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CHAPTER I 

GENERAL NATURE AND PURPOSE OF THE STUDY 

Introduction 

As schools move into the 21st century, mathematics 

educators are challenged to implement practices which will 

enhance and meet the changes that have occurred in the teaching 

and learning of mathematics. Tomorrow's Teachers (1983), a 

document analyzing the quality of teacher education in the United 

States published by the Holmes Group, states: 

We cannot improve the quality of education in our 
schools without improving the quality of the teachers 
in them.. . . The entire formal and informal curriculum 
of the school is filtered through the minds and hearts 
of classroom teachers, making the quality of our school 
learning dependent on the quality of teachers The 
quality of teachers will not be improved unless we 
improve the quality of their education (p.23) 

The crucial need to strengthen the mathematical preparation 

of teachers is also emphasized in Everyone Counts: A Report to 

the Nation on the Future of Mathematics Education (National 

Research Council, 1989). This report, based on an intensive three-

year study of mathematics education by the National Research 

Council states "too few mathematics teachers are prepared to 

teach the mathematics their children need" (p.28). This 
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publication notes that if curriculum changes are to occur which 

develop mathematical power within students and teachers, 

America needs to reach a consensus on national standards for 

mathematics education. 

In pursuit of reform for mathematics education, the National 

Council of Teachers of Mathematics (NCTM) produced three 

Standards documents; Curriculum and Evaluation Standards for 

School Mathematics (1989), Professional Standards for Teaching 

Mathematics (1991), and Assessment Standards for School 

Mathematics (1995). These documents were written in an effort 

to insure quality education for students of mathematics, as a 

means to communicate mathematical goals, and as a vehicle for 

promoting change in current mathematical practices. As the first 

nationally recommended set of standards for mathematical 

curriculum content, these standards were prepared to address the 

nation's desire for a deeper understanding of mathematics by all 

students. 

The Curriculum and Evaluation Standards for School 

Mathematics (NCTM, 1989) envisions an interdisciplinary 

approach to mathematics that encourages students to become 

mathematical problem solvers with the capacity to communicate 

mathematically and reason mathematically. This document also 
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presents an agenda of the mathematical content students should 

know at various grade levels. 

The Professional Standards for Teaching Mathematics 

(NCTM, 1991), envisions the inclusion of mathematical problem 

solving, communication, reasoning and making real-world 

connections as common experiences in the mathematics education 

of all teachers. This document portrays a vision of the 

mathematics content, instructional environment, and teaching 

practices that are required of prospective teachers. 

The NCTM also produced the Assessment Standards for 

School Mathematics (1995) in order to enable teachers to assess 

student performance in a manner that refiects the national reform 

movement. The focus of this report is on developing and judging 

assessment tasks, instruments, and frameworks. All three 

national reports underscore the need for curriculum reform as 

well as a new vision for the teaching and learning of mathematics. 

A Call for Change: Recommendations for the Mathematical 

Preparation of Teachers of Mathematics (Mathematical Association 

of America, 1991) calls for change in how and what mathematics 

is taught to prospective teachers. This document, as well as 

NCTM's Professional Standards for Teaching Mathematics, 

recommends an undergraduate core curriculum of at least nine 
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semester hours of college preparatory mathematics for Grades K-4 

elementary school teachers and fifteen hours of college 

preparatory mathematics for Grades 5-8 teachers. Furthermore, 

both documents call for major shifts in collegiate curriculum 

content, learning opportunities, instructional methodologies, and 

assessment practices. 

A major factor affecting mathematics education is the 

shortage of qualified mathematics teachers. The large percentage 

of elementary school teachers going into classrooms have minimal 

training in the areas of mathematics and science (Brodbelt, 1984; 

National Research Council, 1990). Although mathematics is the 

focus of this study, it seems other content areas face similar 

problems. Brodbelt (1984) views the American system of 

education as a "watered-down curriculum which is taught by 

poorly trained teachers who have minimal content in their 

teaching fields" (p. 123). 

Prompted by a national concern for better prepared 

teachers, studies that describe the current condition of teacher-

education programs have been conducted across the nation. 

Garfunkel and Young (1992), in their study of 400 college and 

university teacher-education programs found little or no 

compliance by these colleges and universities with the 
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recommendations set forth in A Call for Change: 

Recommendations for the Mathematical Preparation of Teachers of 

Mathematics (MAA, 1991), or of any of the NCTM Standards. In 

similar studies conducted in Texas by the Texas Statewide 

Systemic Initiative (1995) and in Pennsylvania by Kistler (1995), 

multiple deficiencies in the mathematical preparation of 

prospective elementary school teachers at all levels were found. 

Responses in both statewide studies indicated little or no effort by 

college educators to raise requirements of mathematics courses or 

mathematics standards to meet nationad reform recommendations 

in the areas of content knowledge, instructional methods, 

assessment practices, and use of technology. 

Statement of the Problem 

There are many complex issues involved in learning to 

effectively teach mathematics. This study explores recent 

research and developments related to national and state efforts to 

reform the mathematical preparation of prospective elementary 

school teachers in content knowledge, pedagogy, and assessment 

practices. The problem that this study will investigate is the 

training, or lack of training that elementary school preservice 

teachers receive at four-year colleges and universities. 

5 



The vision of teaching and learning mathematics described 

in Professional Standards for Teaching Mathematics (NCTM, 1991), 

A Call for Change: Recommendations for the Mathematical 

Preparation of Teachers of Mathematics (MAA, 1991), and 

Guidelines for the Mathematical Preparation of Prospective 

Elementary Teachers (Texas SSI, 1995) comprises an important 

foundation for the changes that must occur in colleges and 

universities certifying elementary school teachers. University 

teacher education programs are challenged to acknowledge these 

reforms and become committed in their efforts to train 

elementary school mathematics teachers with the content 

knowledge, instructional skills, assessment practices, and use of 

technology which will enhance the teaching and learning of 

mathematics. 

Purpose of the Study 

The purpose of this study was to determine the current 

status of existing mathematics courses required for the 

mathematical preparation of elementary school teachers at four-

year colleges and universities in Texas that certify these teachers. 

This study examines how closely those teacher-training programs 

parallel the elementary school teacher preparation 
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recommendations described in Professional Standards for 

Teaching Mathematics (NCTM, 1991), A Call for Change: 

Recommendations for the Mathematical Preparation of Teachers of 

Mathematics (MAA, 1991), and Guidelines for the Mathematical 

Preparation of Prospective Elementary Teachers (Texas SSI, 

1995). 

Research Ouestions 

The following questions were developed to guide the study. 

1. How many years (units) of high school mathematics are 

required for entrance into the elementary school teacher-

certification program? 

2. How many undergraduate mathematics content courses are 

required of all prospective elementary school teachers? 

3. Does the mathematical content of the required courses 

meet standards-based (NCTM; MAA; Texas SSI) 

recommendations regarding: 

a development of numbers and number systems; 
b. computational algorithms; 
c computation and estimation techniques; 
d four basic operations; 
e. measurement; 
f. geometric concepts and relationships; 
g. collecting, organizing, representing, 

analyzing, and interpreting data; 



h. concepts of probability; 
i. algebra? 

4. What instructional methods are employed in teaching the 

required mathematics content courses? 

5. What modes of assessment are used in the required 

mathematics content courses? 

6. To what extent is technology (calculators and computers) 

incorporated into the required mathematics content 

courses? 

7. In what areas have these documents: Professional 

Standards for Teaching Mathematics (NCTM, 1991), A Call 

for Change: Recommendations for the Mathematical 

Preparation of Teachers of Mathematics (MAA, 1991), and 

Guidelines for the Mathematical Preparation of Prospective 

Elementary Teachers (Texas SSI, 1995) had an impact on 

the design of mathematics courses for elementary school 

teachers? 

8. What types of changes have occurred in the last five years 

in the mathematics courses for prospective elementary 

school teachers of mathematics in your teacher-education 

program? 
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Definition of Terms 

For the purpose of this study, the following terms are 

defined as listed below: 

Subject Matter Knowledge: Includes concepts, algorithmic 

operations, the connections among different algorithmic 

procedures, the subset of number systems being drawn 

upon, the understanding of classes of student errors, and 

curriculum presentation (Leinhardt and Smith, 1985). 

Procedural Knowledge: Refers to mastery of computational 

skills and knowledge of procedures for identifying 

mathematical components, algorithms, and definitions 

(Eisenhart et al., 1993). 

Conceptual Knowledge: Refers to knowledge of the 

underlying structure of mathematics~the relationships and 

interconnections of ideas that explain and give meaning to 

mathematical procedures (Eisenhart et al., 1993). 

Assumptions 

The following assumptions were made in regard to this 

study. 

1. The recommendations prescribed in the Professional 

Standards for Teaching Mathematics (NCTM, 1991), A Call for 
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Change: Recommendations for the Mathematical Preparation of 

Teachers of Mathematics (MAA, 1991), and Guidelines for the 

Mathematical Preparation of Prospective Elementary Teachers 

(Texas SSI, 1995) represent thoroughly researched, best practice 

mathematics education to date. 

2. The subjects responded truthfully rather than in a 

manner that would present them more favorably. 

3. College and university teacher-education programs 

want to provide the most effective mathematical training of 

elementary school teachers possible. 

Limitations of the Study 

There were certain limitations in this study which should be 

considered in interpreting the findings. They include the 

following. 

1. The study was limited to four-year colleges and 

universities in Texas which offer teacher-certification programs in 

elementary education. 

2. In using the course syllabi as an analysis tool, there is 

a possibility that the content and methods described in this 

written document may not represent the realities of how and 

what was taught in the course. 
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Significance of the Study 

Change in mathematics education will require a change in 

the training of teachers. In order to bring about the changes in 

teacher training necessary to support classroom reform, colleges 

and universities must realign existing programs of study to reflect 

the state and national recommendations related to mathematics 

content knowledge, instructional skills, assessment procedures 

and use of technology. 

Based on the studies of Garfunkel and Young (1992) and 

Kistler (1995), it is evident that content, instruction, and 

assessment in elementary-school mathematics teacher-training 

programs across the nation have remained relatively unchanged. 

However, the NCTM (1991), MAA (1991), and the Texas SSI 

(1996) recommend tremendous changes in how and what 

mathematics should now be taught to prospective elementary 

school teachers. The emphasis on attaining competence in 

mathematics must begin with teacher-training programs 

implementing these state and national guidelines. These 

guidelines, as prescribed, will provide prospective teachers with 

the mathematical foundation necessary to effectively teach 

elementary school mathematics. 
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The mathematics preparation of elementary school teachers 

is a crucial factor facing the current mathematical reform 

movement. Teacher education institutions must take 

responsibility for ensuring that as students complete their 

educational training, they leave competent and confident that 

they can meet the challenges of the 21st Century classroom. If we 

are to have quality schools, we must first, have quality teachers. 
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CHAPTER II 

REVIEW OF RESEARCH AND RELATED LITERATURE 

Introduction 

Improving the quality of teachers in our nation's schools has 

become a major goal for reformers of American education. In an 

effort to advance learning for all students, rigorous educational 

standards which invoke a consistent model of education have 

been proposed (NRC, 1997). In regard to such standards, Darling-

Hammond and Faulk (1997) state, 

standards are intended to provide educators 
with guidelines for curriculum and teaching 
that will ensure that students have access to 
the knowledge believed to be necessary for 
their later success. When thoughtfully developed 
to integrate what we know about learning with 
key concepts and modes of inquiry within the 
disciplines, standards can help educators rethink 
curriculum, teaching, and assessment practices. 
Ultimately, raising standards for students so that 
they learn what they need to know requires 
raising standards for the system, so that it 
provides the kinds of teaching and school settings 
students need in order to learn Only this more 
comprehensive view will allow us ultimately to 
succeed at educating all children in ways that have 
never been attempted before. (p.l98). 

America's desire for reform in mathematics education has 

extended itself to the nation's colleges and universities. Leaders 
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in higher education are imder fire to graduate quality teachers 

who can meet the demands of an ever-changing society. "National 

commissions, teacher unions, and education policy makers and 

analysts have recently advocated that professional standards for 

teachers be raised in order to ensure quality education and 

improve the public's view of the capabilities of teachers" (Blank 

(1986), p. 6). 

At the Federal level, reform documents such as Goals 2000 

(Federal Coordinating Council for Science, Engineering, and 

Technology, 1993) which call for: (1) demonstrated competencies 

over subject matter in 13 areas including science at grades 4, 8, 

and 12; (2) United States' students to be the first in the world in 

mathematics and science; (3) students to become literate with the 

knowledge and skills to compete globally, have encouraged 

professional organizations to develop national mathematics 

standards. 

In order to improve teacher education programs, university 

leaders must become actively engaged in the implementation of 

state and national mathematics recommendations. These 

recommendations are embodied in reform documents such as 

Professional Standards for Teaching Mathematics (NCTM, 1991), A 

Call for Change: Recommendations for the Mathematical 
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Preparation of Teachers of Mathematics (y\AA, 1991), and 

Guidelines for the Mathematical Preparation of Prospective 

Elementary Teachers (Texas SSI, 1996). 

The Professional Teaching Standards (NCTM, 1991) and A 

Call for Change (MAA, 1991) each contain a set of 

recommendations for prospective teachers regardless of the level 

they will teach. Envisioned by both organizations is the 

empowerment of teachers to: learn mathematical ideas, connect 

mathematical ideas, communicate mathematical ideas, build 

mathematical models, use technology, and develop historical and 

cultural mathematical perspectives. 

Thomas A. Romberg (1992), chair of the Commission on 

Standards for School Mathematics for the National Council of 

Teachers of Mathematics, lists changes in mathematics, changes in 

learning, and democratic citizenship as driving forces in the 

development of the NCTM Standards. These Standards, which 

were devised predominately by teachers, provide criteria from 

which the quality of mathematics instruction and curriculum can 

be judged. Other disciplines are following the lead of 

mathematics educators in developing national standards for 

curriculum, instruction, and evaluation. 
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The National Council of Teachers of Mathematics (NCTM), 

according to Cody (1995) "has articulated the best collective 

thinking concerning standard-based reform. Standard-based 

reform has at least three major principles or objectives. 

1. Challenging curriculum content with high 
performance standards should be taught to, and 
learned by all students. 

2. The policies and major programs of the "system" 
of schooling need to be aligned with the teaching 
and learning of those standards in ways that guide 
efforts of all involved to their achievement. 

3. The authority and responsibility of policy makers, 
school administrators, and teachers need to be 
"restructured" in a way that delegates to teachers 
the discretion they need to effectively accomplish 
the achievement of high standards, (p. 291) 

Recognizing the complex interactions that occur between the 

teacher, the students, and the mathematics content being taught, 

the Mathematical Association of America (1991) articulates 

necessary changes in the teaching and learning of mathematics by 

teachers. In order for teachers to implement 

the curriculum envisioned by NCTM Standards they 
must have opportunities in their collegiate courses to: 
explore, analyze, construct models, collect and 
represent data, present arguments, and solve 
problems. The content of collegiate level courses 
must reflect the changes in emphases and content 
of the emerging school curriculum and the rapidly 
broadening scope of mathematics itself. Current 
requirements for certification of teachers of school 
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mathematics, particularly at the elementary and 
middle school levels, and the learning experiences 
of prospective teachers within college classes fall 
far short of these goals. There is a need for change. 
This document calls for change in how and what 
mathematics is taught to prospective teachers in 
collegiate courses and change in the amount of 
mathematics preparation now required for the 
certification of teachers of school mathematics at 
all levels. (MAA, 1991, preface) 

In Texas, the Statewide Systemic Initiative reflects the 

recommendations made by the NCTM and MAA in Guidelines for 

the Mathematical Preparation of Prospective Elementary Teachers 

(1996). This document, recognizing the dynamic, ever changing 

nature of mathematics, calls for collegiate mathematics courses to 

be reexamined and restructured. Voiced is the need for changes 

in the mathematical preparation of elementary school teachers in 

course emphasis and content, instruction, assessment, and 

technology. 

The Professional Standards for Teaching Mathematics 

(NCTM, 1991), A Call for Change: Recommendations for the 

Mathematical Preparation of Teachers of Mathematics (MAA, 

1991), and Guidelines for the Mathematical Preparation of 

Prospective Teachers of Mathematics (Texas SSI, 1995) provide 

guidelines of appropriate mathematical content necessary for the 

preparation of elementary school teachers of mathematics. Each 
17 



of these documents presents similar categories of content to be 

covered in elementary-school teacher preparation programs (see 

Appendixes A,B,C.). This content is summarized in a nine-item 

matrix included in NCATE-Approved Curriculum Guidelines, 

prepared by the National Council of Teachers of Mathematics for 

"Basic Programs Preparing Teachers for K-4 Teachers of 

Mathematics Emphasis" (1993, pp.7-8) (see Appendbc O). These 

outcomes have been updated by the NCTM to be specifically 

consistent with recommendations in the Professional Standards 

for Teaching Mathematics (NCTM, 1991) and A Call for Change 

(MAA, 1991). The nine outcomes are also refiected in the Texas 

SSI's Guidelines for the Mathematical Preparation of Prospective 

Teachers of Mathematics (1996), 

Movement through this content should focus on 

understanding underlying principles and making connections to 

real-world situations. In these reports, specific course 

descriptions are not given, but it is recommended that the content 

guidelines set forth for elementary school teachers Grades (K-4) 

and middle school teachers Grades (5-8) require a minimum of 

nine and fifteen semester hours of mathematics, respectively. 

Entrance requirements of a minimum of three years of college 

preparatory high school mathematics or equivalent is also 
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recommended for entrance into teacher-education programs. 

Although knowledge can't be adequately measured by the 

number of courses a student has or has not taken, it serves as an 

indicator of the exposure to mathematics that one has 

experienced. 

These standards are not intended to define individual 

courses. They describe experiences to be included in the 

mathematical preparation for a teacher at the elementary school 

level. To provide these experiences, a minimum of nine semester 

hours of content mathematics is needed (Swafford, 1995). 

Reigeluth (1997) notes "Standards, properly conceived, are just 

one necessary, but not sufficient, part of a comprehensive 

redesign of a very complex education system" (p. 202). Reform is 

not achievable through acquisition of mathematical knowledge 

alone; knowledge of pedagogy and assessment practices is also 

mandatory. 

Prompted by recommendations made in these documents 

and the national desire for better prepared teachers, the Texas 

Statewide Systemic Initiative (1995), in an effort to assess the 

current state of existing institutional programs for the 

mathematical preparation of teachers, surveyed sixty-eight four-

year universities and seventy-five two-year community colleges 

19 



in Texas. Results of this effort indicated that the preparation of 

teachers at all levels across the state were deficient in the areas of 

mathematical content knowledge, instructional methods and 

assessment practices. Utilizing these findings, the Texas SSI 

developed a set of guidelines for the mathematics content courses 

required for the preparation of elementary school teachers. The 

purpose of this set of guidelines, published as Guidelines for the 

Mathematical Preparation of Prospective Elementary Teachers 

(Texas SSI, 1995), was to strengthen the mathematical 

preparation of prospective elementary teachers throughout Texas 

in the areas of content knowledge, instructional methods, and 

assessment practices. 

