High achieving children had attained 

a large degree of mastery? which involved conventional 

knowledge. Low achieving children^ while lacking in 

conventions, had informal competence in most areas. 

Assessments in geometry included position in space, 

position on a line, copying forms, matching two-dimensional 

to three-dimensional shapes, and describing three-

dimensional shapes. Unfortunately for the children in 

Aubrey's study (1997), they exhibited no significant 

changes during the study year, including in van Hiele 

levels. Therefore it could be concluded that, for that 

year, geometry teaching was not aligned with the students' 

needs. 

In the United States, the National Council of 

Educational Statistics {2000) in a longitudinal study found 

that 94% of first-time kindergartners were proficient in 

number and shape, measured by items in Proficiency Level 

One of the assessment battery. More than half (58%) passed 
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Proficiency Level Two. According to the report? ^''The ECLS~K 

mathematics assessment measures children's knowledge and 

skills necessary to solve problems . . (p. 12), This 

demonstrates that young children do enter school with a 

great deal of knowledge about geometry, particularly shape. 

Constructivist Theory and Geometry for Young Children 

In The Origins of Intelligence in Children (1936) 

Piaget explored the source and mechanisms of the young 

child's capacity for intelligent action, and in The 

Construction of Reality in the Child (1937) he discussed a 

parallel topic of development, i.e., the growth of the 

child's ideas about the world. Both of these works are 

significant for the knowledge which is related to a child's 

development of geometric and spatial concepts and have been 

the subj ect of ongoing interpretation and exploration by 

professionals embracing the constructivist approach to 

development, learning, and teaching. 

Copeland (1984) explained Piaget's theory of 

intellectual development by describing the four stages or, 

as the author prefers, periods in the life of the child. 

They are the sensorimotor period, the preoperational 

period, the concrete operational period, and the formal 
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operations period. The first three periods of a child's 

intellectual development are the most important for this 

investigation because the ages associated with the 

sensorimotor period are birth to around two years of age. 

The ages associated with the preoperational period are 

about one-and-a-half or two years of age to about seven 

years of age. The ages associated with the concrete 

operational period is from approximately seven years of age 

to eleven or twelve years of age. The first two periods 

will receive the emphasis in this discussion. 

Ginsburg and Opper (1969) interpreted Piaget to say 

that children have a biologically based propensity to learn 

from the environment and that intrinsic motivation 

underlies children's learning. This is to say that at the 

root of a child's arriving in school with informal 

knowledge of geometry is his development from birth of an 

understanding of space and shape. This development begins 

at the sensorimotor stage, wherein the child develops 

categories of understanding related to concept of objects, 

space, time, and causality. 

In The Child's Conception of Space (1948, trans. 

1956), Piaget and Inhelder reiterated an earlier position 

that spatial conceptions in the sensorimotor period develop 
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from birth due to the interaction of movement and 

perception in concert with mental constructs. Between the 

ages of approximately two and seven years of age^ the child 

must then recreate representationally, in thought^ all that 

was gathered from direct perception. So in Piagetian 

psychology^ metric and geometric ideas are not developed 

solely from direct perceptual data after the sensorimotor 

period. This period is a rich and complex one consisting of 

six stages. In their anthology of his work, Gruber and 

Voneche (1995) include Piaget's text and summarize the 

stages of the sensorimotor period. The separate stages 

include the following important distinctions: 

Stage I- no coordination of space; localized 
spaces; 

Stage II- spaces are separate entities; beginning 
coordination related to object 
presence; 

Stage Ill-general coordination of different 
spaces centered around the infant's 
body; no cause and effect relationship 
between action and objects; 

Stage IV- no obj ect permanence but infant will 
look for hidden or missing objects, 
signifying a notion that things exist 
in space; 

Stage V- visible obj ects are seen as independent 
and with their own movements; 

Stage VI- sensorimotor stage is accomplished; 
child will respond appropriately to 
movements of objects by conserving the 
point of departure and following the 
path created. 



Constructing reality of space is very much tied with 

object permanence and causality. Piaget explained it thus, 

"A world composed of permanent objects constitutes not only 

a spatial universe but also a world obeying the principle 

of causality in the form of relationships between things^ 

and regulated in time^ without continuous annihilations or 

resurrections" (Gruber & VOneche, 1995, p. 250) . 

The sensorimotor period is the most intense time of 

the infant's life in terms of developing the foundation of 

intellectual processes and the construction of reality. 

Copeland (1984) said that the preoperational period, which 

follows the sensorimotor period, is characterized by 

representation or symbolism. Kostelnik, Soderman, and 

Whiren (1993) explained that the conceptualizations of the 

preoperational child are bounded by the characteristics of 

centration, egocentrism, ' and irreversibility which means, 

when applied to geometry, that there are developmental 

constraints on a child's logic and perception. These are 

related, first, to the number of attributes that can be 

simultaneously mentally coordinated, second, related to the 

adoption of other-centered perspectives, and third, related 

to conservation of traits. At about seven or eight years of 

age, conceptual notions of space, governed in their 



develDpnaent by motor activity and repetition,, are stable 

enough to distinguish them from perceptual notions 

of space. 

Suydam and Weaver (1975) summarized four conditions 

for learning noted by Piaget and applied them to young 

children's learning of mathematics in general. They 

discussed these four factors which are important to 

cognitive development. They are . . . (1) maturation, (2) 

encounters with the physical environment; (3) social 

experience, including both interaction with, and 

instruction by, adults and peers; and (4) a process he 

calls equilibrationf by which the child incorporates new 

knowledge" (p. 4 6). 

Kamii and DeVries (1978) pointed out that sensory 

information and language alone are inadequate in enabling 

young children to reason logically. This position 

represents Piaget's philosophy of relativism. While the 

empiricist believes that one can know objects strictly 

through the senses, relativists believe that knowing an 

obj ect is also dependent on the knowledge brought to the 

encounter with the obj ect. Thus, Piaget's position, 

according to Kamii and DeVries, would be that objects are 
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known by assimilation into the schemes that the subject 

brings to each situation (p. 14). 

They also described Piaget's distinction between 

physical and logico-mathematical knowledge which can be 

applied to understanding the value of experience combined 

with reflection in the child^ s construction of geometric 

concepts. In order to understand the young child's 

construction of knowledge, one must analyze the 

relationship between these two types of knowledge. "In 

empirical abstraction, the child focuses on a certain 

aspect of the object and ignores others. . . . In the case 

of logico-mathematical experience, the knowledge the child 

gains from the experience is not from objects, but from his 

action bearing on the objects" (p. 17). The resulting 

knowledge comes from a mental coordination of putting 

action into relationship. The logico-mathematical knowledge 

is independent of the physical properties of the obj ect or 

objects involved. "Logico-mathematical knowledge is 

constructed by ^reflective abstraction' which is very 

different from empirical abstraction" (p. 18). 

Peterson and Felton-Collins (1986) discussed Piagetian 

concepts related to geometric understanding. Success in 

typical learning activities such as classification and 
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seriation are based on having developed the abilities to 

see similarities (in classification) and differences {in 

seriation) between objects. The preoperational child 

focuses on only one attribute at a time (centration). 

They also point out that perceiving one class to be a 

subset of a larger class is extremely difficult for the 

preoperational child. Indeed, it is not a feature of their 

logic. The preoperational child would not be able to 

construct, for example, the hierarchy to which a square 

belongs, although he or she could perceptually distinguish 

the differences or similarities in each definitional 

subset. 

The critical role of experience in young children's 

mathematical learning cannot be emphasized enough, 

according to constructivist thought. Maxim (1989) stated, 

"The child Invents mathematical knowledge from her or his 

activities on objects, so direct concrete experiences with 

objects at the child's developmental level are crucial to 

the formation of accurate concepts" (p. 36). In his essay 

entitled To Understand is to Invent (1972), Piaget, drawing 

upon the history of the scientific method, discussed the 

importance of direct experience in both experimental 
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methods with young children and the experimentation of 

young children. 

In shorty the basic principle of active methods will 
have to draw its inspiration from the history of 
science and may be expressed as follows: to understand 
is to discover, or reconstruct by rediscovery^ and 
such conditions must be complied with if in the futiire 
individuals are to be formed who are capable of 
production and creativity and not simply repetition-
(p. 20) 

In their experiment with hidden figures^ Piaget and 

Inhelder (1948) discovered developmental stages resulting 

from direct contact with objects. At about three-and-a-half 

to four years of age familiar objects, but not shapes, can 

be recognized by touch. From about four-and-a-haIf to seven 

years of age Euclidean figures can begin to be 

differentiated. At this point, there are three phases 

through which the child passes, in which he can first 

distinguish between curved and straight-sided shapes, then 

distinguish shapes according to their angles or dimensions, 

and finally distinguish rhombi and trapezoids at about five 

to five-and-a-half years of age. The balance of this period 

is marked by systematic and active exploration of shapes. 

Peterson and Felton-Collins (1986) revisited Piaget's 

position that spatial learning cannot be taught. It is 

learned by the child through experience with objects and 
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the consequent integration and reorganization of thought 

relative to the new information» At about the age of three 

the child . begins to understand topological concepts 

on which simple geometry is based" (p. 43). Around five 

years of age^ the child begins developing notions of angles 

and shape^ which assist in developing an understanding of 

projective ideas (p. 4 4). 

Copeland (198 4) tells the story of a group of 

mathematicians who attempted to develop prototypical 

structures for all mathematical processes. "They 

established three mother structures: an algebraic structure 

(the prototype of which is the notion of a group), a 

structure of ordering, and a topological structure. These 

were later modified to include the notion of categories" 

(p. 401). He goes on to point out that the group settled on 

topological structure as one of the three prototypes, even 

though Euclidean geometry was the first type of geometry 

studied historically and is the first type studied in 

school. He says, "Piaget also finds children able to solve 

topological problems before Euclidean ones. For example, 

children can make inside and outside distinctions and 

differentiate open from closed figures before they can 

differentiate Euclidean shapes such as circles and squares" 
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(p. 403) . ThiS;. then^ describes the basis of the 

topological primacy theory, the foundations of which lie in 

the child^ s development during the sensorimotor stage when 

coordinating space, rather than shape, is the dominant 

activity. 

In her discussion of the value of children's 

experiences with blocks, Kristina Leeb-Lundberg (1974) 

discusses the areas of geometry that develop from 

children's perceptions when they experience building with 

blocks. 

There are some wider fields of geometry that we have 
to explore if we want to acquire a broader basis for 
our understanding of the geometric perceptions that 
children are preoccupied with during their building 
with blocks, namely the branches of mathematics called 
topology and proj ective geometry. Foreign as these 
terms may seem, they help us to understand the broad 
learning young children are involved in while they 
slowly work their way towards Euclidean concepts. It 
is of particular interest . . . that it is these three 
geometric systems together-topology, projective, and 
Euclidean geometry-that Jean Piaget has used in his 
explorations of young children's developmental 
learning about space. {p. 34) 

The most valuable geometric experiences for young 

children are those which expand upon the experiences of the 

sensorimotor period and recognize that geometry is more 

than knowing about regular shapes and solids. Furthermore, 

development in geometric conceptual knowledge is not 
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or she has a mix of geometric knowledge of several types 

that warrants academic support. 

The van Hiele Levels of Geometric Understanding 

Pierre van Hiele and Dina van Hiele-Geldof^ Dutch 

mathematicians and also husband and wife^ researched 

children''s understanding of Euclidean geometry. They 

developed a model of instruction of geometry which matched 

their findings about students' levels of thinking. The 

following discussion is based on a 1984 translation and 

publication of a paper (Brooklyn College) presented by P.M. 

van Hiele in 1957 in France. In it he describes 

developmental levels of geometric understanding through 

which it is possible for a student to pass on the way to 

formal work in geometry. This early typology of four levels 

later developed into five stages, zero through four. 

The Base Level is the level of visualization and is 

the level most relevant to this investigation. It starts 

before school, when a child is very young, and continues 

into the primary grades. During the Base Level children do 

not analyze shapes in terms of their different properties. 

They visualize shapes in a holistic way, not focusing on 
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various individual characteristics. At this level the 

student develops and holds a visual prototype of a shape, 

and in this way can recognize them. For example, children 

recognize circles? triangles? and squares. They can also 

recognize cones? pyramids,, and spheres. Children can label 

them but may not use correct terminology? for instance 

using box and ball instead of cube and sphere. Children do 

not consider the combination of properties that create the 

shape, and they will describe the shape using a familiar 

object as an external reference. 

The First Level is the level of analysis. Children 

notice specific properties of figures such as number of 

sides and describe figures in terms of these properties. 

The language that they use may be imprecise and not formal 

mathematical terminology. Over time the teacher models the 

correct language? accepting the child's attempts in the 

meantime. 

The remainder of the levels are not applicable to the 

early childhood years but can be summarized as follows. The 

Second Level is the level of deduction wherein students can 

classify and generalize according to attributes. The Third 

Level is the level of deduction wherein students can 

develop proofs using axioms and definitions. 
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The van Hiele model of student development of geometry 

can direct the teacher in supporting student learning by 

providing a framework within which to organize teaching 

activities and learning opportunities. It should be 

remembered that any model of development using levelsj, 

while appearing to be clear-cut? is not» There is a great 

deal of fluidity in and between levels» 

P. M. van Hiele discussed the processes by which 

changes occur which lead to a higher level of thought. 

First is inquiry during which the student learns through 

investigating the material presented, which leads to 

discovery of the presence of a structure. Second is 

directed orientation in which the student explores using 

the presented material, which has been selected so as to 

reveal the underlying structures. Third is explicitation in 

which the groundwork for discourse is laid and discourse is 

promoted which invokes the formation of relational thinking 

in the student. Fourth is free orientation in which the 

student determines the parameters of the problem and 

quickly reaches a conclusion on how to proceed 

symbolically. Fifth is the phase of integration in which 

the student summarizes and synthesizes the work that has 

been accomplished and the methods used, so that there 
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develops a holistic perspective on the explorations that 

have occurred. These five processes occur at each level of 

development and interact in such a way that the student is 

brought to the next level of understanding. 

Summary 

Three types of literature were reviewed with regard to 

child development and geometry. The first type of 

literature described general^ age-related findings based on 

observational or longitudinal study of young children. The 

second type of literature described some basic thoughts of 

the constructivist approach to the intellectual development 

of young children. This literature included the work of 

Jean Piaget, his collaborators, students, and other like-

minded authors. The last piece of literature introduced the 

work of the van Hieles, which describes developmental 

levels in children's understanding of two-dimensional 

shapes. 

Curriculum and Curriculum Content 

Curriculum Theory 

Zais (1976) has described various conceptions of the 

meaning of curriculum^ including course content, program of 
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stuciy, planned learning experiences ? all experiences in 

school, the written plan of action, and intended learning 

outcomes^ The focus of curriculum in this investigation is 

the content of geometry for young children in 

prekindergarten through grade two. The previous section on 

goals could be described as intended learning outcomes in 

the broad sense. Also, certain general written plans of 

action are included in the goals and the curriculum 

sections of this review, but it is not the intention of 

this study to propose that local and state wri tten plans of 

action should constitute the geometry curriculum. 

Other conceptions of curriculum have been developed. 

Robitaille and Dirks (1982) have condensed their 

conceptions to three, i.e., the intended curriculum., the 

implemented curriculum, and the attained curriculum. Using 

this model, the current study is concerned with the 

intended curriculum. Taba (1962) conceptualized teacher 

intentions on a curriculum/instruction continuum. This 

analysis is helpful in understanding teacher knowledge, as 

it permits creation of a range which accommodates the flow 

between teacher intention (and its ground} and teacher 

implementation. This investigation is concerned with the 
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knowledge found in the range of the teacher'' s grounded 

intentions/ up to the point of implementation. 

McNeil (1977) organized conceptions of curriculum 

according to schools of thought, i.e., humanistic, social 

constructivistf technological,, and academic. An academic 

subject matter approach to curriculum includes the content 

and methods of a discipline, which represents the current 

body of knowledge of that discipline. This approach was 

influenced by the work of Bruner (1960) and Dewey (1938). 

Bruner proposed that any discipline has a structure of 

underlying principles and that the curriculum of a subject 

should be designed to achieve an understanding of that 

structure, i.e., its underlying principles. Later (1977) he 

reminded his readers, "A curriculum is more for teachers 

than it is for pupils" (p. xv) . Dewey's (1938) approach to 

disciplinary knowledge focused on students' having 

experiences with the utility of that knowledge, which 

included an understanding of the underlying principles, the 

methods, and the tools of that discipline. This 

investigation is concerned with the teacher's knowledge of 

the structure of the underlying concepts in an academic 

discipline, i.e., geometry for young chiIdren. 



Schwartz and Robison (1982) defined the curriculum as 

. the educational reason . . ."{p. 8) for young 

children to be in early childhood programs. Like Zais^ the 

authors discussed various approaches to the forms v^hich 

curriculum for young children can take, including what 

happens^ all school experiences, teaching plans? a 

syllabus, or a program. In their prototype curriculum for 

mathematics, the authors have chosen the programmatic 

approach. The prototype includes long-term objectives, 

short-term objectives, key concepts drawn from disciplinary 

structure, views on child development, instructional 

sequences, and methodology. 

In the final analysis, curriculum may be that which 

was described by Spears in 1951, i.e., that the true 

blueprint of a subject is within the teacher. Dougherty and 

Scott (1993) repeated this idea. They said that many of us, 

". . . attempt to shape and direct meaningful mathematics 

curriculum in our classrooms. We struggle with what 

curriculum is because the word conjures up many definitions 

. . ." (p. 295). 
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Disciplinary Standards in Early Childhood Curriculum 

In the early childhood field, the struggle with what 

curriculum is has been compounded by . .a historic 

reluctance to identify curriculum content . , (Horm-

Wingerd, Hyson^ & Karp, 2000? p. 11)» It is critical for 

early childhood teachers to take a disciplinary approach to 

curriculum, whether or not they use a disciplinary 

structure to arrange the implementation of their program. 

Myers and Maurer (1987) said, "Some teachers care what 

'subjects' their activities are separated into. Others are 

concerned that the activities are of a wide variety, are 

interesting to children and are challenging but don't care 

what ^subject' each is labeled " (p. 23). To not care what 

the subject is leads to a breakdown in understanding the 

underlying structure of that discipline and its educational 

potential. 

Bredekamp and Copple (1997) described the 

developmentally appropriate curriculum for young children 

as one which has been integrated, which has attended to the 

continuum of development and learning, which has been made 

coherent and effective, and which has used a variety of 

approaches. Disciplinary studies are to be integrated 

through themes, projects, and play or other experiences in 



68 

a way that enables children to develop conceptual 

understanding and to make connections among the 

disciplines. Katz and Chard (1989) and Chard (1992) have 

elaborated on this type of student work known as The 

Project Approach. Studies are completed in a way that 

attends to the developmental and intellectual 

characteristics of the child as applied to the continuum of 

learning in each discipline. Regarding subject matter 

knowledge, Bredekamp and Copple (1997) stated the standard 

according to the National Association for the Education of 

Young Children, "Teachers are knowledgeable about the 

continuum of development and learning ... in each content 

area" (p. 130). 

A coherent and cohesive curriculum based on 

integration is only effective when it is responsive to and 

based on the emerging interests and ideas of the young 

learner. Again the authors (1997) emphasize that 

". . . teachers should draw on their knowledge of the 

content" (p. 131), 

The National Association for the Education of Young 

Children and the National Association of Early Childhood 

Specialists in State Departments of Education issued a 
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statement regarding adherence to disciplinary standards 

(1991) . 

Regardless of the age of the child? educators have a 
responsibility to respect the knowledge base of the 
appropriate disciplines when formulating curriculum. 
In an attempt to simplify content^ curriculum 
developers sometimes present inaccurate? misleading^ 
or potentially confusing information. If the specific 
content is related to a particular discipline,, then it 
should be as accurate as possible (although children''s 
construction of knowledge will not mirror adult 
conceptions). (p. 30) 

Wortham (1994) contended that early childhood 

education curriculum practices reflected the cumulative 

history of the field, but that public school curriculum 

practices are based on the trends of the times. 

Inappropriate practices for young children have been 

generated by trends based on academic reform, according to 

the author. "When academic reform policies reached the 

early childhood classroom, the developmental nature of 

young children's learning came into conflict with practices 

that were being initiated as part of education reform" (p. 

41). She has determined that two reasons for the negative 

effect of reform on developmental!y appropriate curriculum 

practices are an increase of the amount and difficulty of 

curriculum content and the implementation of more testing. 
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Horm-Wingerdy Hysorif. and Karp (2000) maintained that,, 

regardless of published standards in professional early 

childhood practices, many early childhood teachers who will 

work in public school settings . are ill-prepared to 

understand^, thoughtfully critique^ and implement standards-

based curriculum and assessment practices in 

developmentally appropriate ways" (p. 10). This had been 

emphasized by Dougherty and Scott (1993) who found that 

difficulties were encountered with the changing scope of 

the mathematics curriculum, particularly when topics such 

as geometry were included which are required in many 

occupations. They asserted, however, that the broader 

curriculum recommended by the National Council of Teachers 

of Mathematics is not just the result of academic reform 

but also an effort to deepen mathematical literacy. Early 

childhood teachers must address these difficulties 

efficaciously when applying disciplinary standards to their 

curriculum and overcome difficulties related to teaching a 

broader curriculum. 

Bredekamp and Copple (1997) have described the 

integration of disciplinary integrity with developmental 

appropriateness by providing details of appropriate and 

inappropriate practices in the education of children birth 
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through age eight. An example in mathematics is the 

following, which outlines practices considered appropriate 

for six through eight-year-olds: 

The mathematics program is designed to help children 
acquire and apply understanding of mathematics 
concepts and skills. Teachers plan for children to 
learn mathematical concepts through solving meaningful 
problems. Math skills and problem solving are the 
focus of instruction and are also fostered through 
spontaneous play projects, and situations of daily 
living. A variety of math manipulatives and games is 
provided and used to aid concept development and 
application of mathematics, (p. 173) 

Examples of i nappropriate pract ices on two different poles 

are: 

Math is taught only as a set of facts and skills to 
memorize, and many children have insufficient time or 
opportunity to develop understanding of mathematical 
concepts or the ability to apply math to problems of 
various kinds. Children have few opportunities for 
hand-on activities or small group problem-solving 
projects in which they need to use math. 

-or-
In trying to integrate curriculum, teachers assume 
that they teach math ''in everything, ' and no 
systematic focus or engaged time is spent on helping 
children acquire the continuum of math skills and 
understanding. Teachers assume that the availability 
of math manipulatives alone is sufficient for children 
to construct mathematical skills and concepts. (p. 
173) 

Both sets of inappropriate practice describe the kinds 

of problems that can arise when teachers are not 

knowledgeable in mathematics for young children. In the 

first instance above, the content of mathematics for young 
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children is underestimatedj, and in the second instance the 

scope of the content is incoherent and lacking in a 

systematic approach. 

The authors described purposeful and meaningful 

activities as the vehicles for developing content area 

concepts and skills^ including those of mathematics. 

Inappropriate curriculum practices include a failure to 

attend to the developmental level of the child^ trivial 

content lacking intellectual significancej rigid 

conceptions of linearity in implementation of content 

experiences, and adherence to commercial or prescribed 

curricula. This distinction between appropriate and 

inappropriate practices is reminiscent of Kilpatrick's 

{1951) distinction between old versus new curriculum. "The 

old consists of a systematically arranged content of 

formulated knowledge which the learner is to acquire. The 

new consists of the total living of the child so far as the 

school can affect it . . ." (p. 314). 

Geometry Curriculum for Young Children 

Geometry has ancient practical and intuitive roots, 

which are recapitulated in its development in young 

children. Plato believed that ". . . (a) training in 



geometry makes all the difference in preparing the mind for 

any kind of study" (trans. Crawford^ 1945^ p. 244). 

According to modern standards, geometry has now taken a 

central position in the mathematics education of young 

children (NCTM, 2000). Geometry is valuable mathematics 

content for young children both as a tool for the 

interpretation of their universe and their experiences and 

because, as with all mathematics, it is based on sense 

making which is the fundamental intellectual activity. 

There are several bodies of literature on geometry 

curriculum for young children. There is that which is 

written from the mathematics education perspective and that 

written from the early childhood perspective, both from 

national and international authorities. There is also that 

written from the local perspective, i.e., state and 

district guidelines. Dougherty and Scott (1993) believed 

that in the long run curriculum in mathematics is a 

statement of what we believe mathematics and its 

instruction to be. With that in mind, we can examine 

varying perspectives that may have contributed to early 

childhood teachers' construction of knowledge of what 

geometry is. 



Curriculum Concepts in Early Childhood Geometryt Predating 

National Standards 

There are multiple perspectives on early childhood 

geometry curriculum which were developed before the 

national standards movement. The following three are 

significant to this study. 

First perspective. The first perspective is one whose 

organizing principles are based on the structure of 

geometry as a discipline. Dienes (1964), whose goal of 

teaching unifying concepts was discussed earlier, 

identified the following unifying concepts: symmetry, 

translations, rotations, projections, groups (alterations 

of positions, also known as the Euclidean group of 

transformations), vectors, and coordinate systems. He was 

considering the curriculum for the whole of elementary 

school at the time of writing, not just that of young 

children. 

Buffie, Welch, and Paige (1968) stated that the role 

of geometry in the elementary curriculum was undergoing 

fundamental changes. Their curriculum encouraged the 

integration of number and geometry so that geometry could 

be taught to support development in number and as 
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recreational art and design. A sequential approach should 

be employed starting with figure recognition, early focus 

on point and line, and progressing to angles and historical 

background. Only after working with points^ lines? and 

angles could students return to polygons and investigate 

their properties. Solid figures were to be introduced after 

plane figures. 

Baur and George (1976) described a geometry curriculum 

which attempted to consider needs of young children. 

According to the authors, children were to become ready for 

geometry by handling objects. The authors suggested playing 

with blocks and tinkertoys and cutting out and arranging 

geometric figures. Once readiness was attained, students 

might study topology and figure recognition. Primary 

students would go on to study the foundations of Euclidean 

geometry, including points, curves, line segments, lines, 

closed curves, polygons, and circles. Study of polygons was 

characterized by deducing the etymology of the names. 

Second perspective. A second perspective has as its 

organizing principles a coordination of some aspects of 

child psychology with learning geometry. An example of this 

approach is Burns' work {1992) when she stated that the 
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elementary yearscurriculum should include opportunities 

that will lead to conceptual development in the following 

topics for both two-dimensional and three-dimensional 

space: shape, sizej, symmetry^ congruencej, and similarity. 

In a nod to developmental principles? she acknowledges that 

geometry should be based on informal, concrete experiences 

(p. 79) . 

