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ABSTRACT 

This dissertation examined factors that may impact the teaching of mathematics in the 

elementary classroom. A discussion of the influence of the Arizona accountability system on 

mathematics. National Coimcil of Teachers of Mathematics Teaching Standards, and recent 

student results on the high-stakes test provide the rationale for the study. The research 

focused on content-pedagogical issues and mathematics anxiety that may have an effect on 

attitudes and aptitude in the teaching of mathematics. The purpose of this study was to 

examine the level of mathematics anxiety and preparedness of elementary pre-service 

teachers in the teaching of mathematics. 

This study investigated mathematical anxiety levels of pre-service teachers at The 

University of Arizona. The quantitative data was collected from 87 pre-service teachers 

registered in a methods class at The University of Arizona. Data was analyzed using 

statistical tests that assessed the relationships between mathematical anxiety and factors 

of content knowledge, motivation, and perceptions of confidence and competence in 

conjunction with the Arizona Mathematics Standards. 

The following findings emerged from this study relevant to mathematics anxiety 

in pre-service teachers. It revealed that University of Arizona students with higher 

mathematical backgrounds reported significant lower levels of mathematics anxiety. 

Pre-service teachers also reported three areas within the Arizona Mathematics 

Standards that were sources of more anxiety than other areas. These were Functions in 

Algebra, Geometry, and Measurement and Discrete Mathematics. 



Pre-service teachers perceptions of competence and confidence in teaching the 

Arizona Mathematics Standards proved to be a significant predictor of their level of 

mathematics anxiety. 

Recommendations emerged from this study to better understand perceptions of 

pre-service teachers in the area of mathematics anxiety. The findings indicate that 

considerations of the following should be instituted into the pre-service program: re-

evaluation of course requirements, profiling pre-service teachers, creation of a common 

vision and goal setting inclusive of a continuous evaluative process of instructional 

strategies, and evaluation of curriculum content based on pre-service teacher needs. 
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CHAPTER 1 

INTRODUCTION 

This dissertation examined factors that may impact the teaching of mathematics in 

the elementary classroom. A discussion of the influence of the Arizona accountability system 

on mathematics. National Council of Teachers of Mathematics Teaching Standards, and 

recent student results on the high-stakes test provide the rationale for the study. The research 

focused on content-pedagogical issues and mathematics anxiety that may have an effect on 

attitudes and aptitude in the teaching of mathematics. The purpose of this study was to 

examine the level of mathematics anxiety and preparedness of elementary pre-service 

teachers in the teaching of mathematics. 

Recent reform initiatives have presented challenges in schools as standards and 

accountability become prevalent. Questions about competent and quality teaching, 

student outcomes, and accountability continue to be raised. Much attention has been 

devoted to the area of mathematics as challenging mathematics standards have been state 

mandated along with a high stakes test component, the Arizona Instrument to Measure 

Skills (AIMS). The new mathematics standards have raised the bar for student 

competencies and therefore raised expectations of accountability for teachers in the 

instruction of mathematics as well as administrators in their instructional leadership role. 

This adds a new dimension for administrators at the university level, the district 

level, and the school-site level. University educational programs should be considering 

the new challenges that lie ahead in the training of pre-service teachers to meet these 

demands. District level administrators need to address issues of staff^ development. 
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training of personnel in the standard curriculum, aligning curriculiun to the standards, 

informing the commvmity of the expectations placed on their children, and hiring 

competent teachers in the area of elementary mathematics. School site administrators 

have a responsibility to be aware of changes and issues that affect students and teachers 

and appropriately address those needs at the school level. 

The next few paragraphs cite examples of the pressing need to develop more 

competent elementary math teachers. The performance objectives from the 1987 

Essential Skills are compared to the Arizona Mathematics Standards. The National 

Council of Teachers of Mathematics (NCTM) 1991 professional standards are presented, 

and the 2000 results of the Arizona Instrument to Measure Standards are discussed. 

A comparison of the 1987 Arizona Essential Skills in Math (Grades 4-8) and the 

current Arizona Math Standards reveals a transformation toward a higher level of 

expectations for student learning. The Essential Skills divided the objectives into seven 

basic concepts: number theory, measurement, geometry, patterns and relations, data 

analysis and probability, anzilytical reasoning, and algebra. The Arizona Mathematics 

Standards are divided into six concepts and are generally the same with two exceptions, 

measurement includes discrete mathematics, and the sixth standard is mathematical 

structure/logic, which is not seen in the 1987 skills. The 1987 objectives are largely 

contained in the Arizona Mathematics Standards. 

Bloom's taxonomy (1956) was the tool used to compare the two sets of 

objectives in terms of behavioral skills. A percentage of behavioral skill levels in each 

cognitive domain required in the Arizona Mathematics Standards and the 1987 Essential 



Skills was determined (Appendix A). The descriptor words were categorized under 

Bloom's six levels of taxonomy (cognitive domains): knowledge, understanding, 

application, analysis, synthesis, and evaluation. The descriptor words within the 

objectives for student expectations show a transformation from an understanding level in 

the 1987 Arizona skills to an application, evaluative, and analysis level in the Arizona 

Mathematics Standards. For example, the continuum of descriptors spans from find, 

solve, be aware of, use, recall, and select in 1987 to construct, formulate, demonstrate, 

critique, analyze, generate, translate, and develop in the current mathematics standards. 

The changes in the structure of the standards revealed a notable difference in 

expectations. The knowledge and understanding levels, as identified by Bloom's 

taxonomy (1956), for both the 1987 Essential Skills and the Arizona Mathematics 

Standards contained similar numbers of performance goals in these levels. Performance 

goals in the knowledge and understanding categories encompassed a total of 36% of the 

1987 Arizona Skills and 32% of the Arizona Mathematics Standards. The application 

level showed the first significant difference. The 1987 objectives contained 45% of the 

objectives in this category, and the current objectives contain 28%. The three more 

advanced categories of analysis, synthesis, and evaluation were balanced proportionally 

among the current standards with the remaining 40% spread within the three higher 

levels. The 1987 essential skills contained the remaining 19% in these categories. The 

1987 objectives contained approximately 74 objectives as opposed to the 130 outlined in 

the Arizona Mathematics Standards. 
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Specific objectives compared between the 1987 Essential Skills and the Arizona 

Mathematics Standards demonstrate a need for a more in-depth understanding of 

concepts to be able to perform a given task in the Arizona Mathematics Standards. A 

specific example was found in the measurement objectives. 

Essential Skills (1987) - "Use an appropriate formula to calculate the perimeter 

and area of polygons and the circumference of a circle" (p. 13). 

Arizona Mathematics Standards - "Develop a procedure or formula to calculate 

the area and perimeter of simple polygons" (p. 11). 

A look at the 2000 Arizona Instrument to Measure Standards (AIMS) scores 

measuring the mathematics standards, causes concern because students scored low across 

all grade levels on the mathematics portion of the test. In Grades 3 and 5, less than half of 

students met the standard. Scores in Grades 8 and 10 were even more disconcerting with 

only 16% meeting the standard. 

In 1989 the Commission on Professional Standards was established by the Board 

of Directors of the National Council of Teachers of Mathematics (NCTM) with the 

charge of producing a set of teaching standards which would promote a vision of 

mathematics teaching. The resulting document (NCTM, 1991) included standards for 

evaluation and professional development to improve mathematics education. Five major 

shifts were recommended to change the mathematics classroom to an empowering 

environment for students. 

1. Creating classrooms as commimities 

2. Using logic and mathematical evidence as verification 
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3. Using mathematical reasoning 

4. Using conjecturing, inventing, and problem-solving 

5. Seeing connections, ideas and applications (p. 3) 

This information provided the impetus behind the need for change in mathematics 

teaching and learning in the State of Arizona. This study explores causes and offers 

recommendations for improvement of the pre-service program for elementary 

mathematics teachers at The University of Arizona. 

Statement of Problem 

In light of the Arizona Mathematics Standards, NCTM expectations for the 

improvement of mathematics teaching, and recent reports of low mathematics scores on 

the Arizona Instrument to Measure Standards, mathematics teaching and learning 

continue to be foci for educational improvement. The purpose of this study is to examine 

the extent anxiety may impact the ability of beginning teachers to teach mathematics at 

the elementary level successfully. 

Research studies over the past 30 years have reported that teacher content 

knowledge balanced with pedagogical knowledge is essential in the teaching of 

mathematics. With regard to elementary teachers, reports indicate that pre-service 

elementary teachers, as a group, tend to be weak in mathematics content knowledge 

(Ball, 1988; Gellert, 1999). Mathematics anxiety levels are reported to be one of the 

highest among pre-service elementary teachers (Kelly & Tomhave, 1985). Kelley and 

Tomhave also reported that teachers have a tendency to transmit these negative attitudes 

or anxieties through the lack of content knowledge from one generation to the next. To 



break this cycle, leaders in educational institutions need to understand the unique 

requirements of elementary pre-service teachers. Therefore, this study investigated 

mathematics anxiety levels and factors that may influence mathematics anxiety and their 

possible impact on mathematics content skill levels among pre-service elementary 

teachers at The University of Arizona. Data on mathematics achievement, achievement 

motivation, numbers of mathematics classes taken, and perceptions of confidence and 

competence levels in relation to the Arizona Mathematics Standards were collected. 

Research Questions 

The following questions guided this study: 

1. How many mathematics classes were completed by pre-service elementary 

mathematics teachers during high school and while at The University of 

Arizona? 

2. What are the anxiety levels of elementary pre-service teachers at The 

University of Arizona on 

(1) overall mathematics anxiety? 

(2) dimensions of mathematics anxiety? 

3. What are the achievement motivation levels of elementary pre-service 

teachers at The University of Arizona? 

4. How are the overall mathematics anxiety levels and the anxiety levels of 

the dimensions of mathematics anxiety correlated with achievement 

motivation levels? 

5. What are the perceptions of pre-service elementary teachers in 
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(1) confidence in teaching mathematics? 

(2) competence in teaching the Arizona Mathematics Standards? 

6. What are the content knowledge levels of the elementary pre-service 

elementary teachers? 