Understanding that the improvement of mathematics 

curricula is one of the most important problems facing education, 

Garfunkel and Young (1992) conducted a national survey of the 

mathematics and education departments of 400 colleges and 

universities. Responses indicated little or no effort by college 

educators to raise requirements of mathematics courses or 

mathematics standards. In fact, across the nation, this study 

found little awareness of the guidelines set forth in A Call for 

Change: Recommendations for the Mathematical Preparation of 

Teachers of Mathematics (MAA, 1991), or of any of the National 
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Council of Teachers of Mathematics' Standards (NCTM, 1989; 1991; 

1995). 

In a study of 70 Pennsylvania colleges and universities 

which prepare elementary school teachers, Kistler (1995) found 

Pennsylvania institutions of higher education needed to raise the 

mathematics entrance requirements and increase the number of 

required mathematics content courses for elementary school 

teachers. Her study also indicated a need to incorporate 

appropriate technology throughout the courses, as well as 

pedagogy that emphasizes problem solving and the conceptual 

understanding of mathematics. 

Change in mathematics education require a change in the 

training of teachers. In order to bring about the changes in 

teacher training necessary to support classroom reform, colleges 

and universities must realign existing programs of study to reflect 

the state and national recommendations related to mathematics 

content knowledge, instructional skills, assessment procedures 

and use of technology. 

Based on the studies of Garfunkel and Young (1992), Kistler 

(1995), and the Texas Statewide Systemic Initiative (1995), it is 

evident that content knowledge, instructional methods, and 

assessment procedures in elementary school mathematics 
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teacher-training programs across the nation have remained 

relatively unchanged. However, the NCTM (1991), MAA (1991), 

and the Texas SSI (1996) recommend tremendous changes in how 

and what mathematics should now be taught to elementary school 

teachers. The emphasis on attaining competence in mathematics 

must begin with teacher training programs implementing these 

state and national guidelines. These guidelines, as prescribed, will 

provide prospective teachers with the mathematical foundation 

necessary to teach elementary school mathematics effectively. 

Mathematical Content Knowledge 

Mathematics is an ancient discipline vested with 
modem authority. Mathematics empowers people 
with the capacity for control in their lives; it offers 
science a firm foundation for effective theories; and 
it promises society a vigorous economy. In all 
cultures, in all generations, children study 
mathematics to gain access to a better life. In this 
respect, today is no different from yesterday, the 
twentieth century no different from the eighteenth. 
But in other respects the world has changed 
significantly, profoundly, and irreversibly. 
(Steen, 1989, p.l9 ) 

In order to address the needs of the twenty-first century, 

faculty who prepare elementary school teachers should be 

familiar with recommendations made in current reform 
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documents and actively engaged in the process of reexamining 

and revising mathematics course content to refiect recommended 

reforms. Higher education leaders are challenged to develop 

content and pedagogy to compliment the content base that is 

clearly identified in the Professional Standards for Teaching 

Mathematics (NCTM, 1991), A CaU for Change (MAA, 1991), and 

the Guidelines for the Mathematical Preparation of Prospective 

Elementary Teachers (Texas SSI, 1996). 

A deficiency in mathematical content knowledge leads to a 

condition termed innumeracy. Innumeracy is the inability to deal 

comfortably with numbers and their functions (Paulos, 1988). 

Currently, many American students as well as adults suffer from 

innumeracy. Paulos contends that a lack of numerical 

perspective cripples mainy otherwise educated people and the 

nation as a whole by diminishing their effectiveness in the world 

of business and industry. It is no longer sufficient for a small 

portion of our population to be mathematically literate. 

Mathematical literacy for all students has become an established 

goal in standards-based movements occurring in most states 

across the nation. Mathematically literate individuals possess the 

knowledge and skills necessary to solve problems and make 
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decisions as they function in an ever changing society driven by 

emerging technologies. 

If we are to maintain our economic edge, it is imperative 

that attitudes and mathematical skill levels improve (NRC, 1989). 

Our educational system, according to the NRC (1989), has 

produced students with minimal computational skills. To reach 

their full potential, students must be allowed the opportunity to 

explore and construct their own comprehensive meanings of 

mathematical concepts (Cobb & Steffe, 1983; Cooney, 1994). 

Emphasis in education must be on developing thinkers who have 

the intellectual skills to reason mathematically, the ability to solve 

unconventional problems, and the confidence to cope with the 

mathematical demands of life (NCTM, 1989). (Juality mathematics 

education for all students must become an educational priority. 

According to the NRC (1989), there is a lack of adequate 

undergraduate content knowledge training for teachers in 

mathematics. They contend that this deficit is due in part to 

undergraduate classes being taught predominately by 

international teaching assistants or professors whose primary 

focus is research. Kerr and Lester (1982) attribute this "glaring 

deficiency" in the professional training of mathematics teachers to: 

students' perception of courses as being irrelevant, lack of 
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mathematics programs in building solid content foundations, 

failure of course content in meeting changes in society, and little 

attention to the big ideas of mathematics. Grossman attributes 

this lack of an adequate knowledge base to the "fragmentary 

nature of the typical education program" (1990, p. 4). 

Because teachers tend to teach as they have been taught 

(Frank, 1990), universities must exemplify the highest levels of 

academia as well as the highest standards of teacher instruction. 

Mathematics teacher preparation is a crucial factor in the current 

mathematical reform movement. Teacher-education institutions 

must take responsibility for ensuring that as students complete 

their education training, they are competent and confident in 

meeting the challenges of the classroom. If we are to have quality 

schools, we must first have quality teachers. 

A major factor affecting mathematics education at all levels 

is the shortage of teachers who are qualified with an adequate 

content knowledge base. The large percentage of elementary 

school teachers going into classrooms have minimal training in the 

areas of mathematics and science (Brodbelt, 1984; NRC, 1989). 

The Camegie Fomm on Education and Economy (1986) argues that 

"many of the teachers in elementary schools are not qualified to 

teach mathematics and science for even 30 minutes a day" (p. 39). 
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Upon review of recent research on elementary preservice 

teachers' content knowledge. Brown et al. (1990) concluded that 

"research of this type leads to the distinct impression that 

preservice elementary school teachers do not possess a level of 

mathematical understanding that is necessary to teach elementary 

school mathematics as recommended in various proclamations 

from professional organizations such as NCTM" (p. 643). Conant 

(1963) contends, 

it is risky to assume that a holder of a bachelor's 
degree from an American college has necessarily 
pursued a recognized subject in depth, or in a 
sequence or coherent pattern Only through 
pursuing a subject well beyond the introductory 
level can the student gain a coherent picture of 
the subject, get a glimpse of the vast reaches of 
knowledge, feel the cutting edge of disciplined 
training, and discover the satisfactions of the 
scholarly habit of mind (so that if he becomes a 
teacher, he can communicate something of this 
spirit to others), (p. 106) 

In speaking about the general requirements for the 

bachelor's degree in a teacher education program, Conant (1963) 

offers four recommendations: 

first, that there are certain areas of knowledge 
with which all future teachers should be 
acquainted: second, that in these areas of 
knowledge there are characteristic ways of 
grasping the subject; third, that in both the 
knowledge and the ways of understanding them 
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there are basic principles; finally, that properly 
studied and taught, these subjects and the 
principles discoverable in them can further the 
process of liberal education, (p. 92) 

The Holmes Group (1986) calls for the abolishment of the 

undergraduate education degree. 

For elementary teachers, this degree has too often 
become a substitute for learning any academic 
subject deeply enough to teach it well. These 
teachers are certified to teach all things to all 
children. But few of them know much about 
anything, because they are required to know a 
little of everything no teacher should be allowed 
to teach subjects they have not studied deeply. 
(Holmes Group, 1986, pp. 14-15) 

Because elementary school teachers tend to be under 

prepared to teach mathematics, some educators are calling for 

elementary school teacher-education institutions to require an 

area specialization or departmentalization in mathematics 

(Brodbelt, 1984; Paulos, 1988). Departmentalization would 

require retraining or a more intense training program for new 

teachers in these areas. Others such as Dossey (1984), while fully 

endorsing the NCTM Standards, appendices these documents with 

a novel teacher-training model which would encompass the entire 

scope of the preservice program. His model consists of three 

intertwined areas including: content, methods, and clinical 
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experiences. The model begins by advocating a minimum 

requirement of three courses of content mathematics with an 

emphasis on conceptual understanding. The methods component 

of the model would integrate content with teaching methods and 

elementary school curriculum, while the clinical experience 

component would enable application of the learned skills. 

In order to enrich the content knowledge of teachers, Kerr 

and Lester (1982) suggest incorporating in place of the customary 

mathematics content courses, subject specific mathematics 

methods courses that model the realities of the classroom. These 

methods courses would provide a variety of learning experiences 

in which mathematics content is coupled with paradigms of 

pedagogy-

Recommendations for teacher-education improvement have 

been proposed by the Holmes Group (1986). They included 

solidifying teacher academia by increasing their command of 

subject matter and their teaching skills, acknowledging through 

certification differences in teachers knowledge and skills, and 

demanding higher standards of entry into the profession through 

more stringent course requirements and examinations. 

Burger et al. (1983) at Oregon State University in an effort 

to reform the elementary school teacher education program by 
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providing a more solid mathematical content base for elementary 

school teachers has called for several program changes. These 

changes include an increase in mathematics course requirements, 

an increase in technology course requirements, and specifically 

designed mathematics courses for elementary school teachers. 

Students are coming to universities unprepared in 

mathematical conceptual and procedural knowledge. This comes 

as no surprise since they have been instructed by role models 

who have not had the proper background training to teach 

mathematics. Most teachers tend to fall back on teaching 

practices they are most familiar with (Frank, 1990). This is to say 

that teachers usually end up teaching as they have been taught. 

The mathematical education that prospective teachers bring 

to university settings, according to Ball (1990), has been molded 

in traditional mathematical settings where mathematics has been 

taught as a set of fragmented rules and procedures. The results of 

her study of 252 preservice elementary school teachers revealed 

that the mathematical understanding elementary and secondary 

teacher candidates held was rule bound and compartmentalized. 

Although most participants could perform mathematical 

calculations, few could explain or justify the underlying principles 

related to the operations they had performed. Consequently, 
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these prospective teachers lacked the conceptional understanding 

of mathematics, the confidence to go beyond mere procedural 

knowledge, and the ability to make sense of mathematics in real-

world settings. 

Conant (1963) also found that students entering college had 

insufficient academic preparation. He recommended requiring 

four years of mathematics in high school and that the recruitment 

of teacher-education candidates be limited to the top 30% of high 

school graduates. 

There is a consensus among mathematics teachers who have 

been prepared under traditional programs that mathematics 

education should be reconceptualized in order to build a more 

stable mathematical foundation for students. A huge pedagogical 

price has been paid when the prospective teachers' subject matter 

competence is itself compromised by deficiencies in prior 

education. Undergraduate content offerings must not become 

merely secondary school material warmed over and reoffered at a 

much higher cost (Boyer, 1987). New teacher-preparation 

programs must seek alignment with current reform documents 

and reflect significant transformations in the mathematics 

enterprise that have occurred in the last quarter of a century. If 

this cycle of traditional mathematics teaching is to change and if 
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national goals are to be achieved, prospective teachers must be 

instructed in exemplary college courses that tailor content with 

context for teaching by integrating subject matter knowledge with 

pedagogy (Grossman, 1990). 

Grossman et al. (1989) question the assumption that subject 

matter knowledge per se is sufficient for the training of teachers 

to effectively teach a specific subject area. The complex 

dimensions of subject matter knowledge have been a major 

research concern. According to Grossman (1990), subject matter 

knowledge is the "cornerstone" for the professional knowledge of 

teachers. This subject matter knowledge consists of four 

intertwined dimensions, namely: content knowledge, substantive 

knowledge, syntactic knowledge, and beliefs about subject matter. 

Content knowledge or conceptual knowledge refers to knowledge 

of the underlying structure of mathematics~the relationships and 

interconnections of ideas that explain and give meaning to 

mathematical procedures (Eisenhart et al., 1993). Substantive 

knowledge consists of key facts or principles in a discipline while 

syntactic knowledge refers to rules of evidence within a discipline. 

Subject matter knowledge includes knowledge of concepts, 

algorithmic operations, the connections among different 

algorithmic procedures, the subset of number systems being 
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drawn upon, the understanding of classes of student errors, and 

curriculum presentation (Leinhardt and Smith, 1985). This 

subject matter knowledge, according to Grossman et al. (1989), 

permeates every aspect of instruction; "...knowledge, or lack of 

knowledge, of the content can affect how teachers critique 

textbooks, how they select materials to teach, how they stmcture 

their courses, and how they conduct instmction" (p. 28). 

Shulman (1986) rejects George Bemard Shaw's calumny 

found in "Maxims for Revolutionists," "He who can, does. He who 

cannot, teaches" in his restatement, "Those who can, do. Those 

who understand, teach" (p. 14). Like Aristotle, Shulman declares 

"that the ultimate test of understanding rests on the ability to 

transform one's knowledge into teaching" (p. 14). He argues that 

the importance of content knowledge in the study of teaching has 

all but vanished, calling it the "missing paradigm." 

Shulman (1986), in his study of the understandings, 

conceptions, and orientations of preservice teachers as they made 

their transition from student to novice teacher found that an 

equal blending of the elements of the teaching process with 

content knowledge were necessary for effective teaching to occur. 

Knowledge of subject matter supports lesson structure knowledge 

by providing the foundation for what is taught. Similar findings 
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are echoed by the NCTM (1988) in Effective Mathematics 

Teaching, which describes subject matter knowledge and 

knowledge of classroom organization and management as two 

distinct domains of knowledge that must be blended for expertise 

in teaching to occur. 

Cardellichio (1995) argues that types of knowledge, teaching 

methodology, and school structure are all intertwined. He 

contends that our "worn out structures and models of schooling" 

(p. 629) focus far too heavily upon procedural (factual) knowledge 

rather than on process (skill) knowledge. 

Leinhardt and Smith (1985) contend that there exists two 

core areas of knowledge: lesson structure knowledge and subject 

matter knowledge. In their study of the relationship between 

expert teachers and subject matter knowledge in respect to the 

teaching of fractions, these researchers found considerable 

variability in the level of teachers' conceptual knowledge. As the 

level of conceptual knowledge increased, a broadening of lesson 

structures were displayed. Good teachers must have a firm grasp 

of the subject they are teaching as well as the skills necessary to 

present the content in ways that promote learning (McDiarmid et 

al., 1989; Grossman et al., (1989). 
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Lampert (1986) in her investigation of the structure and 

process involved in the understanding and teaching of multi-digit 

multiplication identified four types of mathematical knowledge: 

intuitive, concrete, computational, and principled knowledge. She 

argues that we must focus on making connections among the 

different ways of knowing mathematics in order to attain 

meaningful mathematical knowledge. 

Shulman (1986) divides the content knowledge necessary 

for teacher understanding into three distinct categories: subject 

matter knowledge, pedagogical content knowledge, and curricular 

knowledge. Subject matter knowledge includes knowledge of 

facts as well an understanding of the structures of the subject 

matter. Pedagogical content knowledge goes beyond subject 

matter knowledge to include ways of representing the subject 

matter that makes it comprehensible to students. Pedagogical 

content knowledge includes knowledge of the curriculum, 

instructional materials, and technologies (Swafford, 1995). The 

third type of content knowledge, curricular knowledge, is the 

understandings about the various curricular options available for 

instruction. Shulman (1986) sums up his support for this type of 

knowledge by stating. 
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The professional holds knowledge, not only of how 
- the capacity for skilled performance~but of what 
and why. The teacher is not only a master of 
procedure but also of content and rationale A 
professional is capable not only of practicing and 
understanding his or her craft, but of communicating 
the reasons for professional decisions and actions to 
others, (p. 13) 

Without a firm knowledge base in mathematics, teachers 

many times represent both the content and the nature of 

mathematics inappropriately. There is evidence that a deeper 

knowledge of the content leads to more conceptual explanations 

(Ball, 1988; Lampert, 1986), thus enabling teachers to become 

more effective in teaching this subject. 

Leinhardt et al. (1991) found that subject matter knowledge 

plays a critical role in the instructional process. Subject matter 

knowledge must include knowledge of methods by which content 

is represented and presented. These researchers identified four 

areas where subject matter knowledge impacts instruction: 

agendas (lesson planning), curriculum scripts (setting lesson 

goals), explanations (demonstrations, experiences), and 

representations (use of physical or conceptual objects). These 

uses of subject matter knowledge reflect not only teachers' depth 

of knowledge, but also their knowledge of how to teach the 

subject matter (Ball, 1990; Leinhardt et al., 1991; Evan, 1993). 
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Teachers must grasp the subject matter deep enough to be able to 

represent content appropriately and in a variety of ways. 

In a similar study of expert teachers and their presentation 

of fractions, Leinhardt and Smith (1985) found that the "subject 

matter of expert teachers includes concepts, algorithmic 

operations, the connections among different algorithmic 

procedures, the subset of the number system being drawn upon, 

the understanding of classes, of student errors, and curriculum 

presentation" (p. 247). 

Research findings confirm the importance of strong 

preparation in content area. What a teacher knows is one of the 

most influential factors affecting what is taught in the classroom. 

The content of mathematics includes teacher 
knowledge of the concepts, procedures and 
problem solving processes within the domain 
in which they teach, as well as in related content 
domains. It includes knowledge of concepts 
underlying the procedures, the interrelativedness 
of these concepts, and how these concepts and 
procedures are used in various types of problem 
solving. Crucial also to teacher knowledge of 
content is the manner in which the knowledge is 
organized, indicating teacher knowledge of the 
relationships between mathematical ideas. 
(Fennema & Franke, 1992, p. 162) 

In Acquisition of Mathematics Concepts and Processes, Lesh 

(1983) argues content understanding requires more than leaming 
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isolated processes. A student must reach an understanding of 

processes which allows the student to know when to use it, what 

other processes are related to it, and when and how to retrieve it. 

Another area of concern as one discusses mathematical 

content knowledge, has to do with the relationship that exists 

between the content of mathematics courses taken at the 

university and the mathematics that is actually taught in the 

elementary school classroom (Grossman et al., 1989). How much, 

if any, correlation exists between the two? If effective teaching is 

to occur, the mathematics that prospective teachers will find 

themselves teaching must be addressed in their teacher-

preparation programs. Only when a teacher is well versed in the 

subject matter of the field he/she is to teach can he/she 

legitimately become the intellectual leader in the classroom. 

Deficiencies in depth of content knowledge restrict teachers as 

well as the students they teach in their efforts to achieve. Good 

teaching is conditional upon the presence of adequate educational 

content knowledge. Practically and ethically, teachers have a 

responsibility to be intellectually sound in the subject areas they 

teach (Buchmann, 1984). 