Before the publication of the standards in 

mathematics, Trafton (1975) was among other mathematics 

educators defining geometry in the early childhood 

mathematics curriculum. Trafton wrote that, initially, work 

in geometry gains meaning by originating in socially 

significant settings. Second, the geometry curriculum 

should not be highly structured in the early years. Third, 

the curriculum should be clearly purposeful and should 

focus on geometry as a vehicle for connecting mathematics 

and the physical world. According to him, appropriate ideas 

for geometry in early childhood are those related to solid 

shapes, symmetry, and congruence. 

Gibb and Castaneda (1975) demonstrated a Piagetian 

perspective when telling the reader that the curriculum in 

geometry is closely tied to the child's natural 

experiences. They emphasized accumulation of sensory data 



because it maintains the integrity of the mathematical 

notions inherent in it. They reminded readers that 

distortion has occurred in the geometry learning of young 

children with the use of geometric shapes? which have been 

"overused and misused" {p. 107), Their curriculum ideas for 

geometry are based on a deep exploration of shape. 

Robinson (197 5) had dynamic views of geometry 

education for young children, which get at the heart of 

serving developmental needs. She suggested, for instance, 

that topology is a geometry in which the need to conserve 

does not play a role and as such is ideal for young 

children. Her curriculum described non-Euclidean geometries 

and included "geometry without straightness or length" 

(based on elastic motion, p. 210), "geometry with 

straightness but not length" (projective geometry, p. 215), 

and "geometry with straightness and length" (rigid motion, 

p. 217), which is known as transformational geometry. She 

included transformations along lines of symmetry in this 

geometry. 

Robinson's notions of curriculum reflected a Piagetian 

perspective known as the topological primacy thesis. This 

thesis is discussed at length by Schipper (1983), which 

described Piaget's contention that topology should precede 



Euclidean geometry. Fuys and Liebov (1993) pointed out that 

topological geometry is an important part of the geometry 

curriculum for young children; however, the topological 

primacy thesis has not been found by research to apply 

uniformly. 

A prototype mathematics curriculum for young children 

developed by Schwartz and Robison (1982) included the 

topics of number, geometry, and measurement and was 

organized around interdependent goals with two main 

purposes according to them, which were identifying 

attributes of two- and three-dimensional shapes and 

locating objects spatially. The first purpose is achieved 

through comparing and contrasting surfaces, sides, angles, 

and forms with straight and curved lines. The second is 

accomplished through understanding positional 

relationships. Activities are sequenced as follows: 

manipulation of materials, using comparison and 

differentiation for shape matching, sorting according to 

similarities and creating shapes (p. 203). The curriculum 

focused on the child's creating an understanding of 

attributes, which can be developed in a variety of early 

childhood experiences such as art, unit block play, clay, 

and water play. 



Schwartz and Robison {1987) specifically said that 

learning shape names is o-veremphasized and that names 

should be supplied without interrupting or stopping the 

activity. These authors remind their readers of Piaget^s 

position that language does not structure thought. 

Jensen and Spector (1984) discussed a geometry 

curriculum for young children which included relations in 

space» The curriculum for relations in space is based on 

movement and incorporates an increasing abstraction of 

representation, from actual to pictorial to symbolic. The 

authors emphasized informal work on positional 

relationships, sequential relationships, and directional 

relationships. Application of spatial relationships occurs 

in a curriculum subset of comparison and seriation. The 

curriculum for a basic study of geometry by young children 

depends, according to them, on active exploration of space 

and included movement and art. The authors stated that play 

is a medium through which children can understand, 

classify, and represent their environment. 

Reys, Suydam, and Lindquist (1989) described 

elementary curriculum as both intuitive and informal. Their 

program divided curriculum into three levels: beginning, 

intermediate, and advanced. The levels are based on 
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experience in geometry rather than on grade level. Their 

curriculum begins with solid, or three-^dimensional, 

geometry in which they believed processes were important^ 

i.e., description and classification, construction, 

exploration, and discovery. They believed it was important 

to relate three-dimensional shapes to two-dimensional 

shapes. At the intermediate level some solids are named. 

Two-dimensional or plane figures are studied relative to 

their properties, their relationships to each other, and 

classification schemes. 

Third perspective. While the curricula designers above 

may have taken into consideration the psychology of young 

children learning geometry, the third perspective 

demonstrates the most consistently developmental approach 

to mathematics education. The British approach to early 

childhood education combines appropriate practice based on 

multiple child development issues in concert with a 

fundamental understanding of mathematics for the child. The 

British approach has deep historical roots but has also 

bridged into modern standards theory and practice. 

Early Mathematical Experiences (1982), a British 

Schools Council project, stated that for young children 
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mathematics was integral and incidental to their general 

activity. Its position regarding geometry was that spatial 

awareness and relationships had been neglected as a school 

topic» It promoted geometry education through positions? 

spatial order,, properties of shapes and operations on 

shapes (translations, rotations? and reflections). It 

believed that the usual enjoyable activities of young 

children such as printing^ drawing? and covering surfaces 

developed the relationships between solid and plane 

figures. 

The Clemsons (1994) determined that the mathematics 

content for the first three years of school should include 

ideas in number, ideas in algebra, and ideas in shape and 

space. Ideas in shape and space are certain two-dimensional 

and three-dimensional shapes? angle? position? and 

symmetry. Their book linked mathematics to how children 

learn and what children know and can do. 

Askew (1998) believed that geometry is taught 

inadequately? leaving many misconceptions. The three-

dimensional world is? for him? the starting point in 

teaching children at van Hiele levels 0-3. His focus is on 

problem solving and includes properties and classifications 

of solid and plane figures? properties of position and 



82 

movementy work on angles and transformations^ and proceeds 

to coordinates and tessellations. 

In conclusion? the work of Fuys and Liebov (1993, pp. 

195-217)^ has been important in suppoxting research which 

takes into consideration the interface and coordination of 

child development and geometry as a mathematical 

discipline. They described five research perspectives which 

can help formulate the early childhood geometry curriculum 

and which summarize the multiplicity of variables involved 

in determining curriculum. They first discussed the 

interpretation of Piaget's research on the progression of 

spatial thinking, notably that the notion of a linear 

progression of topological geometry to projective geometry 

to Euclidean geometry may not necessarily form a stable 

basis for developmentally appropriate curriculum. 

Second, the authors discussed children's development 

of spatial sense as a research perspective on which to 

formulate curriculum, including interpretation of visual 

information, visual memory, and spatial visualization, 

figure-ground, and spatial relationships. They based their 

conclusions on interpretations of the work of Piaget, 

developmental stages in children's drawings, gender 
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differences in spatial abilities, and the presence or 

absence of manipulatives in the schools. 

The third research perspective that should be taken 

into account^ according to these authors^ is that of Dina 

van Hiele-Geldof and Pierre van Hiele in which a model of 

instruction was developed which matched students' levels of 

geometric thinking. The goal of appropriate instruction was 

to facilitate students' movement through the levels. 

Noting that the mathematics standards call for 

conceptually oriented curriculum, the fourth research 

perspective was related to concept learning in geometry. 

The authors pointed out that research is available which 

describes how children form concepts and misconceptions, 

the material that supports children's concept formation, 

and the role of examples and counter examples. 

Fifth, the authors stated that a research perspective 

also resides in the literature on "general research, 

theory, and practice in early childhood education" (p. 

215). Cited are four principles of developmentally 

appropriate practice, grounded in research, which have 

meaning for and provide structure for the geometry 

curriculum; curriculum for the whole child, curriculum 

based on how children learn, curriculum implemented through 



multiple methods, and curriculum centerihg on sustained 

work. 

Curriculum Standards in Early Childhood Geometry; The 

Current Disciplinary Standard for Curriculum 

Like some authors previously mentioned? Althouse 

(1994) wrote that the curriculum in mathematics for young 

children ". , . must meet the recognized standards of the 

discipline" (p. 12). The disciplinary standard for early 

childhood geometry has been established by The National 

Council of Teachers of Mathematics (NCTM). The NCTM first 

established the standard in geometry and spatial sense in 

1989. At that time, the NCTM curriculum standards for 

kindergarten through fourth grade students were based on 

two- and three-dimensional geometry and included tasks in 

the following areas: 

• describing, modeling, drawing, and classifying 
shapes; 

• investigating and predicting the results of 
combining, subdividing, and changing shapes; 

• developing spatial sense; 

• relating geometric ideas to number and 
measurement ideas; 

• recognizing and appreciating geometry in the 
world, (p. 48) 

The revised standards of 2000 separate the geometry 

curriculum for prekindergarten through second grade 



children and contain four broad sets of activities to meet 

the goals described earlier. The following material is 

taken verbatim from page 96 of Principles and Standards for 

School Mathematics (NCTM, 2000). 

Students are expected to meet goal one of analyzing 

characteristics and properties of two- and three-

dimensional geometric shapes and developing mathematical 

arguments about geometric relationships by: 

. . . recognizing, naming, building, drawing, 
comparing, and sorting two- and three-dimensional 
shapes; by describing attributes and parts of two- and 
three-dimensional shapes; and by investigating and 
predicting the results of putting together and taking 
apart two- and three-dimensional shapes. 

Students are expected to meet goal two of specifying 

locations and describing spatial relationships using 

coordinate geometry and other representational systems by: 

. . . describing, naming, and interpreting relative 
positions in space and applying ideas about relative 
position; by describing, naming, and interpreting 
direction and distance in navigating space and 
applying ideas about direction and distance; and by 
finding and naming locations with simple relationships 
such as 'near to' and in coordinate systems such as 
maps. 

Students are expected to meet goal three of applying 

transformations and using symmetry to analyze mathematical 

situations by: 
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. . . recognising and applying slides^ flips, and 
turns; recognizing and creating shapes that have 
symmetry. 

Students are expected to met goal four of using 

visualization, spatial reasoning^ and geometric modeling to 

solve problems by: 

. . . creating mental images of geometric shapes using 
spatial memory and spatial visualization; recognizing 
and representing shapes from different perspectives; 
relating ideas in geometry to ideas in number and 
measurement; and recognizing geometric shapes and 
structures in the environment and specifying their 
location. 

The curriculum standards of the National Council of 

Teachers of Mathematics have been further explained and 

demonstrated in the Addenda Series (Leiva, 1991), composed 

of booklets for grades kindergarten through eight. By 

referring to the appropriate grade level book, the early 

childhood educator can get details on and examples of the 

curriculum expectations. 

The kindergarten book for example includes sample 

explorations of two-dimensional and three-dimensional 

objects that lead to comparison of objects, classification 

of objects, and arrangements according to attributes. It 

also includes experiments with pattern, symmetry, and 

balance. Explorations in spatial relationships include 
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those of size, direction^ and position. There are also 

activities for understanding congruence and 

transformations. 

The first grade book includes activities for 

describing movement through number and directionality, 

visual discrimination through sorting plane and solid 

figures, problem solving with geoboards? recognizing 

reflections and rotations, and copying figures from memory. 

The geometry content in the second grade book includes 

constructing plane and solid shapes, illustrating slides, 

flips, and turns, finding and recognizing congruent images, 

and covering regions. 

State and District Curricula 

The local district in this investigation has set 

expectations at each level of early childhood geometry 

curriculum (November, 2000). The state standard for 

geometry has been incorporated as the first two standards 

in each set and are italicized below (Arizona Academic 

Standards, 1996, p. 36). The combined district and state 

standards for the Readiness Level, kindergarten, is: 
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Identifyf compare^ classify^ draw and mkke models of 
shapes. 

Recognize geometry in their surroundings. 
Reqognize relative size? position, orientation.j, 

congruence and similarity of concrete objects. 
Use geometric vocabulary to describe physical world 

observations and experiences. 
Explore geometric shapes by fitting shapes to fill a 

space. 
Construct three dimensional structures with building 

blocks. 

ht the Foundations Level, first and second grades^ the 

combined standards are; 

Relate geometric concepts to number and measurement 
ideas (e.g., dividing a rectangle into parts to 
represent multiplication). 

Predict how shapes can be changed by combining or 
dividing them. 

Use technology to explore geometric concepts. 
Compare and describe two and three-dimensional obj ects 

from different perspectives. 
Translate three-dimensional objects to two dimensions. 
Recognize and verbalize evidence of geometry in 

surroundings. 
Read and write geometric vocabulary. 

Curriculum notes in the Arizona Academic Standards (1996, 

p. 36) explain that the two-dimensional shapes referred to 

are square, rectangle, triangle, and circle. The three-

dimensional figures to be used are sphere, cube, 

rectangular prism, cone, and pyramid. The attributes to be 

determined are size, shape, the number of sides, corners 

and faces. 
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Summary 

Conceptions and definitions of curriculum abound^ and 

local educational agencies make their own determination 

about what curriculum is when they shape learning 

objectives into manageable forms and formats for teachers. 

Just as curriculum documents and curriculum definitions 

have evolved over time, curriculum content in geometry has 

also evolved over time until the inception of the national 

standards movement. As the standards movement has 

developed, states and local districts have been provided 

with mathematically sound rationales, organizational 

principles, expectations, and content with which to guide 

teachers. 

Principles of early childhood education fit well with 

national standards in geometry, not only because the early 

childhood years have been addressed separately but also 

because the standards lend themselves to developmentally 

appropriate practices. Although the topic of geometry has 

historically not been a common topic, the recent national 

standards emphasize the appropriateness of this topic for 

young children. 



Teacher Knowledge 

Professional Teaching Standards 

This investigation will include a probe of the 

knowledge of prekindergarten through second grade prompted 

by Standard Two of the professional teaching standards of 

the National Council of Teachers of Mathematics (1991), 

which is knowledge of concepts in the topic of geometry and 

knowledge of school mathematics defined for this 

investigation as curriculum and goals of geometry. The 

second standard for the professional development of 

teachers of mathematics is knowing mathematics and knowing 

school mathematics. 

This standard of knowing mathematics is distinct from 

and separately stated from the standard for knowing how to 

teach mathematics, Standard Four. Standard Two calls for 

knowledge of mathematical concepts, procedures, 

connections, representations, reasoning, and problem 

solving . . at different levels of formality" (NCTM, 

1991, p. 132). Furthermore, the standard calls for the 

teacher to develop a perspective on school mathematics in 

general. In geometry the standard given for K-4 teacher 

knowledge is as follows (NCTM, 19 91): 
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Teachers of mathfematics should understand how geometry 
is used to describe the world in which we live and how 
geometry can be used to solve real-world problems. 
Analysis of two-and three-dimensional figures should 
include the study of tessellations, syrometry, 
polygons^ polyhedra, and curved shapes. Synthetic^ 
coordinate? and transformational geometry should be 
used to provide opportunities for teachers to solve 
problems and to hone their skills in building 
justifications and coherent arguments for the 
plausibility of conjectures. Throughout the 
experience^ spatial visualization should be 
emphasized, (p. 136) 

Further inquiry into the professionalization of early 

childhood teachers'' mathematics instruction leads to 

relevant professional teaching standards from the field of 

early childhood education. Bredekamp and Copple, writing 

for the National Association for the Education of Young 

Children (1997) , delineated the guidelines for teaching 

that enable children ". . . to attain key curriculum goals 

across . . . disciplines" (p. 18). This attainment should 

be made possible by curriculum that reflects ". . . the key 

concepts and tools of inquiry . . ." of the discipline. 

Early childhood teachers, then, have a professional 

responsibility to know and be able to teach geometry in an 

intellectually honest and precise way, using the standards 

developed by the National Council of Teachers of 

Mathematics. The teaching standards document of the 

National Association for the Education of Young Children 
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emphasizes? among other things, that early childhood 

teachers must not only do this in teacher prepared 

activities but also be able to recognize, guide, and 

provide extended opportunities for the geometry which 

occurs in students'' self-initiated activities. 

The National Association for the Education of Young 

Children^ while maintaining a policy of disciplinary 

integrity in curriculum development and implementation, 

does not specifically address professional preparation and 

continuing development in subject matter areas^ which 

highlights the policy gap between preparation and 

expectations of early childhood teachers with regard to 

subject matter knowledge, in this case knowledge of 

geometry. It is difficult to gauge whether, according to 

the document, subj ect matter knowledge on the part of the 

early childhood teacher is a foregone conclusion or whether 

this knowledge originates from or in conjunction with child 

development studies. 

Murray (1996) has pointed out that in general 

professional standards can be considered lax because they 

give way in times of crisis and do not provide credible 

assurance of teacher competence in any case. He wrote. 
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. Many feel the nation is still at risk educationally 

and it is largely due to the fact that graduates do not 

s e e m  t o  u n d e r s t a n d  m u c h  o f  w h a t  t h e y  h a v e  l e a r n e d ' '  ( p .  1 2 )  .  

Teacher Subject Matter Knowledge 

Recent research in learning to teach has focused on 

the components of the professional knowledge base^ 

including subject matter knowledge. When reviewing the work 

of the National Commission on Teaching and America's 

Future, Darling-Hammond (1998) pointed out that its 

analysis resulted in three conclusions, the first of which 

is that ". . . What teachers know and can do is one of the 

most important influences on what students learn" (p. 6). 

She cited evidence leading to the conclusions that what 

teachers know about subject matter is important to teacher 

effectiveness and that successful teachers have adequate 

knowledge in subject matter. 

Wilson (1975) stated that in the taxonomy of 

characteristics needed for being a teacher, knowledge of 

the subject matter most useful for learning was first. This 

included relevant subject matter and facts and knowledge of 

progress in the subject (p. Ill). Buchman (1982, 1984) 

believed that subj ect matter knowledge was a priority 
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because it is a requirement for teaching to take place. She 

believed that dealing with student misconceptions involves 

a deep flexible knowledge of the subject, which includes 

its history^ organization, and methods of inquiry. Shulitian 

(1986) and Wilson, Shulman^ and Richert (1987) discussed 

the central role of subject matter knowledge in relation to 

teaching which includes the teacher's grasp of its 

structure, principles of organization, and tools of 

inquiry. McDiarmid, Ball, and Anderson (1988) described 

pedagogical content knowledge, or subject-specific 

pedagogy, which is the representation and communication 

that relates to, emanates from, reciprocates with, and is 

structured by the nature of the subject matter. As such, 

subj ect content is at the heart of delivery and process. 

Grossman, Wilson, and Shulman (1989) specified three kinds 

of subject matter knowledge for teaching. They were content 

knowledge, knowledge of explanatory frameworks for a field, 

and knowledge of how new information is included in a 

field. Feiman-Nemser and Remillard (1996) said that 

teachers need deeper and more flexible subj ect matter 

knowledge than they have a chance to learn because, 

although it is central to learning to teach, subj ect matter 
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knowledge is not uspally a part of the teacher education 

curriculum. 

Wilsoiij Shulman^ and Richert (1987) in their 

discussion of subject specific pedagogy explained that 

although the professional knowledge bafee of teaching 

includes subject matter knowledge, , .it remains 

unclear what teachers know about their subject matter 

. . (p« 108). This is the fundamental question 

underlying all issues related to practice, because it is 

understood that subj ect matter knowledge informs the core 

content of instruction and its delivery. 

Wilson et al. (1987) collaborated with 21 novice 

secondary teachers to determine their personal 

understanding of content and its communication. In 

determining the subjects' conception of subject matter, the 

authors used a variety of tasks to determine knowledge of 

concepts, ideas, and facts. The overall study was guided by 

what the authors describe as a complex conception of 

teacher knowledge, which led to a conclusion that many 

types of knowledge support teacher decisions about course 

content. 

According to the authors, these several types of 

knowledge constitute the professional knowledge base of 
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teaching and include knowledge of subject matter? knowledge 

of curriculum^ knowledge of learners, knowledge of 

educational aims, general pedagogical knowledge, 

pedagogical content knowledge, and knowledge of other 

content. The authors stated? "We believe that the 

transformation of subject matter knowledge is at the heart 

of teaching in secondary schools» The subject matter 

knowledge of the individual, furthermore, plays a major 

role in the process" (p. 117) . 

The authors noted at the end of the article that some 

of their colleagues in elementary teacher education believe 

that, while content is important for younger children, 

socialization goals take priority. Regarding elementary 

school teachers, the authors concluded, "But they should 

attend much more seriously than they do (or, at times, are 

capable of doing) to the comprehension and representation 

of the content they teach" (p. 122) . 

Feiman-Nemser and Remillard (1996) discussed how this 

might come about. "For example, mathematics is often viewed 

and treated as a set of discrete rules best learned through 

repeated practice. Based on their own experiences as 

students, prospective teachers think of Moing math' as a 

matter of completing a page of forty problems" (p. 70). 
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They concluded that many teachers, because of their own 

experience^ believe that they already possess the knowledge 

which is needed to teach» 

Teacher Knowledge in Mathematics 

Recent research in mathematics teaching has 

investigated the variety of issues discussed above (Fuller, 

1996; Hutchison^ 1997; Kokoski & Housner, 1994; Martin, 

1998), but in a meta-analysis of research on K-8 teachers' 

mathematical knowledge Mewborn (2000) addressed the issue 

of the nature of teachers' content knowledge (particularly 

with reference to number) and concluded that teachers are 

in need of multiple types of knowledge which are largely 

ill-defined and amorphous. In examining attempts to 

increase the number of teacher leaders in mathematics, 

Koency and Swanson (2000) discovered stories which strongly 

support the notion that teachers do not know enough 

mathematics to engage their students in meaningful 

mathematics discourse. This research echoes Post, Harel, 

Behr, and Lesh, (1998) who stated that many teachers do not 

know enough mathematics. Fennema and Franke (1992) 

discussed this line of thought. "There is some evidence 

that the mathematical knowledge of teachers, particularly 
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elementary and middle school teachers is not very good" (p. 

148} , 

Howe (1999) said that mathematicians generally have an 

intuition that pre-college teachers should know more 

mathematics and that this intuition has had little 

influence in mathematics education reform. He cited 

evidence to the effect that educators are not interested in 

mathematics expertise, that subject matter is secondary to 

the importance of subject independent teaching skills, and 

that subject matter knowledge in mathematics is irrelevant. 

He pointed out that it appears to be possible for one to 

take advanced coursework in mathematics without 

understanding its relationship to more elementary material. 

He continued by saying that it is possible to succeed in 

coursework with only superficial understanding. In 

reviewing the work of Ma (1999), he restated his conclusion 

that success in college mathematics does not necessarily 

lead to a deep understanding of elementary mathematics. 

Ball (1998) reflected on three topics in a discussion 

of her personal development of knowledge in mathematics. 

The first topic was a realization that she suffered a lack 

of content resources, which led to reliance on curriculum 

materials. Regarding this she said, "As in science, the 
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carriculum materials provided a context for me to learn 

subject matter" (p. 15). The second reflection concerned 

the impact that taking more coursework in mathematics had 

on her classroom. About calculus she wrote, "I dlso 

remember realizing how these ideas immediately affected 

what I could see and hear in my first-grade students'' 

ideasj, as well as how I read the teachers'" guide for the 

mathematics curriculum" (p. 15) . Thirdjr she reflected on 

different ways of knowing, comparing personal knowing with 

knowing for teaching. "''I did not yet know of theories that 

would suggest that knowing a subject in order to teach it 

is different from, and likely more than, knowing it 'for 

oneself " (p. 18). In other words personal mathematical 

knowledge is not a complete enough system for teaching 

mathematics. Teaching also involves understanding subject 

specific representational possibilities appropriately 

situated for the audience. 

Ma (1999) studied this kind of understanding by 

interviewing American and Chinese elementary teachers, 

using four mathematical tasks to structure the exchange. 

The American teachers were better educated in terms of time 

spent in school, but the Chinese teachers had better 

mastery of elementary mathematics. Stunning deficiencies 
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were noted in the American teachers^ competence in 

elementary mathematics. For example, on the first question 

regarding teaching subtraction of two-digit numbers 

requiring regrouping^, fewer than 20% of American teachers 

had a conceptual grasp of regrouping compared to 8 6% of 

Chinese teachers. In describing the competence of the 

Chinese teachers. Ma described them as demonstrating 

profound understanding of mathematics. 

Ma found that the Chinese teachers had algorithmic as 

well as conceptual competence and described their knowledge 

as coherent. The American teachers' knowledge demonstrated 

a focus on procedures and was described as fragmental. The 

Chinese teachers, for example, understood the rationales 

behind algorithms; they justified algorithms with symbolic 

derivations; they used multiple approaches to computations; 

and they looked for multiple solutions and for counter 

examples. 

Another aspect of mathematics knowledge demonstrated 

by the Chinese teachers and not the American is described 

thus, "The Chinese teachers also think that it is very 

important for a teacher to know the entire field of 

elementary mathematics as well as the whole process of 

learning it" {p. 115). One of the Chinese teachers in the 



study said, "'^As a mathematics teacher one needs to know the 

location of each piece of knowledge in the whole 

mathematical system^ its relation with prei/ious knowledge" 

(p. 115). 

The subject matter knowledge of the Chinese teachers 

was profound in the sense of being . deep,, vast^ and 

thorough . . (p. 120) and was also characterized by 

basic attitudes which contributed to coherence and 

consistency. The Chinese teachers had deep understanding of 

fundamental elementary mathematics, meaning arithmetic and 

geometry. According to Ma, "Mathematics is an area of 

science that concerns spatial and numerical relationships 

in which reasoning is based on these relationships. 

Historically, arithmetic and geometry were the two main 

branches of the discipline of mathematics" (p. 116). In 

summary, profound understanding of these elements of 

mathematics were demonstrated by the four properties of 

connectedness, multiple perspectives, basic ideas, and 

longitudinal coherence. 

Ma's Chinese teachers had great teaching success based 

on profound understanding of elementary mathematics, 

including the ability to create multiple representations 

and an understanding of the vertical and horizontal 
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organization of the topics. The experiences of the Chinese 

teachers who had attained their mathematical knowledge by 

intensive study of teaching materials^ studying with and 

learning from colleagues, learning from studentsand by 

doing mathematics correlates with Ball's reflecti-ons on her 

experiences in learning and teaching mathematics. 

Multiple sources of knowing mathematics were also 

delineated by Fennema and Franke (1992) in their discussion 

of the organization of two constructs in teacher content 

knowledge, which are the nature of mathematics and the 

mental organization of teacher knowledge. The authors 

discussed common themes of mathematics that match those 

discussed by teachers in Ma's study, including . . the 

evergrowing content of mathematicsthe interrelationships 

of its major structural elements, its ability to represent 

the world, its use in communication, and its creative use 

in solving problems of many kinds" (p. 152). Dagher and 

D''Ambrosio (1996) touched on the expansion of content 

during the discussion of their belief that teacher 

knowledge in mathematics can be improved if mathematics is 

set in historical and societal contexts and is conceived of 

as having roots in practice. They believe that it is 

necessary to grasp the lack of stasis in the evolution of 
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mathematics and that to do so requires flexibility of 

thought. Osing Euclidean geometry as an example, they 

explained that questioning its assumptions is necessary for 

understanding its limitations and encouraging students to 

explore different geometrical entities. 