7. What are the relationships among mathematics anxiety, achievement 

motivation, mathematics knowledge levels, perceptions of confidence in 

teaching mathematics and competence in teaching the Arizona Standards, 

and number of mathematics courses taken? 

Significance of the Study 

The study of the cognitive skill levels and mathematics anxiety levels of pre-

elementary teachers is significant for the following reasons; 

1. The supporting literature reveals that pre-service elementary teacher's 

exhibit one of the highest levels of mathematics anxiety compared to other 

majors (Ma, 1999; Sloan & Gresham, 1997; Sudweeks, 1980). This study 

provides data unique to The University of Arizona, which may provide a 

better understanding of how to develop a quality program, designed to 

meet the diverse needs of pre-service students. 

2. A number of studies have been conducted on the importance of a balanced 

knowledge base necessary for teaching and learning. These review the 

areas of content knowledge, pedagogical knowledge, and curricular 

knowledge as outlined by Lee Shulman (1987) and supported in studies by 

Deborah Bail (1988) and Gaea Leinhardt (1985). A deep content 
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knowledge of mathematics is a basic component of the needs of an 

elementary pre-service teacher. This study provides insight into the 

content knowledge of pre-service elementary teachers at The University of 

Arizona in relationship to the Arizona Standards at the Essential level 

(Grades 4-8). 

3. This research provides evaluative data for The University of Arizona in its 

efforts to address the needs of students and to provide a comprehensive 

quality program. 

4. This study provides data relative to the anxiety levels of pre-service 

elementary teachers at The University of Arizona. 

5. This study provides data relative to the content knowledge base of 

elementary pre-service teachers at The University of Arizona. 

6. This study provides relevant data for Arizona school administrators in 

learning more about the teaching of mathematics in order to address the 

issue of raising test scores, hiring quality personnel, and identifying their 

role as the instructional leader. 

7. This study provides data for staff development persotmel to plan better 

curriculum development activities that address the deeper needs of 

elementary teachers. 

LimitatioDS 

The following limitations were considered and accounted for in the gathering of 

data. 
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1. The findings are limited in terms of generalizabilii>. All of the participants 

were accepted to The University of Arizona College of Education based on specific 

criteria including grade point average. 

2. This study is limited in the area of mathematics achievement because the 

mathematics skills assessment is limited in scope and does not include questions on every 

objective within each standard. 

3. This study is limited to the subjects' perceptions of their knowledge and 

feelings towards mathematics. 

4. This study is limited in the descriptive mathematics data due to self-reporting. 

Definition of Terms 

Achievement Motivation . The amount of effort put forth to determine success or 

failure that influence expectancies, affect, and behavior in achievement related contexts. 

AIMS (Arizona Instrument to Measure Standards). An assessment developed in 

1998 to measure student performance on the Arizona Mathematics Standards. 

Bloom's ('1956') Taxonomv. A system of identifying level of difficulty in 

behavioral objectives. 

Content Knowledge. The amount of knowledge and its organization in the mind 

of the teacher. 

Curricular Knowledge. An understanding of and the ability to use teaching 

materials, inclusive of an understanding of lateral and vertical currictilimi. 

MARS rMathematical Anxietv Rating Scale). This scale was developed in 1972 

by Richard Suinn to measure mathematics anxiety level in adults. 



Mathematics Anxiety. A state of anxiety in response to situations involving 

mathematics which are perceived as threatening to self-esteem. 

Pedagogical Knowledee. The subject matter knowledge for how to teach. 

Pre-service teacher. A person enrolled in a college educational program designed 

for teacher training. This does not include graduate level classes or staff development 

sponsored by school districts. 

Organization of Remaining Chapters 

Chapter 2 provides a review of the literature related to pre-service elementary 

teachers and the teaching of mathematics. This chapter is divided into the following 

sections: 

1. Historical perspective of standard driven initiatives and Arizona's struggle 

with the implementation of standards. 

2. Overview of literature related to content knowledge and pedagogy of pre-

service elementary teachers 

3. Overview of literature related to mathematics anxiety in pre-service 

elementary teachers 

Chapter 3 describes the research design and methodology used in this study. It 

describes the design, sample, instruments, data collection procedure, and data analysis. 

Chapter 4 reports the findings and analyzes the data collected. 

Chapter 5 summarizes and clarifies the findings and concludes with implications 

and recommendations based on the study results. 
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CHAPTER2 

REVIEW OF RELATED LITERATURE 

This chapter provides an overview of related literature on the topic of 

mathematics teaching with an emphasis on the following areas: historical perspective of 

standards, content-pedagogical knowledge, and mathematics anxiety. 

Standard-Based Reform Movement: A Perspective 

A standard may be defined as a "criterion, gauge, yardstick, touchstone." Thus 

the word standard refers to a "model or example" and the gauge or yardstick for 

determining how well one's performance approximates the model or example. A 

standard is both a goal (what should be done) and a measure of progress toward that goal 

(how well it is done) (Ravitch, 1995). This definition can be more clearly stated as a 

performance criterion that states what is expected and how well it is to be accomplished. 

Standard-based reform efforts continue to "rock the boat" in American 

educational discussions. Educational administrators, political leaders, and social changes 

influenced the direction, implementation, and success of standard-based reform. 

Standards-based reform movements have been prevalent in educational history 

dating back to the 1800s. Controversies over curriculum frameworks and teaching 

methodology were evident as major reform efforts emerged with conflicting frameworks 

for standardizing curriculum. For e-\ample, the Committee of Ten, organized in the mid 

to late 1800s, was charged with establishing specific subject criteria for schools to 

address the college and non-college boimd students' course of study. This group, under 

the direction of the Superintendent of Schools in Chicago, William Harvey Wells, 



developed course requirements for graduation firom high school and specific grade-level 

criteria (Ravitch, 1995). 

The developmentalist group of the late 1800s advocated for a child development 

methodology and trusted that the child would dictate his/her own learning through 

individual development and interests. Other groups that influenced curriculum during this 

time of educational controversy advocated for schools to be the avenue for social change 

or embodied efficiently run institutions utilizing a technical business approach (Kliebard, 

1986). 

As a result of these reforai influences, a number of standardizing approaches w^ere 

implemented in the late 1800s to mid 1900s. Textbooks were used as a tool to 

standardize curriculum. Kliebard (1986) believed one of the most profound influences on 

schools was the McGuffy reading series. 

As standardization of curriculum continued to unfold, the issues of achievement 

and testing began to emerge. Intelligence testing surfaced as a tool to determine the 

potential success of students. The SAT (Scholastic Aptitude Test) was first administered 

in 1926 to candidates applying for Ivy League colleges. This test attempted to determine 

inherent intelligence in students entering colleges, and it was hoped that it would 

eliminate social divisions. Colleges eventually saw the value in the test's predictability 

of student success, and it continues to fimction today as a predictor of student success 

(OT)wyer, 1999). 

In the early lO'^ century, schools began to experiment with standardized 

assessments. These were used as a tool to survey the success of these institutions. The 
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experimentation with assessment led to more standardization of curriculimi because the 

tests tended to govern what was to be taught. 

Societal events of the mid-20''' century began to strongly affect curriculum 

reform. The Spumik era brought to the fore&ont concerns about mathematics and 

science curricula and initiated a standards movement to promote more rigorous 

expectations in these areas. Publication of A Nation at Risk (1983) raised concerns about 

the performance of American students in comparison to students in other countries, and it 

further supported the standardization of curriculum and the assessment of student and 

school success (Ravitch, 1995). By the 1970s and early 1980s, 34 states had instituted 

some sort of basic skills testing as a graduation requirement (Linn, 2000). 

The 1980s and 1990s continued to support the movement by establishing state 

and national standards in core academic subjects. This progression of standardization 

was triggered by a niunber of reports including NCTM Standards (National Council of 

Teachers of Mathematics) (Lappan, 1991), and Goals 2000. These reports and numerous 

comparative achievement results motivated states and local school agencies to develop 

and revise academic curricula and standards. 

The federal government encouraged states to develop demanding content 

standards for all students. Smith (1999) stated, ""A. state adopts academic standards and 

frameworks to bring about curricular coherence, increased achievement, and make 

schools accountable" (p. 158). 

Linn (2000) focused a discussion on three areas important to the reform 

movement of the 1980s and 1990s. 
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• An emphasis on the development and use of ambitious content standards 

as the basis of assessment and accountability. 

• The dual emphasis on setting demanding performance standards and on 

the inclusion of all students. 

• The attachment of high-stakes accountability mechanisms for schools, 

teachers, and sometimes smdents. (p. 1) 

Underpiimings of reform efforts with common standards in The State of Arizona 

began prior to 1980 with an accountability system known as CUES (Continuous Uniform 

Evaluation System) (State of Arizona, 1979). Limited information was available but it 

was an accountability system intended to monitor pupil achievement with a component to 

standardize curriculum in reading, writing, and mathematics. Further reform efforts 

implemented to address the issue of developing common standards were reported in the 

mid-1980s with the development of the 1987 Essential Skills. The State Board of 

Education appointed an advisory committee under the direction of the State 

Superintendent of Schools, C. Diane Bishop, to address the initial task of developing 

state standards. The committee was comprised of professional educators and community 

members. There was representation from all sectors, elementary, secondary, university, 

and administrative. With regard to mathematics, the overall objective of the 1987 

Essential Skills was to increase student math proficiency by improving the quality of 

mathematics instruction and applying consistent expectations for all students (Smith, 

1999). The state board ruled that "Each student shall demonstrate mastery as defined by 
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the local governing board" (Bishop, 1987, p. 1). This clearly communicated a 

commitment to implementing reforms such as those recommended by Linn. 

Along with the incorporation of these common standards into the curriculum, an 

assessment component was included to increase accountability and move schools toward 

higher-order thinking, complex problem solving, integration of subject matter, and 

application of basic skills. The Arizona Student Assessment Program (ASAP) became 

state policy between 1990 and 1995 when it was revised. ASAP included the following 

components used in setting common standards and judging the effectiveness of schools; 

Arizona Essential Skills, District Assessment Plans, ITBS (Iowa Test of Basic Skills), 

Essential Skills reporting documents, report cards, district plans for improvement, and 

performance assessments. However, it resulted in political controversy and was 

suspended by the new State Superintendent, Lisa Graham-Keegan, in 1995 (Smith, 

1999). 