Teaching is about the transmission of knowledge. Teaching 

should be grounded on a strong core of knowledge (Brown & 
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Borko, 1992). Teachers who teach mathematics in the elementary 

school must be competent and confident in their abilities to 

transmit this knowledge to students. 

The studies indicate that in order to improve the quality of 

teachers, prospective elementary school teachers must be 

provided with a more stable mathematical foundation. Current 

literature also agrees that mathematical content knowledge 

infused with knowledge of teaching and curriculum is crucial for 

teachers who hope to effectively teach mathematics. In order to 

ensure quality teachers for the 21st century, teacher education 

programs must provide contexts in which teachers study the 

content they will be required to teach in a way that embodies the 

philosophy that permeates the Standards (Cooney et al., 1988). 

Instruction 

The Curriculum and Evaluation Standards for School 
Mathematics (NCTM, 1989) calls for, a shift in emphasis from 

a curriculum dominated by an emphasis on 
memorization of isolated facts, procedures, 
and proficiency with paper-pencil skills to one 
which emphasizes conceptual understandings, 
multiple representations and connections, 
mathematical modeling and mathematical 
problem solving, (p. 125) 
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Teacher-education programs must reflect this philosophy by 

instructing prospective teachers in methodologies which engage 

students in the active process of leaming and problem solving 

(McKeachie, 1994; Polya, 1981). Students must be allowed 

opportunities to construct meaning, make connections between 

subject matter and real-world situations, create, discover, and 

make sense of the world around them (Borasi, 1994; Cobb & 

Steffe, 1983; Cooney, 1994; NCTM, 1989,1991; MAA, 1991; Sigel, 

1978; Texas SSI, 1996). 

Unlike the past, when mathematics was taught for the 

purpose of precisely calculating stagnant equations through a long 

list of fragmented rules and procedures (Ball, 1990; Grossman, 

1990; Lappan & Briars, 1995; Goodlad, 1984), these reform 

documents call for a more conceptually oriented teaching of 

mathematics. The long-standing method of teaching by rote 

imitation of procedures does not guarantee that one knows why 

these procedures are being performed. Consequently, traditional 

approaches in the teaching of mathematics must give way to 

approaches that acknowledge personal experiences and have 

"authentic" meaning for the teacher as well as the student. 

Emphasis in mathematics education must be on developing 

thinkers who have the intellectual skills to reason, the ability to 
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solve unconventional problems, and the confidence to cope with 

the demands of life. 

Conant (1963) found a variety of what he termed 

"unfortunate" college instructional practices, including: TA's in 

charge of freshmen courses, heavy dependence on textbooks, 

boring lectures delivered by uninspired teachers, and dreary 

discussions in large classes. Davis (1984) maintains that 

mathematics is presented from an erroneous point of view, that it 

is presented as a body of "dead facts" and techniques. He calls for 

the creative teaching of mathematics. He contends that 

mathematics is far too complex to be learned by rote and that 

real-world uses of mathematics require originality and creativity. 

Recent studies indicate that many students, believed to be 

successful by traditional testing methods, are seriously confused 

when one examines how they think in terms of subject matter. 

A five year national study of mathematics ability involving 

1,000 students by Begle (1979) found that mathematics was 

viewed as a set of interrelated, abstract symbolic symbols. The 

Holmes Group (1986) sums up undergraduate education with, 

what of the many badly taught and often 
mindlessly required courses that our students 
(teacher education), like all undergraduates, must 
take in the various departments of arts, sciences, 
and humanities? Is the weak pedagogy, the 
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preoccupation with "covering the material," the 
proliferation of multiple-choice tests, the delegation 
of much teaching to graduate students-increasingly, 
students who can not speak English very well-not 
full of messages about the nature of knowledge and 
standards for acceptable teaching? (p. 5) 

University professors do not merely teach the content of 

their courses, they become models for instructional practices. The 

Holmes Group (1986) states, 

If teachers are to know a subject so that they 
can teach it well, they need to be taught it well 
The undergraduate education that intending 
teachers receive is full of the same bad teaching 
that litters American high schools (to strengthen 
education in academic subjects) sharply revise 
the undergraduate curriculum, so that future 
teachers can study the subjects they will teach with 
instructors who model fine teaching and who 
understand the pedagogy of the material, (p. 16) 

In view of instructional methodology, mathematical 

pedagogy which motivates these prospective teachers to teach 

mathematics in a relevant manner must be modeled by respected 

teachers in order to change traditionally held belief systems and 

the negative attitudes that have long been associated with the 

teaching of mathematics (Frank, 1990). The reform vision 

challenges current mathematics teacher educators to train 

prospective teachers to teach in ways that they themselves have 

never been taught or in ways they have never taught their own 
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classrooms. Faculty responsible for training teachers must be 

competent and emulate sound principles of teaching. In an effort 

to reach greater heights in teacher effectiveness, Stodolsky (1988) 

challenges teachers and teacher educators to " try to sort out the 

necessary in teaching from the conventional, the habitual from the 

possible" (p. 132). 

What teachers think, how they leam to teach, and their 

decision-making process must become as important as how they 

plan lessons and communicate mathematical content to students. 

In order to develop instructional skills and confidence in 

mathematics, preservice teachers must leam to validate their own 

answers. They must be allowed opportunities to make 

conjectures, ask questions, and work with concrete materials in 

order to personalize their mathematical knowledge and become 

mathematically empowered. "Mathematical power encompasses 

the ability to explore, conjecture, and reason logically, as well as 

the ability to use a variety of mathematical methods effectively to 

solve non routine problems" and the self confidence and the 

disposition to do so" (NCTM, 1991, p. 19). 

University mathematics content course instmction must 

provide teachers with opportunities to explore, discover and 

constmct meaning in the mathematics they will be teaching 
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(Brown et al.,1990; Bmner, 1960). Recommended changes in 

instructional methods create a new role for teachers. The NCTM 

(1995), in its 21st Yearbook, describes the role of the teacher as in 

a sense of a master technician. 

Teaching is more than teUing and explaining, 
and leaming is more than imitating and memorizing. 
During the last 60 years teachers of mathematics 
have gradually sensed that, above all else, their 
pupils should leam the meaning of mathematical 
terms, principles, operations, and pattems of thought. 
Nowadays teachers aim to develop thinkers So 
teachers contrive situations in which pupils discover 
mathematics Teachers plan daily to challenge, to ask 
why, to doubt, to interest, to evaluate, and to exploit 
numerous ways to further pupils' growth, (p. 166) 

Instructional methodologies recommended in Professional 

Standards for Teaching Mathematics (NCTM, 1991) include the 

employment of worthwhile mathematical tasks in order to engage 

students in the study of mathematics. These tasks should 

promote understanding, develop skills, make connections, promote 

communication, draw on background experiences, build 

confidence in mathematics and display the power of mathematics 

through a variety of applications (Steen, 1989). Designing and 

sequencing these tasks require a careful examination of course 

goals, connections to other mathematical ideas, and the current 
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level of understandings held by the students (Lappan & Briars, 

1995). 

Opportunities must be presented during instruction that 

allow prospective teachers to expand and challenge their 

assumptions about the teachers' role as well as develop 

pedagogical content knowledge. They need to be allowed time to 

revisit and extend their mathematical understanding as well as 

experiment with practices and representation materials designed 

to help students leam (McDiarmid et al., 1989). Teacher 

candidates should have a variety of mathematical experiences in 

their training process which enable them to create environments 

that encourage students to construct personal meanings of 

mathematics (Clandinin, 1989). If teachers, as well as students 

have opportunities to have extensive experiences with 

mathematics, if they are allowed the opportunity to make 

connections between prior mathematical knowledge and newly 

contrived mathematical experiences, then abstract mathematical 

concepts will become experienced based. 

The traditional instmctional model experienced by 

prospective elementary school teachers must move closer toward 

a constmctivist classroom model. Davis et al. (1990) argues 
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Constructivism also demands of us that we change 
our approach to teacher education. If leaming from 
experience is important, as constructivists claim, then 
we need to provide our student teachers with 
appropriate forms of experience. In constmctivist 
teacher-education classes one commonly sees three 
realities: the reality of mathematics, the reality of 
humans thinking about mathematics, and the reality 
of classrooms Adopt a constmctivist point of view, 
and you will need to change your expectations of 
schools, of teachers, of "content," of teacher education, 
and of research methodologies, (p. 189) 

Isenberg and Altizer-Tuning (1984) and Grossman et al. 

(1989) argue that any program designed to improve the teaching 

of mathematics must integrate general professional preparation, 

mathematical content, and instructional methodologies. The 

National Council for Accreditation of Teacher Education (NCATE) 

which was founded in 1965 to provide a mechanism for 

improving teacher education, contends that a majority of courses 

within a teacher's education program should include the 

integration of pedagogy with content (Association for Childhood 

Education Intemational, 1992). The Federal Coordinating Council 

for Science, Engineering, and Technology (1993) reiterates the 

need for the integration of pedagogical skills and disciplinary 

content knowledge, in their findings that nearly one-half of the 
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nation's 2.2 million mathematics teachers require extensive 

upgrading in both of these areas. 

One of the most critical issues facing teacher preparation 

institutions is implementing instmctional strategies which will 

develop prospective teachers' imderstanding of content in 

mathematics for effective teaching (Swafford, 1995). What 

prospective teachers know about mathematics determines what 

and how they teach mathematics. Teachers' knowledge of 

mathematics has a direct impact on instruction and conceptual 

understanding (Fennema & Frank, 1992). NCTM in Professional 

Standards for Teaching Mathematics (1991, pp.124-125) 

encourages the simultaneous teaching of mathematics and 

mathematics pedagogy in the training of preservice teachers. 

Integration of this content and pedagogy is a necessity for any 

teacher-education program (Shulman, 1986; Cooney, 1994; 

Isenberg & Altizer-Tuning, 1984; Grossman, 1989). 

Another factor affecting the mathematical instmctional 

strategies of preservice teachers is the conflicting roles which 

exist between teachers' attitudes and practices. A teacher's 

education begins long before they are admitted into a teacher-

education program. Thompson (1994), Cooney et al. (1988), and 

Renne (1992) found that an extremely complex relationship 
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existed between the teachers' conceptions and their instmctional 

behavior. This relationship showed that each teachers' beliefs, 

attitudes, level of mathematical content knowledge, and 

preferences about mathematics, regardless of whether they were 

consciously or unconsciously held, played a significant role in 

shaping their practices. McDiarmid et al. (1989) argues that: 

unless teacher educators address teacher-education 
students' initial conceptions of what it means to 
teach and leam subject matter, to challenge the 
prevailing view of that teaching means telling and 
leaming means remembering, we are likely to see 
the perpetuation of the telling-accrual model of 
teaching that has dominated schools in the United 
States since their inception, (p 201) 

To gain a fuller understanding of the knowledge and 

attitudes preservice teachers bring to the classroom setting, one 

has to understand the personal philosophies of preservice 

students. Preservice elementary school teachers enter their 

teacher-preparation programs with preconceived beliefs and 

personally constructed theories regarding classroom instruction. 

If an improvement in teacher-education programs is to occur, the 

factors which have molded each participant's personal belief 

system and attitude towards mathematics must be explored 

(Maher & Alston, 1990; Powell, 1992; Sovchik et al., 1981; Tishler, 

1980). 
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Through teacher-education programs, the belief systems of 

prospective teachers with regard to the nature of mathematics as 

well as the nature of mathematics education can be molded to 

parallel the NCTM Standard's and meet the situational teaching 

realities of the classroom. Because our beliefs and values always 

influence our decisions in teaching, a prospective teacher must 

responsibly acknowledge and assess their personal priorities. 

Programs of teacher education can allow for the reflective 

reconstruction of personal philosophies by acknowledging belief 

systems and by providing opportunities for growth and 

development (McDiarmid et al., 1989). Universities have a 

responsibility to acknowledge the prior knowledge and 

experiences students bring with them to the campus and to use 

this knowledge as a springboard for developing effective 

educators (Thompson, 1994; Cooney et al., 1988; Battista, 1986; 

Kelly &Tomhave, 1985 ). 

Eisenhart et al. (1993) contends that instmction that fails to 

connect principled conceptual knowledge and procedural 

knowledge impedes the prospective teacher's ability to teach 

mathematics in any depth. Hiebert (1986) views conceptual 

knowledge as a necessary foundation for building procedural 

knowledge. Procedural knowledge is characterized by step by 
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step procedures executed in a specific sequence whereas 

conceptual knowledge involves a rich network of relationships 

between pieces of information, which permits flexibility in 

accessing and using information. 

Ball et al. (1990) found that across the board beginning 

teachers lacked desirable practices in the teaching and 

representation of the basic concepts of mathematics. There is an 

extensive amount of evidence concerning the lack of conceptual 

knowledge in the area of mathematics that pervades elementary 

mathematics teachers' programs. The preponderance of poor 

attitudes towards mathematics in addition to this lack of 

conceptual knowledge and varied instructional practices is having 

a debilitating effect on our education system. Fortunately, 

however, there is also evidence that inroads can be made that will 

help to ameliorate these areas of concern. 

It is in teacher-education programs that preservice teachers 

must be allowed to construct a flrm foundation of mathematics 

built upon a thorough understanding of the underlying principles 

that relate to mathematical procedures. Teachers must be able to 

explain with confidence judgments made and the meanings of and 

reasons for certain relationships and procedures. They must be 

able to generate explanations and representations to the 
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operations they teach or we are cursed to repeat the cycle where 

our students function, at best, with minimal computational 

proficiency. In its 21st Yearbook, the NCTM asserts, 

A teacher is a leaming engineer, a builder of 
minds that solve problems. As such, the teacher 
must first know the total mathematics he will teach, 
that is the framework, the facing material, and all 
the interior finishings to make the structure complete. 
But he must also know the stresses and strains the 
foundation and framework must support, and how the 
whole stmcture of mathematics is put together in the 
minds of his students. It is the teacher who is 
responsible for planning, designing, blueprinting, 
constructing, finishing, and putting the final product-a 
problem solving mind in the realm of quantitative 
thinking-to effective use in society. (NCTM, 1995, p. 348) 

Elementary school teachers will require specific training in 

pedagogy to meet the demands set forth by NCTM, MAA, and 

TSSI. The design and development of undergraduate mathematics 

programs must focus on content knowledge unified with 

appropriate instructional strategies congruent with state and 

national standards. The entire university, not just the college of 

education must be held accountable for the preparation of 

teachers. The ramifications of the reform vision offer enormous 

challenges for teacher-education departments and for 

departments of mathematics. The faculty of the mathematics 

department must support the mission of teacher-education 
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programs. This support is cmcial if the quality of teacher 

preparation is to improve. Only through communication across all 

levels within the institution can prospective teachers be 

guaranteed the rigorous training necessary to effectively teach 

mathematics. 

Instructional methodology which motivates prospective 

teachers to teach mathematics in a relevant manner must be 

modeled by respected professors of mathematics. Opportunities 

must be presented in required mathematics content courses that 

allow teachers to expand and challenge their mathematical 

content knowledge as well as build a repertoire of effective 

instructional strategies. University mathematics content courses 

must become academic arenas where prospective elementary 

school teachers are encouraged to explore, discover and construct 

meaning in the mathematics they will be teaching (Brown et al., 

1990; Bmner, 1960) 

Assessment 

If we are to improve the quality of education in the 1990s, 

teachers need to become more skilled assessors of student 

leaming in the classroom. The National Council of Teachers of 

Mathematics developed the Assessment Standards for School 
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Mathematics (NCTM, 1995) (see Appendix P) to enable teachers 

and others to assess student performance in a manner that 

reflects the national reform movement in mathematics. The heart 

of this mathematical reform is the assumption that all students 

are capable of leaming mathematics, and their leaming can be 

assessed. The assessment recommendations advocated in this 

document provide a current assessment agenda for educators 

involved at all levels of instruction. Although this document's 

primary focus is on assessment standards for mathematics, these 

same standards are echoed in reform documents such as 

Professional Standards for School Mathematics (NCTM, 1991), A 

Call for Change: Reconwiendations for the Mathematical 

Preparation of Teachers of Mathematics (MAA, 1991), and 

Guidelines for the Mathematical Preparation of Prospective 

Elementary Teachers (Texas SSI, 1996). 

Traditionally, assessment focused on determining what and 

how much students know at a given point. Traditional tests offer 

a narrow assessment of knowledge. What is tested is what is 

taught so tests must measure what is most important. Common 

assessment tools constrain student leaming and offer a narrow 

perspective of achievement (NRC, 1989). For too long we have 

held a myopic view of assessment. In the past, only students' 
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knowledge of specific facts and isolated skills were assessed. 

These reform documents call for a more comprehensive 

assessment which uses a variety of student assessment 

opportunities that allow the full range of each students' 

intellectual power to be demonstrated and assessed. 

Assessment should occur in a variety of situations. It needs 

to be based on multiple and varied kinds of evidences including 

the use of calculators and computers when appropriate (Cooney, 

1988; Webb & Briars, 1990). 

An active part of instruction in mathematics is checking 

what students understand, getting feedback from students, and 

then using this information to guide the development of 

subsequent leaming experiences. Webb (1992) defines 

mathematical assessment as "the comprehensive accounting of an 

individual's or group's functioning within mathematics or in the 

application of mathematics" ( p.663). Any assessment of students' 

mathematical knowledge should yield data about more than just 

students' computational skills; it should also include information 

about their knowledge of mathematics concepts and procedures, 

their perceptions of mathematical ideas and processes, and their 

problem-solving, reasoning, and communication skills 

(NCTM,1989; Clark et al., 1990). 
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In order to insure that a solid foundation is being formed, it 

is essential to know the meanings students are assigning to the 

mathematical ideas they are leaming (Webb & Briars 1990). 

Through assessment, a better understanding should be obtained of 

how students are relating mathematical ideas to each other and if 

they are building an integrated notion of mathematics (Clark et al., 

1990). Because assessment is such an integral part of instmction 

and basic to the attainment of standards, teachers need to know 

as much about assessment as they do about the content they teach 

(NCTM, 1989). 

Individual college teachers must become more skilled 

assessors of student leaming in their own classrooms. Cross and 

Angelo (1988) and Svinicki (1990) urge college professors to 

implement an inquiry assessment approach. By using this 

approach, one is able to formulate a clearer picture of what and 

how teaching affects student leaming. Until recently, littie 

attention had been given to assessing the influencing factors 

which effect the quality of student leaming. How and to what 

degree leaming is taking place are questions that need to be 

addressed. 

Assessment should be a means of fostering academic 

growth. It is the responsibility of the instmctor to make 
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assessments early and regularly enough to eliminate leaming 

problems and keep students on track. Most assessment modeled 

at the college level is summative, meaning it is done at the end of 

a unit or course. Cross and Angelo (1988) and Svinicki (1990) call 

for the use of formative assessments, simple systematic 

assessment techniques which discovers gaps between what is 

taught and what students leam early enough to remediate. 