Teacher Knowledge of Geometry 

Rossouw and Smith (1998) reported on research 

completed on teachers' pedagogical content knowledge in 

geometry two years after the teachers had completed a 

professional development course for a Certificate in 

Primary Mathematics Education. Pedagogical content 

knowledge was defined as having two main sources, knowledge 

of geometry and knowledge of pupil learning. Knowledge of 

geometry consisted of content knowledge, for example facts, 

skills, and concepts. It also consisted of knowledge of 

connections, for example cross-curricular knowledge and 

connection to other geometry topics. The researchers found 

that, regardless of having all taken the same course, the 

subjects showed distinct differences in pedagogical content 

knowledge. The variations were described in terms of the 

teachers' orientations to teaching geometry, including life 

skills and an investigative or mastery orientation. The 
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authors concluded that the experiences and perceptions of 

the six teachers involved in the study were the outstanding 

influences in their development of pedagogical content 

knowledge. The authors declared that the teachers' personal 

knowledge of geometry was fairly stable^ although there 

were some unexpected interchanges with students which 

caught the teachers off guard resulting in what seemed to 

have been mathematically inadequate responses. 

Early Childhood Teacher Knowledge of Mathematics 

Aubrey (1997) investigated early childhood teacher 

knowledge in mathematics in Great Britain when she found 

that teacher subject matter knowledge was an ongoing 

national concern. She researched the links between teacher 

and student knowledge in the teaching process. Using 

reception teachers (teachers of students in their first 

year of school), she collected data on teachers' 

mathematical subject knowledge and mathematical content 

knowledge for teaching. She noted that few studies in Great 

Britain have considered the role of teachers' subject 

knowledge in relation to planning for mathematics for young 

students. This is also true in the United States where a 
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significant lack of research in early childhood teacher 

knowledge exists. 

The four teachers in Aubrey's project reported sterile 

and superficial school experiences in mathematics^ Three 

reported little development of mathematics subject 

knowledge and concepts in college^ and one reported some 

opportunities for growth regarding subject content. 

Curriculum knowledge for the subjects had developed as a 

result of teaching. Teachers seemed unaware of student 

competence upon school entry. 

Aubrey interviewed the teachers after collecting 

classroom data. Interviews addressed four areas: teachers' 

mathematical knowledge, mathematics that young children 

should learn, planning and organization, and general 

mathematics information. Aubrey's subject matter interviews 

were not based on conceptual knowledge. They included the 

teachers' history of mathematics learning, attitudes and 

beliefs about mathematics, and judgments of their own 

competence in the mathematics of their teaching level. In 

interviews under the heading of planning and organization 

of mathematics content, she elicited curriculum knowledge. 

She also noted curriculum content in her observation of 

lessons. Three of the four teachers placed more emphasis on 
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number than on any other topic. One teacher had no observed 

lessons in shape and space^ and one teacher had one lesson 

in that topic. 

Among her additional findings? she determined that 

. » the analysis of classroom tasks exemplified 

teachers' pedagogical subject knowledge . . (p. 165). 

She found that the two most important components of that 

knowledge were the teachers' own mathematical subject 

knowledge and knowledge of their pupils' mathematical 

competence. "Moreover, the observed diversity of practice 

among the project teachers, as well as among different 

topics taught by the same teacher, poses some questions 

regarding the adequacy of primary teachers' subject 

knowledge" (p. 166). According to her, an important 

implication of this project is that teachers need to learn 

the interconnectedness of mathematical knowledge. "In order 

to teach this to children teachers, themselves, must have 

rich and connected knowledge" (p. 164). 

Summary 

Four works were most salient to this investigation. 

Ball's work revealed the personal nature of understanding 

mathematics as a discipline. Ma's work distinguished the 
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characteristics of teachers with profound understanding of 

matheinatics for teaching. Rossouw and Smith described 

research specific to geometry knowledge and underscored the 

intersection of beliefs with content. Aubrey''s research 

initiated research in early childhood teacher knowledge of 

mathematics and its effect on teaching. 

Conclusion to the Literature Review 

Literature has been reviewed in four areas relevant to 

this investigation, goals of geometry, child development, 

geometry curriculum, and curriculum content, and teacher 

knowledge. In early childhood education, it is important to 

transfer knowledge about children's development in all 

areas of growth and apply it when setting expectations for 

learning subject matter. The review of the literature 

demonstrates that in recent years the structure of 

mathematics, including geometry, has been refined to define 

the best practices in geometry education for young 

children. Teaching practices are intimately linked to 

teacher subject matter knowledge, and this knowledge has 

several components and originates from multiple sources. In 

the case of early childhood teachers, however, the emphasis 
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on subject matter knowledge has been weak compared to the 

emphasis on pedagogical knowledge» 

Early childhood teachers have a critical role to play 

in the future of American education. Their disciplinary 

knowledge in mathematics is more important than ever 

before. Riley (2000) stated that early childhood education 

is the key to closing the achievement gap. Achievement of 

his goal of universally available prekindergarten would 

mean that more early childhood educators would be 

necessary. More is not better unless, as he believed, a 

national plan to improve teacher quality is at the heart of 

the achievement of excellence which should include early 

childhood teacher knowledge of mathematics content and 

mathematics pedagogy. 
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CHAPTER 3 

DESIGN AND METHODS OF THE STUDY 

IntrQduGtioii 

The purpose of this investigation is to describe 

selected knowledge of early childhood teachers about 

geometry and elements of geometry pedagogy which are 

fundamental to teaching practice. The design of this study 

was informed by research in national mathematics standards, 

naturalistic inquiry, and teacher disciplinary knowledge. 

Due to the lack of previous research on this topic, the 

investigation was an exploratory one. 

The methodology fell within the boundaries of 

naturalistic inquiry, described by Guba {1978). As 

phenomenological research, it meets most criteria of that 

paradigm, which are (1) having a focus on description and 

understanding, (2) having discovery as a purpose, (3) 

working from a holistic perspective, (4) acknowledging the 

investigative value structure, (5) avoiding treatment on or 

interventions with subjects, (6) seeing subjects as 

multiple sources for confirming the phenomenon in question. 

The components selected for investigation were taken 

from the theoretical framework defined by Wilson, Shulman, 
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and Richert (1987) which were designated as components of 

the professional teaching base. The authors stated. 

Teachers use their content knowledge—their 
understanding of the facts or concepts within a 
domain—as well as their grasp of the subject matter ... 
Teachers^ knowledge of educational aims^ goals^ and 
purposes also contributes to pedagogical decisions. 
. . . Teachers also have knowledge of learners^ 
including knowledge of student characteristics and 
cognitions as well as knowledge of motivational and 
developmental aspects of how children learn. Finally, 
teachers frequently draw upon their curriculat 
knowledge—their understandings of the programs and 
materials designed for the teaching of particular 
topics and subjects at a given level. {pp. 113-114) 

These understandings form the underpinning of a type of 

knowledge, which is critical for teaching, which is knowing 

how to represent a subject to students. The research 

questions for this investigation were formulated around 

four of the types of knowledge discussed above and includes 

goals, development, curriculum, and curriculum content. 

Data Collection Overview 

The data collection was designed to elicit the 

teacher's voice while responding to interview questions 

relating to geometry and geometry pedagogy for young 

children. An interview format contained scaffolded 

questions designed to elicit responses in a conversational 

environment on the issues defined by the research 
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questions, that is, goals, develofiment? curriculum^ and 

content. The subjects were interviewed in a way that 

enabled personal understandings to emerge« Seidman (1991) 

stated, "The interview is not designed to test hypotheses, 

gather answers to questions, or corroborate opinions. 

Rather it is designed to ask participants to reconstruct 

their experience and to explore their meaning" (p. 69). To 

that extent, the interview questions were designed to serve 

as a guide formulated to provide the basic structure of the 

interview process and intended to prompt the teacher to 

open up to the topic at hand. 

Data was collected in two interviews. Each teacher 

initially responded to the same set of questions. Follow-up 

questions were used to explore each teacher's responses and 

to establish clarity for the investigator. The interview 

was designed to focus on the teacher's first response, 

because the investigator's experience was that initial 

spontaneous responses in the classroom, which are hopefully 

well informed, form the foundation for the majority of 

interactions with students and others. Due to the expected 

individualistic nature of each teacher's experiences and 

responses, each one may have received follow-up questions 

framed for her specifically. 
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The amount of wait time after each question or 

response was carefully monitored. On the one hand, each-

teacher was encouraged to fully express herself, and on the 

other hand the investigator did not want to imply by an 

extended wait that responses were incomplete. 

Prior to the first interview session each subject 

completed the Personal Information Form (Appendix A). This 

form was used to gather information on each teachers' 

educational and work history, and it was submitted by 

prepaid return mail. 

Appendix B contains the material used during the first 

interview session. As part of this interview the contents 

of the Personal Information Form were reviewed and 

clarifications made to the teacher's form. Then the teacher 

was interviewed using the following items in Appendix B: 

Personal Perspective on Professional Preparation, Goals of 

Geometry, and Child Development and Geometry. This 

interview session was audio taped. Each teacher was free to 

stop and restart the tape recorder and was also free to 

decline a response to any question. No teachers declined to 

answer any interview or follow-up question. 

The balance of the data collect ion took place during 

the second interview. In this session the subject responded 
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to the questions in Geometry Curriculum and CurriculiiA 

Content (Appendix C). The subject also answered questions 

and pterformed tasks related to geometry subject matter in 

the Geometry Concepts Tasks portion (Appendix C). 

The second interview was audio taped under the same 

conditions as those in the first interview. In addition^, 

the section on geometry concepts was videotaped. 

The data was collected after school contract hours in 

a location convenient to the teacher. Participants were 

reimbursed for their participation, following guidelines 

established by the sponsoring institution. 

The investigation required a number of documents as 

described in the previous section and found in the 

appendices. Two versions of the interview instrument 

existed, identical in every respect except one. One version 

of the interview instrument was prepared for basic 

documentation in the report of the study. A second version, 

used with the teachers, contained large amounts of space 

between question items, which was used for the 

investigator's notes. 
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Summary of Interview Procedures and Instrumentation 

Appendix A t  Personal Information Form {completed by 

teacher prior to interview) 

Appendix B: Interview One 

1. Review of Personal Information Form 

2. Perspective on Professional Preparation 

3. Goals of Geometry 

4. Child Development and Geometry 

Appendix C: Interview Two 

1. Geometry Curriculum and Curriculum Content 

2. Geometry Concepts Tasks 

Appendix D: Materials List for Interview 

Development of the Interview Questions 

and Geometry Tasks 

For this investigation the interview was selected as 

the technique with which to elicit the early childhood 

teacher's voice on topics related to geometry knowledge. 

There is ample evidence to support the notion that 

discourse is an empowering tool in teachers' reflection, 

professional growth, and construction of knowledge (Fosnot, 

198 9; Goodson, 1992; Schon, 1987; Witherell & Noddings, 

1991; Zeichner & Liston, 1987). 
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The interview instrument consisted of several 

sectionsj- which are described here in detail. The Personal 

Information Form (Appendix A) required demographic 

information and history regarding education? professional 

experiences, and professional development. Specific items 

elicited preparation in mathematics^ mathematics education, 

and early childhood education at the high school, college, 

and post-baccalaureate levels. 

Interview One included a review of the Personal 

Information Form (Appendix A). It continued with questions 

on the teacher's personal perspective on her professional 

preparation (Appendix B). The responses to these questions 

gave context to the remainder of the interview, which was 

designed to answer the four research questions. 

For each interview session, sets of questions were 

asked which had been developed to create a picture of each 

teacher's knowledge in selected domains of geometry and 

geometry pedagogy. Research Questions One and Two were 

investigated during Interview One (Appendix B). The 

interview on goals of geometry elicited the teacher's 

knowledge of multiple perspectives on geometry goals, 

including knowledge of local, state, and national 

standards. Research Question Two, on child development in 



geometry? was investigated by an interview (Appendix B) in 

which a teacher could systematically characterize the 

cognitive and academic development of students. Teachers 

had an opportunity to demonstrate knowledge of Piagetian 

psychology^ the van Hiele levels of development in two-

dimensional geometry, or longitudinal studies of child 

development. 

Interview Two {Appendix C) pursued the data needed to 

answer Research Questions Three and Four. The inquiries for 

Research Question Three related to geometry curriculum and 

curriculum content in early chiIdhood education. This 

section of the interview questioned the teacher's 

understanding of grade level curriculum and school wide 

practices in geometry. 

Research Question Four regarding the teacher's 

knowledge of common geometric concepts developed in early 

childhood education (Appendix C) concluded the interview. 

During this segment, the teachers responded to geometry 

tasks that relied either on recall or problem solving 

abilities. The conceptual tasks included four questions on 

three-dimensional geometry and two questions on two-

dimensional geometry. All of the tasks reflected the 
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content and processes defined by national mathematics 

standards for early childhood education. 

Pilot Studies 

There were two trials of the methodology prior to 

formal data collection. These studies were instrumental in 

perfecting the protocols and methodology of the 

investigation. In Pilot Study One the interview instrument 

was tested for clarity of language, the ability of the 

interview material to meets its purpose and answer the 

stated research questions, length of time required for 

administration, and ease of use of the audio equipment. 

The amount and kinds of data produced by the interview 

process were also reviewed from the perspective of 

organizational and management requirements. An experienced 

early childhood teacher with extensive mathematics 

background was the subject of the first trial. This teacher 

has also had professional experience in questioning other 

educators about their practices and beliefs. Extensive 

conversations during this pilot study resulted in changes 

to the conceptual tasks portion of the interview. 

Revisions were made and tested with a second teacher 

in Pilot Study Two. The second teacher was an early 
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childhood educator whose background in mathematics and 

mathematics knowledge was unknown to the investigator at 

the time of recruitment. In this trial, all portions of the 

proposed methodology were utilized^ and their management 

was reviewed. Sections of the interviews were timed, and 

both interviews were taped according to the research 

design. 

Subject Selection 

Volunteers were recruited through a presentation at 

the schools with permission of school and district 

administration and by word-of-mouth. According to policies 

established by the school district, site administrators had 

the option of refusing to allow a presentation for subject 

recruitment. 

Interested teachers were contacted individually and 

given an in-depth verbal and written explanation (Appendix 

E) of the nature and parameters of the study. Teachers were 

accepted by grade level in the order in which they 

volunteered. The overriding factor governing subject 

selection was representation among the target grade levels. 

No one was excluded from, the study based on gender, age, 

race, or ethnicity. 
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Subject Protection 

All teachers gave informed consent to participate in 

the study. Appendix F includes facsimiles of the consent 

form used in the study. Teachers were informed both of 

their rights and of the scope of the study following 

protocols established by the Human Subjects Protection 

Program of the sponsoring university and also following 

requirements of the External Research Review Department of 

the school district. 

In keeping with the goal of protecting the safety and 

welfare of the subjects, the investigator was certified in 

subj ect protection protocols by the sponsoring university. 

The data collection process was scrutinized for potential 

risks to the subjects, including stress^ intrusivehess, and 

lack of confidentiality. The investigator determined that 

risks were minimal and were manageable on a case-by-case 

basis. Also, due to the small number of subjects, it was 

concluded that maintenance of privacy and confidentiality 

were the areas of greatest potential risk. Subject 

protection was insured through substitution of codes for 

individual identities. These were used throughout the data 

collection, analysis^ and reporting processes. 
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Description of the Subjects 

The subjects were eight female volunteers from a large 

urban school district in the Southwest who were teaching in 

kindergarten, first grade^ or second grade at the time of 

the data collection. Their ages ranged from 43 to 53; three 

subjects were in their forties and five were in their early 

fifties. 

Degrees, Certifications^ and Endorsements 

All of the teachers hold Bachelor of Arts degrees from 

the same large state university in the Southwest. The 

degrees were earned between 1972 and 1983. One teacher also 

had an associate's degree. Seven of the teachers hold 

bachelor degrees in Elementary Education and one teacher 

had a dual foreign language major in French and Spanish. At 

the undergraduate level two teachers had an educational 

emphasis in early childhood education, one from her 

associate's degree and the other from an elementary 

education program with an early childhood emphasis. 

Four teachers have earned advanced degrees, all from 

the same university mentioned above; three of these were 

Master of Arts degrees in Bilingual Education. One teacher 

earned her degree in 1986, and two teachers earned theirs 



in 1996. The fourth teacher earned a Master of Science in 

Child Development and Family Relations in 1975. Except for 

the two degrees earned in 1996^ all formal post-secondary 

education occurred -before the national standards movement 

in mathematics. 

All of the teachers hold current standard K~8 teaching 

certificates in the state of Arizona. Among seven teachers 

there were a total of nine endorsements to their teaching 

certificates. Six teachers hold a single endorsement to 

their certificates, and one holds three endorsements in 

mathematics education, bilingual education, and early 

childhood education. Language related endorsements are the 

most prevalent, with five teachers holding endorsements in 

bilingual education and two teachers holding endorsements 

in English as a Second Language. The areas of endorsement 

are described in Table 1. 

Teaching Experience 

The teachers were teaching in five different schools 

at the time of data collection. All were elementary schools 

(grades K-5) with the exception of one, which was 

designated as a primary school (grades PreKindergarten-2). 
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Table 1 

Teacher Endorsements by Area of Expertise 

Subject Area of 
Endorsement 

Number of 
Teachers 

Bilingual education 5 

English as a Second 2 
Language 

Elementary mathematics 1 

Early childhood education 1 

At the time of their interviews, teachers had worked in 

their respective grades between 2 and 16 years. 

The teachers began teaching between 1974 and 1991 and 

have between 12 and 28 years of classroom experience 

overall and between 6 and 2 4 years of experience in 

kindergarten through second grade. Three teachers have 

taught in public school programs at the prekindergarten 

level, and two teachers have also worked in nonteaching 

positions in the school district. 

Seven of the teachers are very experienced in the 

primary age band of early childhood education. Seven of the 

eight teachers have spent the majority, if not ail, of 
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their* teaching careers in kindergarten through second grade 

or preschool through second grade. Two teachers have spent 

half or more of their careers in the grade at which they 

were interviewed. This information is summarized in Table 

2 „ 

Table 2 

Teaching Experience of Subjects 

Teacher 
Identifi
cation 
Code 

First Year 
Teaching 

Total 
Years 

Teaching 

Years in 
K~2 

Years in 
Current 
Grade 

Years in 
Prekinder-
garten 

IK 1976 24 24 21 0 

2K 1974 28 17 15 11 

3K 1982 20.5 20 2 0 

IF 1978 25 21 6 4 

2F 1991 12 12 6 0 

3F 1980 23 20 13 2 

IS 1986 17 6 6 0 

2S 1981 21 19 11 0 

Mathematics Content Courses 

Seven of the teachers reported taking mathematics 

courses in high schools One teacher reported taking two 

courses, five teachers reported three courses, and one 

reported four courses. The most frequently reported 

sequence of courses taken in high school was general 
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mathematics followed by algebra and then geometry, but only 

four teachers took general mathematics, All teachers 

reported taking geometry and algebra. 

When the teachers reported on mathematics content 

courses which had been taken in collegej, seven of them 

reported taking at least one mathematics content course. 

The teacher who reported no high school mathematics courses 

also reported, no college mathematics content courses. Four 

teachers said they took one college mathematics course; one 

took two courses, and one took four. One teacher took a 

college level geometry course. 

Upon analysis, however, of all college mathematics 

courses reported, it was discovered that the teachers had 

actually taken more mathematics content courses than was 

originally reported. In the Personal Information Form 

(Appendix A), teachers were asked to separately list their 

college mathematics content courses and their mathematics 

education courses. The teachers displayed some confusion 

between these two categories of courses. They listed 

mathematics content courses specifically designed for 

elementary education majors as mathematics education 

courses. In order to accommodate their perceptions, the 



125 

data for mathematics content courses in college has been 

subdivided into two groups in Table 3. 

Table 3 

Early Childhood Teachers'' Mathematics Content Courses in 

.High School and College 

High School Number General Number 
Mathematics of College of 
courses Teachers Mathematics Teachers 

Courses 

College 
Courses for 
Teachers 

Number 
of 

Teachers 

General 
Math. 

General 
Math. 

Modern 
Elementary 
Math. 

Algebra 

Geometry 

Trigonometry 

Advanced 
Trigonometry 

Algebra 

Algebra 2 

Geometry 

Patterns/ 
Functions 

Probability/ 
Statistics 

Math. 
Concepts and 
Applications 

Math. For 
Elementary 
Education 
Majors, 1 

Math. For 
Elementary 
Education 
Majors, 2 

Mathematics courses described as college mathematics 

courses are mathematics content courses offered to the 

general college population regardless of a student^s major. 
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These courses were correctly reported by teachers as their 

college mathematics content courses. Mathematics courses 

for teachers are courses taken as a requirement for an 

elementary education ttiajor which are not mathematics 

education courses. 

Mathematics Education Coursework and Professional 

Development 

Some required mathematics courses were reported by the 

teachers as mathematics education courses and included in 

Table 3. In this section only the mathematics education 

courses focusing on pedagogy and curriculum are described. 

An analysis of these courses showed that five of eight 

teachers reported taking an elementary mathematics 

education course at the undergraduate level. Another 

teacher reported taking her elementary mathematics 

education course as a graduate student. Teachers 2K and 2S 

did not report any elementary mathematics education 

courses. Two teachers, one of whom was Teacher 2S, had a 

mathematics education subspecialty in their Master's level 

bilingual education degree program, taken after 1989. 

However, a11 other mathematics education courses were taken 



by the teachers prior to 1989, when the NCTM standards were 

first published. 

One teacher with a Master's degree reported that her 

elementary mathematics education course had included 

algebra? probability^, and geometry. No other teachers 

recalled specific mathematics topics in their courses. 

Table 4 is a summary of the number of mathematics education 

courses taken among the teachers for all degrees. 

From the mid-eighties to the time of data collection, 

teachers participated in one to six different kinds of 

professional development activities in the area of 

mathematics education. The bulk of the reported 

professional development activity occurred in the nineties. 

With the exception of one teacher who reported attending 

two different NCTM conferences on her own, the teachers 

attended events offered by their district, through the 

state funded K-3 Program, through the Title One Mathematics 

and Science Department, or through mathematics resource 

programs funded by the school district. Reportedly, the 

professional development activities most widely attended 

were those designed and implemented by the Title One 

Mathematics Department. Teachers recalled attending several 

of the Title One sponsored workshops given by Marilyn Burns 
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Table 4 

Mathematics Education Courses by Degree Level 

Course Name Number of Number of 
Teachers Taking Teachers taking 

Course as Course as 
Undergraduate Graduate Student 

Student 

Elementary 5 1 
Mathematics 
Methods 

Mathematics and 1 
Science for the 
Young Child 

Mathematics Problem 2 
Solving, K-8 

Elementary/Middle 2 
School Mathematics 
Curriculum 

Curriculum Issues & 1 
Practices in 
Mathematics 

Mathematics 2 
Diagnosis/Remedia
tion 

Associates called Math Solutions, and some teachers 

reported attending the same level workshop multiple times. 

Other Title One workshops were also attended and 

generally considered by the teachers too numerous to 
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mention^ but included such titles as WorkjobSf Number 

Sensef and Mathematics and Cooking in Kindergarten. Many of 

the Title One offerings were also organized for specific 

ages or grades or otherwise took into account the 

developmentally appropriate practices established by the 

NCTM process and content standards. In this way teachers 

were able to interface mathematics content with the 

developmental needs of young children. In Table 5 are the 

categories of professional development activities in 

mathematics as reported by the teachers. 

Overall, the teachers have limited high school and 

college mathematics coursework among them; however, since 

the initiation of national mathematics standards they have 

demonstrated commitment to updating their knowledge and 

skills base in this subject, primarily through noncredit 

professional development courses in their district. Two 

have incorporated a mathematics emphasis into their 

advanced degrees. 
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Mathematics Related Professional Development Activities 

Title One 
Activities 

Number of 
Teachers Who 

Attended 

Other 
District 

Activities 

Number of 
Teachers 

Who 
Attended 

Math Their Way 2 District 
Inservice 

2 

Math Solutions 1 6 District 
Math. Cadre 

1 

Math Solutions 2 4 

Math Solutions 3 3 

Math Solutions 4 1 

Exxon Grant 2 

Other Workshops 4 

Early Childhood Education Coursework and Professional 

Development 

Three teachers reported coursework in early childhood 

education^, which was part of degree requirements. One had a 

Master of Science in Child Development and Family Relations 

and also reported having taken additional coursework after 

receiving her degree. Another had an Associate of Arts in 

Early Childhood Education which led to a certification 
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endorsement. A third teacher had specialized coursework for 

her Bachelor of Arts in Elementary Education, which gave 

her an emphasis in early childhood education. Four other 

teachers reported taking a child psychology course and one 

or two other courses^, which they believed related 

specifically to the psychology of young children or to 

general content in early childhood education. One teacher 

reported no coursework of this nature. 

There is a noticeable gap in the teachers' college-

level preparation in early childhood education compared to 

the number of years spent teaching in the primary grades or 

public preschool. Considering the coursework reports of the 

teachers with general elementary education degrees, as a 

group they graduated with minimal specialized preparation 

in the intellectual and pedagogical requirements of the age 

group which has become their teaching focus. 

Some professional development activities in 

mathematics, namely those offered through Title One or K-3 

funding, were designed for teachers of young children. 

However, four teachers reported other professional 

development activities that they considered to have a 

strictly early childhood focus. One teacher reported her 

attendance at the mandatory inservices of a previous 
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teaching job in a federally funded public preschool 

program. The three remaining teachers had participated in 

continuing education courses in early childhood education. 

Two of these had had undergraduate or graduate degree 

preparation in early childhood, and all demonstrated the 

commitinent to professional development that comes with a 

specialty focus. 

The professional development activities reported by 

the teachers were grouped into two categories and are 

listed in Table 6. One category contains activities that 

were primarily or exclusively about subject matter 

material, called Content. The other category contains 

activities that helped the teachers develop their teaching 

and management skills, called Pedagogy. 

Preparation of the Data 

The data was transcribed by the investigator. Multiple 

correlations among audio tapes, video tapes, notes, and 

transcripts were made before the data was prepared for 

analysis. The printed data was then organized by sub-

question, coded, and categorized for analysis and 

discussion. 
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Table 6 

Early Childhood Professional Development Activities 

Activities Focusing on Content Activities Focusing on Pedagogy 

Creative Puppetry Cooperative Learning 

Early Childhood Institute Creating a Developmentally 
Appropriate Kindergarten Program 

Handwriting Without Tears Creating a Literate Environment 

Learning Through Song Developmentally Appropriate 
Practices in Kindergarten 

Mosaic of Mathematics in Early Kindergarten Assessment 
Childhood 

Science in Early Childhood Love and Logic 

The Singing-Reading Connection The Project Approach 

Data Analysis 

The investigator created profiles of the group based 

on responses to the interview questions and then analyzed 

them for trends or themes as they related to the four 

research questions on goals of geometry in early childhood 

education, child development and geometry, geometry 

curriculum, and geometry concepts. The responses to the 

interviews were analyzed for the group as a whole in order 

to provide a description of their understandings in 

geometry and geometry pedagogy. The analysis included 
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multiple readings of each teacher'' s responses to the 

interview questions, each of which was part of a larger set 

designed to answer the research questions. The teachers^ 

responses created a picture of the group'' s reported 

knowledge» A narrative description supported by tables was 

developed to characterize their responses. 