However, the 1987 Essential Skills remained the guide for mathematics teaching 

until the development of the Arizona Mathematics Standards in 1998. The revised 

standards were developed through the State Board of Education, beginning in October of 

1995, under the direction of Lisa Graham-Keegan. 

The Academic Summit, established by the State Board of Education in 1995, was 

divided into nine design teams, one per content area, and was charged with developing a 

three-page list of clear and measurable objectives that would become the Arizona 

Standards. The structure of the standards was rewritten in terms of levels as opposed to 

grades as in the Essential Skills. This reform effort was met with controversy. The short 
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time frame in which the legislature pushed to develop the standards was frustrating. In 

addition, development teams lacked qualified committee members, as noted in Smith's 

(1999) report. Teams represented teachers but involved no curriculum coordinators or 

Department of Education personnel. This exacerbated the concerns of school 

administrators and teachers. It was also noted that the design team members were 

randomly selected, and the mathematics team included members who had little or no 

mathematics training (Smith, 1999). 

Despite these controversial challenges in the development of the new standards, 

the legislature approved the newly designed objectives. The AIMS (Arizona Instrument 

to Measure Standards) program called for standardized testing in all grades, 3-12, and the 

AIMS high-stakes test would be administered to four grade levels, 3, 5, 8, and 10. It 

contained a district assessment component and in addition student mastery would be 

reported to the Arizona Department of Education and data would be available on the 

Internet. High school student degree requirements would now include passing of this 

high-stakes test as mandatory (Smith, 1999). In 1998 the revised Arizona Standards were 

incorporated into the curriculum along with the high-stakes AIMS test. The Fordham 

Report, published in 1998, reviewed state standards across the United States and ranked 

Arizona Number 1, scoring a B-r for clarity and rigor (Finn, 1998). 

As Arizona struggled through these reforms. Smith (1999) shared her views about 

the process. 

In less than a decade, two radical shifts took place [in Arizona]: from basic skills 

and standardized testing to progressive reform by performance testing to high 



stakes standardized testing based on state standards. We argue that the shape of 

assessment policy and policy change had more to do with political spectacle and 

struggle for power, position, resources, and the control over public schools than 

with empirical or rational analysis, moral imperative, or democratic debate, (p. 

157) 

This review of standards focused on a discussion of the value of standards in 

society and emphasized the new direction of rigor and accoimtabiUty teachers are now 

facing. The Academic Summit developed a rigorous set of mathematical standards with a 

high stakes accountability tool that while remaining controversial, increased the 

expectations placed on teacher performance. 

The remaining sections of this literature review examines the factors of content 

knowledge and pedagogy as well as mathematics anxiety that may affect the success or 

failure of this reform movement with regard to mathematics teaching. 

Content and Pedagogical Knowledge: An Overview 

The conceptual framework of this investigation is grounded in the idea that 

elementary teachers need a deep understanding of content knowledge and pedagogical 

expertise to teach effectively in a standards-based system. 

Teachers must not only be capable of defining for students the accepted truths in a 

domain. They must also be able to explain why a particular proposition is deemed 

warranted, why it is worth knowing, and how it relates to other propositions (Shulman, 

1987). 
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Lee Shulman (1987) built a foundatioa of research for teaching reform that 

emphasized the link between these ideals. He contended that an extensive content 

knowledge base, a strong pedagogical understanding, curriculum knowledge, and a broad 

understanding of learners and educational values are necessary components for teachers 

to be able to teach students how to comprehend, reason, transform, and reflect on 

learning. He further stated, "The key to distinguishing the knowledge base of teaching 

lies in the intersection of content and pedagogy" (p. 15). 

In Shulman's 1986 address to the American Educational Research Association, he 

referred to the "missing paradigm" (p. 6), the relationship between content knowledge 

and pedagogy. He identified three categories in his discussion of this correlation. 

1. Subject matter/content knowledge - The amount and organization of 

knowledge in the mind of the teacher. 

2. Pedagogical content knowledge - Subject matter knowledge for teaching. 

3. Curricular knowledge - An understanding of and the ability to use teaching 

materials and an understanding of lateral and vertical curriculum knowledge. 

Shulman's (1986) basic contention was that quality teaching rested on teachers' 

understanding and ability to transform their knowledge into comprehensible information 

for student imderstanding. 

"He who can, does. He who cannot, teaches." This statement made by George 

Bernard Shaw has plagued the teaching profession for generations. In an effort to 

understand this attitude toward teachers, Shulman (1986) published a report that explored 

teacher preparedness through a comparison of teacher certification exams fiom the 1875 
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California Teachers Examination to current qualifying exams from Massachusetts, 

Michigan, Nebraska, Colorado, and California. His findings revealed a metamorphosis 

as qualifying exams showed a move from a large content knowledge emphasis to a 

pedagogical one. With regard to the 1875 test, Shulman stated, "The assiunptions 

underlying those tests are clear. The person who presiunes to teach subject matter to 

children must demonstrate knowledge of that subject matter as a prerequisite to teaching" 

(p. 5). 

In contrast, in the 1980s, the following categories were proposed. 

1. Organization in preparing and presenting instructional plans 

2. Evaluation 

3. Recognition of individual differences 

4. Cultural awareness 

5. Understanding youth 

6. Management 

7. Educational policies and procedures, (p. 5) 

Shulman simply asked the question, "Where did the subject matter go?" (p. 5). 

In his 1986 study, Shulman recommended that teaching credential exams be more 

balanced in the areas of content knowledge and pedagogy. The evolution of this 

recommendation supported his rebuttal to George Bernard Shaw ai he concluded, "Those 

who can, do. Those who understand, teach" (Shulman, 1986, p. 14). 

For the purposes of this paper and other research discussed, content knowledge is 

defined as the knowledge of the subject, and pedagogy is defined as the knowledge of 
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teaching procedures. Shulman's (1986) work in pedagogical content knowledge formed 

the basis for many subsequent research studies. 

Deborah Ball (1989) extended Shulman's work when she focused a study on 

teachers' learning of subject matter. She raised concerns about the role of subject matter 

in teaching when she stated. 

When teachers possess inaccurate information or conceive of knowledge in 

narrow ways, they may pass on these ideas to their smdents. They may fail to 

challenge students' misconceptions; they may use texts uncritically or may alter 

them inappropriately. Subtly, teachers' conceptions of knowledge shape their 

practice—the kinds of questions they ask, the ideas they reinforce, the sorts of 

tasks they assign, (p. 12) 

Numerous research studies are grounded in this philosophy and have branched 

into different areas to examine the relationship among deep content knowledge, content 

pedagogy, and the teaching of mathematics. 

Research has diversified in an attempt to understand the evolution of this change. 

Gellert (1999) investigated prospective elementary teacher knowledge and convictions 

regarding content, pedagogy, and pupil needs, as well as their rationale for teaching 

mathematics. Forty-two elementary teachers participated in this qualitative study while 

taking a seminar entitled, "Why Teach Mathematics?" During this seminar students were 

assigned journal writings on themes that directly related to the Gellert's investigation. 

The themes were 

1. A mathematical biography. 
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2. A statement about beliefs of mathematics and mathematics education and 

the relevance of mathematics in society, and 

3. Conceptions of future teaching. 

The research indicated that pedagogical content knowledge and teachers' personal 

learning experiences had a significant influence on their design of mathematics classes 

(Gellert, 1999). Entertainment, including games and puzzles, was used as a tool to teach 

mathematics so that the subject would not be dry and boring. These beliefs resulted from 

teachers' lack of positive school mathematics experiences, and these experiences related 

to the inability to identify and formulate consistent aims for their profession. Gellert's 

(1999) study concluded that school change was falling behind societal development, and 

this condition continued to exacerbate the criticism of professionalism in teaching. 

Furthermore, student teaching experiences diuing university preparation courses 

encouraged survival and contained safety characteristics to alleviate the "hostile" 

classroom environment. This tended to lead to the "game-and-activities" structure of 

teaching. "This implies that prospective teachers should develop a specific 

comprehension of professionalism which enables them to identify tasks of schooling 

which go beyond entertaining and caring" (p. 40). 

Further studies of the teaching of mathematics supported the importance of 

teacher content knowledge in enhancing a student's mathematics education. For example, 

a 1990 study by Stein and Leinhardt advocated for students working with more complex 

multi-step problems, developing connections, and focusing on process as well as 

outcome. This was a case study on instruction in graphing and functions and provided 
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evidence of the importance of the relationship between teachers' knowledge of 

mathematics and their pedagogical practice. The conclusions revealed that teachers' 

limited subject matter knowledge, which included overutiiization of procedures and rules, 

led to the narrowing of instruction in three ways: 

1. The lack of provision of groundwork for future learning, 

2. Creating missed opportunities to foster meaningful connections, and 

3. Missed opportunities for fostering meaningful connections between key 

concepts and representations. 

Deborah Ball's (1990) research on the importance of deep content knowledge 

(understanding) in the teaching of mathematics provided the basis for a framework to 

examine and appraise the content knowledge understanding of mathematics teachers in 

elementary and secondary programs. She used the concept of division in the area of 

algebra, fractions, and division by zero. Her subjects were pre-service teachers with 

varying abilities and backgrounds in mathematics. 

The participants portrayed differing personal beliefs of their teaching abilities. 

For example, one teacher was concerned about teaching long division to smdents. A 

second teacher viewed himself as very capable in mathematics, and a third was feeling 

some anxiousness over being confronted with answering conceptual questions. It is 

interesting to know these beliefs because as the study developed. Ball (1990) found that 

very few of these pre-service teachers possessed a true understanding of the conceptual 

ideas of division. Three widely held assumptions formed the basis for her argument that 
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'The goal of mathematics teaching is to develop mathematical understanding" (Bali, 

1988, p. 3). 

1. Policymakers and teacher educators assimie that topics such as place 

value and division, fractions and ratio, and measiirement and equations are 

"basic" and commonly understood. 

2. Prospective teachers do not need to releam the stuff of the elementary and 

secondary curriculum. 