As college and university mathematics faculties change their 

instructional practices by providing a richer variety of content 

topics and allow leaming through investigation, assessment of 

these practices must also reflect this change. Evaluation efforts 

must move away from paper-and-pencil test assessments toward 

more comprehensive assessment techniques. Assessors must test 

what is of value not merely what is easy to test. Assessment 

should be viewed in terms of gathering evidence about a student's 

knowledge of and ability to use content information. And, as is 

too often the case, testing must not become more important than 

leaming. 

Assessment involves four interrelated phases-planning the 

assessment, gathering evidence, interpreting the evidence, and 

using the results (NCTM, 1995). According to Webb (1992) the 

four purposes of assessment are: (1) to monitor what students 
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know and can do, (2) to determine what is important to know, (3) 

to provide information to decision makers, and (4) to provide 

information concerning effectiveness of the educational system as 

a whole. As one studies assessment, the connections among 

assessment, curriculum, teaching, and leaming must be 

recognized. As universities journey toward the challenge of 

aligning their courses with state and national standards, these 

assessment standards can serve as criteria against which to judge 

tiieir efforts (NCTM, 1995). 

Major shifts in assessment practices that are occurring 

across the academic board include involving students as active 

participants in the assessment process and assessing student 

performance against established criteria rather than against 

another student's performance. By assessing students against 

established criteria, each student is allowed an independent 

opportunity to succeed. Other major shifts in assessment practices 

involve permitting students to be active participants in the 

assessment process, basing evaluations on multiple sources of 

evidence, making the assessment process public and participatory, 

sharing the responsibility of developing assessment tools, aligning 

assessment with curriculum and instruction, using assessment 

results to ensure that all students have the opportunity to achieve 
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their potential, and regarding assessment as a continual and 

recursive process (NCTM, 1995). 

Darling-Hammond and Falk (1997) advocate using 

assessment techniques that engage students in real-world tasks. 

Such assessment techniques would utilize a 

broad range of performances, including essay 
examinations, oral presentations, collections of 
written products, solutions to problems, records 
of experiments, debates, and research projects by 
individuals and groups. They also include teacher 
observations, portfolios, journals, self-reflections, 
and inventories of students' work and leaming. 
(pp.196-198) 

Through the use of standards-based initiatives and 

authentic assessment measures, academic success for an increased 

number of students would be made possible (WINGSPREAD, 1986; 

NCTM, 1991; MAA, 1991, TSSI, 1996). 

Changes in mathematics teaching calls for assessment 

altematives (NCTM, 1991; MAA, 1991; TSSI, 1996). McKeachie 

(1994) in Teaching Tips: A Guidebook for the Beginning College 

Teacher, addresses how pivotal assessment of student 

achievement can be. Grades are powerful tools and should not be 

given capriciously. In many cases the grades university 

professors assign students can serve either to block or facilitate 

the future goals of individual students. Grades that are 
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awarded to a student should be perceived as essentially a 

judgment of a person's future performance. 

Much rhetoric is being given regarding effective assessment 

practices. Many excellent ideas have been expressed in articles 

and books written on this topic. Although much has been written 

on this subject, we have yet to witness a complete abnegation of 

traditional assessment techniques. This may be due in part to the 

time restraint factors facing already overloaded instructors. State 

and local assessment requirements may also play a vital role in 

defining assessment procedures. Whatever the reasons for lack of 

implementation of these assessment standards, educators of 

teachers have a responsibility to reflect upon current assessment 

practices and ensure that these assessment practices model best 

practice and allow for full development of the intellectual power 

of all prospective teachers. 

Technology 

Everybody Counts (NRC, 1989) reports the findings of a 

three-year examination of United States mathematics education. 

This report insists that for the United States to maintain its 

intemational competitive edge in the fields of science and 

technology, a major revitalization must occur in mathematics 
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education. According to the NRC (1989), the most poignant 

challenge facing mathematics education today are the 

implementation of technology into the mathematics curriculum. 

Technology integrated into mathematics courses at all levels 

would allow for the use of calculators and computers to expedite 

calculations and engage students in exploring more complex 

problems. 

The position of the National Council of Teachers of 

Mathematics on the use and availability of computers and 

calculators is stated as: 

appropriate calculators should be available to 
all students at all times; a computer should be 
available in every classroom for demonstration 
purposes; every student should have access to a 
computer for individual and group work; students 
should leam to use the computer as a tool for 
processing information and performing calculations 
to investigate and solve problems. (1989, p. 9) 

Cooper (1997), chairman of the NCATE Task Force on 

Technology and Teacher Education, argues that in order for 

teachers to be adequately prepared in the use of technology, 

vigorous efforts must be made in teacher-education programs to 

instmct prospective teachers in the history and uses of 

technology. NCATE calls for teacher-education programs to 

develop a technology plan which would integrate technology into 
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instruction throughout the curriculum. The impact of computers 

calls for important changes for the context in which mathematics 

is taught in colleges and universities. 

As universities continue searching for creative and 

productive ways to use technology, teaching faculty become 

central to the successful implementation of technology in 

undergraduate education. In order to create a more 

mathematically literate citizenry, educators must be proficient in 

state-of-the-art technology and instrumentation, new 

experimental methods, and emerging pedagogical techniques. The 

education of teachers plays a critical role in the continued 

implementation of technology in classroom reform (Demana & 

Waits, 1990; Swadener & Blubaugh, 1990). 

Calculators and computers have infiuenced how and what is 

taught in mathematics education courses (Webb & Briars, 1990). 

Hypermedia platforms using interactive workstations equipped 

with computers, video-disc players, and audio equipment are 

being utilized in teacher-education programs to help develop 

prospective teachers' pedagogical content knowledge. This 

technology enables students to view actual teaching situations and 

make assessments as to best practice. It also provides 
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opportunities for students to view alternative approaches to the 

teaching of mathematics (Swafford, 1995). 

Technology enhances mathematical leaming by extending 

each student's mathematical power. Experiences utilizing 

calculators and computers expedite calculations and engage 

students in exploring more complex problems. Technology, 

according to Seely (1995) affects mathematics curriculum by 

increasing the importance of certain skills and understandings in 

mathematics as in discrete mathematics, by decreasing the 

importance of some mathematics such as muti-digit computations, 

and by extending mathematics' problem-solving potential. 

Although state and national reform documents are calling 

for an increase in the use of technology across the academic board 

and at every educational level, there exists serious concerns 

regarding the actual implementation of technology. The Holmes 

Group (1986) addresses one such concern, 

We now live in an age when many elementary 
school students have their own microcomputers. 
These students can put some of the most amazing 
achievements of modem science and technology 
to work to support their leaming. Yet their teachers 
are still working with the same job description that 
teachers had in the mid-1800's, when McGuffey's 
Reader and spelling slates were the leading 
educational technology. It is a painful contrast, one 
that embarrasses us as educators and as Americans, (p. 6) 
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Kaput (1992) argues, 

Computers are too difficult for the average teacher 
to use in the typical classroom on a sustained basis. 
The high price of entry in terms of effort, especially 
in the context of historic curricular pressure toward 
easily measured computational skill, is likely to 
continue until the software publishing industry begins 
to produce more completely integrated systems, 
including teacher support systems, and systems 
congruent with the reform goals now widely 
advocated, (p. 517) 

He continues by addressing the current state of affairs with 

respect to the implementation of computer technology in teacher-

training programs, 

little or no preservice preparation for teachers 
includes systematic, in-depth experience with 
technology that anticipates what those teachers 
could expect as little as five years into their 
professional lives. Schools of education mirror 
the schools themselves as technological ghettos 
and thus help perpetuate the status quo. (p. 518) 

Other concerns which must be acknowledged in regard to 

the use of technology include: lack of interest and leadership, lack 

of funding, lack of updated equipment and software, lack of 

adequate teacher training, balancing subject matter coverage with 

supporting technology-based inquiry, and the changes in school 

structure necessary in order to optimize technological utilization. 
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Another concern stems from preconceived ideas about 

appropriate use of technology in the classroom. 

People believe that calculators will prevent 
children from mastering arithmetic, an important 
burden which their parents remember bearing 
with courage and pride. Computers, on the other 
hand, are not perceived as shortcuts to undermine 
school traditions, but as new tools necessary to 
society that children who understand mathematics 
must leam to use. What the public fails to recognize 
is that both calculators and computers are equally 
essential to mathematics education and both have 
equal potential for wise use or for abuse. (NRC, 1989, p. 61) 

As we look to the future of mathematics education in 

America, the National Council of Teachers of Mathematics (1991) 

issues this challenge regarding the implementation of technology. 

Microcomputers and calculators now permit 
mathematical investigations that were not 
accessible to children ten years ago. The 
challenge is to be more visionary in developing 
instruction with technology and, at the same 
time, to better understand what mathematical 
understandings can be fostered through 
instructional settings that implement technology. 
It is not a question of using an electronic tool to 
teach traditional primary mathematics; the 
question is, what can primary mathematics be, 
now that these tools are available? (p. 265) 
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Summary 

This review of related literature explored factors which 

influence the professional development of prospective elementary 

mathematics teachers. There are indeed many complex issues 

that must be addressed in teacher education programs. Of major 

concem is the training, or lack of training, that prospective 

teachers receive at the undergraduate level in the teaching and 

leaming of mathematics. Information in this chapter explored 

recent research and developments related to national efforts to 

reform the content knowledge, instructional methods, assessment 

practices and technological training of prospective teachers of 

mathematics. University teacher-education programs are 

challenged to acknowledge the need for these reforms and become 

committed in their efforts to train quality elementary school 

teachers. 

The Camegie Fonmi on Education and the Economy (1986) 

contends, "It is traditional wisdom in the business world that a 

corporation is only as good as the people it employs. Similarly, 

our schools can be no better than the teachers who staff them" 

(p. 35). 
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CHAPTER III 

METHODOLOGY 

The purpose of this study is to assess the mathematical 

preparation of prospective elementary school teachers in Texas by 

examining program prerequisites and course requirements, as 

well as, course content, instmctional methods, assessment 

practices, and use of technology in required mathematics courses 

for these prospective teachers. As a means of accomplishing the 

purpose of this study, questionnaires were mailed to mathematics 

departments of all four-year institutions in Texas which offer 

certification programs for elementary school teachers. 

The survey questions examine how closely these colleges 

and universities parallel the elementary teacher preparation 

recommendations described in Professional Standards for 

Teaching Mathematics (NCTM, 1991), A Caii for Change: 

Recommendations for the Mathematical Preparation of Teachers of 

Mathematics (MAA, 1991), and Guidelines for the Mathematical 

Preparation of Prospective Elementary Teachers (Texas SSI, 

1996), Several questions were adapted from Garfunkel and 

Young's national survey. In the Beginning: Mathematical 

Preparation for Bementary School Teachers (1992), Kistler's 
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Mathematics Preparation of Elementary Teachers in Pennsylvania 

(1995), and the Texas Statewide Systemic Initiative's 

Strengthening the Mathematical Preparation of Prospective 

Teachers in Texas (1995). 

In addition to the completed surveys, course syllabi were 

requested for all required mathematics content courses. These 

documents were used to ascertain course content, methodology, 

assessment practices, and use of technology. The following 

questions were developed to guide the study. 

1. How many years (units) of high school mathematics are 

required for entrance into the elementary school teacher-

certification program? 

2. How many undergraduate mathematics content courses are 

required of all prospective elementary school teachers? 

3. Does the mathematical content of the required courses 

meet standards-based (NCTM; MAA; Texas SSI) 

recommendations regarding: 

a development of numbers and number systems; 
b. computational algorithms; 
c computation and estimation techniques; 
d. four basic operations; 
e. measurement; 
f. geometric concepts and relationships; 
g. collecting, organizing, representing, 

analyzing, and interpreting data; 
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1L concepts of probability; 
L algebra? 

4. What instructional methods are employed in teaching the 

required mathematics content courses? 

5. What modes of assessment are used in the required 

mathematics content courses? 

6. To what extent is technology (calculators and computers) 

incorporated into the required mathematics content 

courses? 

7. In what areas have these documents; Professional 

Standards for Teaching Mathematics (NCTM, 1991), A Call 

for Change: Recommendations for the Mathematical 

Preparation of Teachers of Mathematics (MAA, 1991), and 

Guidelines for the Mathematical Preparation of Prospective 

Elementary Teachers (Texas SSI, 1995) had an impact on 

the design of mathematics courses for elementary school 

teachers? 

8. What types of changes have occurred in the last five years 

in the mathematics courses for prospective elementary 

school teachers of mathematics in your teacher-education 

program? 
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Design for the Study 

The study used a descriptive survey as discussed by Gay 

(1981) and Gall (1996). Descriptive research is a type of 

quantitative research that involves making descriptions of 

educational phenomena. Descriptive research involves collecting 

data in order to ascertain the current state of the subject of the 

study and determine certain regularities that exist in behavior. 

This particular study is concerned with the current status of 

existing mathematics programs required for the mathematical 

preparation of elementary school teachers at four-year colleges 

and universities in Texas who certify elementary school teachers. 

Due to the size of the population to be surveyed, a census survey 

will be used. In a census survey an attempt is made to acquire 

data from each member of the specified population. 

Population 

The Index of Majors and Graduate Degrees (1997) lists 42 

four-year colleges and universities in the state of Texas which 

offer an undergraduate degree in elementary education (see 

Appendix D). The College Blue Book (25th Edition, 1995) lists 48 

four-year colleges and universities which offer an undergraduate 

degree in elementary education in the state of Texas (see 
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Appendbc E). The Texas State Board for Educator Certification 

currentiy lists 59 four-year colleges and universities in the state 

of Texas which offer Texas Education Agency (TEA) certification. 

Using a list provided by the Texas State Board for Educator 

Certification as a master list, the Index of Majors and Graduate 

Degrees (1997) list was combined with the College Blue Book 

(25th Edition, 1995) to compile a comprehensive list. Dallas 

Christian University was included in the College Blue Book (25th 

Edition, 1995) list but was not included in the Texas State Board 

for Educator Certification list due to the fact that as of August 1, 

1997, it lost TEA certification. Arlington Baptist College was 

included in the Index of Majors and Graduate Degrees (1997) list, 

but was not included in the Texas State Board for Educator 

Certification list due to the fact that as of August 14, 1997 it has 

lost TEA certification. These institutions will not be included in 

the comprehensive list of four-year Texas colleges and 

universities that offer TEA certification. Several phone calls were 

made to colleges and universities which were omitted from either 

the Index of Majors and Graduate Degrees (1997) or the College 

Blue Book, 25th Edition (1995), but were included in The Texas 

State Board for Educator Certification listing. Of the colleges and 

universities called, none could explain why their particular college 
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or university was omitted in the Index of Majors and Graduate 

Degrees (1997) or in the College Blue Book (25th Edition, 1995). It 

seems these two sources may offer incomplete listings of degree 

programs. 

The population for this study consisted of 59 colleges and 

universities in Texas which offered four-year, state-certified 

elementary teacher education programs. Due to the manageability 

of the number in the population, all 59 institutions (see Appendix 

F) were included in the survey sample. 

Instrumentation 

The Texas State Board for Educator Certification provided 

the addresses and telephone numbers for each of the 59 

institutions (see Appendix F). A packet containing: an 

instructional cover letter (see Appendix I), Part I questionnaire 

(see Appendix H) three cover letters (see Appendix J), three Part 

II questionnaires (see Appendix K), and self-addressed envelopes 

were mailed to the chairpersons of the mathematics department 

at each college or university. 

The instruments used for the study consisted of a Part I 

questionnaire (see Appendix I) and a Part II questionnaire (see 

Appendix K). Part I consisted of three questions. The first 
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question consisted of a nine-item content matrix on which 

respondents were to specify course numbers and titles of required 

mathematics content courses which included experiences in the 

listed content objectives. The second question was used to gather 

information regarding the number of high school prerequisites 

necessary for entrance into the elementary school teacher-

certification program and the third question requested the 

number of mathematics content courses required of prospective 

elementary school teachers. 

Questionnaire Part II consisted of five questions. The first 

three questions were formatted using a four-point Likert scale, 

with usage ranging from always, often, occasionally, to never. The 

first question gathered data on the methods of instruction used in 

the required mathematics content courses. Choices included: 

lecture, discussion, discovery, text orientation, manipulative 

activities, cooperative leaming, and other. The second question 

asked which methods of assessment were used in these content 

courses. Choices included: tests/quizzes, homework, class 

presentations, observations/interviews, portfolios, writing 

activities, performance tasks, and other. To what extent 

calculators, graphing calculators, and computers were 

incorporated into these required courses was the third question. 
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In question four respondents listed areas in which current reform 

documents had had an impact on the design of their mathematics 

program for elementary teachers. Listings included: increase in 

required prerequisites, increase in course requirements, changes 

in course content, changes in instructional strategies, changes in 

student assessment procedures, and other. The last question 

asked what changes had occurred in the last five years in the 

mathematics courses for elementary teachers. Choices included: 

increase or decrease in required prerequisites, increase or 

decrease in course requirements, changes in course content, 

changes in instructional strategies, changes in assessment 

procedures, and other. 

In order to verify the feasibility of the research procedure, 

a panel of nine educators at Lubbock Christian University were 

asked to pilot test the survey and provide comments for 

improvement. Based on their reviews, necessary revisions and 

clarifications of the survey instmment were made. 

Data Collection 

The mailing of the questionnaire occurred in March 1998. 

The deadline for retum of the questionnaire was the first week in 

April. Chairpersons of the mathematics department were 
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instructed to complete Part I of the questionnaire, and distribute 

Part II questionnaires to faculty responsible for teaching required 

mathematics content courses. The completed questionnaires and 

course syllabi of required courses were then to be returned to the 

researcher. The questionnaires were coded to identify non-

respondents for follow-up procedures. 

The week after the deadline for receipt of the 

questionnaires and syllabi, a postcard was sent to non-

respondents (see Appendix L). Two weeks later telephone calls 

were made to all non-respondents and a second packet was either 

mailed or faxed, as necessary, to mathematics chairpersons in 

each non- responding college or university. 

Data Analysis 

The data for this study was generated from college and 

university catalogs, questionnaire responses, and course syllabi. 

Data analysis for the questionnaire began with an analysis of 

participant responses using individual summary matrixes (see 

Appendbc M). Information not available through questionnaire 

responses was generated from university catalogs and course 

syllabi. This data was then added to the summary matrixes. 

Using these summary pages, data was then organized into 
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spreadsheets (see Appendix N). Frequency distributions were 

then tallied for all colleges and universities regarding eacJi 

research question. 