Suminary 

For this investigation, an interview was developed in 

order to determine the geometry content and pedagogical 

knowledge of early childhood teachers. In developing the 

interview, the teachers' knowledge was considered to be a 

personal construct, created from multiple sources. Eight 

teachers in grades kindergarten through two volunteered for 

the interview. The interview questions were designed to 

provide a characterization of the teachers' most 

spontaneous understandings of questions deemed to be 

related to the knowledge base for teaching geometry to 

young children. 
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CHAPTER 4 

DATA ANALYSIS 

Introduction 

In this chapter the teachers'" responses to the 

interview questions are categorized^, tabulated, and 

described in order to create a group profile? which answers 

each of the four research questions. As patterns or themes 

unfolded in the group''s responses, their relevance to the 

research question was analyzed and discussed. 

Research Question One: Goals of Geometry in Early 

Childhood Education 

The first research question was: "What do early 

childhood teachers perceive to be the goals of geometry in 

early childhood?" The interview items for this question 

were designed to elicit responses in three areas, which are 

the teacher's goals when teaching geometry, the teacher's 

perception of the benefits of geometry for the student, and 

the teacher's knowledge of goals for geometry as defined by 

three sets of standards—district, state, and national. 
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Goals of Teaching Geometry 

In response to the question "What are your goals when 

teaching geometry?" seven teachers gave 32 total responses. 

One teacher did not respond, saying, don^t think I^ve 

ever really thought about my goals for teaching geometry.''' 

The teachers^ responses showed that they conceived of their 

goals for teaching geometry in three ways. Some teachers 

gave responses that indicated their goals for teaching 

geometry were student outcomes, for example, "students 

recognize shapes" (2K). Some made statements that indicated 

their goal in teaching geometry was to perform a specific 

teaching activity that would result in a specific student 

outcome. These responses began with the term provide, such 

as "provide opportunities to" (IF, IS) or "provide time 

for" (IK). One teacher stated that her goal when teaching 

geometry was strictly for herself, to be correct in the 

vocabulary that she used. 

In some instances a teacher might have made more than 

one statement in a certain category of responses. In Table 

7, the 32 responses were sorted into seven categories which 

were organized into two broad topics, Pedagogical Goals and 

Geometry Goals. Three categories of providing opportunities 
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Table 7 

Early Childhood Teachers^ Goals in Teaching Geometry 

Pedagogical 
Goals 

Response 
Frequency 

Teachers 
Responding 

Geometry 
Goals 

Response 
Frequency -

Teachers 
Responding 

Provide 
opportunities 
for student 
activity 

5 IK, IF, IS Increase 
geometric 
understanding 

7 2K, 3K, 
IF 

Support 
student 
affect 

4 2K, 3K Communicate 
geometric 
content 

7 IK, 2K, 3K, 
3F 

Prepare for 
the future 

1 2S Manipulate 
shapes 

Make 
connections 

5 

3 

IK, 2K, IF, 
IS 

3K, IS 

to students, concern for student affect, and preparing for 

the future were grouped as pedagogical goals of geometry 

because they are part of a general teaching approach 

focusing on student learning. 

Four other categories were grouped as geometry goals 

because teachers had goals related to student achievement 

in geometry. The four categories in this group are 

increasing geometric understanding, communicating geometric 

content^ manipulating shapes, and making connections to 

other content. 
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Providing opportunities for students was indicated as 

a goal for three teachers (IK^ IF, IS). Teacher IK said 

that one of her goals was to provide "'''time for" certain 

activities. Teachers IF and IS each said their goal was "to 

provide opportunities for"' certain activities. In the 

category of support student affect, teachers had goals for 

affective outcomes for students. These goals for students 

included an increased comfort level with geometry, their 

having an awareness of being mathematicians, and developing 

their confidence and competence. Teachers 2K and 3K both 

used the word comfortable, when describing their goal for 

students' feelings. The third category in this group 

contained one teacher response. Teacher 2S said that 

student preparation for future courses was her goal when 

teaching geometry. 

Among the geometry goals were a set of responses 

having to do with increasing students' geometric 

understanding, which were recognizing shapes, 

differentiating between two-dimensional and three-

dimensional shapes, and attribute definition. Two teachers 

indicated that developing higher order thinking when 

learning geometry was a goal, meaning problem-solving with 
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shapes (IF) and understanding how shapes work together 

(2K) . 

For the teachers? communication is a prominent goal in 

geometry. When teaching^, the teachers have goals for their 

students to know the names of two-dimensional shapes^ hear 

and use correct terminology, and feel comfortable with 

geometry terminology. Teacher 3F said that it was a goal of 

hers to . . use specific language, correct vocabulary, 

when asking questions and discussing shapes in the 

classroom." 

Manipulation of shapes seems to have a common meaning 

of the students' experiencing shape materials; however, one 

teacher elaborated by saying her goal was for students to 

". . . build, make, and take apart . . ." (IF), thereby 

including both the composition and decomposition of 

buildings and designs. To the teachers, increased 

understanding of shape would be demonstrated by students' 

problem solving, recognizing shapes, and identifying 

shapes. Teacher 3K not only wants her students to know 

specific attributes of shapes but also wants them to 

understand that rotation or location in space does not 

change these attributes. She said that she wants her 



140 

students to know that . . the triangle has three sides 

and three corners no matter which way it points." 

Two teachers (3K, IS) wanted their students to see and 

understand how geometry connects with their environment and 

with other topics in mathematics. Number and measurement 

were the topics mentioned-

Benefits of Geometry to Students 

The second interview question on goals of geometry 

was, "For your grade level, how do you think learning 

geometry benefits students?" The eight teachers responded 

with 2 4 ideas, which were classified into two broad 

categories called Subject Matter Outcomes and Socioeconomic 

Outcomes and are summarized in Table 8. 

Table 8 

Early Childhood Teachers' Perceptions of Student Benefits 

from Geometry 

Subject Response Teachers Socio- Response Teachers 
Matter Frequency Responding economic Frequency Responding 
Outcomes Outcomes 

Developing 5 
visualization 
skills 

Increasing 5 
geometry 
knowledge 

IK, 3K, 4K, Practical 
IS impact 

3K, IS, 2K, Affective 
2S, IK impact 

6 IK, IF, 
2F, 3F, 

2S 

3 IK, IF 

Making 
connections 

5 2K, 3K, IS 
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The category of Subject Matter Outcomes contains three 

groups of responses which suiranarize and describe the 

teachers^ perceptions of the benefits of geometry to 

students: developing visualization skills, increasing 

geometry knowledge^ and making connections, Developing 

visualization skills is exemplified by teachers^ responses 

such as "using visual skills" (IS), "seeing the 

environment"' (3K) ̂ and "making beautiful designs" (IK) . 

Increasing geometry knowledge is the category that contains 

teachers' responses related to geometry content such as 

"helps solving geometry puzzles" (3K), "understanding more 

about shapes and their relationships" (2S), and "instant 

recognition of shape" (IS). Making connections is a 

category created for such responses as "geometry is part of 

everybody's life" (2K) and "making more sense of what's 

around them" (2S). 

The teachers' responses usually mirrored or were 

closely aligned with the teaching function. For example. 

Teacher IS saw a benefit to the student in "instant 

recognition of shapes", which is an outcome of direct 

teaching and practice and thus demonstrates that the 

student benefits from teaching. In only one instance did a 

teacher say a benefit to students would be one that comes 
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from- a-•nonteaching activity. Teacher IK said-that a-benefit 

of geometry to the student would be to ^"play and explore" 

which is a natural activity not typically reliant on adult 

direction. 

The category of developing increased visualization 

skills was not robust in terras of the teachers^ specifying 

the meaning of this for the student. Instead the responses 

were examples of how this outcome would be demonstrated, 

e.g., making beautiful designs (IK), problem-solving with 

the tangram puzzles (3K), and helping with artistic skills 

{3K) . 

The same lack of specificity characterized the 

responses called increasing geometry knowledge. Some 

examples of responses in this category are ''quicker 

recall" (IS) , ̂ 'play and explore" (IK) , "talking about a 

shape as a mathematical object" (2K). Teacher 2K said, "We 

talk about the shape itself as a mathematical object", when 

discussing benefits of geometry to the student. When she 

was asked to clarify how that benefited her students, she 

said it was because . . . in our everyday life those are 

all part of our lives, those shapes." 

The second broad category which was Socioeconomic 

Outcomes includes statements by the teachers grouped 
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according to whether a benefit to the student was 

considered to have practical impact or affective impact. 

Responses related to practical issues discussed as a 

benefit for students were made six times more often than 

when it was discussed as a teaching goal in Table 7. 

Teachers said geometry would be a benefit to students in 

order to pass tests and do their classroom work (IF)^ to 

have later success in school (IK), or to make a future for 

themselves (4K, 2F, 2S). Only one teacher (IS) said 

previously that a teaching goal was to prepare the student 

for the future. 

The affective domain surfaced again and these 

responses were grouped as a socioeconomic outcome. Teachers 

IK and IF responded that benefits to the students were 

feeling competent and enjoying themselves with regard to 

geometry. 

Teachers' Knowledge of District Standards for Geometry 

The last three interview questions about goals of 

geometry related to district, state, and national 

standards. When asked, ^''According to the district 

standards, what are the goals for geometry at your grade 

level?" six of the eight teachers indicated knowledge of 



144 

the districfs curriculum documents, which sets the standard 

for student outcomes in all academic areas including 

geometry. 

Five teachers referred to the document spontaneously 

in their initial answer (IK^ 2K^ 2F, 3F,. 2S) and one 

mentioned it during a follow-up question (IS). Four 

teachers expressed uncertainty about the precise language 

of the district's goals for geometry (IKj, 2K, IS^ 2S) and 

indicated that they could refer to the district document if 

n e e d  b e .  A s  a n  e x a m p l e .  T e a c h e r  2 K  s a i d ,  " I  c a n ' t .  . . .  I  

don't have the words from the . . . curriculum, but there 

are five or six different areas and geometry is one area 

She went on to say that she uses the district standards 

document when she plans. 

Two teachers expressed uncertainty about whether or 

not there were district level goals for geometry. When 

asked if she recalled ever seeing the district standards 

for geometry, 2F said, "No." Teacher IF said, "I'm not 

sure. Goals—I don't know for sure." 

In addition to the general discussion about the nature 

of the district's standards for geometry, some teachers 

displayed knowledge about the content expectations in the 
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standards. Those responses have been grouped irl Table 9 

into two categories. 

Table 9 

Early Childhood Teachers'' Knowledge of District Goals for 

Students in Geometry 

General Knowledge 
have certain experiences (IF) 

have exposure to district curriculum, learn and 
apply it (3F) 

Specific Knowledge 
identify basic shapes-circle, square, rectangle, 
triangle (2K, 3K) 

recognize basic shapes-circle, square, 
rectangle, triangle {2K, 3K) 

learn names of basic shapes-circle, square, 
rectangle, triangle {3K) 

know shapes are in nature (3K) 

recognize shapes in the student's environment 
{3K) 

understand space and the shapes (2S) 

draw, build, model (2S) 

draw (IF) 

Two teachers (IF, 3F) responded with general goals and 

four teachers (2K, 3K, IF, 2S) responded with specific 
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learning objectives for students. One interesting note was 

the language used by Teacher 3K who referred to the basic 

shapes as flat shapes, that is learning flat shapes is a 

goal. She also indicated at another time in the interview 

that she wants students to distinguish between two-

dimensional and three-dimensional objects. 

Teachers' Knowledge of State Standards for Geometry 

Continuing with the questions regarding district, 

state, and national standards, the teachers were asked, 

"According to the state standards, what are the goals for 

geometry for your grade level?" Six teachers (IK, 2K, IF, 

2F, IS, 2S) expressed uncertainty about the precise content 

of the geometry goals at the state level. Both second grade 

teachers said they would reference the state document for 

the precise words. 

Two teachers (3K and IF) were certain that the state 

standards had been incorporated into the district 

standards. These teachers were able to name specific goals 

of geometry when responding about district goals for 

geometry. At another time in the interview they had each 

also mentioned being involved in a mathematics cadre or 

discussion group at their respective schools. Five teachers 
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believed that the district and state standards are, or must 

be, either identical^ about the same, or closely aligned 

(IK, 2E, 3K(, IF^ 2S) . All of the teachers except one 

displayed faith in the districf s intent and ability to 

include the state standards in the district curriculum. 

Teachers' Knowledge of National Professional Standards for 

Geometry 

The last question of this interview and of the series 

inquiring into goals of geometry according to the standards 

was, "What are the national professional standards for 

geometry for your grade?" Five teachers {IK, 3K, IF, IS, 

2S) knew that there were standards which had been developed 

by the National Council of Teachers of Mathematics, and 

they named this organization specifically. The extent of 

the NCTM's involvement and leadership in the mathematics 

standards movement was not a subject of discussion or 

comment by any teacher. 

The content goals of the NCTM geometry standard for 

prekindergarten through second grade eluded all of the 

teachers. Five teachers {IK, IF, 3F, IS, 2S) expressed 

uncertainty about the exact content. Two teachers had no 

response {2K, 2F); and one teacher (3K) was certain that 
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the national standards were the same as the district and 

the state. 

Three teachers (IK? IF, 3F) i- though not certain,, 

expected that there would be alignment between national^ 

state,, and district standards for goals of geometry in 

early childhood education. Teacher 3F exemplified their 

belief that their district will guide them in helping them 

know the national standards for their grade. When asked 

what the national standards were, she said, . that I'm 

not really sure of because I've left it to the state to 

make sure they've done their homework and that the state 

has provided that standard and has filtered down through 

the district, which the district has picked up for us to 

do." 

Research Question Two: Child Development and 

Geometric Concepts 

The second research question was: "What do early 

childhood teachers know about child development relevant to 

the construction of geometric concepts?" Teachers were 

interviewed with six questions and their responses were 

organized into three perspectives of their knowledge of 
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child development relating to construction of geometric 

concepts. 

The first perspective is the teachers'' knowledge of 

the early childhood education point-of-view called 

developmentally appropriate practice. It is defined by the 

National Association for the Education of Young Children 

(NAEYC, 1997), 

Developmentally appropriate practice is based on 
knowledge about how children develop and learn. To 
guide their decisions about practice, all early 
childhood teachers need to understand the 
developmental changes that typically occur in the 
years from birth through age eight and beyond, 
variations in development that may occur, and how best 
to support children's learning and development during 
these years. (p. 9) 

The second perspective is the teachers' knowledge 

gained from experience. It is based on the cumulative 

wisdom garnered from their years of teaching young children 

in a classroom setting. The third perspective of is that of 

the teachers' knowledge of formal bodies of research on 

young children called research into geometric concept 

development, 

The First Perspective: Developmentally Appropriate Practice 

Three questions were used to develop this perspective. 

First, the teachers were asked, "Are you familiar with the 
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term developmentally appropriate practice?" If they were 

familiar with the term^ they were asked, '•'^What does this 

term mean to you?" 

All of the teachers said that they were familiar with 

the term. When asked its significance to them, the group of 

responses was characterized by four features: a teacher 

behavior^ a match to the child^ a relationship to a body of 

knowledge, and specific factors concerning a child's 

status. The eight teachers gave 19 total responses to this 

question. 

Five teachers mentioned a teacher behavior when 

defining developmentally appropriate practices (IK, 2K, IF, 

2F, 2S). They used terms like provide and present. For 

Teacher IK, developmentally appropriate practices seemed 

like a given. She said that a developmentally appropriate 

practice was "... what you do in the classroom as a 

teacher." Teacher 2S responded that a developmentally 

appropriate practice was when a teacher provides the best 

opportunity to the students. 

Four teachers defined developmentally appropriate 

practice in terms of its match to the child (IK, 2K, 3F, 

IS). The responses included terms such as fit, abilities, 

and attainable. Teacher 2K said that it "fits with the way 
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the child is," Teacher 3F said that a developmentally 

appropriate practice is defined by whether children can do 

the activities. Teacjier 2F said that a developmentally 

appropriate practice is one to which the child can relate 

and pay attention. 

Two teachers'' responses (IK^ 3K) can be interpreted as 

having a relationship to an unspecified body of research 

knowledge on child development. Teacher IK said that a 

developmentally appropriate practice "fits with child 

development ideas." She did not elaborate on the child 

development ideas to which she was referring. However, she 

also said that a developmentally appropriate practice 

". . . refers to general development, common to all 

children, not just one." Her position calls to mind the 

data collected through longitudinal studies of large groups 

of children. 

Teacher 3K defined developmentally appropriate 

practice obliquely by describing her ideas of physical and 

mental readiness and indicated that children had limits to 

learning depending on their developmental level. She said, 

"Children can only learn so much at a certain level." 

Four teachers gave a definition of developmentally 

appropriate practice, which was based on specific factors 



152 

of a child's status, such as level of understanding (2K), 

age group level (3F), developmental level (IS), prior 

knowledge, age^ and grade (2S). Teacher 2K said that a 

developnientally appropriate practice is ability related, 

not age related. 

Two teachers (2K, 2F) gave counter examples to a 

developmentally appropriate practice« The kindergarten 

teacher said that a developmentally appropriate practice 

does not stifle or frustrate the child, and the first grade 

teacher said very plainly, "No lectures.". 

Teachers were asked a third question related to 

developmentally appropriate practice. They were asked, 

^^What are considered developmentally appropriate practices 

for early childhood geometry?" Their responses fit into 

three categories of teacher behaviors: creating appropriate 

opportunities for learning, providing appropriate 

materials, and managing curriculum appropriately. The 

distribution of responses in the categories is in Table 10. 

Seven teachers gave a total of 25 responses in the 

category of creating appropriate opportunities for 

learning. Some responses were repeated by more than one 

teacher, so there were 18 different responses in all. All 
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Table 10 

Development ally Appropriate Practices in Early Childhood 

Geometry 

Type of Number of Respondents 
Appropriate Different 
Practice Responses 

Creating 18 IK, 2K, 3K, IF, 
appropriate 2F, IS 
opportunities for 
learning 

Providing 15 2K, 3K, IF, 2F, 
appropriate IS, 23 
materials 

Managing 7 3K, 2F, 3F, IS, 2S 
curriculum 
appropriately 

of the ideas for creating developmentally appropriate 

opportunities for learning described active behavior on the 

part of the learner. A common phrase, one used by four 

teachers at this time and by other teachers during other 

parts of the interview, was hands-on. This phrase is used 

routinely in the early childhood community to describe the 

young child's need to explore, manipulate, play, or 

otherwise have a physical involvement with materials which 

creates the experiential basis for learning. Some of the 

verbs in the teachers' responses in this category were 
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explore, experience, talk^ discover, experiment, pl3.y, 

buildf manipulatef work, and create. 

Some of the responses in this category reflected the 

teachers' thinking along subject matter lines and other 

responses indicated that some teachers provided 

opportunities through an integrated approach to geometry in 

the curriculum. The developmentally appropriate practices 

that were mentioned followed the same lines of thought. 

Reflecting an integrated approach to providing 

opportunities. Teacher 2K said that geometry was not just 

about pattern blocks, and she said that building, painting, 

movement, and drawing were developmentally appropriate 

practices in early childhood geometry. Teacher IF said that 

creating was a developmentally appropriate practice in 

geometry and also mentioned movement. Teacher IS said that 

communicating, especially through writing, was a 

developmentally appropriate practice in geometry. Responses 

related to developmentally appropriate practices in 

geometry as subject matter were primarily about the 

students' physical involvement and included responses such 

as hands-on (IK, 3K, 2F, 3F), experience shapes (IK, 3K), 

play with shapes (2K) , identify basic shapes (3K), working 



155 

with shapes (2F) . Teacher 3K also included^ = . . 

identifying basic shapes 

One interesting phenomena is that, even though all of 

the teachers work in the same age.band from the perspective 

of national standards j, the kindergarten teachers were the 

most prolific in their responses regarding deyelopmentally 

appropriate opportunities for learning geometry. Three 

kindergarten teachers had 14 responses^ and the remaining 

five teachers had 11 responses. 

Six teachers gave 18 total responses and 15 different 

responses in the category of providing appropriate 

materials as a deyelopmentally appropriate practice in 

early childhood geometry. With the exception of two 

responses^ all of the materials mentioned were concrete 

objects for the children's hands-on kind of opportunities 

discussed above. Teacher IS mentioned TERC (Russell^ 1995) 

as a developmentally appropriate material^ and Teacher 2S 

mentioned visual input. (Note. The terms TERC and TERC 

units refer to the K-5 curriculum called Investigations in 

Number^ Data^ and Space, a supplemental adoption in the 

teachers' school district.) 

The concrete materials mentioned also corresponded to 

the two curricular approaches discussed previously. 
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Materials corresponding to integrated curriculum practices 

included building materials, painty drawing materialSir 

clay, and games. Materials mentioned that could be defined 

as manipulatives or concrete materials for geometry 

included pattern blocks and geoboards» Geoboards were only 

mentioned by the second grade teachers. 

Five teachers had seven different responses in the 

category of managing curriculum appropriately as a 

developmentally appropriate practice in early childhood 

geometry. Five responses were related to appropriate 

practices in geometry curriculum and included geometry that 

was basic and simple (3F), that was not too abstract (3K), 

that included symmetry, size, and thickness (IS), that 

utilized groups of students (IS) and that incorporated a 

sequence of experiences (23). 

Two other responses by Teachers 3K and 2F were related 

to pedagogy and were having realistic goals (3K) and using 

repetition (2F). Again a phenomenon of note is the 

distribution of the responses related to management issues. 

Only one kindergarten teacher {3K) had a response in this 

area. All other responses were from the first and second 

grade teachers. 



157 

The Second Perspective; Teaching Experience 

The teachers were asked three questions that would 

enable them to use their experiences as teachers to discuss 

child development in geometry^ The first question in the 

series waS;. "What do you expect a child in your grade to 

know about and be able to do in relation to geometry?" The 

intent of the question was to discover teachers^ 

understandings about the developmental traits of the 

particular age group that they teach. 

When responding, the three first grade teachers asked 

if the question applied to the beginning of the school year 

or to the end of the year, which showed an understanding 

that development occurs over time. They were encouraged to 

answer in the way they felt most comfortable and to feel 

free to include information regarding the entire school 

year» 

The eight teachers' answers to this question reflected 

expectations for students' achievement and for their 

ability to learn. The first and second grade teachers and 

one kindergarten teacher expected children to learn items 

in the curriculum and to demonstrate the information. These 

teachers used phrases like "I expect them to know . . .", 
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"I would like them to know . . and "they n^ed to know 

Two kindergarten teachers focused mostly on the 

behaviors they expected their students to use^ employing 

the phrase ''^be able to." One of these teachers referred to 

the development in spatial'reasoning that children bring to 

kindergarten. She said; ''''I think children come to 

kindergarten with some spatial reasoning skills that helps 

them do the building and exploring." Her response indicates 

some knowledge of child development that has become part of 

her expectations for kindergarten students. 

Teacher 2S, on the other hand, expects her students' 

development to come from a different source. She said, 

"Well, I expect them to be able to learn the second grade 

material. They would have to complete the activities. They 

hopefully are ready for second grade by the time they get 

there." For this teacher students' prior achievement is 

important. 

The eight teachers gave 28 total responses in 

discussing expectations in geometry for students in their 

grade. Ten unique responses fit into the two categories 

which are summarized in Table 1.1. 
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Table 11 

Teacher Expectations of Student Competencies in Geometry 

Category Teacher 

Be Prepared to Learn 

Use previously developed IK^r IS^ 2S 
skills and experience 

Able to explore and IK, 2K 
manipulate shapes 

Able to work independently IK 

Able to work cooperatively IK 

Learn the Curriculum 

Know the names of shapes 2K, 3K, IF, 2F, 3F, IS 

Use geometric information 2K, 3K, 2F, 3F 

Know attributes and vocabulary 2K, 2F, IS 

Identify and recognize shapes IF, 3F 

One category of expectations called be prepared to 

learn had responses that showed the teachers' expectations 

of students' ability to learn. The other category, learn 

the curriculum, contained responses that showed the 

teachers' expectations for the students' learning. 
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Two entries require clarification. In the category of 

be prepared to learn the three respondents had varying 

meanings regarding use previously developed skills and 

experience. The kindergarten teachers expected the child to 

have reached a certain type of development in spatial 

reasoning;, while the two second-grade teachers expected 

either specific previous experiences with manipulatives and 

geometric vocabulary (IS) or a specific readiness level in 

the child (2S). 

Teachers also expected students to be able to use 

geometric information in a variety of applications, 

including using shapes to make connections with other 

topics in mathematics (3F), applying in art (3F), knowing 

relationships between basic shapes {2F), making new shapes 

with shape materials (3K), and knowing how shapes work 

together (2K). 

In the interview a follow-up question was asked after 

the question, "What do you expect a child in your grade to 

know about and be able to do in relation to geometry?" The 

follow-up question was, "Why do you expect this?", meaning 

the expectations that the teachers had described. The 

question was originally intended to focus the teacher on 

her system of developmental knowledge; but because the 
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responses took an tinexpected direction, it did not elicit 

important additional information. 

Seven teachers answered this question, and Teachers 

3K, 2F, and 2S indicated that their expectations had been 

set by district goals and standards and what one teacher 

(3K) called ^^minimum requirements." Two teachers^ IF and 

3F^ indicated that their expectations were set by what they 

knew children should have learned in kindergarten? which 

each one characterized as a foundation for later learning. 

Teacher IK said that she had felt successful in the past 

with her set of expectations, and Teacher 2K implied that 

her expectations were progressive and aligned with trends 

such as computer programming for young children. 

A third interview question contributed to the analysis 

of the perspective called teacher experience. It was asked 

in order to discover what the teachers knew about the 

student's developmental levels during geometric problem 

solving experiences. The question was, ^Mlow do you 

determine a student's developmental level of problem 

solving in geometry?" In responding to this question, there 

was the possibility that teachers could not only discuss 

the techniques that they used to determine students' 

developmental levels during geometric problem solving, but 
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they could also discuss any knowledge which pertained to 

their determination of a student's developmental level. 

The teachers expressed a variety of resources and 

strategies that help them know how a young student is 

functioning overall in geometry. Their responses were not 

limited to strategies just for knowing the student's 

geometric problem solving capabilities. Some of the 

techniques mentioned by the teachers could be applied in 

instances where students are involved in geometric problem 

solving; and some are also useful in knowing students' 

overall development. No one mentioned applying the 

information which was gathered to a specific developmental 

framework such as that found in the van Hiele's research 

(1984) . 