3. Taking college-level mathematics will equip the prospective teacher with 

a deep and broad understanding of the subject matter, (p. 2) 

In response to the first assiimption, the acceptance of basic common knowledge. 

Ball (1988) revealed that the college students, including the mathematics majors, had 

difficulty developing concepts past a surface level. However, they were capable of 

performing the procedures needed to find the answer in most cases. Division with 

fractions and division with zero presented difficulties for the elementary pre-service 

students. 

As for the second assumption, that the curriculum in elementary and secondary 

classes does not need to be releamed, it continues to be troubling. When the students 

were performing the tasks, their process and answers were loose, fragmented, and filled 

with half remembered rules and tricks. Previous studies (Leindhardt, 1985) (Ball, 1985) 

suggested that students at the elementary and secondary level do not develop a deep 

conceptual understanding. Therefore, these prospective teachers are unlikely to have 

adequate knowledge for teaching mathematics for understanding (Ball, 1988). 
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The third assumption, including more mathematics classes to increase knowledge, 

does not necessarily develop the understanding necessary to teach mathematics. This is 

largely due to the fact that success in these classes is dependent on memorization and 

performing procedures. 

The following questions drove the research in a direction to form a better 

understanding of subject matter. 

1. What does it mean to know mathematics? 

2. Does "knowing mathematics" mean being able to do oneself? 

Does it mean being able to explain it to someone else? 

4. What is the relationship among "attitudes," "conceptions," and "knowledge" of 

mathematics? 

Emotional reactions or experiences to the subject can camouflage student 

perceptions and their understanding of mathematics as they relate to it. Teachers are 

challenged to shape those beliefs in a way that enriches learning. It is understood that 

"Subject matter knowledge interacts with their assumptions and explicit beliefs about 

teaching and learning, about students and about context to shape the ways in which they 

teach mathematics students" (Ball, 1991, p. I). 

In her 1990 smdy, Bali identified three criteria that characterized subject matter 

knowledge. She referred to them as substantive knowledge. First, teachers must have 

correct knowled^re of mathematical procedures and concepts. Secondly, they must 

understand the principles involved in mathematics. For example, why do the nimibers 

move over on each line of a long multiplication problem. Finally, there must be an 
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understanding of connections between mathematical concepts: how place value works 

with the multiplication process or how fractions relate to division. 

The NCTM Professional Teaching Standards (1991) clearly laid the groundwork for 

effective mathematics reform in teaching as it identified teacher decision making in choosing 

worthwhile mathematical tasks, orchestrating and monitoring classroom discourse, creating 

an environment for learning, and analyzing one's practice as necessary components to 

effective teaching (Lappan, 1997). These are aligned with new standards for students as they 

are inclusive of mathematical thinking, reasoning, problem solving, connecting, 

communicating, seeking evidence and constructing arguments to make predictions noted in 

the Arizona Mathematics Standards. 

Darling-Hammond and Ball (1998) state, "School reform cannot succeed unless it 

focuses on creating the conditions - including school and curriculum contexts - in which 

teachers can teach well" (p. I). This research reported concerns about teacher preparation 

programs that plague the United States. Approximately one-fourth of the teaching population 

is teaching under emergency or substandard licenses. One-fifth of secondary teachers do not 

have a minor in their major teaching field. Proportions of students taught by out-of-field 

teachers are higher in lower track classes, high poverty schools, and high minority schools. 

Finally, in high minority schools, students have less than 50% chance of getting a 

mathematics teacher who holds a license in that field (Darling-Hammond, 1998). 

Recommendations to increase success of school reform are centered on the idea that 

standards for teachers need to be linked to standards for students. Five recommendations 
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were made to address this notion of standards for teachers aligned with standards for 

students. 

• Organize teacher education and professional development around standards for 

students and teachers. 

• Institute extended, graduate-level teacher preparation programs thai provide 

year-long internships in a professional development school. 

• Create and fund-mentoring programs for beginning teachers that provide support 

and assess teaching skills. 

• Create stable, high quality sources of professional development. 

• Embed professional development in teachers' daily work through joint planning, 

study groups, peer coaching, and research (p. 14) 

Darling-Hammond and Ball (1998) present five premises for improving teacher 

learning opportunities in pre-service programs and staff development. The first addresses the 

issue of time, time to leam to teach the new standards as teachers' need to develop new ways 

of teaching and assessing. The second supports a deep content base in the subject as 

effectiveness depends on the understanding. Third, knowledge of children and their ways of 

learning is crucial to teaching. Fourth, opportunities for analysis and reflection are central to 

effective teaching. The fifth recommendation involves recognizing that teachers' prior 

beliefs affect what they leam and how they teach. These recommendations follow much of 

the research presented by Shulman (1987) with the missing paradigms of balance between 

content knowledge, pedagogical knowledge, curricular knowledge and Gellert's (1999) 

research on prior beliefs and practices. 
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Suleiman (2000) made recommendations to address the NCTM standards and the 

issue of the standards-based reform for teacher training. He contends that the traditional 

approach is no longer effective in preparing future teachers. The practice must now be field 

based. He cited two programs in California, Beginning Teacher Support and Assessment 

(BTSA) and California Formative Assessment and Support System for Teachers (CFASST) 

which are standard driven education programs that have resulted in a dramatic increase in 

teacher retention. The standards in this program are aimed at training teachers to be able to 

carry out the professional responsibilities identified in the California standards. 

These standards are; 

• Engaging and supporting all students in learning 

• Creating and maintaining effective environments for student learning 

• Understanding and organizing subject matter for student learning 

• Planning instruction and designing learning experiences for all students 

• Assessing student learning 

• Developing as professional educator (p. 5) 

Other programs for teacher training have addressed the standards set forth by NCTM 

for teaching in a standards-based setting. The Pacesetter Mathematics (PSM) program, 

developed by The College Board was piloted in 1992 and identified four teacher 

instructional practices essential: choosing worthwhile mathematical tasks, orchestrating 

classroom discourse, creating an environment supportive of mathematical power, and 

analyzing student understanding and the contribution of the teacher to students' learning. 

Teachers were trained with instructional practices that reflected the NCTM standards at an 
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eight-day seminar and pre- and post-surveys were administered. Results fell short of the 

intended outcome. Reasons cited as contributors were time constraints and level of teacher 

commitment (Turner, 1998). 

Sloan (1997) and Tooke (1998) sitpported these standards in their research that 

addressed the need for teachers to create a supportive environment for learning and 

appropriately provide real life applications in the curriculum. These standards create the 

framework to help teachers mold an empowering enviroiunent for student learning and 

are a reflection of the National Council of Teachers of Mathematics Standards (1991). 

Mathematical Anxiety 

Definition 

The belief that the fear of mathematics affects abilities to perform is not 

unfounded. Research dates back to 1951 when Dutton found that elementary methods 

students reported a lack of understanding of mathematics, a lack of interest in 

mathematics, a fear of making mistakes, and feelings of insecurity and inferiority 

(Harper, 1998). Tobias (1978) stated, "Math anxious adults can recall with appalling 

accuracy the exact wording of a trick question or the day they had to stand at the 

blackboard alone, even if these events took place 30 years before" (p. 32). Numerous 

studies have examined the phenomenon of mathematics anxiety. This study focused on 

the literature surrounding pre-service elementary teachers and related findings. 

To begin the discussion, a definition of mathematics anxiety must be imderstood. 

The following definitions, found in the readings, illustrate the framework from which the 

literature is grounded. 



• The general lack of comfort that someone might experience when required 

to perform mathematically (Wood, 1988, p. 11). 

• The feeling of tension, helplessness, and mental disorganization one has 

when required to manipulate nimbers and shapes (Richardson & Suinn, 

1972, p. 551). 

• An unpleasant state or condition which is characterized by activation or 

arousal of the autonomic nervous system (Spielberger, 1972, p. 482). 

• A state of anxiety in response to situations involving mathematics which 

are perceived as threatening to self-esteem. (Cemen, 1987, p. 4) 

The following model, developed by Cemen (1987), demonstrates the anxiety 

process that the remainder of this review will address. 

STRESSOR PERCEPTION OF MATHEMATICS COPING 
(Involving THREAT TO SELF ANXIETY COGNITIVE (Including 
mathematics) ESTEEM REACTION REAPPRAISAL avoidance) 

Identification of Mathematics Anxiety 

In a study conducted in 1997, pre-service elementary teachers were reported to 

have the highest average math anxiety score as compared to other college majors. This 

study used the Mathematics Anxiety Rating Scale (MARS) developed in 1972 by 

Richardson and Suinn at the Rocky Mountain Behavioral Science Institute (Sloan & 

Gresham, 1997). This continued to be the trend in later studies (Godbey, 1997; Hadfield, 

Steiner & Woods, 1998; Kelly & Tomhave, 1985; Ma, 1999; Sudweeks, 1980; Tooke 8c 

Leonard, 1998). 



Other inventories have been developed and used to investigate levels of 

mathematics anxiety. The Mathematics Attitude Survey (MAI), developed by Sandman 

in 1974, measures students' mathematics anxiety in general academic situations. The 

MAS or Mathematics Anxiety Scale, 1976 (Fennema & Sherman, 1977) measures 

student feelings of anxiety and nervousness as well as somatic symptoms while using 

mathematics. The fourth, developed in 1981 by Meece, measures the cognitive and 

affective components of mathematics anxiety. The Second International Mathematics 

Study Anxiety Scale (SIMS-AS) (Ma, 1999) measures the extent to which students feel 

intimated by mathematics. The MASC or Mathematics Anxiety Scale (Chiu &. Henry, 

1990) for children describes various situations that can arouse mathematics anxiety. 

There are several other scales designed for ethnic groups as well as gender differences 

(Ma, 1999). 

A study conducted by Lucy Sells (1978) using the MARS instrument revealed 

that a high proportion of women in elementary pre-service programs displayed math 

anxiety and scored the highest of any subgroup tested. In 1980 elementary education 

males scored in the lowest of any group of entering freshman. However, this did not hold 

consistent as shown in the 1981 survey. The males within the elementary pre-service 

program were not the lowest scoring group (Kelly &. Tomhave, 1985). The study 

qualified the information by stating that men and women were both afflicted with 

mathematics anxiety (Kelly & Tomhave, 1985). 