In an effort to increase the validity of the study, course 

syllabi were used to compare questionnaire responses with 

documented course expectations. Using the course syllabi 

provided by respondents, also enabled a comprehensive 

bibliography of required mathematics texts (see Appendix R) to 

be compiled. This bibliography, as well as study results, offer 

valuable insights into the revitalization of elementary 

mathematics education. 
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CHAPTER IV 

RESULTS OF THE STUDY 

The purpose of this study was to determine the current 

state of existing mathematics courses required for the 

mathematical preparation of prospective elementary school 

teachers at four-year colleges and universities in Texas, in the 

areas of content knowledge, instructional skills, assessment 

procedures, and use of technology. The data for this study was 

collected via a two part questionnaire which was completed by 

either mathematics chairpersons or professors who had a general 

knowledge or were currently teaching the required mathematics 

content courses for elementary school teachers. The survey 

questions examine how closely these colleges and universities 

parallel the elementary teacher preparation recommendations 

described in Professional Standards for Teaching Mathematics 

(NCTM, 1991), A Call for Change: Recommendations for the 

Mathematical Preparation of Teachers of Mathematics (MAA, 

1991), and Guidelines for the Mathematical Preparation of 

Prospective Elementary Teachers (Texas SSI, 1995). 
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Research Ouestions 

This chapter provides a descriptive analysis of the data 

collected from Part I and Part II of the survey. The Mathematical 

Preparation of Prospective Elementary School Teachers in Texas. 

The research questions to be considered were: 

1. How many years (units) of high school mathematics are 

required for entrance into the elementary school teacher-

certification program? 

2. How many undergraduate mathematics content courses are 

required of all prospective elementary school teachers? 

3. Does the mathematical content of the required courses 

meet standards-based (NCTM; MAA; Texas SSI) 

recommendations regarding: 

a development of nimibers and number systems; 
b. computational algorithms; 
c computation and estimation techniques; 
d. four basic operations; 
e. measurement; 
f. geometric concepts and relationships; 
g. collecting, organizing, representing, 

analyzing, and interpreting data; 
h. concepts of probability; 
I algebra? 

4. What instructional methods are employed in teaching the 

required mathematics content courses? 
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5. What modes of assessment are used in the required 

mathematics content courses? 

6. To what extent is technology (calculators and computers) 

incorporated into the required mathematics content 

courses? 

7. In what areas have these documents: Professional 

Standards for Teaching Mathematics (NCTM, 1991), A Call 

for Change: Recommendations for the Mathematical 

Preparation of Teachers of Mathematics (MAA, 1991), and 

Guidelines for the Mathematical Preparation of Prospective 

Elementary Teachers (Texas SSI, 1995) had an impact on 

the design of mathematics courses for elementary school 

teachers? 

8. What types of changes have occurred in the last five years 

in the mathematics courses for prospective elementary 

school teachers of mathematics in your teacher-education 

program? 

Data Analysis-Part I 

The data analysis begins with a description of Part I of the 

survey used for the study. This portion of the survey was mailed 

to mathematics chairpersons and was to be completed by the 
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chairperson or a mathematics professor with a general knowledge 

of the required mathematics content courses for elementary 

school teachers. Part I included information regarding research 

questions one, two, and three. Forty-four out of 59 (74.6%) 

responses to the Part I survey were received by mail, fax, or 

personal interview. 

Results Related to Ouestion One 

Number of Required Years of High School Mathematics 

Table 1 illustrates to what extent Texas colleges and 

universities are meeting the recommendations made by NCTM, 

MAA, and TSSI of requiring at least three years of high school 

mathematics for entrance into elementary school teacher-

certification programs. 
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Table 1 

Number of years (units) of high school mathematics required for 
entrance into elementary school teacher-certification programs * 

Years Frequency Percent 

No specific requirement 13 30.9 

One 2 4.8 

Two 6 14.3 

Three 19 45.2 

Four 2 4.8 

TOTAL 42a 100.0 

aN = 42, two non responses 

Mean = 1.88; SD = 1.38; Median = 2.5; Mode = 3 

*Entrance requirements into elementary school teacher-certification 
programs may reflect initial college entrance requirements. 

The results of the survey, illustrated in Table 1, indicate that 

half (50%) of Texas colleges and universities fail to meet the 

minimum three-year entrance requirement, with almost a third 

(30.9%) of respondents void of any specific number of years of 

mathematics requirements. Slightiy less than five percent (4.8%) 

required one year, while 14.3% required at least two years of high 

school mathematics for entrance into their elementary school 

teacher-certification programs. Only half (50%) of Texas colleges 
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and universities met the recommended minimum of three years 

of required mathematics for entrance into their respective 

elementary school teacher-certification programs. Very few 

(4.8%) respondents exceeded the recommendation by requiring 

more than the three-year mathematics requirement. The mean 

number of years of required high school mathematics was 1.88. 

The median was 2.5, and the mode was 3. 

Results Related to Ouestion Two 

Number of Required Mathematics Content Courses 

Research findings confirm the importance of adequate 

preparation in the content area. In the NCTM, MAA, and TSSI 

reports, specific course descriptions are not given, but it is 

recommended that the content guidelines set forth for elementary 

school teachers (Grades K-4) and middle school teachers (Grades 

5-8) require a minimum of nine and fifteen semester hours 

(equivalent to three and five courses) of college mathematics, 

respectively. Although knowledge can not be adequately 

measured by the number of courses a student has or has not 

taken, this measure serves as an indicator of the exposure to 

mathematics that one has experienced. 
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Table 2 illustrates responses from (Question Two, regarding 

the number of imdergraduate mathematics content courses 

required of all prospective elementary school teachers in Texas. 

Table 2 

Number of undergraduate mathematics content courses required 
of all prospective elementary school teachers 

Years Frequency Percent 

One 8 19.0 

Two 16 38.1 

Three 12 28.6 

Four 3 7.1 

Five 2 4.8 

Six 1 2.4 

TOTAL 42a 100.0 

aN = 42, two non responses 

Mean = 2.48; SD = 1.16; Median = 2; Mode = 2 

The results of the survey illustrated above, indicate that the 

number of content courses required ranged from one to six 

courses. Over half (57.1%) of the Texas colleges and universities 
81 



fell short of the recommended three content course minimum, 

with 19% requiring only one content course, and over a third 

(38.1%) requiring two content courses. Less than half (42.9%) of 

Texas college and universities require the recommended three 

course minimimi. Twenty-nine percent (28.6%) of respondents 

require three content courses, 7.1% require four content courses, 

4.8% require five content courses and 2.4% require six 

mathematics content courses be taken by their prospective 

elementary school teachers. The mean number of courses 

required was 2.48. The median was 2 and the mode was also 2. 

Results Related to Ouestion Three 

Content Objectives 

The Professional Standards for Teaching Mathematics 

(NCTM, 1991), A Call for Change: Recommendations for the 

Mathematical Preparation of Teachers of Mathematics (MAA, 

1991), and the Guidelines for the Mathematical Preparation of 

Prospective Teachers of Mathematics (Texas SSI, 1995) provide 

guidelines of appropriate mathematical content necessary for the 

preparation in mathematics of elementary school teachers. This 

content is summarized in a nine-item matrix included in NCATE-

Approved Curriculum Guidelines, prepared by the National Council 
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of Teachers of Mathematics for "Basic Programs Preparing 

Teachers for K-4 Teachers of Mathematics Emphasis" (1993, pp.7-

8). Respondents were asked to specify the course number(s) and 

title(s) of the required courses for the preparation of elementary 

school teachers if they provided experiences listed in NCATE's 

nine-item matrix. 

Although this survey does not ascertain to what extent these 

nine objectives are met, statistically, over 88% percent of Texas 

college and university mathematics professors report that they 

are implementing the required objectives in their preparation of 

elementary school teachers. Table 3 illustrates a 100% response 

rate to Content Objective d, understanding the four basic 

operations and using them to solve problems. Over 90% of 

instructors preparing elementary school teachers provide 

experiences in modeling, explaining, and developing 

computational algorithms (Objective b, 90.9%) and using algebra to 

describe pattems, relations and functions, and to model and solve 

problems (Objective i, 90.9%). The remaining sbc Content 

Objectives (Objectives a, c, e, f, g, h) were met by over 80% of the 

44 responding professors; demonstrating knowledge of the 

development of numbers and number systems (86.4%); using a 

variety of mental computation and estimation techniques (86.4%); 
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understanding and applying the process of measurements (81.8%); 

using geometric concepts and relationships to describe and model 

mathematical ideas and real-worid constmcts (88.6%); collecting, 

organizing, representing, analyzing, and interpreting data (86.4%); 

and applying concepts of probability to real-world situations 

(86.4%). The content objective which received the least number of 

positive responses with 36, was Objective e, understanding and 

applying the process of measurements (81.8%). Table 3 illustrates 

the fact that Texas colleges and universities who train elementary 

school teachers are following the NCTM recommendations by 

including a majority of the NCATE content objectives in the 

designing of their mathematics content courses. Of the 44 

responses received, exactly half met all nine content objectives, 

eight (18.2%) met eight of the nine objectives, 10 (22.%) met seven 

of the nine objectives, two (4.5%) met six of the nine objectives, 

and 2 (4.5%) respondents only met five of the nine content 

objectives. 
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Table 3 

Content objectives met by required mathematics content courses 

Content Objective Frequency Percent 

a. Demonstrate knowledge of the 38 86.4 
development of numbers and number 
systems 

b. Model, explain and develop 40 90.9 
computational algorithms 

c Use a variety of mental computation 38 86.4 
and estimation techniques 

d Understand the meaning of the four 44 100.0 
basic operations and use them to 
solve problems 

e. Understand and apply the process 36 81.8 
of measurements 

f. Use geometric concepts and relationships 39 88.6 
to describe and model mathematical 
ideas and real-world constructs 

g. Collect, organize, represent, analyze, 3 8 86.4 
and interpret data 

h. Apply concepts of probability to 38 86.4 
real world situations 

L Use algebra to describe pattems, 40 90.9 
relations and functions to model and 
solve problems 

N = 44 

Mean = 88.6% 
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Data Analysis-Part II 

The data analysis for this study concludes with a description 

of Part II of the survey. This portion of the survey was to be 

completed by mathematics professors who were responsible for 

teaching the required mathematics content courses for 

prospective elementary school teachers. Part II included 

questions four through eight from the questions that guided the 

study. Chairpersons of each mathematics department of the 59 

Texas colleges and universities included in the study were asked 

to distribute the Part II questionnaire to professors who were 

responsible for teaching the required mathematics content 

courses. Seventy-two Part II responses were returned. Of these 

72 Part II questionnaires, 46 out of the 59 (78%) colleges and 

universities in Texas surveyed were represented. 

Results Related to Ouestion Four 

Methods of Instruction 

The design and development of undergraduate mathematics 

programs must focus on content knowledge unified with 

appropriate instmctional strategies congment with state and 

national standards. The changes in curriculum recommended by 

NCTM, MAA, and TSSI require a change in instmctional methods. 
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In view of instructional methodology, mathematical pedagogy 

which motivates prospective teachers to teach mathematics in a 

relevant manner must be modeled by university professors. 

Professors were asked to respond in Question Four, as to 

which method(s) of instruction were used in the required 

mathematics content courses they taught. Table 4 illustrates 

these responses. 

Table 4 

Method(s) of instruction used in required mathematics content 
courses 

Method Freq/% Freq/% Freq/% Freq/% 

Always Often Occasionally Never 
Total 
Use% 

lecture 

discussion 

discovery 

text oriented 

23/31.9 37/51.4 11/15.3 0/0 

14/19.4 43/59.7 14/19.4 0/0 

10/13.9 22/30.6 35/48.6 0/0 

16/22.2 28/38.9 23/31.9 2/2.8 

manipulative activities 1 0 / 1 3 . 9 3 1 / 4 3 . 1 1 7 / 2 3 . 6 7 / 9 . 7 

98 .6 

98 .5 

93 .1 

93 .0 

80 .6 

cooperative learning 1 3 / 1 8 . 1 2 6 / 3 6 . 1 2 5 / 3 4 . 7 2 / 2 . 9 8 88 .9 

other 3/4.2 1/1.4 3/4.2 0/0 9.8 

N = 72 Method frequency totals vary due to choice selections of respondents 
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The most dominant methods of instruction used by 

respondents included lecture (98.6%) and discussion (98.5%). Of 

the 98.6% of respondents who used lecture as an instmctional 

method, almost a third (31.9%) always lectured, over half (51.4%) 

lectured often, and 15.3% occasionally lectured. Discussion was 

used by almost all professors of mathematics (98.5%). As a mode 

of instmction, discussion was always utilized by 19.4% of 

professors, often by well over half (59.7%), and occasionally by 

19.4%. Text-oriented instruction was used by 93% of respondents. 

Of these respondents, text oriented instruction was used always 

by 22.2%, often by 38.9%, and occasionally by 31.9%. Only 2.8% of 

respondents never relied on a textbook for instructional purposes. 

Although the instructional method of discovery was used by as 

many respondents as employed textbooks for instruction, it was 

not used as frequently. Discovery was used always by 13.9%, 

often by 30.6%, and occasionally by 48.6%. Cooperative leaming 

was used by 88.9% of respondents. Of these respondents 

cooperative leaming was used always by 18.1%, often by 36.1%, 

and occasionally by 34.7%. Only 2.8% of respondents never used a 

text or cooperative leaming for instructional purposes. 

Manipulative activities were the least used mode of instruction by 

respondents (80.6%). Nearly, fourteen percent (13.9%) of 
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respondents always use manipulative activities, 43.1% use 

manipulative activities frequentiy, and 23.6% occasionally use 

manipulative activities. Responses indicate that 9.7% of professors 

never use manipulative activities. 

Additional methods of instmction which were written in by 

respondents included: computer assisted instmction (often, 1.4%), 

use of TI-85 calculators (occasionally, 1.4%), group projects with 

presentations (always, 1.4%), laboratories (always, always, 2.8%), 

projects (occasionally, 1.4%), and peer instmction (occasionally, 

1.4%). 

Results Related to Ouestion Five 

Methods of Assessment 

As college and university mathematics faculties change their 

instructional practices, assessment of these practices must also 

refiect change. In order for teachers to assess student 

performance in a manner that refiects the national reform 

movement in mathematics, a more comprehensive assessment of 

students' intellectual power must be demonstrated. Assessment 

should occur in a variety of situations, and needs to be based on 

multiple kinds of evidences. 
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Table 5, reveals the methods of assessment used by college 

and university mathematics faculty who train elementary school 

teachers. Data from this table answer the fifth survey question, 

"Which method(s) of assessment are used in the required 

mathematics courses?" 

Table 5 

Method(s) of assessment used in required mathematics content 
courses 

Method Freq/% Freq/% Freq/% Freq/% 

Always Often Occasionally Never Total 
Use% 

tests/quizzes 53/73.6 15/20.8 4/5.6 0/0 100.0 

homework 2 9 / 4 0 . 3 2 6 / 3 6 . 1 1 1 / 1 5 . 3 1/1.4 91 .7 

class presentations 9 / 1 2 . 5 1 9 / 2 6 . 4 3 1 / 4 3 . 1 6 /8 .3 82 .0 

obs/interviews 5/6.9 4/5.6 16/22.2 25/34.2 34.2 

portfolios 5 / 6 . 9 5 / 6 . 9 1 4 / 1 9 . 4 2 9 / 4 0 . 3 33.2 

writing activities 8 / 1 1 . 1 1 8 / 2 5 3 1 / 4 3 . 1 1/1.4 79.2 

performance tasks 1 0 / 1 3 . 9 1 3 / 1 8 . 1 2 4 / 3 3 . 3 9 / 1 2 . 5 65 .3 

other 4/5.6 3/4.2 2/2.8 0/0 12.6 

N = 72 Method frequency totals vary due to choice selections of respondents 
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Of the 72 responses received, all (100%) reported that they 

used tests/quizzes as assessment tools. Over 93% used 

tests/quizzes extensively. Tests/quizzes were always used by 

73.6% of professors, often by 20.8%, and occasionally by 5.6%. 

Another predominant assessment tool that was used by 91.7% of 

respondents was homework. Homework was always used in over 

a third (40.3%) of college and university classrooms. Homework 

was used often for assessment purposes in 36.1% classes and 

occasionally in 15.3% of classrooms. Only 1.4% of respondents did 

not use homework to assess student knowledge. 

Table 5 illustrates that class presentations and writing 

activities are two methods of assessment that are prevalent in 

Texas mathematics content courses. Eighty-two percent of 

respondents use class presentations, 12.5% always use class 

presentations, 26.4% use presentations often, and almost half 

(43.1%) use class presentations at least occasionally. Almost as 

many respondents (79.2%) use writing activities as a means of 

assessment. Of this 79.2%, 11.1% always use writing activities, 

25% frequently use writing activities, and 43.1% occasionally use 

writing activities. Only 1.4% never use writing activities to assess 

student understanding. 
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Over half (65.3%) of the respondents use performance tasks 

as a method of assessment. Of these, 13.9% always use 

performance tasks, 18.1% use these tasks often, and a third 

(33.3%) use performance tasks on occasion. Only 12.5% of 

respondents never use performance tasks for assessment 

purposes. Other modes of assessment which are not as widely 

used in prospective elementary school teachers' mathematics 

content courses include observations/interviews which were used 

by 34.2% of respondents and portfolios which were utilized by 

nearly a third (33.2%). Although almost a third of respondents 

use these methods, an even larger percentage never utilize 

observations/interviews (34.2%) or portfolios (40.3%) to assess 

student leaming. Only 6.9% of professors constantiy use 

observations/interviews and portfolios. Only 5.6% use 

observations/interviews often, while 22.2% use 

observations/interviews occasionally. Similar results find 

portfolios used often by 6.9% of professors and occasionally by 

19.4%. 

Additional methods of assessment unique to the survey but 

included by 12.6% of respondents were: classwork (always, 1.4%), 

building 3-D models (always, 1.4%), laboratories (always, 1.4%), 

group experiences (always, often, 2.8%), library ready reports 
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(often, 1.4%), private statistics (often, 1.4%), projects (occasionally, 

1.4%), and periodical research (occasionally, 1.4%). 

Results Related to Ouestion Six 

Use of Technology 

State and national reform documents are calling for teacher-

education programs to develop a technology plan which would 

integrate technology into instmction throughout the curriculum. 

Cooper (1997), chairman of the NCATE Task Force on Technology 

and Teacher Education, argues that in order for teachers to be 

adequately prepared in the use of technology, vigorous efforts 

must be made to implement technology into teacher education 

programs and to instruct prospective teachers in the uses of that 

technology. Table 6 illustrates to what extent technology is 

currently being implemented into required mathematics content 

courses for prospective elementary school teachers in the colleges 

and universities who train teachers in Texas. 
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Table 6 

Use of technology in required content courses 

Technical Tool Freq/% Freq/% Freq/% Freq/% 

Always Often Occasionally Never Total 
Use% 

calculators 18/25 

graphing calculators 5 / 6 . 9 

computers 

other 

2/2.8 

1/1.4 

26/36.1 24/33.3 3/4.2 94.4 

14/19.4 33/45.8 16/22.2 72.1 

11/15.3 31/43.1 24/33.3 61.2 

1/1.4 1/1.4 0/0 4.2 

N = 72 Tool frequency totals vary due to choice selections of respondents 

Calculators are used in college and university classrooms by 

94.4% of professors. Of these professors, 25% always use 

calculators, 36.1% use calculators often, and 33.3% use calculators 

on occasion. A mere 4.2% of respondents never use calculators in 

their courses. The use of graphing calculators in required 

mathematics content courses (72.1%) is much lower than the use 

of standard calculators (94.4%). The majority of graphing 

calculator usage occurs only occasionally (45.8%). Faculty using 

graphing calculators constantly was 6.9%, while 19.4% of faculty 

use graphing calculators often. Nearly a quarter (22.2%) of 
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respondents never use graphing calculators in their mathematics 

courses. Just over half (61.2%) of all respondents implement any 

type of computer use in their classrooms. Of these respondents, 

43.1% use computers only occasionally, 15.3% use computers 

often, and a mere 2.8% always use computers. A third of 

respondents (33.3%) never use computers in their mathematics 

content courses. Other forms of technology which were included 

and used by 4.2% of respondents were power point (always, 1.4) 

and videos (often, 1.4, occasionally 1.4). 