Table 12 is a summary of the techniques that teachers 

reported using when asked how they determined a student's 

developmental level of problem solving in geometry. The 

table displays the responses of the eight teachers who gave 

a total of 20 responses. The responses were fairly uniform 

across the group and reflected a small number of different 

ideas. 
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Table 12 

iarly Childhood Teachers^ Responses for Determining 

Students'' Developmental Level of Problem Solving in 

Geometry 

Activity Teacher 

Techniques used in knowing students' 
level of probleirn solving in geometry 

Observation 
Interactive teaching 

Technique used in knowing students' 
content knowledge of geometry 

Assessing for specific information IF, 3F, 2S 

Two categories of activities are reflected in the 

table. One is the set of techniques, which could apply to 

determining students' developmental level of problem 

solving in geometry, and the other is a technique which 

applies only to assessing for specific information and 

which does not require problem solving on the part of the 

student. Of the three techniques, observation was mentioned 

most frequently. It was the first response for all of the 

teachers who gave it, and in two instances, observation was 

the only technique mentioned. 

IK, 2K, IF, 2F, IS 
3K, IF, IS 
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The technique of interactive teaching included 

activities that teachers used which involved coimnujnication 

or collaboration. Coitimunication included dialogue (3K) j, 

questioning (3K; IS) j, and listening to student's problem 

posing and explanations (IS). Collaboration included what 

Teacher IF called "working with thenif" meaning the 

students. 

The three teachers who said that they used assessments 

gave additional information about their use of that term. 

Teacher IF used the district assessments; Teacher 3F does 

beginning-of-the-year assessments to determine readiness; 

and Teacher 2S checks to find out if the students can name 

shapes. This technique is not used to determine students' 

problem solving capabilities. 

Teachers 2K and 2S had some additional responses to 

this question, although they were not specific to knowing 

students' developmental levels of geometric problem 

solving. Teacher 2S keeps track of her students' 

performance in mathematics. She said, "I know where each 

child is operating with regard to the material and 

lessons." 

Teacher 2K referred to her own resources for 

determining students' developmental levels of geometric 
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problem solving. She referred to her prior knowledge 

consisting of a set of criteria constructed by her that 

could be considered benchmarks or normative expectations. 

Included in her knowledge base are the district 

expectations^ the guidelines for developmentally 

appropriate practices from the National Association for the 

Education of Young Children? experience in administering 

kindergarten entrance examinations using protocols from the 

Gesell Institute, and interpreting children's behavior when 

they use manipulatives, which she learned in a professional 

development activity. Even with this knowledge, when asked 

later about geometric concept development, she responded 

only with information for children at her own grade level. 

She has a rich fund of knowledge about child development, 

but she questioned her skill and her knowledge and seemed 

frustrated with the ambiguity and imprecision that she 

perceives in the information generated by her techniques. 

She said, "You know there isn't really anything real that 

says, ^0.K., this is, this is what you're gonna do, and 

this is why you should do it, and, and this is what the 

children need.'" 
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The Third Perspective: Formal Research into Geometric 

Concept Development. 

The third perspective^ whidh emerged in the interview 

on teachers'" knowledge of the construction of geometric 

concepts in young children? was knowledge of research 

findings on this topic. Longitudinal studies? the work of 

Piaget and his colleagues, and the work of the van Hieles 

were reviewed in Chapter 2 in anticipation of this part of 

the interview. The teachers were asked three questions that 

could have uncovered their knowledge from this perspective. 

Thus far, some teachers have demonstrated a 

sensitivity to developmental issues related to appropriate 

practices in general and to appropriate practices for 

geometry. They have demonstrated knowledge of their 

academic expectations for young students. So, the teachers 

were asked, "How would you describe the normal development 

of geometric concepts in most children from birth to about 

age eight?" 

As demonstrated by the summary of the teachers' 

responses. Teacher 3F responded with a position on learning 

strategies as did Teachers 2F and 2S. The remaining five 

teachers characterized the normal development of geometric 

concepts in individualistic ways. At first Teacher 2F said 



that she ciidn''t know, and Teacher 2S said that she wasn''t 

sure, but when encouraged they each responded with 

information that is in Table 13 along with the other 

teachers' responses. 

Teacher 2K said that working with four- and five-year-

olds was her predominant strength and she answered the 

question with her knowledge of those ages. Teachers IK^ 3K, 

3Ff and IS described specific behaviors or characteristics 

of children when discussing the normal development of 

geometric concepts in early childhood. These were a 

combination of both the capabilities with which a child 

enters school and the information learned in school. 

Teacher IK said, for example, that before kindergarten, 

children's play experiences are part of their development 

of geometric concepts and then she indicated that in 

kindergarten and first grade their development is related 

more to growth in the school curriculum. 

Teacher IS also exemplifies responses with a broad 

continuum of developmental behaviors. Her system begins 

with the child's ability to distinguish straight and curved 

line and goes through the child's ability to draw shapes 

and write their ideas. In between these two responses was 
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Table 13 

Early Childhood Teachers'' Construction of Normal 

Development of Geometric Concepts 

Teacher Characteristic Behavior Age or Grade 

IK Play experiences Prekindergarten 
Naming Kindergarten 
Describing Grade one-two 

2K Noticing in environment Age four-five 
Increasing abstractness Age four-five 
Drawing Age four-five 

3K Work with shapes Toddler 
Recognize objects by shape Toddler 
Notice difference between two-

and three-dimensional shapes Age three 
Notice more in environment, 

more shapes, more differences, 
learn right angles Grade two 

IF Distinguish differences in shape 

Associate item with name 

Identify shapes when verbal 

Name and know differences between 

plane and solid figures Grade one-two 
Draw shapes, construct with 

shapes Age eight 

2F Feel things 

Make associations 
Work with shapes 

3F Learn through exposure, hands-on 

IS Know straight and curved line 

Perform visual matching with toys 

Able to draw and write 

2S Notice things 

Use manipulatives 

Draw 
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the idea that children use toys and blocks that help with 

visual matching. 

Teachers 3K and IF each gave brief descriptions of 

what seems to be a developmental sequence beginning at an 

early age and continuing to age eight (IF) or grade two 

(3K). Teacher IF began her sequence with the child's 

distinguishing differences in shape, andj, since she had 

also said that when they became verbal they would be able 

to identify shapes, it is assumed that she knew that 

distinguishing differences in shape may occur at a 

preverbal age. 

To this point the teachers have demonstrated informal 

knowledge of child development upon which they could apply 

the information they have gained through observations or 

interactive teaching. During the next part of the 

interview, however, the teachers were asked about a formal 

system for understanding children's development of 

geometric concepts. The question was, "Have you ever heard 

about the van Hiele levels of development of geometric 

concepts?" All eight teachers replied that they had not. 

In order to probe the teachers' understanding of 

geometric development in the young child, they were asked 

to focus on the child's development of one shape, the 
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triangle- The teachers were asked a series of questions 

through which they could characterize the child^s 

development and give a time frame for that period of 

development. The question series was as follows: 

® What do you think is a child''s first concept of a 
triangle? 

• When do you think this concept first develops? 

• What would be the next level of development? 

• When? 

• What comes next? 

• When? 

• What would be the most advanced level of a child's 
conceptualization of a triangle? 

Although the teachers did not describe the young 

child's conceptual development of the triangle with a 

specific system of knowledge or with knowledge of a formal 

body of research, their responses again displayed a 

systematic approach to development as demonstrated 

previously. The teachers were persistent and creative in 

their responses and demonstrated their understanding of the 

growth in complexity that is part of development. Their 

responses are displayed in Table 14. 

The teachers used what they knew about child 

development in general and children's capabilities in the 

classroom to help them describe levels of conceptualization 
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Table 14 

Early Childhood Teachers^ Construction of Children^s 

Conceptual Development of Triangle 

Teacher Perceived Conceptual Level of Child Age/Grade/Age Range 

IK 

2K 

How a triangle feels 
Talk about triangles 
Drawing 
Working on problems 

Relate triangle to known object 
Counting attributes 
Comparing triangles 
Notice angle differences 

Less than one year 
Start at age two 
Age four-five years 

Very early 
Age four-five years 
Kindergarten to six 

3K 

IF 

2F 

Three sides, three corners, apex up 
Stability of attributes 
Notice differences in length of sides 
Know sum of angles, types of triangles 

Associate shape with word 
Draw different kinds of triangles 
Trace triangles 
Stability of attributes-three sides, 

three corners 

Visual 
Relate shape to word 
Experiment with triangle shapes 
Measure and represent on paper 

Age two 
End of kindergarten 
Kindergarten 

Age two-four years 
Kindergarten 
Grade one or two 

Age 8 

Age one-two months 
Age one-three years 
Age one-three years 

3F See three sides, a whole 
Manipulate triangular shapes 
Mathematical approach-angles, degrees 
Problem solving, career applications 

Early kindergarten 
Middle kindergarten 
Grade three 

IS See three lines 
See closed space 
See sides, corners 
Learn angles 

Prekindergarten 
Kindergarten 
Grade two 

2S Notice, relate to known objects 
Name, manipulate triangle 
Understand regular shapes 
Work with irregular triangles 

Prekindergarten 
Grade two 
Intermediate grades 
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in young children'' s development of the concept of a 

triangle.•Most of the teachers' responses indicated th^t 

they knew that concept development occurs over time and has 

a sequential nature. All of the teachers except 3F included 

at least one stage or level that occurred before 

kindergarten^ with Teachers IK and 2F each including three 

stages or levels occurring before kindergarten. The ages 

associated with the prekindergarten period of development 

varied as did the ages for the period when a child was 

reaching her highest level of conceptualization of a 

triangle. 

The teachers used age and grade levels to describe 

when a child's conceptualizations of a triangle would 

develop. Teachers IK and 2F used age only. Teachers 3F, IS, 

and 2S used grade level only. Teachers 2K, 3K, and IF 

changed from age to grade level during their responses. 

The teachers had informal developmental systems which 

accounted for increased complexity over time of the child's 

conceptualization, for the increased abstraction of the 

conceptualization, or as in the case of Teachers IK, 2F, 

and 3F, of diverse applications over time. Teachers IK, 2F, 

IS, and 23 knew that sensory input before school was part 

of the foundation of a child's conceptualization of a 
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triangle. Teachers 2F, 3F^ IS, and 2S knew that visual 

input and spatial visualization played a key role; and 

Teacher IK knew that tactile input was important. The 

teachers also knew that the child''s highest level of 

conceptualization of a triangle involved differentiated 

knowledge about triangles including two-dimensional 

representation (2F)^ problem solving (IK^ BF?) and 

distinctions among formal categories of attributes (2K^ 3K, 

IF, IS, 2S) . 

Research Question Three: 

Geometry Curriculum and Curriculum Content 

The third research question was, "What do early 

childhood teachers know about curriculum for geometry in 

the early childhood years?" An interview of 12 questions 

was developed to explore the teachers' knowledge. The 

questions applied to three areas of their knowledge of 

curriculum and curriculum content. One set of questions 

explored contextual issues related to geometry curriculum 

and curriculum content. Another set of questions explored 

aspects of the teachers' understanding of geometry 

curriculum. The final set of questions explored the 

resources available to the teachers in their implementation 
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of geometry curriculum and their understanding of geometry 

content. 

Contextual Issues Related to Geometry Curriculum and 

Curriculum Content 

Three questions were analyzed in order to determine 

the teachers' knowledge about the place of geometry in the 

mathematics curriculum. First? the teachers were asked to 

define geometry. Then the teachers were asked to explain 

the role of geometry in the primary mathematics curriculum. 

Finally, they were asked what were the important geometric 

concepts for primary grade children. 

When the teachers were asked, "What is geometry?", 

they defined geometry along four parameters, that it was 

about shapes, about location and relationship, about 

vocabulary and part of mathematics. The eight teachers 

mentioned 18 aspects of geometry, which are summarized in 

Table 15. In the category of about shapes, Teachers IK, 2K, 

3K, 2F, 3F, and 2S discussed two-dimensional geometry in 

their definition and Teachers IK, 2K, 3K, IF, 3F, and IS 

also included three-dimensional geometry. 
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Table 15 

Early Childhood Teachers'' Definitions of Geometry 

Definition Examples Teachers 

About shapes Study of shapes 
Study of working with shapes 
Differences and similarities 
Study of shapes and their 

properties 

IK, 3K, 2F, 3F, 2S 

About location 
and relationship 

Position 
Shapes in the environment 
Study of shapes' relationship 

to their surroundings 

IK, 2K, 3K, 3F, IS 

About vocabulary Position terminology 
Labels for shapes 

IK, 2K 

Part of 
mathematics 

Part of mathematics system 
Strand of mathematics 

IK, 2K, 3K, 3F 

The teachers were asked, "What is the role of geometry 

in the mathematics curriculum for children in kindergarten 

through second grade?" This question was asked considering 

that the role might be defined by how it is included in the 

mathematics curriculum or whether it is included. Although 

in the last 50 years the role of geometry in the primary 

curriculum has expanded as reflected by the NCTM 1989 and 

2000 standards documents, no assumptions can be made 

regarding individual classroom or district practices. 

Responses are summarized in Table 16. 
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Table 16 

Early Childhood Teachers'' Knowledge of the Role of Geometry 

in the Primary Mathematics Curriculum 

Role Examples Teachers 

Terminology Using geometry terminology IK, 2K, IF, 2F, IS, 28 
Includes labels, words 
Vocabulary 

Learn two- Sort IF, 3F, IS, 2S 
dimensional Recognize 
shapes Characterize 

Compare 

Use Involves experience with IK, 2K, IF, 2F 
manipulatives manipulatives 

Includes tactile experiences 
Creating, building 

The eight teachers had 20 total responses to this 

question, some of which were duplicates. Their responses 

about the role of geometry in the primary curriculum 

described facets of the curriculum in three categories, 

terminologyf 1 earn two-dimensional shapes, and use 

manipulatives. 

Teachers 3K and 2S interpreted this question somewhat 

differently and also addressed the question from a broad 

perspective. Teacher IK said, "Geometry is a strand of 

math. ..." Teacher 2S said that geometry only had a 

small role in primary mathematics and that there was very 

little three-dimensional geometry. 
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The third question that was asked in order to explore 

the context of geometry curriculum and curriculum content 

was J, "What geometric concepts are important for children in 

kindergarten through grade two to know?" Although some 

redundancy began to surface in their responses, the 

teachers persevered? responding as a group with 23 

geometric concepts that were important for primary children 

to know which are summarized in Table 17» The concepts 

named by the teachers were grouped into three categories, 

two-dimensional, three-dimensional, and spatial 

visualization and reasoning. 

Table 17 

Early Childhood Teachers' Knowledge of Important Geometric 

Concepts for Primary Level Children 

Category Examples Teachers 

Two-dimensional Labels, names IK, 3K, IF, 2F, 
concepts Basic shapes, polygons 3F, IS 

Definitions, attributes. 
structure 

Recognize shape in 
environment 

Spatial visualization Understand relationships IK, 2K, 3K, 3F, 
and reasoning Understanding stability of 2S 
concepts attributes 

Fitting shapes together. 
embedding shapes 

Three-dimensional Know about 3-D figures 2K, IF, 3F 
concepts Know cylinder, sphere 

Construction in 3-D 
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The teachers were more responsive when talking about 

two-dimensional concepts than about three-dimensional or 

spatial conceptsj, even though most included three-

dimensional geometry in their definition. They were also 

better versed in knowledge constituting two-dimensional 

concepts than in that of three-dimensional or spatial 

concepts, except for Teacher IK who had knowledge of three-

dimensional and spatial concepts. When discussing the role 

of geometry in the mathematics curriculum for young 

children, she said that geometry "... should involve real 

world experiences or experiences using manipulative 

materials like building blocks. So that means looking at 

the shapes of the blocks and see the shapes that are 

embedded in the designs that they made." Later she added^ 

". . . if they're building and we need to fill a particular 

space—maybe we need a, a block with triangular faces—and 

we go and they try different sizes of triangular blocks. 

So, in their mind they're kind of categorizing what's going 

to fit there and what's going to look good there. 

Teacher IK was referring to unit blocks , originated by Caroline Pratt 
and usually made of elm or maple. Blocks are mathematically related 
and based on the rectangular unit which is 1 3/8 X 2 3/4 X 5 1/2. 
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Teachers^ Understanding of Aspects of Geometry Curriculum 

The analysis for this part of the investigation was 

determined by the teachers'" responses to six questions that 

elicited their knowledge of curriculmn at multiple levels 

and from different perspectives. The first question in this 

analysis was^^ "What is the geometry curriculum for your 

grade?" 

Seven teachers responded to this question. Teacher 2F 

said that she was not aware of the geometry curriculum for 

her grade, although in a later part of the interview she 

said that her definition of curriculum was the district 

document. There were 33 total responses^ which were divided 

into two categories depending on whether the teacher said 

the geometry for her grade included only two-dimensional 

geometry or also included three-dimensional geometry. All 

of the teachers named activities related to two-dimensional 

geometry as being part of the geometry curriculum for their 

grade. 

According to their responses, the three-dimensional 

curriculum may be weak. Only Teachers IK^ IF^ IS^ and 2S 

gave responses indicating that three-dimensional geometry 

was part of the curriculum for their grade. The second 
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grade teachers said that three-dimensional geometry was 

included but did not elaborate on the contents. Teachers IK 

and IF referred to building three-dimensional structures. 

The teachers' two-dimensional geometry curricula are 

summarized in Table 18. 

Table 18 

Early Childhood Teachers' Two-Dimensional Geometry 

Curricula by Grade 

Grade Level Two-Dimensional Curriculum Teachers 

Kindergarten Recognize, identify, and sort shapes IK, 3K 
Make models, new shapes K, 3K 
Solve problems IK 
Draw- 2K 
Compare shapes and see differences 

among them K, 2K 
Use manipulatives IK, 2K 
Identify shapes in the environment 3K 

First grade Recognize and sort shapes IF, 3F 
Name shapes IF 
Determine number of sides IF 
Create shapes, use shapes to create IF, 3F 
See shapes in the environment 3F 

Second grade Sort and classify shapes by properties IS 
Differentiate polygons and non-polygons IS 
Use more technical vocabulary IS 
Learn symmetry, congruency, and 
Transformations 2S 

According to the activities reported by the teachers,, 

there is more similarity between the kindergarten and first 

grade curricula than there is between the first grade and 

second grade curricula. The two-dimensional curriculum 
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reported by the second grade teachers reflects a major 

increase in sophistication from the first grade curriculum 

when compared to the shift from kindergarten to first 

grade. For example^ kindergarten teachers said that 

recognizing^ sorting^ and drawing shapes is part of the 

curriculum for two-dimensional shapes; and first grade 

teachers said a similar thing^ recognize and sort. Second 

grade teachers? however? said their curriculum contained 

symmetry, congruence, and increasing distinctions among 

polygons. 

The next part of the analysis reviewed the teachers' 

definition of curriculum as it related to geometry subject 

matter. Six of the eight teachers replied that their 

definition of curriculum was the district curriculum. Two 

teachers had traditional definitions of curriculum. Teacher 

2K said the geometry curriculum was the course, and Teacher 

2S said that her definition was the topics. 

When the teachers were also asked how they had 

determined what the.geometry curriculum for their grade 

would be, they showed heavy reliance on the district 

curriculum with additional resources available to some 

teachers. All of the teachers said that they used the 

district curriculum to determine the geometry curriculum 
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for their grade^ except Teacher 2F who said? "I really 

haven^t thought of that much. My energies have gone into 

other areas of math." 

Additional resources mentioned by the teachers 

included the district's textbook adoption for mathematics^ 

Title One workshops? and TERC (Russellf 1995). The 

district's current elementary mathematics textbook 

adoption is published by Addison Wesley Longman, Inc. 

(Charles, 1999). 

Teachers IK, IF, and IS stated some opinions about the 

district curriculum. Teacher IK said that the district 

curriculum ". . . isn't really very extensive. There are 

really only two, two performance objectives that come from 

the state standards document and then our district has 

added some other ones." Teacher IF noted the constraints 

that an individual child's development can have on 

following the district's curriculum when she said, . . . 

the kids come in with their knowledge and that pretty much 

guides how far, or where you start, and how far and how 

fast the curriculum can be understood." Teacher IS talked 

about how she previously would follow the threads of the 

students' thinking, . . and you know if something 

sounded interesting, I would pursue it. But anymore. 
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that's, thafs irery difficult to do." Table 19 displays a 

summary^ which compares the teachers" definition of 

curriculum with the sources they said they used to 

determine the curriculum for their grade. 

Table 19 

Early Childhood Teachers'' Definition of Curriculum Compared 

to Their Selected Curriculum Sources 

Teacher Definition of Curriculum Used to Determine Curriculum for Grade 

IK District document District document. TERC, workshops 

2K The course District document 

3K District document District document. math, adoption 

IF District doctunent District document 

2F District document No response 

3F What she's responsible 
for in terms of meeting 
standards 

District document, 
standards 

especially state 

IS District document District document 

2S Topics District document, 
adoption 

TERC, math. 

Teachers IK and 3K define the district document as the 

curriculum but use other resources for their grade level 

geometry curriculum^ Teachers 2K and 2S did not define 

curriculum according to the district document but rely on 

it to know the geometry curriculum for their grade. 
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Teacher 2S uses multiple resources for determining her 

geometry curriculum^ 

In order to elicit the teachers^ understanding of the 

scope of the geometry curriculum in early childhood,, they 

were asked if they knew what was the geometry curriculum 

for the grades before and after theirs. The teachers'' 

responses to knowing the geometry curriculum for the grade 

before or after theirs are summarized in Table 20, In some 

instances the teachers either did not respond to the 

question or did not know. 

According to Ma's research (1999) teachers with 

profound understanding of mathematics know not only the 

mathematics curriculum of their own grade but also the 

mathematics curriculum of the grades before and after 

theirs. In this investigation;- the teachers' knowledge was 

general. Two of eight teachers had some knowledge of the 

geometry curriculum for the grade before theirs, and five 

had knowledge of the geometry curriculum for the grades 

after theirs. 

The teachers were also asked, "What is included in 

your geometry curriculum.?" The reported practices of all 

eight teachers are equivalent to what they had reported 



185 

Table 20 

Early Childhood Teachers'' Knowledge of Curriculum Before 

and After Their Grade 

Teacher Grade Before Grade After 

IK 

2K 

3K 

IF 

2F 

3F 

IS 

2S 

DNK DNK 

Play, singing, manipulatives NR 

NR 

NR 

Shape names, using 
manipulatives 

NR 

DNK 

DNK 

Identify 3-D shapes 
Identify closed, open 

shapes 

3-D shapes 
Relationships between 

2-D and 3-D shapes 

DNK 

New shapes-hexagon, 
octagon 

Workbook applications 
Draw 2-D shapes, use in 

complicated ways 

Increase technical 
vocabulary 

Apply measurement 
Increase use of number 

Extend and expand 

Note. NR=NQ Response. DNK=Did Not Know. 

when discussing the district geometry curriculum for their 

grade, although some teachers elaborated on autonomous 

curriculum choices they have made. Teachers IK and 2S 

reported supplementing the district curriculum with TERC 

(Russellr 1995). They had reported earlier that they 
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determined their grade level geometry curriculum by 

information in the TERC (Russell^ 1995) curriculum. 

Teachers IK and IS included other supplemental activities 

in their geometry curricula as well, along with Teacher 3K. 

Teacher IK extends activities developed in children's 

literature with a mathematical element; Teacher 3K teaches 

some additional three-dimensional shapes; and Teacher IS 

attempts to encourage students' tangential thinking. These 

are students who might have an investigation of their own 

to pursue and that she describes as being . used to 

really thinking outside of the box." 

The question constituting the final portion of this 

analysis regarding multiple aspects of curriculum was, 

"What is the role of shape names in the geometry 

curriculum?" From the teachers' previous responses, it is 

obvious that naming, labeling, using correct terminology, 

and identifying are very important parts of the geometry 

curriculum. However, the teachers' responses have also 

indicated that there are curricular activities which 

provide opportunities for two-dimensional and some three-

dimensional problem solving, such as building, drawing, 

making designs from shapes, and looking for shapes in the 

environment. 
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Chapters 1 and 2 included discussions which point out 

that before the standards movement^ the naming of shapes 

was often considered to be the equivalent of a geometry 

curriculum^ In answering the interview question above. 

Teacher 2S indicated that this situation persists. She 

said^ kindergarten there's a big role and often ifs 

the only geometry taught. In first and second, shape names 

are important. Sometimes it's the only thing included and 

the only thing students know." 

Teachers 2K and 3K mentioned the kindergarten 

assessment which is required by the school district. The 

geometry portion of that assessment determines whether or 

not a child knows the name of six common shapes. The 

potential message in the assessment practice is that 

knowing shape names is the single most important aspect of 

geometry curriculum. 

The other seven teachers responded to this question in 

the following ways. Teacher IK said that the role was to 

know names of basic shapes. Teacher 2K does not see it as a 

mathematics function but as part of oral language 

development. She said that knowing shape names was ". . . 

just like knowing the color words, number words, and so 

on." Teachers IF and 2F also said that knowing shape names 
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was vocabulary development. Other teachers (3K^ IF, 3Fy and 

IS) see it as a conimunication skill, useful in other 

situations (IF) and part of a conimon language needed during 

lessons and among students when they talk about geometry 

(3F, IS) . 

From the teachers'' responses it is clear that knowing 

terminology is recognized as important for several reasons 

and^ along with two-dimensional geometry, is an important 

part of the geometry curriculum. It should be noted that 

the district mathematics curriculum for kindergarten 

includes just one performance objective that involves 

terminology, which is to identify terms of position. The 

first grade curriculum, however, contains three objectives 

related to terminology, including terms of position, names 

of four two-dimensional shapes, and using vertex and side 

when describing two-dimensional shapes. The second grade 

has no new terminology requirements. 

Resources Available to the Teachers for Implementation of 

Geometry Curriculum 

In the final portion of the interview to learn about 

teachers' knowledge of geometry curriculum and curriculum 

content for young children, teachers were asked three 
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questions to ascertain what they knew about the material 

resources available to them. In previous portions of the 

interview teachers have referred to the district 

curriculum^ TERC (Russell? 1995) units, the district 

mathematics adoption^, and workshops they have attended. 

The first question was? "What program are you using 

for geometry?" Teachers 2K and 3F said that they were not 

using a program. Teachers 3K and 2F said that the district 

mathematics adoption was their program, although Teacher 2F 

could not remember the name of the publisher. Teachers IK, 

IF, and 2S said they were using TERC {Russell, 1995) units. 

Although Teachers IK and IF use TERC {Russell, 1995) 

units, they expressed some reservations about whether or 

not they were using a program. Teacher IK said, when asked, 

". . . so even though I would say that I'm not using a 

specific program, you know; there's a whole unit of 

geometry in TERC." Teacher IF said initially that she 

didn't know if she was using a program. She said, "Um, I 

use some of the TERC. ... I don't remember if what I do 

comes from Marilyn Burns or Math Their Way or I don't 

remember what, what books in the years that these came out 

of, or experience." Teacher 2S also thinks that using 

Marilyn Burns activities may qualify as using a program. 