Reactions to Mathematics Anxiety 

Studies have reported that mathematics anxiety manifests itself in different ways 

in both men and women. These manifestations were reported by Sudweeks (1980) and 

Kitchens (1995). Indicators of mathematics aiudety take on physical factors and can 

include 

• nausea, hot feelings (Kitchens, 1995, pp. 6-7); 

• extreme nervousness (Kitchens, 1995, pp. 6-7); 

• inability to hear the teacher, easily upset by noises (Kitchens, 1995, pp. 6-

7); 

• inability to concentrate, mind goes blank (Kitchens, 1995, pp. 6-7); 

• stomach ache, sweaty palms (Kitchens, 1995, pp. 6-7); 

• verbalized feelings of distress, negative self-talk (Sudweeks, 1980, pp. 1-

2); 

• avoidance of situations involving mathematics (Sudweeks, 1980, pp. 1-2); 

and 

• impaired mathematical performance (Sudweeks, 1980, pp. 1-2). 

Causes of Mathematics Anxiety 

The literature continues the discussion by examining the causes of high 

mathematics anxiety or feelings of anxiousness related to performing mathematical tasks. 

Cathy Godbey (1997) stated 

Mathematics anxiety does not appear to have a single cause. It is the result of 

different factors such as an inabili^ to handle frustration, excessive school 
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absences, poor self concept, parental and teacher attitudes toward mathematics, 

and emphasis on learning mathematics through drill without understanding, (p. 3) 

Harper and Daane (1998) stated, "The elementary mathematics classroom might be 

considered as a beginning point for creating mathematics anxiety in many students" (p. 

29). They based this statement on a study conducted in 1991 by Hadfield and Lillibridge 

in which they reported that elementary school mathematics experiences, in many cases, 

have led to mathematics anxiety. A previous study by Hilton (1980) also considered the 

elementary classroom as a cause of mathematics anxiety among some students and cited 

teacher lack of mastery of mathematics concepts, authoritarian teaching style, rote 

calculations, memorization, and unrealistic applications as sources of anxiety. Harper 

(1988) reported more variables contributing to this phenomenon. He categorized them in 

two ways: previous mathematical experiences and beliefs about mathematics and oneself. 

It was noted in the study that teachers played a key role in creating mathematics anxious 

students. Negative experiences typically reported were common practices such as 

emphasis on drill and practice, emphasis on right answers and right method, timed tests, 

memorization and again, real-world applications. 

A 1999 study conducted by Jackson and LifBngwell collected data through 

written responses, asking the subjects to respond to the following statement. 

"Describe your worst or most challenging mathematics classroom experience from 

kindergarten through college" (p. 583). 

The data were analyzed to determine the grade level at which the anxiety-

producing actions occurred. They divided the grade levels into 3 and 4,9 to 11, and 
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college. It was noted that experiences occurred as early as kindergarten, but the majority 

began occurring in third grade. Each level presented varying categorical factors that 

influenced the feelings of anxiety (Jackson & LifEingwell, 1999). 

DifiRculty of material was identified as stressful by third and fourth graders. 

Fractions, timed tests and forced memorization were specifically noted as examples 

(Jackson & Lifflngwell, 1999). 

Instructor influences showed up in a variety of ways. Hostility was evident at all 

levels and manifested itself in comments like, do not pretend to look smarter than you are 

or at the college level, if you don't like math, get out. High school level students went so 

far as to comment about instructors exhibiting anger toward them when they asked for 

clarification. They either refused to answer questions or demeaned them in front of the 

class. This was identified as a characteristic at all levels. Humiliation and embarrassing 

students through statements or putting them at the chalkboard alone to work problems 

they didn't understand were also listed as anxiety factors (Jackson & Liffingwell, 1999). 

The high school and college level students identified gender bias against females and 

feelings of insensitivity toward students needing assistance. Quality level of instruction, 

poor communication/or language barriers in college level classes also contributed 

students' mathematics anxiety (Jackson & LifRngwell, 1999). 

Effects of Mathematics Anxiety 

Lester showed in his 1984 study that low confidence and high anxiety simply 

exacerbated the problem (Harper, 1998). Ma (1999) clearly relayed data from the meta

analysis that showed a relationship between mathematics anxiety and mathematics 
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achievement at every level. She claimed from her study that the achievement is 

consistent among gender groups and grade level groups. She stated, "Once mathematics 

anxiety takes shape, its relationship with mathematics achievement is consistent across 

grade levels" (p. 533). This finding indicated that when anxiety is associated with the 

early years of learning mathematics, there is an increasing decline in mathematics 

achievement during early secondary schooling. These particular students have a tendency 

to avoid mathematics courses (Cemen, 1987). Tobias (1978) also supported this 

conclusion in her comment about math avoidance being seen as a "natural consequence 

of a set of attitudes that develop as a result of a student's early educational experiences" 

(p. 51). 

Schofield (1981) investigated the effects of teacher ability on attimde and 

achievement. This research revealed that pupils of high achieving teachers demonstrated 

high degrees of achievement. They also, interestingly, exhibited the least favorable 

attitudes toward mathematics. Continuing, the students with the middle- and low-

achieving teachers had better attitudes, but lower achievement scores. In relation to 

teachers with positive attitudes, student achievement was higher (Sloan, 1997). Van de 

Walle's (1973) study noted a direct link between teachers' positive attitudes and 

students' mathematical comprehension. 

Reduction of Mathematics Anxiety 

As is evidenced in the research, there were valid data to conclude that 

mathematics anxiety can be a hindrance to student achievement in mathematics as well as 

promote continued negative attitudes and avoidance. The research has provided some 



answers as to efforts or remedies to help lower mathematics anxiety and negative 

attitudes in an effort to increase student achievement and promote positive attitudes in 

mathematics, which can affect career choices (Cemen, 1987). Hembree (1990) reported 

"Math anxiety has been linked by some researchers to personality and anxiety in general, 

it has not yet been linked to intelligence"(p. 7). Reform efforts have therefore taken more 

of a philosophical approach in attempting to affect the attitudes of individuals with 

mathematics anxiety. 

Sloan's (1997) study determined that teachers with higher levels of mathematics 

anxiety had a slight tendency to be more traditional in their teaching style. They devoted 

more time to seat work and whole-class instruction. Less time was allotted to games, 

problem solving and small-group activities. They also tended to teach more skills and 

fewer concepts. 

Several strategies have been reported in numerous studies. 

• Creating a positive learning atmosphere, 

• Stressing thought process rather than product, 

• Dispelling the myth that only certain people can do math, 

• Providing positive mathematics experiences, 

• Utilizing manipulatives in all elementary grades, 

• Teaching mastery of concepts prior to introducing new concepts, and 

• Providing positive comments on written assignments (Sloan, 1997, p. 8). 

Additional strategies were recommended by Sloan (1997). 

• Relate the practical aspects of mathematics to everyday life. 
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• Develop self-confidence by encouraging students to trust their own 

intuitions, 

• Teach in a flexible manner that emphasizes many solutions and methods 

for solving problems, 

• Utilize a variety of methods for evaluation, 

• Avoid humiliating experiences such as forcing students to work on 

problems alone at the chalkboard, and 

• Provide a supportive classroom where students have the opportunity for 

successful experiences. 

These suggestions intended to alleviate negative attitudes in students led to the thought 

that if pre-service teachers already have these attitudes, it is necessary to address them in 

college level students, as well, to break the transmittal of these anxieties. Therefore, 

priorities for pre-service teachers' efforts have been placed on lowering anxiety through 

deepening the content pedagogical knowledge as well as addressing the factors found to 

reduce anxiety. 

Harper (1998) studied the factors that originally contributed to pre-service 

teachers' mathematics anxiety and then examined the effects of a mathematics methods 

class on their anxiety level. The purpose was to enable pre-service teachers to see what 

caused their anxiety so as not to repeat the method and to help refine the math methods 

course by determining the factors of the course that were most favorable in reducing 

anxiety. 



The MARS scale was used to determine the anxiety level, pre and post. 

Checklists were used to look at greatest influences on student an.xiety. Another 

instrument was administered to reflect on the greatest influences of the methods course. 

Results indicated that there were significant effects on the reduction of mathematics 

anxiety. It is important to note that 17% of the smdents increased their level of anxiety 

(Harper, 1988). 

Factors that influenced their anxiety were identified: (1) fear of making mistakes; 

(2) right answers, right method; (3) word problems; and (4)low confidence in ability. 

The third component revealed the aspects of the methods class that most directly 

influenced the anxiety of the students, for example, (l)working with a parmer, (2) 

cooperative learning groups, (3) working in centers, (4) using manipulatives, and 

(5)joumal writing and field experiences. The interviews revealed that students responded 

more positively when instructors talked to them instead of lecturing to them. They also 

preferred the use of manipulatives. They claimed it aided in understanding and reduced 

boredom. The group work was advantageous because students did not feel isolated, and 

they were able to process the information verbally as they explained it to others. Smdents 

also commented on being allowed to work problems in different ways, and the game 

atmosphere was beneficial in helping smdents to relax (Harper, 1988). 

Remedial math instruction and individualized mtoring have also been used to 

enhance attitudes toward math and decrease anxiety (Sloan, 1997). 



In a 1980 study by Chapline other intervention strategies were discussed. The 

author described a program known as the Teacher Education and Mathematics (TEAM) 

Project. It was designed to address three areas. 

• Reducing pre-service teachers' mathematics anxiety levels. 

• Developing an awareness of gender bias in math courses and curriculum 

materials. 

• Increasing the knowledge base of mathematical skills and concepts. 

Components of the program included inductive approaches to problem solving, 

anxiety-reducing test preparation and journal writing, which addressed student attitudes 

and perceptions throughout the treatment. This study revealed significant gains in 

mathematical concepts as well as a reduction in mathematical an.\iety (Sloan, 1997). 