Results Related to Ouestion Seven 

Impact of NCTM. MAA. TSSI 

In pursuit of reform for mathematics education the NCTM, 

MAA, and TSSI have articulated a set of standards that call for 

major shifts in collegiate curriculum content, leaming 

opportunities, instmctional methodologies, and assessment 

practices for prospective mathematics teachers. Question Seven 

addresses which areas of the Professional Standards for Teaching 

Mathematics (NCTM, 1991), A Call for Change (MAA, 1991), and 

the Guidelines for the Mathematical Preparation of Elementary 

Teachers (TSSI, 1996) have had an impact on the design of the 

mathematics programs for elementary school teachers. 

95 



Table 7 

Areas of change due to NCTM, MAA, and TSSI reform documents 

Area of change 

increase in required prerequisites 

increase in course requirements 

changes in course content 

changes in instructional strategies 

changes in assessment procedures 

other 

no change 

Frequency 

16 

21 

48 

42 

29 

3 

9 

Percent 

22.2 

29.2 

66.7 

58.3 

40.3 

4.2 

12.5 

N = 72 

Table 7 presents the areas of change that have occurred in 

mathematics programs for prospective elementary school teachers 

across Texas due to current reform documents. Across the board, 

the most prodigious changes in mathematics programs seems to 

have occurred in both course content (66.7%) and instmctional 

strategies (58.3%). Less than half of respondents (40.3%) felt as if 

program changes had occurred in student assessment procedures. 

Even fewer changes were listed for course requirements (29.2%) 

and required prerequisites (22.2%). Three other changes which 
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occurred due to these reform documents were indicated by 

respondents. They included: development of new courses, 

presentations on the TEKS (Texas Essential Knowledge and Skills), 

and work with inservice teachers. Almost thirteen percent of 

respondents (12.5%) wrote that no change had occurred due to 

these reform documents in their mathematics programs. 

Results Related to Ouestion Eight 

Course Changes 

The final question on the survey addressed the type of 

changes that have occurred in the last five years in the 

mathematics courses for prospective teachers of mathematics in 

Texas. These changes are summarized in Table 8. 
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Table 8 

Changes that have occurred in the last five years in required 
mathematics content courses 

Areas of change Frequency Percent 

increase in required prerequisites 17 23.6 

decrease in required prerequisites 1 1.4 

increase in course requirements 25 34.7 

decrease in course requirements 1 1.4 

changes in course content 45 62.5 

changes in instructional strategies 46 63.9 

changes in assessment procedures 32 44.4 

other 3 4.2 

no diange 5 6.9 

N = 72 

Responses indicate that in the last five years, the largest 

change that has occurred has been in the areas of course content 

(62.5%) and instmctional strategies (63.9%). Less than 50% of 

respondents (44.4%) felt as if program changes had occurred in 

student assessment procedures. Over a third of respondents 

(34.7%) listed an increase in course requirements, while 23.6% 
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listed an increase in required prerequisites. A decrease in 

required prerequisites and course requirements was listed by 

1.4% by respondents. Other changes indicated by respondents 

included the use of technology (2.8%) and the ExCET (Examination 

for the Certification of Educators in Texas) (1.4%). No change in 

mathematics content courses for the last five years was reported 

by 6.9% of respondents. 
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CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Leaming to effectively teach mathematics is a complex 

endeavor. This study examined current research related to 

national and state efforts to reform the mathematical preparation 

of prospective elementary school teachers in content knowledge, 

instmctional skills, assessment procedures, and use of technology. 

Of primary concem is the training, or lack of training that 

elementary school teachers receive at the undergraduate level at 

four-year colleges and universities in Texas. 

The vision of teaching and leaming mathematics described 

in Professional Standards for Teaching Mathematics (NCTM, 1991), 

A Call for Change: Recommendations for the Mathematical 

Preparation of Teachers of Mathematics (MAA, 1991), and 

Guidelines for the Mathematical Preparation of Prospective 

Elementary Teachers (Texas SSI, 1995) comprises an important 

foundation for the changes that must occur in Texas colleges and 

universities certifying elementary school teachers. This study 

examined how closely Texas teacher-training programs parallel 

the elementary school teacher preparation recommendations 

described in these reform documents. 
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Surveys comprised of the following questions were used to 

ascertain how well Texas colleges and universities that prepare 

elementary school teachers are following the recommendations for 

mathematics reform found in these documents. 

1. How many years (units) of high school mathematics are 

required for entrance into the elementary school teacher-

certification program? 

2. How many undergraduate mathematics content courses are 

required of all prospective elementary school teachers? 

3. Does the mathematical content of the required courses 

meet standards-based (NCTM; MAA; Texas SSI) 

recommendations regarding: 

a development of numbers and number systems; 
b. computational algorithms; 
c computation and estimation techniques; 
d four basic operations; 
e. measurement; 
f. geometric concepts and relationships; 
g. collecting, organizing, representing, 

analyzing, and interpreting data; 
h. concepts of probability; 
L algebra? 

4. What instmctional methods are employed in teaching the 

required mathematics content courses? 
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5. What modes of assessment are used in the required 

mathematics content courses? 

6. To what extent is technology (calculators and computers) 

incorporated into the required mathematics content 

courses? 

7. In what areas have these documents: Professional 

Standards for Teaching Mathematics (NCTM, 1991), A Call 

for Change: Recommendations for the Mathematical 

Preparation of Teachers of Mathematics (MAA, 1991), and 

Guidelines for the Mathematical Preparation of Prospective 

Elementary Teachers (Texas SSI, 1995) had an impact on 

the design of mathematics courses for elementary school 

teachers? 

8. What types of changes have occurred in the last five years 

in the mathematics courses for prospective elementary 

school teachers of mathematics in your teacher-education 

program? 

Procedure 

In an effort to assess the current status of existing 

mathematics content courses required for preparation of 

elementary school teachers in Texas, a two-part questionnaire was 
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mailed to the mathematics departments of all four-year colleges 

and universities in Texas who certify elementary school teachers 

(N = 59). Part I of each questionnaire, consisting of Questions 1-3, 

was to be completed by mathematics chairpersons or persons with 

a general knowledge of the required mathematics content courses. 

Part 11 of the questionnaire, consisting of questions 4-8, was to be 

completed by professors responsible for teaching the required 

mathematics content courses for elementary school teachers. 

Forty-four out of 59 (74.6%) institutions responded to the 

combined Part I and Part II survey. Seventy-two Part II 

responses were received. A total of 116 responses to both 

surveys were received. Almost eighty percent (79.7%) of the 

Texas colleges and universities surveyed were represented by 

these responses. 

Survey instrument responses were entered into 

spreadsheets in order to construct comprehensive data files. 

Descriptive statistics were used to summarize findings. 

Summary of Findings 

Number of Required Years of High School Mathematics 

The mean number of years of required high school 

mathematics for entrance into elementary school teacher-
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certification programs by respondents was 1.9 years. The results, 

illustrated in Table 1, indicate that half of Texas colleges and 

universities fail to meet the recommended three-year entrance 

requirement. Almost a third (30.9%) of respondents indicated 

that no specific number of years of high school mathematics was 

required for entrance into their programs. Very few (4.8%) 

respondents exceeded the recommendation by requiring more 

than the three year minimum mathematics requirement. 

Number of Required Mathematics Content Courses 

The NCTM, MAA, and TSSI recommend that the content 

guidelines set forth for elementary school teachers (Grades K-4) 

and middle school teachers (Grades 5-8) require a minimum of 

nine (three courses) and fifteen semester hours (five courses) of 

college mathematics, respectively. The mean number of 

mathematics content courses required of prospective elementary 

school teachers in Texas was 2.48. While recognizing that 

program semester hour constraints are imposed on colleges and 

universities in Texas (139 semester hour limit-Elementary 

Education), it does not seem unreasonable for Texas colleges and 

universities to require a three mathematics course requirement. 

The range of responses for numbers of content courses required 
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was from one to six courses. Over half (57.1%) of Texas colleges 

and universities fell short of the recommended three content 

course minimum, whereas in the national survey conducted by 

Garfunkel and Young (1992, p. 11) 48.5% of respondents required 

less than three courses. In a similar study conducted in 

Pennsylvania (Kistler, 1995) 61% of institutions failed to meet the 

three course recommendation. 

Table 2 indicates that 19% of Texas colleges and universities 

require only one content course and over a third (38.1%) require 

only two mathematics content courses. Not quite thirty percent 

(28.6%) of Texas colleges and universities require the 

recommended three course minimum compared to 40% of 

respondents in the national survey (Garfunkel and Young, 1992) 

and 31% of respondents in a Pennsylvania study (Kistler, 1995). 

Content Objectives 

Employing a nine-item matrix derived from NCATE-

Approved Curriculum Guidelines (NCATE, 1993), content of the 

required mathematics courses was analyzed. Respondents were 

asked to specify the course number(s) and title(s) of the required 

courses if they provided experiences in the content listed in 

NCATE's nine-item matrix. 
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Table 3 illustrates that Texas colleges and universities who 

train elementary school teachers are following NCTM 

recommendations by including a majority of the NCATE content 

objectives in the teaching of their mathematics content courses. 

Although this survey does not ascertain to what extent these nine 

objectives are met, statistically, over eighty-eight percent (88.6%) 

of Texas colleges and universities are implementing the required 

objectives in their preparation of elementary school teachers. 

Three of the nine objectives listed were met by over 90% of 

respondents and the remaining six objectives were met by over 

80% of respondents. The only objective that fell below an 85% 

level was understanding and applying the process of 

measurement at 81.8%. 

Half of the colleges and universities surveyed were 

providing experiences in all nine content areas. While, an 

additional forty percent were including experiences in at least 

seven of the nine content areas. 

Methods of Instruction 

In order meet the demands set forth by NCTM, MAA, and 

TSSI, mathematics content courses must become academic arenas 

where prospective teachers have opportunities to expand their 
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mathematical content knowledge as well as build a repertoire of 

effective instmctional strategies. Varied instmctional 

methodologies which emphasize conceptual growth, mathematical 

communication, and problem solving must be modeled in content 

courses in order to motivate prospective teachers to teach 

mathematics in a relevant manner. 

In Texas colleges and universities, the most dominant 

instructional methods used in required mathematics content 

courses for elementary school teachers continue to be the 

traditional methods of, lecture (98.6%), discussion (98.5%) and text 

orientation (93%). Although these methods dominate instructional 

practices, results indicate that a majority of respondents integrate 

with these traditional methods, a variety of other pedagogical 

methods, including: cooperative leaming (88.9%), discovery 

(93.1%), and manipulative activities (80.6%). Few respondents 

never employ the various methodologies described above. In 

addition to the variety of methods of instmction included in the 

survey, almost 10% of respondents, included methods in addition 

to those described in the survey. 
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Methods of Assessment 

As the philosophy of instmctional practices change, so must 

the philosophy associated with assessment practices. In order for 

teachers to assess student performance in a manner that refiects 

the national reform movement in mathematics, a more 

comprehensive assessment of each student's intellectual power 

must be demonstrated. Appropriate methods of evaluating a 

variety of student leaming experiences must be implemented in 

mathematics content courses. 

Of the methods of assessment used by college and university 

mathematics faculty who train elementary school teachers in 

Texas, tests/quizzes were used by all 72 respondents, with 90% 

using tests/quizzes extensively. Another assessment tool used by 

most (91.7%) respondents was homework. Although a large 

number of respondents (82%) utilize class presentations and 

writing activities (79.2%) as assessment tools, almost half (43.1%) 

use class presentations and writing activities only occasionally. 

Of the 65.3% of respondents who employ performance tasks 

as a method of assessment, over half use performance tasks only 

occasionally. Other practices used at least occasionally to assess 

student understanding by a third of respondents are 

observations/interviews and portfolios. Additional methods of 
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assessment used by a small number of respondents include: 

classwork, building 3-D models, laboratories, group experiences, 

library ready reports, private statistics, projects, and periodical 

research. 

Use of Technology 

State and national reform documents are calling for teacher-

education programs to develop technology plans which would not 

only equip teachers for today, but also prepare teachers for the 

substantial changes of the future. Table 6 illustrates to what 

extent technology is currently being implemented into required 

mathematics content courses for elementary school teachers in the 

colleges and universities who train teachers in Texas. 

Calculators are utilized by most (94.4%) college and 

university professors of required mathematics content courses, 

with over half using calculators extensively. Few (4.2%) 

respondents never use calculators in their courses. 

The use of graphing calculators (72.1%) in required 

mathematics content courses is much lower than the use of 

standard calculators, with the majority of usage occurring only on 

occasion (45.8%). Nearly a quarter (22.2%) of respondents never 

use graphing calculators in their mathematics courses. 
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Results indicate that there is a resistance to the 

implementation of any type of computer use in required 

mathematics content courses. Over half (61.2%) of all respondents 

use computers in their classrooms, with 43.1% of the 61.2% using 

computers only occasionally. A mere 18.1% of respondents use 

computers extensively. A third of respondents (33.3%) never use 

computers in their mathematics content courses. Other forms of 

technology used by small numbers of respondents were videos 

and Power Point. 

Impact of NCTM. MAA. TSSI 

These documents: Professional Standards for Teaching 

Mathematics (NCTM, 1991), A Call for Change (MAA, 1991), and 

the Guidelines for the Mathematical Preparation of Elementary 

Teachers (TSSI, 1996) have had the most impact on mathematics 

programs for elementary school teachers across Texas in course 

content and instructional strategies. Less than half of respondents 

(40.3%) felt as if program changes had occurred in student 

assessment procedures. Few changes were listed by respondents 

in course requirements or in required prerequisites. Several 

changes written in by respondents included: development of new 

courses, presentations on the TEKS (Texas Essential Knowledge and 
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Skills), and work with inservice teachers. Almost thirteen percent 

(12.5%) of respondents wrote that no changes had occurred in 

their mathematics programs due to these reform documents. 

Course Changes 

Responses similar to those in question 7 indicate that in the 

last five years, the change that occurred most frequentiy in the 

required mathematics courses for prospective teachers of 

mathematics has been in the areas of course content and 

instructional strategies. Again, less than half of respondents 

(44.4%) felt as if program changes had occurred in student 

assessment procedures and few changes were listed by 

respondents in course requirements or in required prerequisites. 

Several changes written in by respondents included: ExCET 

(Examination for the Certification of Educators in Texas), and the 

use of technology. Seven percent of respondents wrote that no 

change had occurred in their mathematics programs in the last 

five years. 

From across the state, written and verbal responses from 

mathematics chairpersons and mathematics professors expressed 

high levels of interest in the mathematical preparation of 

elementary school teachers. Several voiced legitimate concerns 
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regarding the lack of prerequisites, course requirements, and 

mathematics content covered. Others indicated a need to develop 

mathematics content courses that would be designed specifically 

to meet the needs of prospective elementary school teachers. 

Conclusions 

The following conclusions are based on interpretations of 

data relative to the research questions. Conclusions should be 

viewed within the context of the limitations and assumptions 

discussed in Chapter I of the study. 

1. Texas colleges and universities who train elementary 

school teachers fall short of the recommended minimum 

requirement of three years of college-intending mathematics from 

high school for entrance into elementary school teacher-

certification programs. 

2. Data indicate that there is an apparent inequality in the 

number of mathematics content courses currently being required 

by institutions in the training of elementary school teachers across 

Texas. This study found that content course requirements ranged 

from a one-course requirement to a six-course requirement. 
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3. Over half of Texas colleges and universities do not meet 

the three mathematics content-course minimum requirement 

recommended by current standards-based reform documents. 

4. The majority of Texas colleges and universities are 

implementing recommended mathematics content objectives in 

their preparation of elementary school teachers. 

5. Mathematics professors of required courses for 

prospective elementary school teachers are integrating a wide 

variety of instmctional methods with traditional methods of 

instruction into their mathematics content courses. 

6. Texas colleges and universities who train prospective 

elementary school teachers in mathematics continue to rely 

heavily on tests, quizzes, and homework as assessment tools for 

student understanding. Although various assessment practices 

are beginning to be integrated with traditional approaches, 

authentic assessment of each student's mathematical power is still 

wanting. 

7. Adequate use of technology using computers and 

graphing calculators is lacking in required mathematics content 

courses for prospective elementary school teachers in Texas. 

8. Similar responses to questions of change leads to the 

conclusion that mathematics programs who train prospective 
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elementary school teachers in Texas have implemented more 

changes in course content and instmctional strategies than in the 

areas of assessment procedures, course prerequisites, or course 

requirements. 

Recommendations 

The following recommendations are made regarding the 

mathematical training of prospective elementary school teachers 

in Texas. 

1. Have the State Board for Educator Certification (SBEC) 

take a stronger role in mandating the recommended three-year 

minimum requirement of college-intending high school 

mathematics for entrance into teacher training programs. 

2. Require state administered standardization of a minimum 

of nine semester hours of mathematics content courses relevant to 

the needs of prospective elementary school teachers in all colleges 

and universities in Texas that certify elementary school teachers. 

3. Continue meeting the needs of future elementary school 

teachers through implementation of recommended course content, 

giving primary attention to any deficient content areas. Focus on 

depth rather than breadth of content. 
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4. Encourage mathematics professors of required content 

courses for prospective elementary school teachers to continue 

their movement toward a varied instructional model as 

envisioned by reform documents. 

5. Implement a more comprehensive philosophy of 

assessment methodology as recommended in standards-based 

reform documents. 

6. Make a vigorous effort to integrate and instmct 

prospective elementary school teachers in the uses of technology 

in order for the United States to sustain technical leadership 

globally. 

7. Acknowledge current mathematics reform agendas and 

become committed to change in order to ensure that all teachers 

of mathematics are adequately prepared with the content 

knowledge and pedagogy skills necessary to instruct students for 

the next century. 

8. Continue to use NCTM, MAA, and TSSI documents as 

vehicles for mathematics reform. As mathematical professionals 

critically reflect upon revisions necessary for current reform 

documents, review of the findings of this study and similar 

studies should be made in order to identify and reemphasize 
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possible deficient areas related to the mathematical training of 

prospective elementary school teachers. 

9. Conduct future studies to determine what, if any 

relationship exists between the state of required mathematics 

courses for prospective elementary school teachers at four-year 

colleges and universities who certify elementary school teachers 

in Texas and scores on the mathematics section of the 

Comprehensive ExCET Exam. 