190 

Teacher IS responded in a way that seems to suxnmarize 

the position of all foor of these teachers. She saidj, 

The text materials, you notice I haven''t said anything 
about it. I use the text materials only as practice 
and I''m very picky about which pages I use in the text 
material. As far as program goes^ I would have to say 
if there was a name for the program^ I think it would 
be? maybe. Math Solutions or the Title One/Exxon Math 
that we've been having. Because most of, most of my 
direction for teaching math, has come from my 
experience with those groups. . . . So, if, if there 
was a program, I think that's what I would 
characterize it as. 

This portion of the interview closed with questions 

about the books and materials used by the teachers in their 

geometry curriculum. First they were asked, "What books and 

materials does the district provide for the geometry 

curriculum in your grade?" Based on their responses it 

appears that the district provides what is needed for 

curriculum implementation. 

The teachers are provided with the district's adopted 

materials for mathematics, including manuals, workbooks, 

and manipulatives. Teacher 3K said that the adoption 

includes videos for children. Teacher 3F said that at her 

school she was only provided with the teachers' manual from 

the adoption. Teachers are also provided with a 

supplemental text adoption which is the TERC units 
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(Russell? 1995) called Investigations in Number^ Dataj, and 

Space. 

Professional books and manipulatives not related to 

the adoption were two other items mentioned by the teachers 

which are provided by the district. Additional 

manipulatives were pattern blocks,, relation shapes^ 

attribute shapes^ snap together cubes^ solid cubes, and 

unit blocks. 

The district's Title One Mathematics and Science 

Department maintains a resource room from which teachers in 

Title One schools may check out professional materials, 

reference materials, and a variety of manipulatives. The 

Title One Department also offers workshops and provides 

teachers with books and materials that are introduced in 

the workshops. 

The teachers were asked if they used the materials 

provided and they indicated using all or some portions of 

the primary and supplemental adoptions, except for Teacher 

IF who does not use the adopted text at all. Teacher 2F has 

to share one of the manipulatives, and she didn't get to 

use them the previous school year. The teachers were also 

asked how they used the books and materials provided by the 

district, and their answers are summarized in Table 21. 
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Manipulatives are by far the most popularly used items that 

are provided by the district. 

The final question waSf, "If not from those provided by 

the district^ what books and materials do you choose your 

activities from?" Teachers IK,, 3K, IF,, and 2S only use the 

district materials and do not use or obtain outside 

resources. Teacher IF discussed the variety of 

manipulatives that her school had accumulated over the 

years through spending from the teachers' school budget 

allocations, including geoboards, pegboards, and Cuisenaire 

rods. Teachers 3F and IS have purchased materials with 

Table 21 

Early Childhood Teachers' Use of District-Provided Books 

and Materials 

Book or Material Use Teachers 

Manipulatives Direct instruction 2K, 3K, 2F, 3F, IS , 2S 
Student exploration 2K, 3K, 2F, 3F, IS 
Follow up to TERC IK 
District assessment 3K 

TERC Lessons IK, IF, IS 
Lesson guide 2S 

Text Adoption Direct instruction 2F 
Lesson guide 23 

Professional Personal resource IS 
books 
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their own money» They mehtioned items such as blackline 

masters^ games^ craft materials^, and bulletin board 

objects. Teacher 2F uses ideas and materials that she 

developed with teachers from a previous school. 

Research Question Four: Early Childhood Teacher 

Knowledge of Geometric Concepts 

In order to understand the teachers" knowledge of 

certain geometric concepts, they were asked to respond to 

one question and complete five activities during the last 

part of the second interview. The activities related to 

two-dimensional and three-dimensional geometry and to the 

connections between them. The activities were designed to 

sample the teachers' knowledge of the geometry that is part 

of the primary grades curriculum. 

First the teachers were asked, "What is the difference 

between three-dimensional and two-dimensional geometry?" 

Seven of the teachers responded to the question; Teacher 2S 

responded but never addressed the question. In describing 

the differences, the teachers compared and contrasted 

characteristics of each kind of geometry. 

Characteristics of two-dimensional geometry that were 

given included being flat (3K, IF, 3F, IS) , being drawn or 
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painted (2K, 2Ff IS)^ and naming the dimensions (IK^ 2F). 

Characteristics of three-dimensional geometry mentioned 

included naming a third dimension {IK^r 3Kf 2Fr IS) , the 

objecfs ability to be manipulated {2Ky 3F) ̂ and that the 

shape stands up as opposed to lying flat (IF). 

The dimensions named for two-dimensional shapes were 

length and width or height and width. The additional 

dimension described for three-dimensional figures was 

depth. Teacher IF responded that the difference between 

three-dimensional and two-dimensional geometry was that in 

three-dimensional geometry something stands up and in two-

dimensional geometry there is a flat surface and an edge 

and the object is lying down. 

The five tasks were related to two-dimensional and 

three-dimensional geometry and involved manipulation of 

objects by the teachers. The first task was to describe, 

name, and draw a related two-dimensional shape for four 

different solid figures that were hidden in a bag. The 

teachers could feel the shapes but not see them. The second 

and third tasks were to draw nets of a cube and a cylinder. 

The fourth task was to recognize and describe polygons. The 

fifth and final task was to name, classify, and identify 

attributes of five quadrilaterals. 
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Cylinder Task 

The information for the following discussion is 

summarized in Table 22. The teachers were asked to reach 

into a bag and describe what they felt; then they were 

asked to name the figure if they had not already done so. 

Six teachers responded with the words cylinderf 

cylindrical^ or like a cylinder in their descriptions (IK^ 

2K, IF, 2F, 3Fj 2S). Teacher 3K did not describe the figure 

because she pulled it out of the bag irranediately. 

Stating only the name was the way Teacher 2F described 

the cylinder. Other teachers, however, referred to features 

of the figure in their description, such as the two 

circular ends (IK, IF, 3F, IS), the number of faces (2K, 

23), and its being round, long, short, or smooth (IK, 2K). 

Two teachers used analogies to describe the object in the 

bag. One teacher (2K) thought it felt "like a little can", 

and Teacher IS thought it felt "like a toilet paper roll" 

The teachers who had not used the name when describing the 

figure (3K and IS) were asked to identify it, and both did. 

The teachers were then asked to draw a two-dimensional 

shape that came from the figure in the bag. As illustrated 

in Table 22, three teachers drew pictures of the cylinder 

in a way that would represent the three-dimensional 
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Table 22 

Results of the Cylinder Task 

Description Name Drawing Source 

IK Like a cylinder 
Long 
Round 
Two circular 
surfaces 

Smooth 

Cylinder Rip off top and 
bottom 

Feel the circle 

2K Like a little can Cylinder 
Short 
Cylindrical 

Remembered it 
was round on 
top and bottom 

Sides were straight 

3K (Teacher took 
the figure out 
of the bag) 

Cylinder Trace a face 

IF Cylinder 
Two round faces 
Two inches in 

diameter 
Two-and-one-half 

inches tall 

Cylinder Take off the top 
or trace 

Put it down and 
trace it 
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Table 22 (continued). 

Description Name Drawing Source 

2F Cylinder 
Round end 

Cylinder Squish it 

3F Cylinder Cylinder 
Two flat circular 

sides 

Show part of it 
Look at half 

IS Circles on two 
ends 

Like a toilet 
paper roll 

Cylinder Cut it out 

2S Cylinder 
Three faces 
Two circles • 
One rectangle 

Cylinder Two of the faces 

Note. T=Teacker. 

perspective (2K, 2W^ 3F) . Four teachers drew circles (IK,? 

3K, IFj 2S}; and one teacher (IS) drew a picture of the 

cylinder as if it had been cut open and laid flat. 

Teachers were interviewed regarding the relationship 

of their two-dimensional drawing to the figure in the bag. 
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The question was ^''How does this shape come from the figure 

in the bag?" If this question was unclear^ then they were 

askedr "How is this shape derived from the figure in the 

bag?" or "What do you have to do to the figure in, the bag 

in order to get this shape?" Their explanations are also 

sumittarized in Table 22. 

Teachers IK, 2K^ 3K, IF; and 2S said they drew the top 

and/or the bottom of the cylinder. Teacher 2K said she 

remembered that the sides were straight when making her 

perspective drawing. Teacher 3F, who also made a 

perspective drawing, said she did it by "looking at it 

flat". Teacher 2F searched for a term to describe the 

action on the figure and came up with the term squish it. 

Teacher IS described the construction of her shape. She 

said, "If you cut it out, it wraps around and becomes, 

becomes the sides. There's a circle on the top of here and 

a circle on the top of here. So if you cut it out, it would 

wrap around those circles," and she demonstrated with her 

hands. 

Throughout this activity the teachers had difficulty 

verbalizing the connection between the two-dimensional 

shape and the three-dimensional figure. Describing the 

relationship was taxing for them; and sometimes their 
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answers became complicated and difficult to follow as they 

described their actions by drawing in the air^ using their 

hands to form shapes, or tracing with their fingers. 

Square Pyramid Task 

The teachers' descriptions and names of the figure are 

summarized in Table 23. When feeling the square pyramid 

inside the bag, five teachers realized that the figure had 

one square face (IK, 2K, 3K, IS, 2S). The teachers also 

used other attributes to describe the figure, such as the 

number of faces or sides (2K, 3K, IF, 2S), the number of 

corners {3K), the shape of triangular faces (IK, 2K, 3K, 

IS, 2S) , and points (IK, 3K, 2F, IS) . Teacher 3F used the 

word triangle to describe the figure, and Teacher IF said 

it was a pyramid. Teacher 2F used an analogy, "like the 

Eiffel Tower". Even though Teacher 3K said that there was a 

square bottom and four triangular sides, she also said that 

the figure had a total of eight sides. Overall, the 

teachers used more descriptors with this figure than with 

the cylinder. 

Three teachers (2K, 3K, IF) called the figure in the 

bag a pyramid, and Teachers 3K and IF called it a 

triangular pyramid even though Teacher 3K had observed that 
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Table • 23' 

Results of the Square Pyramid Task 

Description Drawing Source 

IK Triangular prism Pyramid 
Points 
Square base 
Triangular faces 

Take it apart 
One of the 
faces 

2K Square base 
Pyramid 
Four triangular 
sides 

Five faces 

Pyramid Touch the sides 
Know the face 

was a triangle 

3K Square bottom Triangular Trace a flat 
Four triangular Pyramid surface 
sides 

Triangular 
pyramid 

Eight sides 
Five corners 

IF Three sided Pyramid 
pyramid 

No response 
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Description Name Drawing Source 

2F Like the Eiffel 
Tower 

Two legs 
Point 

Eiffel 
Towerish 

Represents one 
side 

Squashed 

3F Triangle Pyramid Trace one side 

IS Lots of points 
Square bottom 
Triangular sides 

Pyramid Trace one side 

2S Five faces 
Four triangles 
One square 

Pyramid Look straight at 
a face 

Note. T=Teacher. 

it had square bottom." When later asked for the name of 

the figure. Teachers IK, 3F, IS, and 2S said that it was a 
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pyramid. Teacher 2F called it "Eiffel Towerish." No one who 

realized that the object had a square face called it a 

square pyramid. Teacher IK said that it was a pyramid and 

added later that it had a square base. In her description 

of the figure she called it a triangular prism but changed 

the name to pyramid when asked later. 

Information about the teachers^ drawings for this 

figure is represented in Table 23. When drawing a two-

dimensional shape that could come from the figure which 

they had felt, five teachers drew triangles (IK, 2K, IF, 

IS, 2S). Teacher 3K drew a square; and Teacher IF included 

a square with the triangle that she had also drawn to 

indicate the shape from the bottom of the figure. Teacher 

2F drew a triangular shape with concave sides, and Teacher 

3F made a perspective drawing of a pyramid. This teacher 

persisted in this approach to drawing the two-dimensional 

representation of the three-dimensional figure. She was not 

redirected by the investigator, however, which was 

consistent with the investigator's purpose of obtaining the 

most spontaneous representation of the teachers' thinking 

about any question being asked or direction being used. See 

page 15 regarding the limitations of the study. 
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When the teachers were asked how their two-dimensional 

drawing related to the three-diisensional figure^, five 

teachers referred to a face or a side (IK^ 2K, 2F^ IS, 2S). 

The responses included '"knowing the face was a triangle" 

(2K) ̂ representing one side {21'), tracing one side (IS) ̂ 

and ^'looking straight at a face" (2S) . Teacher IK described 

the action she would take; she said, ^^It would be taking it 

aparty and it would be one of the sides/ the faces." 

Teachers 3F and 3K referred to an attribute of flatness. 

Teacher 3F said she got her drawing by "looking at it 

flat," and Teacher 3K said that she traced the figure on a 

flat surface. Teacher IF gave no response. 

Equilateral Triangular Prism Task 

The teachers' descriptions and names for this figure 

are in Table 24. When describing the triangular prism, four 

teachers called it a pyramid (IK, IF, 3F, 2S). Other 

descriptors used by the teachers included triangular sides 

or faces (IK, 2K, 3K, IF, 2F, IS, and 25), rectangles or 

rectangular sides (3K, IS), number of sides or faces (2K, 

3K, IF, IS, 25), and number of corners (3K). 
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Table 24 

Results of the Triangular Prism Task 

T Description Name Drawing Source 

IK Miniature I don"t know yA. Lay it down and 
pyramid I^ia not sure / \ trace it 

Triangles both Pyramid-like ^^ 
sides 

Point 

2K Triangles on four I don't know / \ Touching all the 
sides Z A sides 

Ml the same kind 
of triangle 

3K Six corners Triangular a Look at it from 
Nine sides Prism / \ the side 
Triangular 
Two triangles on 
the sides 

Three rectangles 

IF Pyramid, Pyramid A. Trace bottom or 
Triangular / \ side 
bottom L A 

Three triangular 
sides 
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Table 24 (continued). 

Description Name Drawing Source 

2F Long I forgot / \ \ Squish it 
Triangular / \ \ Represent the 
ends shape 

3F Pyramid Pyramid / \ Feel 
Notice the sides 

IS Rectangles on 
three sides 

Triangles on two 
sides 

Triangular 
Prism 

Trace an end 

2S Pyramid Pyramid One of the faces 
Four faces 
Three are 

triangular 

Note. T=Teacher. 

Four teachers named the figure in the bag as a pyramid 

during their descriptions. Teacher 3F used the name, 

pyramid, as the only descriptor. The remaining four 

teachers who had not already named the figure were asked to 
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do so as a follow up to their descriptions. Teacher 2K also 

thought it was a pyramid. Two teachers said the figure was 

a triangular prism (3K and IS) , and Teacher 2F did not know 

a name for the figure. 

When asked to draw a two-dimensional shape that could 

come from the figure in the bag, six teachers drew 

trianglefe. Teacher 2F drew a perspective of a pyramid as 

she had for the previous figure. Teacher 2F who didn't know 

the name of the shape drew a perspective of a prism resting 

on a rectangular face. 

When asked how their two-dimensional shape could be 

obtained from the figure in the bag, three teachers {IK, 

IF, and IS) said it could be traced. Four teachers 

referenced a face or side, that is, touching all the sides 

(2K), looking at it from the side (3K), feel and notice the 

sides (3F), one of the faces (23). Teacher 2F said her 

drawing represented the shape. This information is also 

summarized in Table 24. 

At this point in the interview, the majority of the 

teachers were demonstrating signs of stress and uncertainty 

about their responses. The teachers often talked to 

themselves as they were feeling the figures in the bags. 

Teacher IK and 2K both said repeatedly, regarding the 
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prism, that they didn''t really know what it was. Teacher IS 

wanted to Jcnovf if she was right about there being a prism 

in the bag» She said<, think it's a prism. Jtai I righti""' 

She laughed when the investigator affirmed her response, 

and she continued^ "A triangular prism, not a rectangular 

prism." Teacher 2S reflected on her difficulties by saying^ 

"But you know what? I never did do it so I didn^t know it 

was that hard to tell what's in there^" meaning the bag. 

She was referring to teaching kindergarten when she had 

asked her students to participate in a similar activity. 

Sphere Task 

The teachers visibly relaxed when feeling inside the 

bag containing the sphere. In describing the shape. 

Teachers 3F and 2S named the shape instead of describing 

it. Teacher 2S called it a sphere and Teacher 3F called it 

a cylinder. Teachers IK and 3K also used the name of the 

figure, in addition to using other descriptors. Additional 

descriptions of the figure used by the teachers included a 

ball or ball shape (IK, 2K, IF, 2F), round (2K, 3K, IS), 

and smooth (IK, 3K). Teachers 3K and IS said the object had 

no corners and no edges, and IS said it was all curved. 
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Teacher 3K said there were no sides. This information is 

summarized in Table 25. 

All of the teachers ^ho had not used the name in their 

description said, when asked^ that it was a sphere (2K^ IF, 

2Y, IS). All of the teachers drew circles when asked to 

draw a two-dimensional shape that would come from a sphere. 

When asked to draw the two-dimensional shape that 

would come from a sphere, four teachers (IK, 3K, 3F, 2S) 

said at first that it couldn't be done or that they didn't 

know how to do it. Teachers 3K and 3F said at first that 

they couldn't do it. Teacher IK said that she didn't think 

there was a two-dimensional shape that came from a sphere's 

exterior. Teacher 2S said there was no two-dimensional 

counterpart to the figure. 

Teacher 3K said, "I can't. I can draw a sphere. I 

don't know. I don't think I can." A little later she said, 

"I really don't. I never have tried. I wonder if you could 

make a little circle off the bottom of that? I don't know. 

I don't think so." Teacher 3F drew a circle and then said 

to herself, "Oh, oh, two-dimensional. I can't do two-

dimensional , just can do that drawing." 
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Table 25 

Results of the Sphere Task 

Description Name Drawing Source 

IK Round 
Sphere shape 
Smooth 

Sphere Circle within 

2K Round,,-
Ball shape 

Sphere Remenibering no 
faces 

One roundness 
Ball 

3K Smooth 
No edges 
Sphere 
Round 
No sides 
No corners 

Sphere Trace the 
exterior 
at the bottom 

IF Ball Sphere Cut it in half 
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Table 25 (continued) . 

Description Name Drawing Source 

2F Round shape Sphere 
Like a ball 

Squish it 

3F Cylinder Cylinder I know if s a 
circle 

IS No corners 
All curved 
No Straight edges 

Sphere Put it down and 
try to hold it 
in place to 
trace 

Cut in half and 
put it down and 
trace around it 

2S Sphere Sphere Cut it in half. 
Look at the face 

Note. T=Teacher. 

Teacher IK drew a circle during the following 

response^ "I think, you know, there's there^s a circle 

within," drawing a circle; ""but if you, you know as far as-
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the outside of? the exterior of the figure^ I don't know 

how to get a two-dimensional shape out of that." Teacher 2S 

saidf, "Now see? That^ S a tricky one." Referring to her 

drawing she said, "This is only if I were to cut it in 

half. Could I have this there? I don''t believe there is a 

two-dimensional . . , , well maybe. Maybe there is but I 

don't know. It could be a tiny little circle." 

Eventually each teacher was asked how the two-

dimensional shape came from the sphere. Four teachers 

referred to the interior of the sphere. Teacher; IK said 

there was a circle within; Teachers IF, IS, and 2S said 

that the sphere could be cut in half. Teacher IS said she 

would trace the face that resulted from the cut, and 

Teacher 23 said she would look at the face that resulted 

from the cut. 

Three teachers referred to the exterior of the sphere 

(2K, 3K, 2F) when asked how the circle that they drew came 

from the figure of the sphere. Teacher 3K said that she 

would attempt to trace the exterior bottom; Teacher 2F 

would squish it; and Teacher 2K would remeniber that there 

were no faces. She said, "Just remembering that there was 

no faces, it was just all one line or one roundness . . .", 

and she demonstrated with her hands to form a sphere shape. 
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Teacher 3F^ who called the sphere a cylinder said, "Because 

I know ifs a circle." She laughed and emphasized the word 

know. "I know it's a circle and so I can only say, because 

it^s a cylinder, I can only draw a circle because thafs 

the geometric shape that^s three-dimensional and this is 

. . . that (pointing to her drawing) 

Summary of Solid Figures Tasks 

The teachers' reactions across the four shapes 

demonstrated that they chose more often than not to 

describe the figures with a name. The more difficult a 

figure was for them to comprehend, the more likely they 

were to describe it using attributes, adj ectives, or 

analogies. The actual task of drawing received a lot of 

attention from the teachers. Drawing the two-dimensional 

representations of the three-dimensional figures brought 

out questioning behaviors, trial-and-error methods, and 

problem solving which involved talking to themselves and 

figuring it out with their hands before putting the drawing 

on paper. Verbalizing the relationship between the three-

dimensional figure and the two-dimensional drawing was 

difficult, and in most instances the teachers reverted to 

describing how they would trace an aspect of the three-
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dimensional figure in order to draw a two-dimensional 

shape. 

Drawing Nets of a Cube and of a Cylinder 

The second and third tasks in which the teachers 

participated required them to draw a cube and a cylinder 

that had been opened out flat. The resulting drawing is 

called a net and will be referred to as such in the 

discussion. After teachers had completed their drawing, 

they were asked to extend their thinking by drawing another 

net which was different. In some instances teachers made 

two drawings. 

Results for the Cube 

Reduced versions of the teachers' original drawings 

are shown in Table 26. Initially half of the teachers were 

able to draw a net of a cube (2K, IF, 2F, 3F). A net of a 

cube contains six attached squares which, when folded, will 

make a cube without any overlap of a side. Teachers 3K and 

IS made drawings with seven squares. Teacher 2S drew one 

square. Teacher IK had six squares in her net, but they 

were not arranged in a way that would fold into a box. 



Table 2( 

Teachers'' Drawings for lat Has Been Opened Out Flat 

Teacher First Drawing Second Drawing or Response 

IK 'Don^t ask me to do it but I 
know that there's a way 
to do that." 

2K 

1 

3K 

i j  

IF ! 0 •5 

l i  
1 -3 

j  
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Second Drawing or Response 

h: 
•n 

Table 26 (continued/„' 

Teacher First Drawing 

2F 
1 

4-1-4-1- - - •  - f 
'1 

-I'" 
J: 
-I'" 
J: 

... 
- —I 

3F 

j—j- • j—f 
i : 

, i:n 
14 •! ;•  

- h~ 

--f-

4-U 

^3 

j; 

'I mean I could flip the 
thing over and it would 
still be the same shape. 

IS 

en  

2S ^'Definitely you can^t»" 



216 

When asked if there were alternate ways to do the same 

thing, seven of the teachers believed there would be. 

Teacher 2S thought there were no alternatives. The others 

were asked for a demonstration of an alternative^ and 

Teacher IK didn^t want to try. Teacher IS used seven 

squares again and changed the orientation of her first 

drawing. Teacher IF drew a net that could not fold into a 

cube. Teacher 3F did not attempt a second drawing but she 

said that, even if she flipped her first drawing, it would 

be the same. Teacher IF thought there were probably four 

ways to draw a net of a cube. In her second drawing she 

numbered the locations for a column of three squares. She 

drew the squares in the location numbered three but thought 

that they could be moved to locations numbered one, two, or 

four. 

Three teachers (2K, 3K, 2F) drew a net of a cube on 

the second attempt. Teacher 3K, who used seven squares in 

her first attempt, drew a net that could be folded into a 

cube. Teacher 2K repeated her previous drawing on a smaller 

scale. She began to add a square to one end and then 

changed her mind after stopping to count the squares. 

Teacher 2F rotated her first drawing by 90°. 
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Results for the Cylinder, 

Reduced versions of the teachers'' original drawings 

are shown in Table 27, In drawing a net of a cylinder, 

seven of the teachers drew some version of a rectangle with 

circles attached. Teacher 3F drew a circle. Half the 

teachers (2Ky SK^ 2Ff 2S) drew the end faces of the 

cylinder at opposite corners of the rectangle. Teachers IK 

and IF drew the end faces attached to the short sides of 

the rectangle, and Teacher IS drew the end faces in the 

middle of each of the long sides of the rectangle. Teacher 

IK had a particularly interesting way of inserting the end 

caps partially into the short sides of the rectangle in a 

way that one could visualize their turning, as if on a 

hinge, in order to fold the net into a cylinder. 

When asked if there were alternate ways to draw a 

cylinder that had been opened out flat, four teachers said 

yes (2K, 3K, IF, 2F) ; three said no {IK, 3F, IS) ; and 

Teacher 2S said that there might be. When asked to 

demonstrate any alternative. Teachers IK, 2K, 3F, and 2S 

had no new ideas or otherwise declined. Four teachers (3K, 

IF, 2F, and IS) drew another net. Teacher IF drew the 

pieces of the net separately. Teachers 2F and IS changed 

the location of the circles representing the ends, and 
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"Table' 21 

Teachers^ Drawings for a Cylinder That Has Been Opened Out 

Flat 

Teacher First Drawing Second Drawing or Response 

IK 

2K 

O 

Did not attempt 

Did not attempt 

3K r 

IF 
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• Table 27 {contimed}.. 

Teacher First Drawing Second Drawing or Response 

2F 

N 

3F 

IS 

2S 

1 
, 

1 j 
// \ f 1 •i N \ 

n J 
1 [ E 

1 \ f 
s, \ 

o  

Did not attempt 

u  

jO-

T7 

Did not attempt 
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Teacher 3K changed the dimensions of the rectangular 

portion of her previous drawing. 

Summary of Nets of Solids Tasks 

This activity elicited a great deal of talking and 

modeling with hands from most of the teachers. For example^ 

when drawing the cylinder opened out flat^ Teacher 2K first 

drew the rectangle and talked to herself^ "You have the 

circle on top; cut it in half." She used her hands to 

pretend she was unfolding. Then she repeated to herself, 

"Circle on top; cut it in half." Then she drew a small 

perspective drawing of a cylinder, and said to the 

investigator, "I don't know. I know that there's faces on 

the top and the bottom." 

Some teachers expressed uncertainty and doubt about 

how to proceed with the drawing. Teacher 2S exemplified 

these teachers. When asked to draw a cube that had been 

opened out flat, her first response was, "Oh my gosh, a 

cube i" Later she said, "This is hard. I wouldn't ask the 

kids to do this. Now let me see, a cube, and I can't go and 

get some cubes or anything like that, right?" At this point 

she was folding a piece of white paper. The investigator 

told the teacher that she would prefer that she visualize 
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it, and the teacher said, ^^Visualize it; visualizing 

with my hands here^" while continuing to fold the paper» 

Then she said, "Oh gosh! What if I can't do it, because I 

really have never tried to?" 

Most of the teachers had a sense that there could be 

more than one way to draw a net of either figure. However? 

only five teachers attempted to draw another net of a cube, 

and four attempted it for the cylinder. Teacher IS said, 

"There has to be other ways, and I have students who would 

spend many hours trying to find other ways." 

Recognizing and Describing Polygons 

In this task the teachers defined the term polygon and 

then sorted eight cards according to whether or not the 

figure on the card was a polygon. A polygon is a closed 

two-dimensional shape whose sides are line segments. 