Additional studies have investigated different treatments for anxiety and have had some 

significant success. Kosta and Wilson (1986) conducted a study that addressed both 

academic and affective interventions. Their program consisted of group meetings with 

each meeting targeting a particular area. These meetings were designed to address 

mathematical deficiencies and skills. The second meeting focused on stress and anxiety 

reduction. This study was specifically limited to females fi-om between the ages of 25 

and 47. On average, the participants reduced their anxiety level by 100 points. Hendel 

and Davis (1978) utilized a similar concept with a diagnostic clinic, followed by special 

mathematics courses and a counselor led support group. This too was restricted to female 

students. The study found that enrollment in mathematics courses and the support group 

were most effective in reducing mathematics anxiety (Sloan, 1997). 



Sloan's (1997) study sought to discover methods to reduce anxiety through 

cognitive interventions within the context of the math methods course. Sloan's 

objectives were to 

• Demonstrate knowledge of mathematics content; 

• Plan developmentally appropriate lessons for K-3 students; 

• Develop lessons based on various learning styles, cultural backgrounds, 

and exceptionalities; 

• Develop techniques, strategies, and activities that promote problem 

solving and critical thinking skills; 

• Implement computer technology into mathematics curriculum; 

• Teach a primary mathematics lesson to a small group of peers; and 

• Demonstrate and select appropriate manipulative materials, (p. 14) 

The model presented was one that emphasized utilization of manipulatives and 

application of active learning approaches. The results significantly lowered the 

mathematics anxiety of the individuals. Reasons for the reduction in the anxiety levels 

were derived from personal interviews after completion of the course. Students 

commented on the presentation of material as concrete and practical. They claimed they 

had a better imderstanding of fractions and decimals and felt their personal perceptions of 

their abilities to understand mathematics concepts was enhanced. Participants 

specifically stated that they thought their math anxiety in elementary school could have 

been diminished had they had experiences with manipulatives (Sloan, 1997). 



In contrast to this methodology Tooke (1998) reported that the State of Texas 

banned methodology courses by legislation. The philosophy was that more mathematics 

courses could produce good teachers by teaching them more math. However, this did not 

take into consideration how children leam mathematics. Tooke (1998) supported the 

inclusion of math methods courses in order to reduce the mathematics anxiety of 

elementary pre-service teachers. 

The results of these studies helped to formulate a framework in which the 

relationship between mathematics anxiety and mathematics achievement could be 

understood. According to Ma (1999), "Emotion, belief, and attitude are the major 

elements of the affective domain in the learning of mathematics" (p. 536). 

Summary 

The literature review outlined and examined the historical perspective of 

standards in education, the importance of deep content knowledge for the elementary 

mathematics teacher, and the phenomenon of mathematics an.xiety in teachers. 

The historical perspective provided a history of standards in education dating 

back to the 1800s as well as Arizona's history in the development of a standards-based 

curriculum. It provided a framework to emphasize that education is ever-changing based 

on political and societal influences. 

The literature provided information with regard to instruction as it relate^ to the 

necessity of balance of knowledge for elementary teachers. Knowledge for the classroom 

was divided into three categories, content knowledge, curricular knowledge, and 

pedagogical knowledge. When these are not in balance, student learning is limited by 



• the teacher's lack of questioaing skills, 

• inappropriate examples to emphasize the concept, 

• inability to supply examples of real life applications, and 

• stifling the extension of concepts. (Shulman, 1987) 

The second section on mathematics anxiety revealed a relationship between 

elementary teachers' lack of deep content knowledge and mathematics anxiety. Pre-

service elementary teachers, as a group, tended to exhibit high levels of mathematics 

anxiety. There was strong evidence to support the fact that this phenomenon affected 

student achievement and attitudes. Research indicated that mathematics anxiety strongly 

manifested itself by early elementary grades, largely through teacher actions, such as 

1. Engaging in authoritarian teaching style. 

2. Use of rote calculations. 

3. Memorization of material. 

4. Using unrealistic applications to the real world. 

5. Treatment of students. (Cemen, 1987; Godbey, 1999; Ma, 1999; 

Sudweeks, 1980) 

As a result, students tended to avoid mathematics and exhibited traits of mathematics 

anxiety when put in a situation requiring the use of mathematics. 

In an effort to break this cycle, recommendations for teachers to consider in 

elementary programs included the following; 

1. Provide a supportive enviromnent. 

2. Utilize a variety of methods including manipulatives. 
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3. Stress process as opposed to product. 

4. Teach a deep mastery of the concept before new concepts are introduced. 

5. Make mathematics applicable to real life. (Harper, 1998; Kosta & Wilson, 

1986; Sloan, 1997; Tooke, 1998) 

The literature also provided information for universities to consider in addressing 

these issues with pre-service elementary teachers. These included tutoring, counseling 

(support groups), mathematics methodology classes that concentrate on pedagogy and/or 

re-teaching the basic concepts of elementary mathematics through the use of 

manipulatives, and increasing knowledge base by increasing mathematics course 

requirements. 

In conclusion, concerns over lack of content knowledge and mathematics anxiety 

further hinder teaching in a standards-based arena. As noted earlier, standards-based 

programs are now promoting more stringent expectations of students and the bar is raised 

for teachers to instruct at a more comprehensive level. University teacher preparation 

programs are forced to shift paradigms from traditional programs to curricular programs 

that encompass the level of learning required in a more active, reflective environment. As 

Knapp and Peterson N^TOte, 

Most reform attempts in mathematics education are now judged to have failed 

primarily because researchers and curriculum developers failed to take into account 

the existing knowledge, beliefs, values and purposes of teachers ... and of the 

cultures and contexts in which teachers work (1991, p. 2). 



CHAPTERS 

METHODOLOGY 

This chapter outlines the process and procedures for this research study. It 

presents the research design and questions, the survey instruments, a description of the 

sample, the data collection process, and the data analysis that was used to interpret the 

data. 

Research Design 

This quantitative study employs a survey research design using a sample of 

elementary pre-service students enrolled in the mathematics methodology class, l i t 

326, at The University of Arizona College of Education. Four surveys were administered 

in this study. The first survey sought information regarding gender, age, ethnicity, the 

number of mathematics classes taken in high school and college, and general perceptions 

of their confidence and competence in teaching mathematics. The second survey sought 

to determine the achievement motivation levels (high achievement motivation or low 

achievement motivation). The third survey determined the participants' mathematics 

anxiety levels, and the fourth questionnaire tested mathematics skill levels of subjects in 

relation to the State of Arizona Mathematics Standards. 

The research questions identified in Chapter 1 were addressed. 

Instruments 

This section describes the survey instruments that were used to address the 

research questions. 
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Mathematics Anxiety Rating Scale 

The Mathematics Anxiety Rating Scale (MARS)(1972) was used to measure 

anxiety of pre-service elementary teachers. This scale has been used extensively in 

mathematics anxiety research (Cemen,1987; Godbey,1997; Harper, 1988; Jackson, 1999; 

Kelly &. Tomhave, 1985; Ma, 1999; Tobias, 1978). The MARS is a 98-item summated 

rating scale that can be administered individually or in groups. The items are used to 

identify differing levels of anxiety as individuals are asked to rate themselves using the 

following options; I = not at all, 2 = a little, 3 = a fair amount, 4 = much, and 5 = very 

much. A total score is computed by summing the marked values of the questions and the 

higher the score, the higher the math anxiety of the respondent. 

The MARS provides norm tables to interpret scores in terms of percentiles, 

means, and standard deviations. Test reliability was established with test-retest data from 

college students and reported as a reliability coefficient of 0.78 (p < .001). Test validity 

on a college sample showed correlations of r = - .35 (p <.05) between the MARS and the 

Differential Aptitude Test (DAT) (1972). This negative correlation is expected because 

students with high an-xiety scored lower on the aptitude test (Richardson &. Suinn, 1972). 

Demographics and Perception Survey 

The purpose of this portion of the survey was to collect demographic information 

from the subjects on gender, age, and ethnicity. This information will enable the 

researcher to study the impact of these demographics on results. It also sought 

information on the pre-service candidates' perceptions of their confidence in teaching 

mathematics to elementary students and their perceptions of their competence in teaching 
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the six areas of standards developed by the State of Arizona. Seven questions with a 

Likert scale (1-low through 5-high) were developed for the participants to rate 

themselves. 

This survey was developed with input on demographic specifics from a research 

design consultant with Creative Researchers, Dr. Steven Powers. Dr. J. Robert 

Hendricks, the researcher's University of Arizona advisor, assisted with development of 

confidence and competency questions (see Appendix B). 

Myers Achievement Motivation Scale 

SLx items from the Myers Achievement Motivation Scale (1965) were used to 

determine student motivation levels. Participants responded to these questions using a 

summated rating scale with the following options: 4 = agree, 3 = somewhat agree, 2 = 

somewhat disagree or I = disagree. This information was used to sort students and find 

relationships between content knowledge and mathematics anxiety of low and highly 

motivated students. Myers discussed limitations of this scale including subjectivity of the 

respondents' answers, use outside of a school population, and susceptibility to social 

desirability influences. However, the comparison of the motivation levels and 

achievement on the Preliminary Scholastic Aptitude Test (PSAT) (1965) showed a 

correlation of .50 and .48 for males and females, respectively. When compared to 

intelligence factors, a low correlation was found, ranging from .13 to .20 indicating that 

motivation is a factor in achievement. 



58 

Content Knowledge Test 

The mathematics content knowledge portion of the study was determined through 

the use of a test developed by the Buckle Down Publishing Company. An interview with 

Sharon Dendurent (personal commimication, August, I, 2001), Director of Research for 

Buckle Down Publishing, indicated the test design aligns with the Arizona Standards. In 

response to the question regarding field-testing she stated, "These materials are used 

more in a textbook venue and therefore have not been field tested for validity." She 

continued by explaining the process the company used to develop the test. The company 

used the Arizona State Standards to develop questions that align with the standards 

(Dendurent, 2001). Mathematics editors reviewed these questions to verify alignment. 

She also stated, "The test is hampered in terms of reliability, but there is a significant face 

validity match to the standards firom Arizona." To explain further, the Buckle Down 

Publishing Company was unable to obtain a copy of the AIMS test to clearly test for 

alignment. However the standards were reviewed for congruency with the Arizona 

Mathematics Standards. 