10. Replicate this study on a national level to determine the 

current status of mathematics courses required of prospective 

elementary school teachers at four-year colleges and universities 

who certify elementary school teachers across the United States. 

The information gamered from this study should assist 

colleges and universities in evaluating and developing 

undergraduate mathematics teacher-training programs congruent 

with standards-based reform. Only through thoughtful reflection 

on current practice can the vision of strengthening the 

mathematical preparation of prospective elementary school 

teachers begin to be realized. 

u Reform is a journey, not a destination'' 
National Council of Teachers of Mathematics 
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PROPOSED TEACHER PREPARATION CURRICULA 
FROM NCTM's 

PROFESSIONAL STANDARDS FOR TEACHING MATHEMATICS 
(pp.136-138) 

A Number Systems and Number Sense 

* mental mathematics and estimation 
* number concepts, operations and properties 
* algorithms and place value 
* development of real number systems 
* fractions, decimals, percents, ratio, and proportion 

B Geometry 

* size, shape, view/solve real-world patterns/problems 
* analysis of two and three dimensional figures 
* synthetic, coordinate and transformational 
* emphasis on spatial visualization 

C Measurement 

* attributes 
* standard and nonstandard units 
* estimation of lengths, area 
* metric system 
* explorations of formulas for perimeter, area, and 

volume 
* indirect measurement 

D Statistics and Probability 

* collection, organization, representation, analysis and 
interpretation of data 

* measures of central tendencies 
* measures of variation 
* representations of data-graphs 
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probability of simple and compound events 
empirical probability from simulations and collected 
data 

Functions and Use of Variables 

* development of mathematical language and symbolism 
* representing and solving problems using variables 
* concepts of functions and representations-tabular, 

graphical, symbolical, verbal 
* distinction between continuous and discrete 

approaches to mathematical solutions 
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PROPOSED STANDARDS FOR 
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PROPOSED STANDARDS FOR TEACHER PREPARATION CURRICULA 
FROM MAA's A CALL FOR CHANGE: 

RECOMMENDATIONS FOR THE PREPARATION OF 
TEACHERS OF MATHEMATICS (pp.12-25) 

Mathematics Standards, K-4 
Standard 1: Nature and Use of Number 
The mathematical preparation for teachers of the elementary 
grades must provide experiences in which they: 

* investigate the role of numbers as a logical, 
predictable system for expressing and relating 
quantities; 

* analyze and compare features and basic computation 
techniques in selected numeration systems in use 
today and in the past; 

* explore the operations, properties, and uses of whole 
numbers, fractions, and decimals; 

* use estimation and mental arithmetic, calculators, 
computers, paper-and-pencil algorithms, and 
manipulative materials, in solving a wide variety of 
problems. 

Standard 2: Geometry and Measurement 
The mathematical preparation of teachers of the elementary 
grades must provide experiences in which they: 

* use a variety of tools, physical models, and 
appropriate technology to develop an understanding of 
geometric concepts and relationships and their use in 
describing the world in which we live; 

* make and interpret measurements of many kinds of 
two-and-three-dimensional objects; 

* formulate and solve problems whose solutions require 
spatial sense. 
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Standard 3: Patterns and Functions 
The mathematical preparation of teachers of the elementary 
grades must provide experiences in which they: 

* recognize the study of patterns as an underlying, 
functional theme in mathematics; 

* create and use pictures, charts, and graphs to 
recognize and describe mathematical relationships; 

* discover and analyze functional relationships which 
arise from diverse problem situations; 

* develop the use of variables and other algebraic 
notation as an efficient and natural way to describe 
relationships. 

Standard 4: Collecting, Representing, and Interpreting 
Data 

The mathematical preparation of teachers of the elementary 
grades must provide experiences in which they: 

* collect and interpret data represented in different 
ways; 

* conduct sampling experiments to develop an 
appreciation for randomness; 

* explore empirical probability from data they have 
collected and relate it to theoretical probability based 
on a description of the underlying sample space; 

* explore and compare various methods for representing 
data, both by hand and by using calculators and 
computers. 

M a t h e m a t i c a l S t a n d a r d s , 5-8 
Standard 1: Number Concepts and Relationships 
The mathematical preparation of the middle-grade mathematics 
teachers must include experiences in which they: 

* develop a practical, concrete sense of numbers; 
* use physical materials and models to explore 

fundamental properties of number systems; 
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* develop conjectures and intuitive proofs of number 
theoretic properties; 

* investigate number sequences, patterns, and 
functional relationships; 

* explore the meaning of infinity and its role in the 
study and historical development of topics such as 
geometry and calculus. 

Standard 2: Geometry 
The mathematical preparation of the middle-grade mathematics 
teachers must include experiences in which they: 

* investigate properties and relationships of shape, size, 
and symmetry in two- and three-dimensional space; 

* explore concepts of motion in two- and three-
dimensional space through the investigation of 
rotations, reflections, and translations; 

* present written and oral arguments to justify 
conjectures and generalizations based on explorations; 

* become familiar with the historical development of 
Euclidean and non-Euclidean geometries. 

Standard 3: Algebra and Algebraic Structures 
The mathematical preparation of the middle-grade mathematics 
teachers must include experiences in which they: 

* explore diverse examples of functions arising from a 
variety of problem situations and investigate the 
properties of these functions through appropriate 
technologies, including graphing utilities; 

* use physical models, charts, graphs, equations, and 
inequalities to describe real-world relationships; 

* explore and investigate properties of integers, rational 
numbers, real and complex numbers (including order, 
denseness, and completeness); 

* use concrete examples to explore selected algebraic 
structures such as groups, rings, fields, and vector 
spaces. 
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Standard 4: Probability and Statistics 
The mathematical preparation of the middle-grade mathematics 
teachers must include experiences in which they: 

collect data from experiments or surveys, organize and 
interpret data, and formulate convincing arguments 
based on appropriate data analyses; 

* make inferences and informed decisions based on 
statistical methods; 

* plan and conduct experiments and simulations to 
determine experimental probabilities; 

* develop counting and other techniques useful in 
determining theoretical probabilities; 

* identify the incorrect use of statistics by analyzing and 
critiquing arguments based on such incorrect use. 

Standard 5: Concepts of Calculus 
The mathematical preparation of the middle-grade mathematics 
teachers must include experiences in which they: 

* interpret, with the aid of graphs, diagrams, and 
physical models, the concepts of limit, differentiation 
and integration, and the relationship among them; 

* construct concrete examples of finite sequences, 
extend the ideas to infinite sequences and series, 
relating them to the meaning of approximation of 
nonterminating decimals and to the approximation of 
functions; 

* explore concrete realistic problems involving average 
and instantaneous rates of change, areas, volumes, and 
curve lengths, and relate these problems to the 
concepts of differentiation and integration. 
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PROPOSED STANDARDS FOR TEACHER PREPARATION CURRICULA 
FROM TEXAS SSI's GUIDEUNESFOR THE 

MATHEMATICAL PREPARATION OF PROSPECTIVE 
ELEMENTARY TEACHERS (pp. 10-25) 

Guideline 1: Investigating Numbers and Their Properties 

* Create definitions of number and number properties 
through experiences with emphasize sorting and 
classifying. 

* Analyze the common algorithms used within the 
context of number relationships and justify those 
algorithms using sound arguments based on number 
properties. 

* Compare and contrast characteristics of numeration 
systems 

* Compare and contrast multiple representations of 
rational numbers. 

Guideline 2: Representing Operations and Developing 
Computational Algorithms 

* Explore the multiple interpretations and contexts for 
each arithmetic operation. 

* Analyze and describe relationships between physical 
and pictorial representations and all associated 
symbolic algorithms. 

* Develop, compare, and contrast multiple algorithms for 
the arithmetic operations. 

Guideline 3: Exploring Shape and Space 

* Explore the geometric attributes of physical objects in 
order to classify and to form definitions. 

* Analyze spatial characteristics such as direction, 
orientation, and perspective. 

* Justify properties of the relationships among 
geometric figures. 
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* Connect geometric ideas to number, measurement, 
probability, and algebra. 

* Use geometric models to solve problems. 

Guideline 4: Using Measurement 

* Explore measurement as a process of identifying the 
attribute to be measured, quantifying the attribute by 
selecting and using an appropriate unit, and 
communicating information about the attribute using 
the unit of measure. 

* Recognize the roles of approximation, estimation, and 
the effects of error in measurement. 

* Use measurement to collect data from which to 
recognize relationships and develop generalizations, 
including formulas. 

* Apply measurement to solve problems. 

Guideline 5: Making Generalizations, Drawing 
Conclusions, and Making Predictions 

* Explore various ways to organize data, and use the 
organization in order to make generalizations, draw 
conclusions, and make predictions. 

* Recognize mathematical relationships, express those 
relationships with appropriate mathematical 
representations, and use those representations to 
make generalizations, draw conclusions, and make 
predictions. 

* Use probability and statistics to make generalizations, 
draw conclusions, and make predictions by collecting 
data, looking for relationships, and representing those 
relationships with appropriate statistical measures, 
tables, graphs, and charts. 

* Support generalizations, conclusions, and predictions 
with sound arguments using appropriate language and 
logical structure. 
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COLLEGE ENTRANCE AND EXAMINATION BOARD (1997) 

141 



INDEX OF MAJORS AND GRADUATE DEGREES 

Abilene Christian University 
Angelo State University 
Arlington Baptist College 
Austin College 
Baylor University 
Concordia Lutheran College 
East Texas Baptist University 
East Texas State University 
Hardin-Simmons University 
Houston Baptist University 
Howard Payne University 
Huston-Tillotson College 
Lamar University-Beaumont 
Lubbock Christian University 
McMurry University 
Midwestern State University 
Our Lady of the Lake University of San Antonio 
St. Edward's University 
St. Mciry's University 
Sam Houston State University 
Schreiner College 
Southem Methodist University 
Southwest Texas State University 
Southwestern Adventist College 
Southwestern University 
Stephen F. Austin State University 
Texas A&M Intemational University 
Texas A&M University-Corpus Christi 
Texas A&M University-Kingsville 
Texas Christian University 
Texas Lutheran College 
Texas Tech University 
Texas Wesleyan University 
Texas Woman's University 
University of Dallas 
University of Houston-Houston 
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University of Houston-Victoria 
University of North Texas 
University of Texas at San Antonio 
Wayland Baptist University 
West Texas A&M University 
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APPENDIX E 

COLLEGE BLUE BOOK 

25 th Edition 

DEGREES OFFERED BY COLLEGE AND SUBJECT (1995) 
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COLLEGE BLUE BOOK 
25 th Edition 

Abilene Christian University 
Angelo State University 
Austin College 
Baylor University 
Concordia Lutheran at Austin 
Dallas Baptist University 
Dallas Christian College 
East Texas Baptist University 
East Texas State University 
Hardin-Simmons University 
Houston Baptist University 
Howard Payne University 
Huston-Tillotson College 
Incarnate Word College 
Lamar University-Beaumont 
Lubbock Christian University 
McMurry University 
Our Lady of the Lake University of San Antonio 
Paul (Juinn College 
Prairie View A&M University 
Saint Edward's University 
Sam Houston State University 
Southwestern Adventist College 
Southwestern Assemblies of God College 
Stephen F. Austin State University 
Sul Ross State University 
Tarleton State University 
Texas A&M University-Kingsville 
Texas A&M Intemational University 
Texas A&M University 
Texas A&M University-Corpus Christi 
Texas Christian University 
Texas College 
Texas Lutheran College 
Texas Southem University 
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Texas Tech University 
Texas Wesleyan University 
Texas Woman's University 
University of Houston 
University of Houston-Clear Lake 
University of Houston-Victoria 
University of Mary Hardin-Baylor 
University of North Texas 
University of Saint Thomas 
University of Texas Pan American 
Wayland Baptist University 
West Texas A&M University 
Wiley College 
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MAILING LIST 

TEXAS COLLEGES AND UNIVERSITIES 
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MAILING LIST 
TEXAS COLLEGES AND UNIVERSITIES 

Abilene Christian University 
Box 28228 
Abilene, Texas 79699-8228 
(915) 674-2126 

Dr. Don Williams-MChair 
Austin College 
900 N. Grand 
Suite 61546 
Sherman, Texas 75090-4440 
(903) 813-2317 

Dr. Don Zielke-MChair 
Concordia Lutheran College 
3400 HI 35 North 
Austin, Texas 78705 
(512) 452-7661 
Fax: (512)302-5856 

Dr. McClearann-MChair 
East Texas Baptist University 
1209 North Grove 
Marshall, Texas 75670 
(903) 935-7963 

Dr. Pyle-MChair 
Houston Baptist University 
7502 Fondren Road 
Houston, Texas 77074 
Fax: (218)649-3140 

Angelo State University 
2601 W. Avenue N. 
San Angelo, Texas 76909 
(915) 942-2052 

Dr. Ed Oxford-MChair 
Dr. Tommy Bryan (Contact Person) 
Baylor University 
Box 97304 
Waco, Texas 76798-7304 
(817) 755-1234 Ext 6560 
Fax: (254)710-3569 

Dr. Beverly Giltner-MChair 
Marsha Pool (Contact Person) 
Dallas Baptist University 
3000 Mountain Creek Parkway 
Dallas, Texas 75211-9299 
(214) 333-5300 
Fax: (214)333-5333 

Dr. Ed Huett-MChair 
Hardin-Simmons University 
2200 Hickory Street 
Abilene, Texas 79698 
(915) 670-1393 
Fax: (915)670-1385 

Howard Payne University 
HPU Box 351 
Brown wood, Texas 76801 
(915) 646-2502 
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Dr. General Marshal-MChair 
Huston-Tillotson College 
900 Chicon 
Austin, Texas 78702 
(512) 505-3000 
Fax: (512) 505-3190 

Dr. Peclezghi-MChair 
Jarvis Christian College 
Drawer G 
Hawkins, Texas 75765 
(903) 769-5700 
Fax: (903)769-4842 

Dr. Byron Rogers-MChair 
Lubbock Christian University 
5601 West 19th Street 
Lubbock, Texas 79407 
(806) 796-8800 

Midwestern State University-MChair 
3410 Taft Blvd. 
Wichita Falls, Texas 76308-2099 
(940) 6689-4196 

Dr. Nagarajan-MChair 
Paul Quinn College 
3837 Simpson Stuart Road 
Dallas, Texas 75241 
(214) 302-3625 

Sam Houston State University 
P.O. Box 2119 SHSU 
Huntsville, Texas 77341-2119 
(409) 294-1145 

Dr. Judy Buford-MChaIr 
Incarnate Word College 
4301 Broadway 
San Antonio, Texas 78209 
(210) 829-3171 

Dr. Matheson-MChair 
Lamar University 
Lamar Station-Box 10034 
Beaumont, Texas 77710 
(409) 880-8795 
Fax: (409)880-8794 

Dr. Doolan-MChair 
McMurry University 
McMurry Station-Box 668 
Abilene, Texas 79697-0668 
(915) 691-6312 

Sister Petrus-MChair 
Our Lady of the Lake University 
411 S.W. 24th Street 
San Antonio, Texas 78207-4689 
(210) 434-6711 

Dr. Evelyn Thornton-MChair 
Prairie View A & M University 
P.O. Box 4096 
Prairie View, Texas 77446 
(409) 857-3018 
Fax: (409)857-2019 

Schreiner College 
2100 Memorial Boulevard 
Kerrville, Texas 78028 
(800) 343-4919 
Fax: (830)896-3232 
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Dr. Fergusion-MChair 
Southern Methodist University 
P.O. Box 0455 
Dallas, Texas 75275-0212 
(214) 768-2506 
Fax: (214) 768-2355 

Watson Chin (Contact Person) 
Southwestern Adventist College 
300 N. College Drive 
Keene, Texas 76059 
(817) 645-3921 
Fax: (817)556-4744 

Dr. John Chapman-MChair 
Southwestern University 
P.O. Box 770 
Georgetown, Texas 78627 
(512) 863-1491 

Dr. Sims-MChair 
St. Mary's University 
One Camino Santa Maria 
San Antonio, Texas 78228-8533 
(210) 431-2016 

Dr. Beaulaieu-MChair 
Sul Ross State University 
P.O. BoxC-115 
Alpine, Texas 79832 
(915) 837-8109 

Janie Schielack (Contact Person) 
Texas A&M University 
804 Harrington BIdg. 
College Station, Texas 77843-4222 
(409) 845-2831 
Fax: (409)845-6028 

Southwest Texas State University 
SWTSU Station-Box 1002 
San Marcos, Texas 78666 
(512) 245-3050 

Marsha Rury (Contact Person) 
Southwestern Assemblies of God 
1200 Sycamore 
Waxahachie, Texas 75165 
(972) 937-4010 
Fax: (972)923-0488 

St. Edward's University 
3001 South Congress 
Austin, Texas 78704 
(512) 448-8655 

Jesper Adams (Contact Person) 
Stephen F. Austin State University 
P.O. Box 13023-SFA Station 
Nacogdoches, Texas 75962 
(409) 468-2805 
Fax: (409)468-1669 

Tarleton State University 
P.O. Box T-399, Tarieton Station 
Stephenville, Texas 76402 
(254) 968-9089 

Dr. Anderson-MChair 
Texas A&M University-Commerce 
East Texas Station 
Commerce, Texas 75429 
(903) 886-5157 
Fax: (903)886-5945 
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Texas A&M University-Corpus Christi 
6300 Ocean Drive 
Corpus Christi, Texas 78412 
(512) 994-2433 

Dr. Kay-MChair 
Texas A&M University-Kingsville 
Station 1, Box 195 
Kingsville, Texas 78363 
(512) 593-3188 
Fax: (512)593-3518 

Rosita Edwards (Contact Person) 
Texas College 
2402 N. Grand Avenue 
Tyler, Texas 75702 
(903) 593-8311 

Delia Belle (Contact Person) 
Texas Southern University 
3100 Cleburne 
Houston, Texas 77004 
(713) 313-7002 
Fax: (713)313-1928 

Dr. Moore-MChair 
Texas Wesleyan University 
1201 Wesleyan Street 
Fort Worth, Texas 76105 
(817) 531-4881 
Fax: (817)531-4202 

Dr. Armendarlz-MChair 
The University of Texas-Austin 
Austin, Texas 78712 
(512)471-7711 
Fax: (512)471-9038 

Dr. Rai-MChair 
Texas A&M University-International 
#1 West End Washington Street 
Laredo, Texas 78041 
(210) 326-2420 
Fax: (956)326-2444 

Dr. Doran-MChair 
Texas Christian University 
2800 S. University Drive 
Fort Worth, Texas 76129 
(817) 921-7202 
Fax: (817)257-7766 

Texas Lutheran College 
1000 W. Court 
Sequin, Texas 78155 
(512) 372-6061 

Dr. Gary Harris (Contact Person) 
Texas Tech University 
Box 41071 
Lubbock, Texas 79409 
(806) 742-2566 
Fax: (806)794-21112 