Figure 1 contains reproductions of the cards which 

were presented to the teachers for sorting. The shapes have 

been labeled with a letter of the alphabet to facilitate 

referencing; however, they were not labeled for the 

teachers. They were presented to the teachers in random 

order and with random orientation. There was no designated 

top or bottom for any card. 
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Figure 1. Shapes presented to subjects for sorting 
according to polygon or non-polygon» 



Figure 1 (continued). 

G 
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For the investigation? the cards were made on graph 

paper and colored with pencils. They were originally 

mounted on light blue card stock• The original presentation 

used with the teachers became problematic while analyzing 

and reporting the data» One shape, labeled ''''H" in Figure 1, 

was an ambiguous item for two of the teachers, and so none 

of the teachers' responses to item are included in this 

report. 

The teachers were first asked, "What is a polygon?" 

Their responses were that a polygon was a many-sided figure 

(IK, 2F, 23), that it was a closed figure or closed shape 

{3K, IS) , or that it was a four-sided figure (2K, IF) . 

Teacher 3F said that she didn't know; her exact words were, 

"A polygon. Oh, gosh." To herself she said, "I forgot what 

a polygon is." Then she continued aloud, "That's not part 

of my curriculum in first grade. That's terrible! Give me a 

hint." 

Based on their answers to the question "What is a 

polygon?", the set of cards (Figure 1) was sorted either by 

the teacher or by the investigator for the teacher. 

Teachers IK, 2K, 3K, IF, 2F, IS, and 2S sorted the cards 

themselves. Using the interview protocol, these teachers 

were judged by the investigator to have answers to the 
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question of "''What is a polygon?'' which were substantial 

enough to let them proceed with sorting the cards 

themselves^ They were told^ "''Sort these cards into groups 

according to whether or not the card shows a shape that is 

a polygon." The investigator sorted the cards for Teacher 

3F since she could not give a definition for a polygon. 

The results of the teachers'" sorting the cards are in 

Table 28. The shapes are labeled according to the letter 

designation in Figure 1. After the teachers had sorted the 

cards, they were asked to confirm which group of cards 

showed polygons and which group of cards did not. The 

investigator asked, "Show me which is the group of polygons 

and which is not." Then they were asked to explain their 

reasoning for their sorting. The investigator referred to 

each group as designated by the teacher and asked, "Why are 

these shapes polygons?" and "Why are these shapes not 

polygons?" 

Teachers 3K, IF, 2F, and IS sorted according to the 

definition of a polygon that each had given at the 

beginning of this activity, which were a closed shape 

(Teacher 3K), a four-sided figure (IF), a multiple-sided 

figure (Teacher 2F), and a closed figure (Teacher IS). 

Teachers IK, 2K, and 2S changed their definitions of 



Table 28 

Teachers^ Sorting of Seven Shapes into Categories of 

Polygon or Not Polygon 

Teacher Polygons ^ Not Polygons 

IK A, C, D. F. G B, E 

2K A, C, D. F, G B, E 

3K A, G F 

IF C 

2F A, B, c. D, F. G E 

IS A, B, c. D. E. F, G 

28 A, c. D, F, G B, E 

polygon while sorting the cards. By the time she had 

finished sorting the cards, Teacher IK had added straight 

sides to her definition of a polygon. During the sorting 

she remembered that a circle was not a polygon. However she 

also said that she used instinct to sort the cards and that 

she couldn't verbalize why one group was a group of 

polygons and why one group wasn^t. 

Teacher 2K changed her definition of a polygon to 

include more than four sides and straight lines . She 

talked to herself saying^ "They all have more than four? 
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Straight lines. Well^ here^ maybe that^s what it is? 

Straight lines versus something with curved lines." When 

asked to explain her thinking she said^ "Because there are 

some curved lines and when looking at the shapes^ I 

changed my mind. Ifs not so much four-sided as itiaybe 

theyre just shapes with straight lines that have angles." 

Teacher 2S changed her definition to include straight 

sides and closed. When asked to explain why a group of 

cards did not show polygons, she said, "Okay, because when 

I said that, ... I think they have to be straight lines 

and the lines have to meet." Teacher 2S was the only 

teacher who used more than one attribute to define a 

polygon. 

Teacher 3F did not sort the cards; she was interviewed 

differently, following the protocol established in the 

interview document. After she responded to the question, 

"''What is a polygon?" she was asked another question, "Have 

you ever heard the term polygon before? She answered, "Yes, 

and I know I've done it. I can't, I can't remember what it 

is." The investigator then sorted the cards into two groups 

of shapes, the polygons and the ones that were not 

polygons, and the teacher was asked, "What do you think a 

polygon is?" Teacher 3F said, "Well, they have lines. 
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straight lines . . . straight? straight lines^, instead of 

any kind of circle or curve. 

Summary of Polygons Task 

Seven of the teachers began the activity with partial 

definitions of the term polygon. in sorting a set of cards 

showing some shapes which were polygons and some which were 

not, four teachers sorted according to their definitions 

and three teachers altered their definitions during the 

sorting. Teacher 2S was the only teacher to use more than 

one attribute when sorting. 

Naming, Describing, and Classifying Quadrilaterals 

In the final activity of the geometric concepts 

section, the teachers were asked to identify five 

quadrilaterals, seen in Figure 2. The teachers were also 

asked to describe how the shapes were alike, to describe 

how they were different, and to create a diagram which 

would illustrate the relationship among the five shapes. 

The five shapes that were used for the activity were a 

trapezoid, a parallelogram, a rectangle, a rhombus, and a 

square. They were presented to the subjects as cutouts 

mounted on blue card stock. 
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teachers. 
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The teachers were requested, ^^Tell me the name of each 

shape on these cards." As seen in Table 29, all of the 

teachers correctly named the square, rectangle^ and the 

rhombus^ even though some teachers called the rhombus by 

the more general term parallelogram and Teacher 3F called 

it a diamond; a term often used by primary grade students. 

Six teachers correctly named the parallelogram and seven 

correctly named the trapezoid. 

Table 29 

Early Childhood Teachers' Identification of Five 

Quadrilaterals 

T Square Rectangle Rhombus Parallelogram Trapezoid 

IK "A" -A- Parallelogram 'k -k 

2K •A" •k Parallelogram k k 

3K •k •k Parallelogram * Rhombus 

IF •k k Rectangle * 

2F -k -k Parallelogram k -k 

3F •k "k Diamond Rectangle * 

IS •k k k -k 

2S •̂ r -k k k k-

Note. 'Teacher. *Shape named according to the column heading. 
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The teachers were asked, "How are these shapes alike?" 

and "How are they different?" The teachers easily generated 

many similarities and differences among the shapes. Their 

responses are in Table 30. 

Table 30 

Similarities and Differences Among Five Quadrilaterals 

Teacher Similarities Differences 

IK 

2K 

3K 

IF 

2F 

Four sides 
At least two equal sides 

Four angles 
Four sides 
Straight sides 
No curves 

All have corners 
All have edges 
All have four sides 

Four sides 
Four corners 
Four edges 
Parallel lines, 
opposite sides 

Four sides 
All straight sides 
Parallel sides except 

for trapezoid 
Some sides the same 

distance 

Pairs of equal sides 
Pairs of unequal sides 
Angles are different 

Angles are different 
Some with all equal 

sides 
Some with pairs of equal 

sides 
Some with pairs of 

unequal sides 

Length 
Parallel vertically or 

horizontally 
Not parallel vertically or 

horizontally 

Size 
Different areas 
Different area around 
Angles 
Corners 
Some have right angles 

No parallel sides for 
trapezoid 

Pairs of sides of 
different length 
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Table 30 (continued). 

Teacher Similarities Differences 

3F Have lines Shape on the outside 
Different areas 

IS Four sides Some have parallel sides 
Four corners Different size angles 
Four vertices 
Two-dimensional 
Plane figures 
Polygons 

2S Four sides Different sizes 
Four corners Different areas 

Equal sides 
Some are parallelograms 
Have parallel lines 

There was some discussion by several teachers regarding 

the similarities among the sides of the shapes. Teacher IK 

qualified her statement about parallel sides being a 

similarity among the shapes by saying^ "They have at least 

two sides that are equal." Teachers IF and 2F mentioned 

parallel sides as a similarity for all five shapes. Teacher 

IF said the five shapes were similar because? "All their 

sides are parallel." Teacher 2F said that four of the 

shapes had parallel sidesj, "There's only one where the 

sides aren't parallel and thafs the trapezoid." 

The teachers who discussed differences among the 

shapes in terms of characteristics of the sides either knew 
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or intuited that pairs of parallel sides could be a 

determining factor for differences among the five shapes. 

Teacher IK used the term equals and she said that the 

shapes were different in different ways because . . some 

of them have equal sides and some of them don't." She also 

said that some of the shapes were different from each other 

because they had more than two sides that are equal. 

Teacher 3K said that the difference among the shapes 

was whether or not pairs of lines were parallel. Teacher IS 

said that some figures have sides that are parallel and 

sides that are not. Teacher 23 was more precise. She said 

that some of the shapes were parallelograms and some were 

not, and that was the difference. 

Teacher 2F compared and contrasted the five shapes in 

a way that implied a relationship among them. She said that 

the trapezoid did not have any parallel sides and that the 

other four shapes had parallel sides. According to her, the 

square and rhombus are similar because they have equal 

length parallel sides. The parallelogram and the rectangle 

were similar because they have pairs of sides which are 

different in length but which are parallel. 

The final activity in the series on quadrilaterals was 

for the teachers to "create a chart or diagram that 
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illustrates the relationships among the five shapes." The 

responses to the question are suinmarized in Table 31. The 

shapes being discussed are; square? rectangle^ rhoiRbuSj, a 

generic parallelogram, and trapezoid. Four of these shapes 

are parallelograms, having two pair of parallel sides; a 

trapezoid has one pair of parallel sides. Among the 

parallelograms there is another relationship. A rectangle 

is a parallelogram with four right angles; a rhombus is one 

with four sides of equal length; and, a square is both a 

rhombus and a rectangle. 

Six teachers used four di fferent types of diagrams to 

show the relationship among the shapes. Teacher (28) did 

not make a diagram but described the relationships 

verbally. Teachers IK, 2K, and IS used T-charts; and 

Teachers IF and 2F divided the shapes into columns or rows. 

Teacher IS used a T-chart after becoming dissatisfied with 

the results in her first attempt in which she used a Venn 

diagram. 

Teacher 3K drew a master grid of as many possible 

features and combinations of features that she could think 

of; however, she was unable to draw any conclusions from 

her extensive brainstorming and did not form groups with 
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the shapes» One teacher (3F) declined to answer the 

question. 

Table 31 

Six Early Childhood Teachers'' Classification of Five 

Quadrilaterals 

Teacher Groups Characteristics of Bach Group 

1. Trapezoid, Rectangle, 1. Two equal sides 
Parallelogram A 

2. Square, Parallelograin B 2. Four equal sides 
(Rhombus) 

1. Square, Rectangle 1. Regular shapes 
2. Trapezoid, Rhombus, 2. Irregular shapes 

Parallelogram 

la. Square, Rectangle la. Right angles 
lb. Rhombus, Parallelogram, lb. No right angles, two 

Trapezoid sides parallel, other 
sides not parallel 

2a. Square, Rectangle 2a. Right angles, parallel 
sides 

2b. Rhombus, Parallelogram 2b. Parallel, no right angles 
2c. Trapezoid 2c. Sides not parallel 

1. Square, Rhombus 1. Equal sides 
2. Rectangle, Parallelogram, 2. Unequal sides 

Trapezoid 

1. Trapezoid 1. Two sides parallel 
2. Square, Rhombus, 2. All sides parallel 

Rectangle, Parallelogram 

1. Square, Rectangle 1. Right angles 
2. Rhombus, Parallelogram 2. No right angles 
3. Trapezoid 3. (No characteristic given) 

The teachers sorted the quadrilaterals into the 

various diagrams according to different criteria. Teachers 

2K, IFf IS, and 2S sorted them according to types of 



236 

angles; so their diagrams showed the square and rectangle 

in one group and the other three shapes in a different 

group. As she finalized her diagram. Teacher IF decided to 

include more criteria and separated the trapezoid from the 

rhombus and the parallelogram. She said^ "Oh^ yeah^ these 

ones" (indicating the parallelogram and rhombus) "are 

parallel. Those two could go together; and this one" 

(indicating the trapezoid) "is not." Then she drew 

proj ection lines up from the sides of the trapezoid until 

she had drawn a triangle and said, "This one would come 

through and touch each other. These ones are parallel but 

they're not right angles" (indicating the parallelogram and 

rhombus), "so I should of put those two together and left 

that one" (meaning the trapezoid) "alone." Then she said 

softly to herself, "I better look at them different." 

Teacher IS also considered more than one criteria when 

diagramming a relationship among the guadrilaterals. She 

began with a Venn diagram, sorting according to angle size. 

When she switched to a T-chart she said to herself, "What 

other property could you use? They all have parallel sides. 

Okay, you could do ^all sides parallel' and ^only two sides 

parallel' and that would be . . . the trapezoid would be 

the only one on this side and then all the other over 
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here." When she finished her charts she was still sorting 

according to one attribute or the other, but not combining 

and coordinating attributes. 

In discussing similarities and differences^ Teacher 2S 

had said that all of the shapes except the trapezoid were 

parallelograms,. Later she did not draw a diagram but 

demonstrated with the cards instead. She sorted them with 

the square and rectangle in a group and the trapezoid, 

rhombus, and parallelogram in a group, although she 

questioned the placement of the trapezoid. She said, """I 

would sort these together" (square and rectangle). "I'm 

trying to think of what, because they have right angles or 

because . . . these" (parallelogram and rhombus) "these are 

squished; they're pushed and their angles aren't right" 

(meaning 90°). "The, the angles are different here. So I 

guess this one" (trapezoid) "could also be here but then 

you could sort them different." 

Teacher 2S indicated vihen discussing similarities and 

differences that four shapes were parallelograms and that 

the trapezoid was not. In sorting the shapes to demonstrate 

their relationships, she dded ideas about angles to her 

idea about the shapes being parallelograms or not. Even 

though she sorted the square and rectangle into a group. 
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the rhombus and parallelogram into a group, and separated 

the trapezoid into its own groupj, she did not vterbalize her 

reason for sorting out the trapezoid. 

Teachers IK and 2F sorted the shapes according to 

equality of the sides. Teacher IK formed two- groups called 

2 equal sides and 4 equal sides^ and her diagram reflected 

her earlier discussion of the differences among the shapes. 

Teacher 2F created two groups called equal sides and 

unequal sides. When previously describing the differences 

among the shapes. Teacher 2F had begun to demonstrate 

knowledge of a broad relationship among the shapes; but 

when she made a diagram, she reverted to a more generalized 

sorting model which did not reflect the information that 

she had discussed. In her earlier description of the 

differences, she had used the word parallel to exclude the 

trapezoid from the group. When she drew her diagram, she 

used length of sides as a criteria for sorting. 

Summary 

Eight early childhood teachers in grades kindergarten 

through two participated in an interview held in two 

different sessions. They responded to questions and engaged 

in conversations, which were guided by the purpose of the 
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investigation—to explore the teachers^ knowledge of four 

components of the professional knowledge base. The four 

components which were investigated were goals of geometry, 

child development and geometry^ geometry curriculum and 

curriculum content^ and geometric concepts. 

In order to analyze the content of the teachers'" 

responses to each research question, the interviews were 

electronically recorded and transcribed. The transcripts 

were analyzed to determine the responses that each teacher 

gave for the individual interview questions, and these 

responses were organized so that themes and patterns of 

thought or behavior of the group could emerge. 

To briefly summarize some findings, it can be said 

that the teachers knew how geometry would benefit students, 

and they could elucidate the goals they themselves have 

when teaching geometry. They were more familiar with their 

district's objectives in geometry than they were with state 

or national goals. The teachers had ideas about what 

constitutes a developmentally appropriate practice, both in 

general and in geometry. Child development as it relates to 

geometry was a more elusive concept for them. Their 

expertise in child development seemed to be mostly formed 
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by their experiences as teachers and their faith in the 

district''s curriculum. 

They were familiar with pedagogical aspects of the 

geometry curriculum at their grade levels, such as the 

district expectations and teaching materials and resources 

available to them. They were less familiar with subject 

matter issues, such as the scope and content of the 

geometry curriculum in the preceding or following grades, 

important geometric concepts for primary grade students, 

the relative importance of students' learning shape names, 

or the role of spatial visualization in child development 

and in the curriculum. When discussing concepts in geometry 

and solving geometric problems, they tended to be anxious 

and uncertain. Overall, they were persistent problem 

solvers, were willing to communicate their thinking, and 

seemed to be risk takers in general when it came to 

attempting geometry activities. These findings and 

impressions will be reviewed in depth and discussed in 

Chapter 5. 
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CHAPTER 5 

OVERVIEW, FINDINGS, IMPLICATIONS, AND RECOMMENDATIONS 

Overview 

This investigation explored the geometry content and 

pedagogical knowledge of eight experienced early childhood 

teachersf teaching in kindergarten through second grade. 

They were interviewed on four components of the 

professional knowledge base applicable to early childhood 

education? which included goals of geometry, child 

development and geometry, geometry curriculum and 

curriculum content, and geometric concepts. 

They were interviewed during two meetings which were 

recorded by note-taking, audiotape, and included 

videotaping only during the section on geometric concepts. 

The interview consisted of questions and activities 

designed to explore each component of the professional 

knowledge base under investigation. The audiotaped data 

were transcribed; notes and videotaped data were used to 

supplement the audio transcriptions. The transcriptions 

were prepared to observe the relevant details of each 

teachers' responses to the interview. The responses were 

analyzed and described for each of the interview questions 

or set of questions. 
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Findings and Discussion 

Research Question One: What Do Early Childhood Teachers 

Perceive to Be the Goals of Geometry in Early Childhood? 

In order to answer this question^ the teachers were 

interviewed on their goals when teaching geometry, about 

the benefits of geometry to students, and about the 

geometry standards established by their district, the 

state, and the National Council of Teachers of Mathematics. 

The teachers who responded had pedagogical goals and 

content goals for their teaching of geometry. Some 

teachers' goals reflected one of the most fundamental 

teaching practices for young students, providing 

opportunities for the students' learning including time. 

Two of the kindergarten teachers said they also had a goal 

of supporting the students' comfort levels as learners of 

mathematics. 

All of the teachers who responded had content goals 

when teaching geometry which included increasing their 

students' geometric understandings. The teachers included 

problem solving, recognizing shapes, and identifying shapes 

as ways students can demonstrate increased understanding of 

geometric concepts. Half of the teachers had a goal for 

students to manipulate shapes. These teachers thought that 
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using manipulative material is the primary way students 

increase their geometric understandings. 

Communication was a goal for half of the teachers. 

They discussed wanting their students to know the names of 

two-dimensional shapesj, to understand and use correct 

terminology^ and to feel comfortable with geometric 

terminology. Throughout the interview, most of the teachers 

indicated that it was important for students to learn 

correct terminology. Although the reasons for their 

position varied during the interview, most of the teachers 

focused on their district's standards and assessments which 

includes knowledge of shape names. The district does assess 

kindergarten students on shape names, but learning names of 

shapes is a prominent performance objective only in the 

first grade curriculum. 

At one point or another in the interview all of the 

teachers themselves had difficulty with terminology and 

with verbalizing their thinking about geometric content and 

concepts. In some cases the teachers were incorrect when 

responding to direct questions about terminology. In other 

instances the teachers misused terminology in the course of 

their responses to other questions. 
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The teachers were asked to discuss goals of geometry 

from the students' point-of-view, and most teachers 

indicated that students would benefit from geometry. 

According to the teachers'' responses the benefits come not 

only from increasing the students" geometry knowledge but 

also from developing their visualization skills and their 

ability to make connections with other mathematics topics 

and with the geometry in their environments. Some teachers 

believed that students would benefit from the practical 

impact of learning geometry because it would help them to 

succeed in school, pass tests, and prepare for the future. 

Overall, the teachers reflected both general and 

specific concerns about the practical effects of their 

students' learning. The teachers' responses indicated that 

their teaching goals and the benefits to the students 

coincide, both in the academic environment and in the world 

of the students' futures. 

Although more than half of the teachers believed that 

geometry benefits students by developing or increasing 

visualization skills, they did not mention increasing the 

students' visualizations skills as a goal for their 

teaching. It seems, then, that the teachers in this group 

may be aware of their goals for increasing the students' 



245 

geometric understandings but may believe that increased 

visualization skills is a by-product of students' working 

with shape materials and therefore an indicator of 

increased student understanding. 

About half of the teachers knew some of the districfs 

goals for geometry in early childhood education. Two 

kindergarten teachers were the most knowledgeable of 

specific district goals. Some of the goals mentioned by the 

group were identifying, recognizing, and naming basic 

shapes, understanding space and shapes, creating 

representations of shapes, and making connections between 

shapes and the environment. These goals discussed by the 

teachers were almost identical to the responses they gave 

in another part of the interview regarding their grade 

level curriculum. 

The district goals discussed by the teachers are 

actually the district's grade level performance objectives 

for geometry. These performance objectives represent 

minimum standards for student achievement, although no one 

indicated that they understood this. In terms of student 

subject matter knowledge, there was no mention of the 

district's rationale or overarching purposes for the 

performance objectives in geometry. 
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Most of the teachers were uncertain about the State's 

goals of geometry for young children^, but they believed 

that they are included in the districfs standards 

documents. The teachers knew that the National Council of 

Teachers of Mathematics had published standards for 

geometry for young children, but the goals of the standards 

were not clear to them. Half of the teachers believed that 

the national standards have been incorporated into the 

district and state objectives. No one seemed to be aware of 

the newest revision of the national standards which implies 

that they were also not aware of the age band revisions. 

This group of teachers had a great deal of reliance on 

their district to interpret and pass along state and 

national standards in geometry. This reliance was a trend 

noticed throughout the interview. It became clear that they 

also relied heavily on the district to incorporate 

principles of child development in the curriculum and 

standards document? to establish geometry curriculum based 

on state and national standards, and to include appropriate 

grade level expectations upon which teachers will later 

base their activities. In other words,- the teachers' 

responses implied that they believed the district 

curriculum and standards document is complete. 



Research Question Two: What Do Early Childhood Teachers 

Know about Child Development Relevant to the Construction 

of Geometric Concepts? 

The teachers' knowledge on this topic was grouped 

according to three perspectives which included 

developmentally appropriate practice, experience in 

teaching in general and in teaching geometry specifically,. 

and research into geometric concept development of young 

children. For half or more of the teachers, a 

developmentally appropriate practice was a teaching 

behavior that matched the child's abilities or interests in 

some way. For example, it would be deemed a developmentally 

appropriate practice to present an activity that was 

attainable for the child. To half of the teachers, a 

developmentally appropriate practice is one based on a 

specific factor for the child, such as age, grade, or prior 

knowledge. 

Developmentally appropriate practices as applied to 

geometry in early childhood education included creating 

appropriate opportunities for learning, providing 

appropriate materials, and managing the curriculum in an 

appropriate way. Appropriate opportunities for learning, 

according to most of the teachers, included allowing for a 
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variety of interactive behaviors on the part of the 

students^ which might be exploration^ play, manipulation of 

shape materialsor building. Most of the teachers knew 

that concrete materials are considered the appropriate 

media through which young children learn geometry. The 

teachers' responses indicated a match between the 

appropriate materials they discussed and the appropriate 

opportunities that they thought should be offered to 

students. Only one of the four teachers who have access to 

unit blocks indicated that she realized their potential for 

developing children's geometric understandings. 

Half of the teachers discussed creating opportunities 

for their students to learn geometry through curricular 

areas other than mathematics. Activities such as building, 

painting, movement, and drawing were discussed by some 

teachers, and implementation of an integrated curriculum 

with regard to geometry was implied. The teachers 

considered integrated curriculum a pedagogical issue rather 

than a curriculum management issue. According to five 

teachers, responses in the category of developmentally 

appropriate practices in managing the curriculum meant 

utilizing groups, sequencing experiences, and keeping the 
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curriculiam activities from being or becoming too abstract 

or complex. 

The teachers' ideas about developmentally appropriate 

practices in geometry for young children corresponded to 

their goals when teaching geometry. Most had said that they 

had a goal of providing opportunities in geometry to their 

studentsand half had said that a goal was for students to 

manipulate shapes. Kindergarten teachers were the most 

prolific in their discussions of appropriate practices in 

geometry. As the grade level increased^ the number of 

responses regarding developmentally appropriate practices 

decreased. 

Besides their knowledge of developmentally appropriate 

practices^ the teachers^ experiences with young children 

have contributed to their knowledge of child development. 

Depending on their grade level the teachers have specific 

expectations of children's competence in geometry. Overall^ 

the group indicated that they expected children in their 

respective grades to be prepared to learn by using 

previously developed skills and experiences,, by being able 

to explore and use the manipulatives, and by being able to 

work independently and cooperatively. The teachers also 

expected students to learn the geometry content of their 
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gradey including learning to identify^ recognize? and name 

shapes learning attributes and the vocabulary of 

attributesy and using geometric information. The teachers 

said that their expectations of student grade level 

competence were influenced by the districfs goals and 

standards. 

The teachers'" experiences have also given them limited 

expertise in determining students' problem solving 

abilities in geometry. Most teachers reported one technique 

that they used to determine students' level of problem 

solving in geometry. Some said that they use observation or 

interactive teaching, and a few referred to the required 

district assessments. The teachers who use interactive 

teaching reported that they engage in dialogue with 

students, question students, and listen to students pose 

problems and provide explanations. 

The teachers displayed general awareness of 

developmental issues and have determined what their 

students should know and be able to do in geometry at their 

grade level. No one discussed how they might utilize 

assessment or observational data in order to gain a picture 

of the students' group or individual development compared 
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to national expectations or norms developed from 

longitudinal studies. 

The third perspective on their knowledge of child 

development as it relates to geometry in early childhood is 

what the teachers knew about research other than that which 

results from their interactive teaching or observations. 

Although they may have a broad notion of normal development 

of geometric concepts which they have internalized from 

district documents and distilled from their experience, 

during the interviews there was no mention of developmental 

theories or developmental psychology related to children's 

development of geometric concepts. 

The teachers were asked to describe both the normal 

development of geometric concepts and the child's levels of 

conceptualizations of a triangle. What was notable about 

their responses was their ability to construct an informal 

developmental system for each topic. In the case of their 

characterizations of children's normal development of 

geometric concepts, most teachers used a broad sequential 

approach, describing some development which could occur 

before formal schooling, and some which could occur in 

school. Half of the teachers gave an age or grade level to 

the developmental benchmarks, which they designated. 
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The teachers'" characterizations of a child*'s 

developmental conceptualizations of a triangle were Hiore 

detailedf, but still informal. In the case of the triangle? 

the teachers indicated knowledge about some specific skills 

that children acquire and behaviors that they demonstrate? 

implying that they understood that conceptual development 

was somewhat complex. However, they did not account for all 

areas of child development that result in the child'' s 

conceptualizations of the shape. 