This test included 12 questions chosen firom the eighth grade level test. A 

diagnostic review of the test revealed the standards tested ranged firom the levels of 

understanding through analysis, according to an examination of the test using Bloom's 

(1956) level of taxonomy. This evaluation was done in consultation with a qualified staff 

development coordinator. The six standards represented are 

1. Number Sense (I -Understanding and 10-Application) 

2. Data Analysis and Probability (8-Application and 9-Application) 
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3. Patterns, Algebra, and Functions (2-Understanding and 6-Understanding) 

4. Geometry (5-Understanding and 7-Application) 

5. Measurement and Discrete Mathematics (3-Application and 4-Analysis) 

6. Mathematics Structure and Logic (I I-Analysis and 12-Understanding) 

(see Appendix C). 

Sample 

A total of 87 pre-service elementary mathematics methodology students enrolled 

at The University of Arizona College of Education in l i b 326 comprised the sample for 

the present study. Pre-service teachers were in their fourth year of study in the College of 

Education. Participants in the research study were enrolled in one of three sections of a 

mathematics methodology course. All students in the sections who agreed to participate 

comprised the sample. 

Data Collection 

In the Fall of 2001, the three surveys were administered to the three sections of 

the mathematics methodology classes (TTE 326) through The University of Arizona. 

These classes were located off campus in three different elementary school settings. 

A subject consent form was presented to each of the participants (see Appendix 

D). This form explained the purpose of the research and asked for voluntary 

participation. Students were asked to read the consent form before agreeing to participate. 

All participants signed the form before they began the surveys. 

Students were asked to identify their surveys with labels using the same three-

digit number on each instrument. These labels were provided for them. 
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The data collection process required two days to administer. This time frame 

covered all three sections of TTE 326 that participated in the study. The three surveys 

were administered during class time in one survey administration per section. The time 

frame for each section to take the three surveys ranged from one hour to one and a half 

hours. 

Collecting all surveys in manila envelopes and sealing them before leaving the 

classroom preserved confidentiality. They were then delivered directly to the research 

consultant for scoring and data entry. Professors were not present in the rooms. 

Data Analysis 

Research Question I 

How many mathematics classes were completed by elementary pre-service 

mathematics teachers during high school and while at The University of Arizona? 

This information was obtained from the Elementary Mathematics Survey. The 

measures of central tendency (mean, mode, and median) as well as the range of 

mathematics classes were computed and are shown in Table 1, Table 2, Table 3, Table 4, 

and Table 5. 

Research Question 2 

What are the anxiety levels of elementary pre-service teachers at The University 

of Arizona on 

(1) overall mathematics anxiety? 

(2) dimensions of mathematics anxiety? 
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The MARS survey was used to determine the overall mathematics anxiety levels 

and the dimensions of mathematics anxiety. Students responded to 98 questions. From 

these answers, a total score was determined by simuning the columns. This identified the 

overall anxiety level of each participant. 

Suiim (2001) reported two underlying dimensions contained within the MARS 

survey which influence overall anxiety. Mathematics Test Anxiety and Number 

Manipulation Anxiety. However, specific questions relating to these dimensions were not 

identified. In order to investigate these underlying dimensions an exploratory factor 

analysis of the 98 items on the MARS survey was utilized to identify the related 

questions and establish the dimensions. The purpose was to identify underlying factors 

that may influence levels of mathematics anxiety and isolate these into meaningful 

dimensions that were investigated. 

Data for underlying dimensions were extrapolated firom the MARS survey using 

the total score of the matching items for each possible underlying dimension. 

The distribution of scores is shown in Table 6, Table 7, and Table 8. The mean 

and standard deviation were computed to determine the measure of center and the 

distance from the mean. 

Research Question 3 

What are the achievement motivation levels of elementary pre-service teachers at 

The University of Arizona? 

The Myers Achievement Motivation Survey (1965) was used to determine the 

achievement motivation levels of the pre-service teachers. The survey responses were 
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assigned numerical values (high values are assigned to positive responses and low 

numbers to negative responses) and a total score was computed for each participant. A 

mean and standard deviation were computed as shown in Table 9, Table 10, and Table 

11. 

Research Question 4 

How are the overall mathematics anxiety levels and the anxiety levels of the 

dimensions of mathematics anxiety correlated with achievement motivation levels? 

Using the information &om the factor analysis and data from the MARS survey 

(1972) and the Myers Achievement Motivation sxirvey (1965), a Pearson - Product 

Moment Correlation was used to investigate the motivation and aiuciety levels of the 

elementary pre-service teachers at The University of Arizona. 

Research Question 5 

What are the perceptions of pre-service elementary teachers in: 

(1) confidence in teaching mathematics? 

(2) competence in teaching the Arizona Mathematics Standards? 

The demographics/perception siu-vey (Elementary Mathematics Survey) was used 

to gather these data. The Likert scale that participants responded to provided numerical 

information that is displayed in Table 13, Table 14, and Table 15 according to each 

question. A mean was computed for the perceptions of the pre-service elementary 

teachers' confidence levels for teaching mathematics. A mean was also computed for 

each perception of competence question as well as an overall mean for competence 

levels. 
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Research Question 6 

What are the content knowledge levels of the elementary pre-service elementary 

teachers? 

The Content Knowledge Test developed by Buckle Down Publishing (Dendurent, 

2001) was used to collect this information. The test for each participant was scored and a 

percent of correct responses was computed for each test. Measures of central tendency 

were computed as well as the range of the scores. The distribution of scores are shown in 

Table 17, Table 18, and Table 19. 

Research Question 7 

What are the relationships among mathematics anxiety, achievement motivation, 

mathematics knowledge levels, perceptions of confidence in teaching mathematics and 

competence in teaching the Arizona Standards, and the number of mathematics courses 

taken? 

A multiple regression analysis (MRA) was employed to study the relation 

between mathematics anxiety and the factors of achievement motivation, perceptions of 

confidence in teaching mathematics and competence in teaching mathematics, and 

number of mathematics courses taken. An MRA then tested to see if those factors 

impacted content skill levels. A Pearson Correlation Matrix showed whether these 

variables had a correlation, and the MRA determined how highly correlated these 

variables were and if any were strong predictors of mathematics anxiety. 

The results of this research question simimarize the relationships between the 

variables in the study. The overall issue addressed is whether mathematics anxiety 
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impacts variables that affect pre-service teachers' ability to teach mathematics as 

determined by the Mathematics Content Skills Test. It is believed that mathematics 

anxiety could affect variables such as motivation, perceptions, and number of 

mathematics courses taken (due to mathematics avoidance) and that those variables in 

turn affect mathematics content skill levels. In effect, this study is designed to test 

whether there is an indirect link between levels of mathematics anxiety and teacher 

preparedness to teach mathematics in terms of mathematics content knowledge. 

Summary 

The process utilized to answer the research questions consists of several 

major steps. The following section summarizes the steps used in completing this research 

project. 

Step I: Computed number of mathematics classes participants reported in high 

school and college. 

Step 2: Meastired the mathematics anxiety levels of participants and established 

dimensions of mathematics anxiety scale 

Step 3: Measured the achievement motivation levels of participants. 

Step 4; Tested using a Pearson Correlation to compare mathematics aaxiety and 

achievement motivation. 

Step S: Measured the perceptions of confidence and competence of participants in 

teaching the Arizona Mathematics Standards. 

Step 6: Measured the content knowledge levels of participants. 
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Step 7: Tested, used a Multiple Regression analysis, overall mathematics anxiety 

and the underlying dimensions of mathematics anxiety as the dependent variables and 

factors, perceptions of confidence and competence, content knowledge, and achievement 

motivation as independent variables and estimated the relative impact of those variables 

on mathematics anxiety. 
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CHAPTER 4 

PRESENTATION OF DATA AND DATA ANALYSIS 

The competent teaching of mathematics at the elementary level is a rising concern 

in the State of Arizona. NCTM expectations for improvement of teaching, reports of low 

mathematics scores on state tests, and the expectations of higher conceptual levels of 

teaching revealed in the Arizona Mathematics Standards support a need to investigate an 

educational improvement plan for pre-service training at the university level. 

The purpose of this study is to examine the level of mathematics anxiety and 

preparedness of elementary pre-service teachers in mathematics. Research indicates these 

areas have an effect on attitudes and aptitude in the teaching of mathematics. This study 

seeks to investigate mathematics anxiety levels in relationship to achievement 

motivation, mathematics knowledge, and perception of confidence and competence in 

pre-service elementary teachers at The University of Arizona. These relationships were 

tested using a number of statistical models including pearson correlation, t-test, one way 

analysis of variance, and multiple regression analysis. 

This chapter includes a profile of the participants, a description of the data-

analysis process, the results of the data analysis, and an interpretation of the data for each 

research question. 

Profile of Participants 

Eighty-seven pre-service elementary teachers (93% female, 7% male) enrolled in 

TTE 326, Mathematics Methodology, at The University of Arizona participated in this 

research study. The ethnicity background of participants was 71(82%) Caucasian, 2(2%) 
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Asian, 11(13%) Hispanic, 2(2%) Native American, and 1(1%) other. No African 

Americans participated in the study. 

Findings 

Research Question 1 

How many total mathematics classes were completed by pre-service elementary 

mathematics teachers during high school and while at The University of Arizona? 

Participants were asked to count the number of mathematics classes taken in high 

school and college and write in a total. The total number of mathematics classes taken by 

pre-service elementary teachers was 599 (M = 6.8, SD = 1.66). Out of a total of 87 pre-

service teachers, the minimum number of mathematics classes before they were hired as a 

teacher ranged from 3 to 12. The analysis showed a bimodal relationship, with 28 

participants taking sLx classes and 28 participants taking seven mathematics classes 

(Table 1). 

A descriptive analysis was performed to supply the mean and median for the 

gender and ethnicity breakdowns of pre-service elementary teachers at The University of 

Arizona (Tables 2 and 3). 

Table 3 shows a wide distribution of ethnic groups with the largest being 

Caucasian. There were no African American participants in the study. Three of the five 

ethnic groups reported similar information: Caucasian (M = 6.8, SD = 1.59), Asian (M = 

6.5, SD = .71), Hispanic (M = 6.9, SD = 1.97). Native American (M = 8.0, SD = 2.83) 

and other (M = 10) reported more classes. There were no statistically significant 

differences among groups. 