Catherine Banks (Contact Person) 
Texas Women's University 
Box 23039, TWU Station 
Denton, Texas 76201 
(940) 898-2166 
Fax: (940)898-2767 

Dr. Davis-MChair 
The University of Texas-Brownsville 
80 Fort Brown 
Brownsville, Texas 78520 
(956) 982-0201 
Fax: (956)574-6637 
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Dr. Joe Guthrie-MChair 
The University of Texas-El Paso 
500 W. Avenue 
El Paso, Texas 79968 
(915) 747-5761 
Fax: (915)747-6502 

The University of Texas-San Antonio 
6900 N. Loop 1604 West 
San Antonio, Texas 78249 
(210) 458-5845 

Dr. Coppln-MChair 
University of Dallas 
1845 E. Northgate Dr. 
Irving, Texas 75062 
(210) 736-8205 
Fax: (972)721-5052 

University of Houston-Univ. Park 
4800 Calhoun Boulevard 
Houston, Texas 77204-5871 
(713) 743-4999 

Dr. John Allen-MChair 
University of North Texas 
P.O. Box311337 
Denton, Texas 76203 
(940) 565-2000 
Fax: (806)296-4580 

Dr. Almes-MChair 
Wayland Baptist University 
1900 W. 7th Street 
Plalnview, Texas 79072 
(806) 296-4706 
Fax: (806)296-4706 

The University of Texas-Pan Am 
1201 West University Avenue 
Edinburg, Texas 78539 
(210) 381-2171 

Dr. Elaydi-MChair 
Trinity University 
715 Stadium Drive 
San Antonio, Texas 78212 
(972) 721-5000 
Fax: (210)736-8264 

University of Houston-Downtown 
One Main Street 
Houston, Texas 77002 
(713) 221-8906 

Dr. Harding-MChair 
University of Mary Hardin-Baylor 
Belton, Texas 76513 
(254) 939-4535 
Fax: (254)295-4535 

Dr. Sam Ross-MChair 
University of St. Thomas 
3800 Montrose Boulevard 
Houston, Texas 77006 
(713) 522-7911 
Fax: (713)942-5975 

Mary Jane Cruz (Contact Person) 
West Texas A&M University 
Box 208 WT Station 
Canyon, Texas 79016 
(806) 651-2537 
Fax: (806)651-2537 
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Sarah Bush (Contact Person) 
Wiley College 
711 Wiley Avenue 
Marshall, Texas 75670 
(903) 927-3248 
Fax: (903)927-3337 
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591383rd 
Lubbock, TX 79424 

December, 1997 

To Selected Survey Volunteers: 

You have been selected to pilot the survey, "Mathematical Preparation of 
Elementary Teachers of Mathematics''. This survey will be part of a 
statewide study to evaluate tlie extent to which four yeai" colleges and 
universities who certify elementary teachers are following the 
recommendations set forth by the National Council of Teachers of 
Mathematics in Professionsd Standards for Teaching Mathematics, the 
Mathematical Association of .America in .A Call for Change: 
Recommendations for the Mathematical Preparation of Teachers of 
Mathematics, and the Texas Statewide Svstemic Initiative in Guidelines for 
the Mathematical Preparation of Prospective Elementary Teachers. This 
study is being conducted in order to further improve the mathematical 
preparation of elementary teachers. This survey will serve as a tool to 
collect data for completion of my doctoral dissertation in the College of 
Education at Texas Tech University. 

As you attempt to answer the questions on the enclosed questionnaire, 
please provide input concerning the clarity and wording of the 
mstnmient. We can assure you that your responses to the questionnaire 
will remain strictly confidential. Your responses on this survey will not be 
used as the response from your university. A revised survey instrument 
v^ll be mailed to contact persons or department heads of colleges of 
education. 

Please mail the survey form along with your comments in the enclosed 
stamped envelope as soon as possible. It is not necessary to provide course 
syllabi at this time. Thank for your mathematical expertise and your time. 

Sincerely, 

Deborah Watters 
Doctoral Candidate 
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Mathematica] Preparation 

elementary- Teachers of Mathematics 

Is your institution a private or public college or university? 
a. private 
b. public 
Approximately how many students graduate each year in the Elementary Education degree 
program? 

Approximately how many elementary education students pass the mathematics portion of the 
ExCET each year? 

4. List institution policy in regard to the number of prerequisite high school mathematics courses 
or equivalent competencies that are required for entrance into the college or university. 

5. List policy (if different from the college or university policy) in regard to any specific high 
school mathematics courses or equivalent competencies that are required for entrance into the 
elementary education degree program. 

How many undergraduate mathematics content courses are required of all prospective 
elementary teachers? 
How many semester hours do they total? 

How many total mathematics courses are required of all prospective elementary teachers? 
How many semester hours do they total? 

8. Please specify the course number of the required mathematics content courses for the 
preparation of elementary teachers which include experiences in which they: 

CourseNumber 
Investigate concrete explorations of 
numbers, number systems, and pattems 

Explore number concepts, operations, 
properties, and uses ot whole numbers, 
fractions, decimals, percents, ratio, and 
proportion 

Analyze properties and relationships of 
two and tnree dimensional figures using 
a variety of tools and models 

Apply standard, nonstandard, and 
uni ts of measurement 

Investigate and represent relationships 
involving functions and pattems 

Explore fundamental ideas of calculus 
through construction of concrete examples 

Collect, organize, represent, analyze, and 
interpret oata 

Use probability and statistics to make 
generalizations, draw conclusions, and 
make predictions 

Use estimation and mental arithmetic, 
calculators, computers, paper-and pencil 
algorithms, and manipulativcs in solving 
a variety of problems 

Explore challenging mathematical tasks 
in order to solve real-world problems 
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." n- ...nv Of iho required mathematics courses desicnod soeacallv for the needs of prospective 
t-lmentaiy toachei^: H M), please explam how these ci>urser, have been adapted to meet these 
l it.-i.%o. 

10. Please discuss the method of instinjction which tvplifies each of the required mathematics 
courses. 

11. How and to what extent is technology (computers and calculators) incorporated in each of the 
required mathematics courses? 

12. How closely does the College of Education and the Mathematics Department work together in 
the planning and implementation of these required mathematics courses for prospective 
Gicfnentsry teauicrs •. 

13. What changes on your campus are being discussed in the offerings for elementary education 
teacher of mathematics? 

FOR EACH REQUIRED MATHEMATICS COURSE, PLEASE INCLUDE A COURSE 
OUTLINE OR SYLLABUS WHICH INCLUDES THE TITLE OF THE COURSE, SEMESTER 
HOURS, TEXTBOOK, AND APPROXIMATE COURSE CONTENT 
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March 18, 1998 

Dear Mathematics Chairperson: 

Your college or university has been selected to participate in a statewide study of the 
mathematics preparation of undergraduate students in elementary education 
programs in Texas. This study examines the extent to which required mathematics 
content courses parallel the recommendations set forth by the National Council of 
Teachers of Mathematics, the Mathematical Association of America, and the Texas 
Statewide Systemic Initiative. 

Please complete, or allow yOui elementary mathematics program coordinator to 
complete Part I (and Part n, if applicable) of the enclosed questionnaire and retum 
by April 1, 1998. Please distribute the remaining Part II questionnaires to 
mathematics faculty who are currently responsible for teaching required courses for 
elementary mathematics teachers. In order to insure an accurate assessment of the 
mathematics preparation of elementary school teachers in Texas, your participation 
in this study is essential. 

I appreciate your time and willingness to share in this effort to further improve the 
mathematics preparation of elementary school teachers. All responses will remain 
strictly confidential. Results of this study will be made available by contacting 
(806) 796-8800 ext. 383. 

Sincerely, 

Deborah Watters 
Doctoral Candidate 

5601 I9lh Street • Lubbock. Texas 79407-2099 • (806)796-8800 • FAX (806) 796-8917 
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SURVEY PART I AND PART II 
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APPENDIX J 

COVER LETTER SURVEY PART II 

163 



March 5. 1998 

Dear Colleague: 

You have b)€en selected to participate in a statewide study 
of the mathematics preparation of undergraduate students 
in elementary education programs in Texas. This study 
examines the extent to which required mathematics 
content courses parallel the recommendations set forth by 
the Nationsd Council of Teachers of Mathematics, the 
Mathematical Association of America, and the Texas 
Statewide Systemic Initiative. 

Please complete the questionnaire and return the 
completed questionnaire along with requested course 
outlines or syllabi in the self addressed stamped envelope 
by March 23, 1998. In order to insure an accurate 
assessment of the mathematics preparation of elementary 
school teachers in Texas, your participation in this study is 
essential. 

I appreciate your time and willingness to share your 
expertise in an effort to further improve the mathematics 
preparation of elementary school teachers. All responses 
will remain strictly confidential. Results of this study will 
be avaUable by contacting (806) 796-8800 ext.383. 

Sincerely, 

Deborah Watters 
Doctoral Candidate 

5601 19th Street Lubbock. Texas 79407-2099 • (806)796-8800 • FAX (806) 796-8917 
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SURVEY PART II 
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Dear B^thematics Educator, 

This is just a reminder regarding the survetj \)ou received 
concerning The Mathematical Preparation of Prospective 
Elementary School Teachers in Texas. It is extremelt) 
important to the success of this studtj that ijou complete and 
return the sunretj. Your response will be a valuable asset to 
the future of mathematics education in Texas. 

If \jou have already) returned the survey, please disregard 
this reminder. If \jou have misplaced the original survey* 
please contact me at (506) 796-8800, ext 326 for an addi
tional copy. Thank you for your valuable time. 

^ebtfrah Gratters 
Doctoral Candidate 
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SUMMARY MATRIX 

ID Number 

Institution:_ 

1. Number of years of required high school mathematics: 

Catalog number 

Comments: 

2. Number of required mathematics content courses: 

Comments: 

3. Additional instructional methods: 

Comments: 

4. Additional methods of assessment: 

Comments: 

5. Additional uses of technology: 

Comments: 

6. Reformdocumentimpact: 

Comments: 

7. CommentsonChanges: 

Comments: 

8. Additional information: 
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Table 9. Raw Data 

1 
i 
3 
4 
5 
6 
7 
8 
9 

10 
\ 1 
12 
13 
14 
I S 
16 
17 
18 
19 
2 0 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3 0 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4 0 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

A 

2. Years of hiqh school mathematics 
No specific requirement 
1 year 
2 years 
3 years 
More thar) 3 years 

3. Number of required mathematics courses 
1 course 
2 courses 
3 courses 
4 courses 
5 courses 
More than 5 courses 

Part II 
1. Methods of instruction 

lecture 
discussion 
discovery 
text oriented 
manipulative activities 
cooperative leaming 
computer assisted instruction 
TI-85 
group projects w/ presentations 
laboratory 
projects 
peer instruction 

2. Methods of assessment 

tests/quizzes 
homework 
class presentatioris 
observations/Interviews 
portfolios 
writing activities 
performance tasks 
projects 
group exercises 
library ready reports 
pnvate statistics 
building 3-0 models 
classwork 
Penodical Research 
laboratory 

B 

13 
2 
6 

19 
2 

8 
16 
12 
3 
2 
1 

Always 
23 
14 
10 
16 
10 
13 

1 
2 

Always 
53 
29 

9 
5 
5 
8 

10 

1 

1 
1 

1 

C 

Often 
37 
43 
22 
28 
31 
26 

1 

Often 
15 
26 
19 
4 
5 

18 
13 

1 
1 
1 

0 

Occasionally 
11 
14 
35 
23 
17 
25 

1 
1 

1 
1 

Occasionally 
4 

11 
31 
16 
14 
31 
24 

1 

1 

E 

— 

— 

Never 

2 
7 
2 

Never 

1 
6 

25 
29 

1 
9 
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b1 
52 
53 
54 
55 
56 
57 
58 
59 
6 0 
61 
62 
63 
64 
65 
66 
67 
6 8 
69 
7 0 
71 
7 2 
73 
74 
75 
7 6 
77 
78 
7 9 
8 0 
81 
82 
83 

A 
3. Technology 

calculators 
graphing calculators 
computers 
other 
videos 
power point 

4. Impact of reform documents 
increase in required prerequisites 
increase in course requirements 
changes in course content 
changes in instructional strategies 
changes in student assessment procedures 
other 
none 
work w/ inservice teachers 
development of two new courses 
TEKS 

5. Changes 
increase in required prerequisites 
decrease in required prerequisites 
increase in course requirements 
decrease in course requirements 
changes in course content 
changes in Instructional strategies 
changes in student assessment procedures 
other 
use of technology 
none 
EXCET objectives 

B 

Always 

18 
5 
2 

1 

-

C 

Often 

26 
14 
11 

1 

16 
21 
48 
42 
29 

9 
1 
1 
1 

17 
1 

25 
1 

45 
46 
32 

2 
5 
1 

0 

Occasionally 
24 
33 
31 

1 

E 

Never 

3 
16 
24 
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EVALUATION MATRIX OF COURSE CONTENT 

Please specify the course number of the required mathematics-
content courses for the preparation of elementary teachers which 
include experiences in which students: 

Course Numhpr Title 

1. Demonstrate loiowledge of 
the development of numbers 
and number systems 

2. Model, explain and develop 
computational algorithms 

Use a variety of mental 
computation and estimation 
techniques 

Understand the meaning of 
the four basic operations and 
use them to solve problems 

Understand and apply the 
process of measurement 

6. Use geometric concepts and 
and relationships to describe 
and model mathematical ideas 
and real-world constructs 

7. Collect, organize, represent, 
analyze, and interpret data 

8. Apply concepts of probability 
to real world situations 

9. Use algebra to describe 
patterns, relations and 
functions, and to model 
and solve problems 

176 



APPENDIX P 

NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 

ASSESSMENT STANDARDS 

177 



ASSESSMENT STANDARDS 

The Assessment Standards for School Mathematics (NCTM, 1995) 
presents six standards which promote the ongoing process of 
improving curricula, teaching and assessment (pp. 11-22). 
These include: 

THE MATHEMATICS STANDARD 
Assessment should reflect the mathematics that all 
students need to know and be able to do. 
What is taught in schools must reflect the growth and change in 
evolving content matters. As students engage in solving realistic 
problems, the technological tools and resources available in real 
life must be made accessible. If our goal is to empower students 
with confldence and a command of the subject matter, they must 
be allowed the opportunity to actively engage in the formulation, 
reasoning, communication, and application of content material. 
Assessment techniques must parallel relevant leaming 
experiences. A range of assessments over the length of the course 
allows the student multiple opportunities to display their 
developing skills. 

THE LEARNING STANDARD 
Assessment should enhance mathematics learning. 
Assessments should advance students' leaming as well as inform 
teachers as they make instructional decisions. Assessment should 
provide opportunities for students to evaluate, reflect on, and 
improve their own work. Informal assessments through listening 
to students and observing what they do continually occur 
naturally and must be recognized. Assessments should build on 
each student's understanding, interests, and experiences. 
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THE EQUITY STANDARD 
Assessment should promote equity. 
Assessment conditions must enable all students to demonstrate 
what they know and exhibit their best work. Students' 
background, experience, and the opportunity to learn must be 
recognized in interpreting test results. Assessors must be open to 
unanticipated but reasonable responses. 

THE OPENNESS STANDARD 
Assessment should be an open process. 
Students should be made aware of how they are to be assessed, 
what they are expected to do, what criteria they will be judged on, 
and the consequences of the assessment. Professional 
involvement is mandatory in all phases of the assessment process. 
The assessment process must be open to the scrutiny and 
modification. 

THE INFERENCES STANDARD 
Assessment should promote valid inferences about 
mathematics learning. 
A variety of adequate and relevant assessment instruments 
should be employed to improve the validity of the inferences 
made. Assessors must be aware of potential bias problems 
associated with assessments. Assessments must be based on the 
framework of content goals. 

THE COHERENCE STANDARD 
Assessment should be a coherent process 
The coherent process connects the other standards to assessment 
systems, assessment purposes, curriculum, and instruction. 
Assessments should provide a comprehensive picture of the 
knowledge, skill, and understanding that students possess. 
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BIBLIOGRAPHY OF REQUIRED COURSE TEXTS 

Barnard, J. and Wheeler, E. (1995). Manual for elementar\' scjiool 
teachers. Brooks Cole, 1995. 

Bassarear, T. (1997). Mathematics for elementary school 
teachers. Boston: Houghton Mifflin. 

Bassarear, T. (1997). Mathematics for elementary school 
teachers: Explorations. Boston: Houghton Mifflin. 

Bennett, A. and Nelson, T. (1998). Mathematics for elementary 
teachers: A conceptual approach. 4th edition. Dubuque, 
\A: Wm. C. Brown Publisher. 

Billstein, R., Libeskind, S., Lott, J. A problem solving approach to 
mathematics for elementary school teachers. 6th edition. * 

Billstein, R., Libeskind, S., Lott, J. (1993). Mathematics for 
elementary school teachers. 6th edition. Redwood City, CA: 
The Benjamin/Cummings Publishing Company, Inc. 

•> 

Bittinger, B. College algebra. * 

Devine, Olson, & Olson. (1991). Elementary mathematics for 
teachers. 2nd Edition. New York: John Wiley & Sons. 

Dolan, Williamson, Muri. (1993). Mathematics activities for 
elementary school teachers: A problem solving approach, 
2nd edition. Redwood City, CA: The Benjamin/Cummings 
Publishing Company, Inc. 
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Ellembogen, p. Graphs and moripk * 

Herr. Problem solving strategip^;. * 

Long, C. and DeTemple, D. (1996). Mathematical reasoning for 
elementary school teachers. New York: HarperCollins 
College Publishers. 

Musser-Burger. Mathematics for elementary teachers. 4th 
edition. Princeton Hall. 

O'Daffer, P., Charles, R., Cooney, T., Dossey, J., & Schielack. (1998). 
Mathematics for elementary school teachers. Reading, MA: 
Addison-Wesley Publishing Co. 

Rauff,J.V. Math matters. * 

Reys, R., Suydam, M., & Linquist M. (1998). Helping children 
learn mathematics. 5th edition. Boston: Allyn and Bacon. 

Swokowski and Cole. Fundamentals of college algebra. * 

Tan. (1997). Applied finite mathematics. 5th edition * 

Tannenbaum & Arnold. Excursions in modern mathematics. * 

Wallace and West, Rnads to geometry. * 

W:^eeler, R. and Wheeler, E. (1995). Modern mathematics, 9th 
edition. Monterey, Ca: Brooks Cole Publishing Co. 

Williamson, J. (1997). M^t^pmatics activities for elementary 
5;rhool teachers. 3rd edition. Reading, MA. Addison Wesley 
PubUshers, 
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Zielke, D. (1998). Mathematics for elementary teachers notes, 
3rd edition. Concordia University at Austin Publisher. 

Zielke, D. (1998). Mathematics for elementary teachers lab 
manual. 2nd edition. Concordia University at Austin 
Publisher. 

Incomplete information submitted in syllabus 
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