More than half of the teachers indicated that a 

child's visual skills were in some way part of her 

developing conceptual framework of a triangle. They did 

not, however, demonstrate a sense of the sensorimotor roots 

of the child''s conceptualizations. Only two teachers 

indicated that a child's development could begin at less 

than a year of age, implying that the teachers may perceive 

that knowledge of the triangle is a concept which is more 

related to formal education than to development. 

The teachers did not address the intellectual 

mechanisms by which a student develops geometric concepts 

in general or develops a conception of a triangle 

specifically. They did not indicate any conclusions that 

they had drawn about the interaction of the child's 
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physical and intellectual processes which raises the 

question of whether or not they understand the implications 

of their own observational data or understand the 

connection between children's manipulation of shapes and 

increased geometric understanding. 

Research Question Three: What Do Early Childhood Teachers 

Know about Curriculum for Geometry in the Early Childhood 

Years? 

The teachers defined geometry from the primary grade 

level point-of-view. Most of the teachers defined geometry 

as including three-dimensional or two-dimensional shapes. 

More than half of them defined geometry as being about 

location. A few defined geometry as being about vocabulary. 

Most saidf however^ that the important concepts of geometry 

in early childhood were two-dimensional geometry and 

spatial visualization skills. Fewer than half mentioned 

three-dimensional geometry as an important concept for 

young children^ implying some discrepancy between their 

definitions of primary geometry and important concepts for 

primary students to know. 

The teachers' greatest knowledge as a group was in the 

two-dimensional curriculum for their grade levels. When it 
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came to describing geometry in the primary curriculum^ half 

of the teachers said that there was an emphasis on two-

dimensional geometry but most said it was about 

terminology. This point-of-view was not reflected when the 

teachers reported their grade level curricula,- which 

included a dominant emphasis on concepts in two-dimensional 

geometry. The teachers" grade level curricula are aligned 

with their goals when teaching geometry, their grade level 

expectations for students, and their view of the role of 

geometry in the curriculum. It is not aligned with their 

definitions of geometry, with what they consider important 

geometric concepts, or with what they perceive to be the 

benefits of geometry to students. 

Most of the teachers defined curriculum as the 

district's curriculum, but two teachers' definitions were 

based on principles of subject matter structure. The 

teachers' district has a standards document which is called 

a curriculum. This document was the teachers' primary 

curriculum resource, although some may get curriculum ideas 

from the adopted texts in mathematics. Two teachers 

reported supplementing the curriculum and the text 

adoptions with their own ideas. As discussed previously, 

their reliance on the district standards document was 
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characterized by their trust that^ in using it, they were 

teaching geometry to state and national standards. 

By relying on the district standards, the teachers are 

experts at their grade level curriculum in two-dimensional 

geometry. The teachers^ classroom curriculum in geometry 

matches the reported geometry curriculuin of the district. 

The teachers do not have a sense of the scope of early 

childhood geometry beyond their grade level. They are not 

knowledgeable of the relationships among the grade level 

curricula, either from the perspective of standards or from 

the perspective of subject matter development. 

The teachers' knowledge of the role of terminology or 

vocabulary in geometry is questionable. Although only two 

teachers said that vocabulary was part of the definition of 

geometry, six teachers said that vocabulary was part of the 

role of geometry in the primary mathematics curriculum. 

Most of the teachers said that terminology was an important 

part of two-dimensional concepts for primary children, and 

this was reiterated when the teachers described their grade 

level two-dimensional curricula. Although the tcachers are 

knowledgeable about the importance of accurate and useful 

communication in geometry, they do not seem to be aware of 
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the role of terminology in the districf s standards 

document. 

Research Question Four: What Do Early Childhood Teachers 

Know about Selected Geometric Concepts in the Geometry 

Curriculum for Young Children? 

In order to sample the teachers'' knowledge as it 

relates to the early childhood curriculum, they had 

opportunities to solve problems in two-dimensional and 

three-dimensional geometry. They were encouraged to 

describe their problem solving processes and to use trial-

and-error techniques to generate responses to the 

activities. The teachers were more adept at describing 

characteristics of two-dimensional geometry than those of 

three-dimensional geometry. When describing characteristics 

of three-dimensional geometry, half the teachers named a 

third dimension. No teachers used the terms plane or solid 

when discussing the differences, and no teacher specified 

the characteristics of the three-dimensional figures' 

relationship to space. 

The teachers' descriptions of solid figures which were 

not visually accessible were characterized by several 

important features. When the teachers recognized the 
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figure^ they had a tendency to begin their description with 

the name^ rather than describing it. In some cases teachers 

would name the figure and then describe it. 

In the activities using the square pyramid and the 

equilateral triangular prism,, at least half of the teachers 

did not incorporate features that they had described in 

order to name the figures specifically. These shapes were 

not as easy as the cylinder and the sphere for the teachers 

to name J, possibly due to lack of familiarity. In the 

instance of the triangular prism, more than half of the 

teachers seemed not to have had any experience with the 

shape; even after describing the attributes, only two 

teachers were able to name the figure. 

Describing the relationship between their two-

dimensional drawing and the corresponding three-dimensional 

figure was fraught with difficulty and stress. Although 

they were in most cases able to complete the task, their 

ability to formulate their ideas and specify their actions 

on the solid, or otherwise verbally make a connection 

between the solid and its related two-dimensional shape, 

was a source of anxiety for them. 

When they were presented with the fourth item, the 

sphere, they obviously relaxed, perhaps due to their 
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familiarity with the figure. Compared to their struggle 

with identifying the prism^ the sphere was easy for them. 

All of them knew that a circle could come froin a sphere, 

but when asked how that was possible their tension rose 

again. With the other figuresj, there were flat surfaces 

that could be traced; that was not true with the sphere. 

SOf the teachers had to figure out. how they could prove 

that what they knew about a circle''s being a two-

dimensional representation of a sphere was true. 

In the next two activities half of the teachers were 

successful in drawing a net of a cube and most were 

successful at drawing a net of a cylinder. The teachers' 

supported their visualization skills by talking their way 

through the problem and using their hands to explore and 

experiment with outcomes before committing them to paper. 

Most teachers used their drawing as a final outcome to the 

task, rather than drawing as a trial-and-error method. Two 

teachers would have liked to test their nets of the cube 

for accuracy by cutting them out and folding them. 

Due to the number of teachers who reported using TERC 

(Russell, 1995) which includes an activity on folding 

boxes, there was an expectation of greater success in 

drawing a net of a cube. In analyzing why the cylinder was 
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easier to draw as a net, one could speculate that most of 

the teachers have had experience opening cans or making 

cookies from prepackaged rolls of dough. 

The final two conceptual tasks using polygons and 

quadrilaterals were more abstract and parts of them were 

reminiscent of formal geometry. The teachers were 

comfortable to a point with the activity on quadrilaterals. 

They were at ease naming the quadrilaterals and describing 

their attributes. However, they were not familiar with any 

mathematical relationships among the shapes based. Two 

teachers who were most successful at describing or 

diagramming the relationships among the quadrilaterals 

seemed to be developing their knowledge as they solved the 

problem. 

The relationships among the rectangle, rhombus, and 

square were never a topic of discussion by the teachers. 

This relationship is an important one for teachers to 

realize, however, because using the terms square, 

rectangle, and rhombus before demonstrating their distinct 

properties and their relationships may lead young children 

to believe that the names imply separate classes of 

objects. Furthermore, the emphasis on terminology that the 
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teachers expressed would seem to tequire precision in this 

important instance. 

The teachers used an ^"either-or" approach to 

diagranraiing the relationships among the quadrilaterals 

choosing one set of characteristics or the other rather 

than coordinating sets of characteristics holistically. 

Since they did not demonstrate awareness of principles of 

class inclusion^ it would be likely that they would not be 

able to demonstrate it to their students or recognize its 

development in their students. 

The last activity involving polygons was almost 

immediately stressful for the teachers, perhaps due to the 

level of formality. All but one teacher, who was not able 

to define polygon, started the activity with incomplete and 

partially correct definitions of a polygon. In the process 

of sorting cards with shapes on them, half of the teachers 

stayed with their definitions, but three teachers altered 

their definitions during sorting and came closer to the 

correct definition of a polygon. 

Impressions of the Teachers' Knowledge 

The teachers discussed all aspects of their knowledge 

in an open and informative way. They were the most 
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confident when, discussing curriculum^ curriculum resources, 

developmentally appropriate practices;, and professional 

development activities. They proved to be persistent when 

discussing areas in which they lacked expertise. Wh^n they 

participated in geometric problem solving,, they were more 

easily discouraged and defensive. 

In general it can be said that the teachers' 

conversations in the interview had a diffuse or global 

quality, were lacking in specific information, and 

contained lines of thinking that were more divergent than 

convergent. They seemed to have a high tolerance for 

ambiguity, constructing their thoughts on issues as they 

went without regard for their previous positions. For 

example, while it was obvious that the teachers were very 

reliant on the district's curriculum, their position on the 

importance of terminology in geometry did not correspond 

with district expectations. In terms of their knowledge of 

geometry, their pedagogical strengths outweighed their 

subject matter strengths. They were knowledgeable about 

developmentally appropriate practices but were reliant on 

their district in matters of curriculum, standards, and 

teaching resources. 
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Implications 

All teachers have a responsibility to know their 

students'' developmental characteristics and the content and 

framework of the subjects for which they are responsible 

(Grossman,, Wilson, and Shulroan^ 1989; Mewborn^ 2000) . In 

order to be well prepared and successful in teaching young 

children, early childhood teachers in the primary grades 

must be specialists in the content and pedagogy of multiple 

subjects? as well as specialists in the development and 

pedagogical requirements of their age group. 

In this investigation, several aspects of early 

childhood teacher knowledge were explored in relation to 

geometry subject matter. While the subjects of the 

investigation were early childhood specialists by virtue of 

their years of experience, most had not participated in 

specialized early childhood preservice education. Although 

they had participated in a great number of professional 

development activities related to teaching mathematics? 

most of them lacked a broad view of geometry subject matter 

or confidence with geometry content. 

By relying on their district to such a great extentf, 

the teachers had a narrow definition of geometry curriculum 

which only meets minimum standards. The teachers appeared 



to be unaware of the powerful knowledge of space and 

location that young children bring to school, the teachers 

did not demonstrate knowledge of the mechanisms of 

intellectual development in geometry because they did not 

recognize the accomplishments in geometry that young 

children bring to school. 

Even though teachers may not know where they will be 

teaching or what grade or grades they will be teaching, 

they should not rely so intently on district documents for 

guidance. Preservice preparation programs should include 

courses which give students time to understand the 

implications of human development for the subject matter 

disciplines and to link those to curriculum and curriculum 

decision making. Coursework should also allow the 

preservice teacher to synthesize the components of the 

professional knowledge base across the curriculum for age 

groups of children, for example primary or intermediate 

aged children. Preservice students should also become 

proficient in developing the rationales for specific 

content to specific age groups of students by using 

research in child development, learning theory, and 

disciplinary studies. 
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School districts must improve their coitHtiunication of 

subject matter expectations to teachers. A systematic 

approach to inservice subject matter development would 

reflect the components of the professional knowledge base. 

Districts can insure that teachers understand the 

structural components of the total curriculum in each 

content area and the relationships among the components. 

Professional development should focus less on pedagogy^ 

that is helping teachers learn to implement the curriculum, 

and more on helping teachers to understand the implications 

of subject matter knowledge as it relates to child 

development, curriculum and achievement, and pedagogy. 

School districts and state certification agencies must 

allow teachers to become age group specialists and develop 

cadres of teachers for each age groups. Teachers should be 

encouraged to stay in an age group and to stay updated on 

curriculum and disciplinary standards as they relate to 

their age group specialization. Districts should coordinate 

with the states and the universities to specify the 

expectations in teacher knowledge which are appropriate for 

a given age group. Teachers should be certified to work 

with specific age groups, for example PreK-2, 3-5, 6-8, 
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9-12^ and be re-certified if they want to change the age 

g'roup with which they work. 

Finally, preservice and inservice education must be 

guided by the notion that subject matter knowledge alone or 

pedagogical knowledge alone? even if developmentally 

appropriate? will not suffice in teaching. National 

professional policy making organizations such as the 

National Council of Teachers of Mathematics and the 

National Association for the Education of Young Children 

might consider jointly articulating their positions. In 

this way, the national standard for effective early 

childhood teaching will not only include appropriate 

expertise in mathematics subject matter but also include 

implementation of developmentally appropriate practices. 

Recommendations for Further Research 

This was an exploratory study prompted by the lack of 

research in early childhood teachers' subject matter 

knowledge in geometry. This study should be repeated in 

other locations and with larger groups of early childhood 

teachers, using an adapted form of the current interview so 

that only the questions that created the greatest 
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distinctions in the teachers' knowledge are used and the 

possibility of redundancy is avoided^ 

This study should be replicated especially with early 

childhood teachers who have graduated from college since 

the onset of the standards movement in mathematics in order 

to determine if the standards movement has impacted 

preservice education. An investigation of this type should 

be performed with early childhood teachers in other subject 

matter areas to determine if the gap between pedagogy and 

content persists across disciplines. Finally, 

investigations of the types mentioned above should be 

undertaken with early childhood educators who work with 

prekindergarten children. These teachers should be 

interviewed according to the various settings of their 

classrooms, for example public schools, private schools, or 

agency schools. 

A different type of investigation is also called for, 

considering the outcomes of this study, one in which early 

childhood teachers' thinking processes during problem-

solving in subject matter areas and in curriculum decision 

making is explored. Eventually early childhood teachers' 

subject matter teaching must be investigated to explore the 



links between their teaching and their knowledge 

curriculum and content. 



268 

APPENDIX A 

PERSONAL INFORMATION FORM 



Personal Information Form 

1, Name 

2. Date of birth 

4. Degree 

3. Gender _ 

Institution/Location 

269 

Year 

5. Current assignment: School 

6. Certification; Type_ 

Grade level 

Years in this assignment. 

Year 

7. Endorsements Year 
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8. Complete the following table regarding teaching experience: 

Grade level No. of years 
taught 

Dates (in 
yearel 

City, State 

Pre-Kindergarten 

Kindergarten 

First 

Second 

Third-Fourth 

Fifth-Sixth 

Seventh-Eight 

Ninth-Twelfth 

9. Other teaching jobs or placements in a school with dates: 
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10.- Complete the following table regarding coursew«fk and 
professional development in mafieiiiaics: 

Level of course Couree name Year 

High school mathematics 

College mathemafics 

College mathematics 
education 

Other nnathematics 
coursework and 
professional developmt 



272 

11. Complete fie following table regarding coureework and 
professionai development in early childhood education: 

Name ofcouis© Year Educational level 

Early childhood professional development 



APPENDIX B 

INTERVIEW ONE 
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Interview One, Part One 

Perspective on Professional Preparation 

Mathematics Preparation 

1. To what extent has your content background in mathematics prepared 
you for teaching early childhood mathematics? For example, 

A. Mathematics coursework in college; 

B. Mathematics education/mathematics methods coursework: 

C. Workshops and non-degree oriented coursework: 

2. How much geometry was included in those courses? 

3. To what extent did these courses influence or affect how you teach geometry 
in early childhood classes? 

4. To what extent did your early childhood courses influence how you teach 
mathematics in general? 

5. To what extent did your early childhood courses influence or affect how you 
teach geometry in early childhood classes? 
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Interview One, Part Two 

Goals of Geometry 

1. What are your goals wherr teaching geometry? 

2. For your grade level, how do you think learning geometry benefits the 
students? 

2. According to the District standards, what are the goals for geometry at your 
grade level? 

3. According to the State standards, what are the goals for geometry for at your 
grade level? 

4. What are the national professional standards for geometry for your grade? 
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Interview One, Part Three 

Child Development and Geometry 

1. A. Are you familiar with the term "developmentally appropriate 
practice"? 

B. What does the term mean to you? 

2. What are considered developmentally appropriate practices for 
early childhood geometry? 

3. How would you describe the normal development of geometric concepts in 
most children from birth to about age eight? 

4. A. What do you expect a child in your grade to know about and be 
able to do in relation to geometry? 

B. Why? 

5. A. How do you determine a student's developmental level of 
problem solving in geometry? 

B. Have you ever heard about the van Hiele levels of development 
of geometric concepts? 

(If yes) What do you know about them? 



A. What do you think is a child's first concept of a triangle? 

B. When do you think this concept first develops? 

C. What would be the next level of development? 

D. When? 

E. What comes next? 

F. When? 

G. What would be the most advanced level of a child's 
conceptualization of a triangle? 



APPENDIX C 

INTERVIEW TWO 



Interview Two, Part One 

Geonietry Curriculum and Curriculum Content 

1. What is geometry? 

2. What is the role of geometry in the mathematics curriculum for 
children in kindergarten through second grade? 

3. What geometric concepts are important for children in kindergarten 
through grade two to know? 

4. A. What is the geometry curriculum for your grade? 

B. How do you define curriculum in this instance? 

C. What is included in your geometry curriculum? 

D. What is the role of shape names in the geometry curriculum? 

5. How have you determined what the geometry cuniculum for your 
grade would be? 
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6. What is the geometry curriculum for the grade before and the grade after 
yours? 

7. A. What books and materials does the district provide for assisting 
you in teaching the geometry curriculum? 

B. Do you use them? 

C. (If yes) How? 

8. What program or programs are you using for geometry? 

9. From which books and materials do you choose your activities, if not from 
those provided by the district? 
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Interview Two, Part Three 

Geometric Concepts 

1. Ask the subject: "What Is tie difference between three-dimensional 
geometfy and towo-dimensionai geometry? 

2. For the following four items, present the subject with a series of bags, one 
bag per trial-each of which contains a solid igyre. Present the bags in the 
following order: cylinder, square pyramid, equilateral triangular prism, and 
sphere. 

A. Presort tte teg contaiiTing the cfliifider aid say the fdtoyirig to tie sut^^ 

1. "Here Is a tag wtilch ooriains a figure. Withcwt looking into the i>ag, 
reach into it and describe the figure." 

2. "What is the figure called?' 

3. Have pencil and uniined paper ready and teil the subject; 
"Draw a two-dmenslond shape that con» fron ihis figure." 

4. Adcthesulbject "How does ttiis shape come finom the figinB in the bag?" 
(lftlTecp«iai istJiicl», "How is Ws sha|pe datred ftorn tte 
figure in the w'T/WiatcJoyoy hwetoctotoiieligiireiritheisagiini 
wda- to gA tHs stepeT 

B. Repeal tte sequence above, uar̂  the bag corrtaining the square pyramid. 

1. "Describe the ipre." 

2- IVhailsthellgprecalieciT 

3. "Df^ateJ-dlrwisionaisha^tti^cciiii^frOTnfisflgyiB.-

4. ''How does this shape come from the igure in tte (Rephrase as 
needed.) 
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C. Repeat the sequence with the bag containing the equilateral triangular prism. 

1. "Describe the figure.' 

2. -mat is the figure caltedT 

3. "Draw a two-dimensional shape that comes from this figure." 

4. "How does this shape come from the figure in the bag?" (Rephrase as 

D. Repeat the sequence with the bag containing the sphere. 

1. 'Describe the figure.* 

2. "What is the figure called?" 

3. "Draw a two-dimensional shape that comes from this figure.' 

4. "How does this shape come from the figure in the bag?" (Rephrase as 
needed.) 

3. Have pencil and paper (plain and graph) ready. 

A. Ask the subject to draw a cube that has been opened out flat. 

B. Ask the subject if there are alternate ways to do the same thing. 

C. If yes, ask for a demonstration. 

4. With the same materials available, 

A. Ask the subject to draw a cylinder that has been opened out flat. 

B. Ask the subject if there are alternate ways to do the same 
thing. 

C. If yes, ask for a demonstration. 



283 

5. There are two ways to complete this item, depending on the 
subject's initial response, instructions for completion foiiow: 

A. Ask the subject: "What is a polygon?" 

B. Evaluate response and continue as directed. 

1. For completely or partially correct responses, 
continue as follows: 

a. Present the subject with a set of eight cards 
each of which has a shape drawn on it. Ask the 

subject to sort the cards, by saying, "Sort these cards into 
groups according to whether or not the card shows a shape that 
is a polygon," Then confirm saying, "Show me which is the 
group of polygons and which is not' 

b. Referring to each group as designated by the subject, ask, "Why 
are these shapes polygons?" and "Why are these shapes not 
polygons?". 

2. For no response or a response of "I don't know." continue 
as follows: 

a. Ask the subject, "Have you ever heard the term polygon 
before?" If the subject answers in the affirmative, ask "What 
have you heard?" or "What do you know about them?". 

b. Regardless of the subject's answer to 2a., sort the 
cards for the subject and tell the subject which group 
shows polygons and which group does not. 

c. Ask the subject again, "What do you think a polygon is?" 



6. Have a set of cards prepared showing the 
following quadrifaterals, one per card: trapezoid, parallelogram, 
rectangle, rhoimbiis, square. 

A. Say to the sublet "Tell me the name of each shape on these cards." 

B. How are these shapes alike? 

C. How are they different? 

D. Ask the subject to create a chart or diagram that illustrates the 
relationships among the five shapes above. If the subject has difficulty, 
offer to provide a template ^ and ask the subject to 
attempt the task again. 
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MATERIALS LIST FOR INTERVIEW 



Materials List for Interview 

A set of eight cards with polygons and non-polygons drawn on them 

A set of five cards with quadrilaterals drawn on them 

A template for quadrilateral relationships 

Fine line permanent marker 

Four lunch sacks marked A, B, C, D 

Four three-dimensional shapes: cylinder, square pyramid, equilateral 
triangular prism, sphere 

Graph paper 

Ruler 

Unlined paper 
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VOLUNTEER REQUEST LETTER TO TEACHERS 
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Dear eoiteagues, 

I am looking for teachers in grades kindergarten, first, and 
second who would tike to participate as a subject during the 
data collection phase of the research for my doctoral 
dissertation. 

The project consists of the following: 
a fomn which fou complete at home and mall back to 
me (postage provided); 
a one-hour, three-part interview, scheduled at your 

• conwenlence, and 
a one-and-a-half hour, two part interview, scheduled 

at your convenience. 

I am interested in your knowledge about some aspects of 
geometry In early childhood. I will be asking you some 
questions about varying topics in this area and will tape 
record your answers. You will receive a small compensation 
for your time. 

Please contact me if you would like to know more or if you 
would like to participate. As a 
kindergarten teacher myself, I would appreciate having your 
help to broaden the research in this area. 

Sincerely, 
Sandra Maxedon phone number email address 
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APPENDIX F 

SGBJECT^S CONSENT FORM 
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Subject's Consent Form 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE 
THAT I AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF 
HOW I WILL PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING THIS 
FORM WILL INDICATE THAT I HAVE BEEN SO INFORMED AND THAT I GIVE 
MY CONSENT. FEDERAL REGULATIONS REQUIRE WRITTEN INFORMED 
CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT I 
CAN KNOW THE NATURE AND RISKS OF MY PARTICIPATION AND CAN 
DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND INFORMED 
MANNER. 

TITLE 
Early Childhood Teachers' Content and Pedagogical Knowledge of Geometry 

PURPOSE 
I am being invited to participate voluntarily in the above titled research project. The 
general purpose of this project is to investigate and describe knowledge about geometry 
and geometry pedagogy that is held by early childhood teachers. 

SELECTION CRITERIA 
I am being invited to participate because I am an early childhood teacher currently 
teaching in kindergarten, first, or sccond grade. 
There will be nine (9) participants in this study, three from each primary grade level. 

PROCEDURE 
If I agree to participate, I will be asked to consent to the following: 
3. Complete a written questionnaire on my educational and teaching history and return it 

by prepaid mail; 
4. Respond to a one-hour, three-part interview about geometry for yoimg children which 

will be recorded on audiotape; 
5. Participate in a one-and-a-half hour two-part interview about geometry for young 

children which will be recorded by audiotape and videotape. The second part of this 
interview will involve geometry tasks related to the geometry that is taught to young 
children. 
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Page 2j Subject's Consent 

MSKS 
There are no known risks associated with participation in this study. I might potentially 
be psychologically uncomfortable over the type or amount ofknowledge of the subject 
that I perceive myself to have. I may become upset if I develop a belief that I am not 
well prepared to teach in the area described by the study. 

BENEFITS 
There are no direct benefits. A potential benefit to me might be acquisition of 
knowledge, improvement in personal preparation in the area described by the study, and 
improvement in teaching. 

CONFIDENTIALITY 
No one will have access to my identity except the principal investigator, Sandra 
Maxedon-a doctoral student in the University of Arizona College of Education. Neither 
my name nor the name of my school will be used in any reports or presentations. 1 may 
have access to any reports. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION 
There are no costs to me for participating in this study except approximately three hours 
of my time. 1 will receive $20.00 for completing the history and education form and will 
receive a gift of my choice for my classroom upon completion of the interviews, not to 
exceed $100. 

CONTACTS 
I can obtain further information from the principal investigator Sandra Maxedon, Ph.D. 
Candidate, at (520) 742-4291. If I have questions concerning my rights as a research 
subject, 1 may call the Human Subjects Committee office at (520) 626-6721. 
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Page 3, Subject's Consent Form 

AUTHOMZATION 
BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME 
AND MY QUESTIONS HAVE BEEN ANSWERED. I MAY ASK QUESTIONS AT 
ANY TIME AND I AM FREE TO WITHDRAW FROM THE PROJECT AT ANY 
TIME WITHOUT CAUSING BAD FEELINGS. MY PARTICIPATION IN THIS 
PROJECT MAY BE ENDED BY THE INVESTIGATOR FOR REASONS THAT 
WOULD BE EXPLAINED. NEW INFORMATION DEVELOPED DURING THE 
COURSE OF THIS STUDY WHICH MAY AFFECT MY WILLINGNESS TO 
CONTINUE IN THIS RESEARCH PROJECT WILL BE GIVE TO ME AS IT 
BECOMES AVAILABLE. THIS CONSENT FORM WILL BE FILED IN AN AREA 
DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH ACCESS 
RESTRICTED TO THE PRINCIPAL INVESTIGATOR, SANDRA MAXEDON, OR 
AUTHORIZED REPRESENTATIVE OF THE TEACHING AND TEACHER 
EDUCATION DEPARTMENT. I DO NOT GIVE UP ANY OF MY LEGAL RIGHTS 
BY SIGNING THIS FORM. A COPY OF THIS SIGNED CONSENT FORM WILL BE 
GIVEN TO ME. 

Subject's Signature Date 

INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the subject the nature of the above project. I hereby certify 
that to the best of my knowledge the person who is signing this consent form understands 
clearly the nature, demands, benefits, and risks involved in his/her participation and 
his/her signature is legally valid. A medical problem or language or educational barrier 
has not precluded this understanding. 

Signature of Investigator Date 
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