Table 1 

Frequency Table for Number of Mathematics Classes 

Number of Classes Frequency Percent 

3 2 2.3 
4 1 1.1 
5 8 9.2 
6 28 32.2 
7 28 32.2 
8 9 10.3 
9 2 2.3 
10 6 6.9 
11 1 1.1 
12 2 2.3 

Total 87 100 

Note. The mean number of classes is 6.89 
(SD = 1.66). The total mathematics classes was 599. 

Table 2 

Number of Mathematics Classes bv Gender 

Gender N Mean Median 

Male 6 8.3 8.0 

Female 81 6.8 7.0 

Total 87 6.9 7.0 
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Number of Mathematics Classes bv Ethnicity 

Ethnicity N Mean Median SD 

Caucasian 71 6.8 7.0 1.59 
Asian 2 6.5 6.5 .71 

Hispanic 11 6.9 7.0 1.97 
Native American 2 8.0 8.0 2.83 

Other I 10.0 lO.O -

Total 87 6.9 7.0 -

The average number of classes completed by males (M = 8.3, SD = 1.5l)was 

higher than reported by females (M = 6.8, SD = 1.63). The median for males was 8, and 

the median for females was 7. 

Participants were also asked to identify the highest level of mathematics class 

they had taken at the college level. The college mathematics courses taken generally 

ranged from basic mathematics classes to college algebra. Differential equations was the 

highest-level class taken by one participant with 22 pre-service teachers reporting 

calculus as their highest class. These classes were then grouped by level of difficulty and 

assigned a numerical value. A one was assigned to basic level mathematics courses such 

as Mathematics 301, a two was assigned to intermediate courses including college 

algebra, and a three was assigned to higher-level classes including calculus and 

differential equations. A percentage was calculated for the niunber of participants 

identified at each level. Of 87 participants, 18.4% were identified at Level 1,56.3% were 

identified at Level 2, and 25.3% were at Level 3. These data are displayed in Table 4. 



Table 4 
70 

Level of Mathematics Classes bv Whole Group 

Mathematics Level Nvraiber of Participants Percentage of Participants 

Level 1 16 18.4% 
Level 2 49 56.3% 
Level 3 22 25.3% 

This group of participants generally showed a higher level of mathematics 

coursework with one-fourth showing a level of calculus and higher and over one-half of 

pre-service elementary teachers identifying coursework equivalent to college algebra. 

Table 5 displays disaggregated data on gender and ethnicity within each level. It 

is noted that no males were reported in Level 1. The majority of males were reported in 

Level 2 with the remaining in Level 3. Level 1 contained mainly all caucasian females 

while Levels 2 and 3 noted more ethnicity balance. 

Table 5 

Level of Mathematics Classes bv Gender and Ethnicitv 

Participants Level 1 Level 2 Level 3 
Male 0 4 2 
Female 16 45 20 

Caucasian 15 40 16 
Asian 0 0 2 
Hispanic I 7 3 
American Indian 0 1 1 
Other 0 I 0 
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Research Question 2 

What are the anxiety levels of elementary pre-service teachers at The University 

of Arizona on (a) overall mathematics anxiety? and (b) dimensions of 

mathematics anxiety? 

The mean overall mathematics anxiety of the pre-service elementary teachers was 

1.93 (SD = .59). The scale of the Mathematics Anxiety Rating Scale (MARS) is 1 = not 

at all anxious, 2 = a little anxious, 3 = a fair amount anxious, 4 = much anxious, and 5 = 

very much anxious. The average of the anxiety scores ranged from 1.03 to 3.61. Using a 

standard deviation of .59, most pre-service teachers fell between 1.34 and 2.52.These 

data collected from the MARS survey were then submitted to a factor analysis to 

establish the dimensions of the survey and identify the related questions with the 

dimensions. Two dimensions were expected to be extracted as reported by the developer, 

Suinn (1972). 

This exploratory factor analysis established the underlying dimensions of the 

MARS survey. This analysis was accomplished by (1) preparing an intercorrelation of 

all items, (2) extraction of factors, (3) Varimax orthogonal rotation of factors, and (4) 

interpretation of factors. Factor loadings (correlation between the item and the factor) of 

.40 and higher were used to identify the name for each factor. These specific items were 

then isolated and three general themes or dimensions emerged from the Principal 

Component Analysis. These dimensions were named (1) mathematics test anxiety, (2) 

mathematics application anxiety, and (3) nimiber manipulation anxiety. Two of these 
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dimensions were anticipated, number manipulation anxiety and mathematics test 

anxiety. A third dimension, mathematics application anxiety, was a new finding not 

reported by the original developer of the survey, Suinn (1972). 

Mathematics Test Anxiety refered to survey items related to taking or preparing 

for mathematics tests. Application anxiety items refered to anxiety levels applying 

mathematics to daily life, for example, paying bills, figuring sales tax, or playing cards 

when numbers are involved. Number Manipulation Anxiety items correlated to 

performing basic calculations with the four operations of addition, subtraction, 

multiplication, and division in various situations. These three dimensions accounted for 

94 of the 98 items on the MARS survey (Appendix E). 

A general data description was completed for gender, ethnicity, and mathematics 

levels. A one way analysis of variance (ANOVA) and t-test were used to analyze 

information to compare groups for statistically significant differences. 

The following tables describe the means of the overall anxiety levels and the three 

underlying dimensions of mathematics anxiety by gender, ethnicity, and mathematics 

level (see Tables 6, 7, and 8). 

An independent samples t-test revealed there were no significant differences 

between male and female pre-service elementary teachers on overall anxiety, t(85) = .43, 

p = .668. Similarly, there were no significant differences between males and females on 

mathematics test anxiety t(82) = .49, p = .629; mathematics application anxiety, t(83) = 

.10, p = .918; and number manipulation anxiety, t(82) = 1.38, p = .171 (Table 6). 
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A one-way ANOVA followed by a t-test found there were no significant 

differences by ethnicity on overall mathematics anxiety, F(4,82) = .75, p = .561, on 

Mathematics Test Anxiety, F(4,79) = 1.13, p = .348, on Mathematics Application 

Anxiety, F(4,80) = .20, p = .936, or on Number Manipulation Anxiety, F(4,79) = .60, p = 

.664 (Table 7). 

Table 6 

Independent Samples t-test for Average Anxiety Levels bv Gender 

Measure 
N 

Female 
M SD N 

Male 
M SD 

Overall anxiety 81 1.92 .64 6 2.03 .64 

Mathematics test 81 2.23 .79 6 2.40 .63 
anxiety 

Mathematics 81 1.78 .60 6 1.81 .51 
application anxiety 

Number manipulation 81 1.45 .44 6 1.76 1.23 
anxiety 

Note. Total Overall Mathematics Anxiety (m = 1.92, SD = 2.59), Mathematics 
Test Anxiety (m = 2.24, SD = .78), Mathematics Application Anxiety (m = 1.78, SD = 
.59), and Number Manipulation Anxiety (m = 1.47, SD = .53). 

The three mathematics levels were compared to overall mathematics anxiety, and 

the dimensions of mathematics test anxiety, mathematics application anxiety, and number 

manipulation an.\iety using an ANOVA. None of the comparisons were found to be 

statistically significant with overall mathematics anxiety, F(2,84) = 1.60, p = .207; 

mathematics test anxiety, F(2,81) = 2.46, p = .092; mathematics application anxiety. 



F(2,82) = .78, p = .464; and number manipulation anxiety, F(2,81) = .59, p = .559 

(Table 8). 

These analyses indicate the anxiety levels of these participants range between 1 = 

not at all anxious and 3 = a fair amount anxious according to the MARS survey. 

Research Question 3 

What are the achievement motivation levels of elementary pre-service teachers at 

The University of Arizona? 

The Myers Achievement Motivation Survey was used to determine motivation 

levels of the participants. The four responses were assigned numerical values with the 

strongest positive response receiving a four and the weakest or most negative response 

receiving a I. There were a total of 24 possible points on the Myers Achievement 

Motivation Survey. The higher the total points, the higher the motivation. The highest 

possible motivation score was 24 and the lowest was 4. A total was calculated for each 

participant. 

Overall achievement motivation levels averaged 13.4 with a standard deviation of 

1.96. The following tables display the average motivation levels for gender, ethnicity, 

and mathematics levels. 

An independent samples t-test revealed that there were no significant differences 

in male and female pre-service elementary teachers on achievement motivation t(85) = 

.99, p = .324 (Table 9). 

A one-way ANOVA was performed with ethnicity and found no statistically 

significant differences on motivation, F(4,82) = .51, p = .728 (Table 10). 



Table 7 

Analysis of Variance for Average Anxiety Levels bv Race 

Ethnicity N Overall Mathematics Application Number Manipulation 
Anxiety Test Anxiety Anxiety Anxiety 

M SD M SD M SD M SD 

Caucasian 71 1.90 .60 2.21 .78 1.76 .60 1.46 .54 

Asian 2 1.71 .54 1.75 .55 1.88 .75 1.27 .21 

Hispanic 11 2.09 .60 2.41 .80 1.93 .61 1.58 .53 

Native American 2 1.80 .25 1.98 .36 1.74 .21 1.25 .00 

Other 1 2.70 NA 3.55 NA 1.82 NA 2.08 NA 

Total 87 1.93 .59 2.24 .78 1.78 .59 1.47 .53 

Note. Overall Anxiety, F(4,82) = .75, p = .561, Mathematics Test Anxiety, F(4,79) = 1,13, p = .348, Mathematics Application 
Anxiety, F(4,80) = .20, p = .936, and Number Manipulation Anxiety, F(4,79) = .60, p == .664. 

-J 



Tables 

Analysis of Variance for Average Anxiety Levels bv Mathematics Class Levels 

Mathematics Level N Overall Mathematics Application Number Manipulation 
Anxiety Test Anxiety Anxiety Anxiety 
M SD M SD M SD M SD 

Level 1 16 2.07 .42 2.48 .63 1.77 .39 1.51 .35 

Level 2 49 1.96 .66 2.29 .86 1.85 .68 1.51 .51 

Level 3 22 1.74 .51 1.95 .59 1.66 .50 1.37 .66 

Total 87 1.93 .59 2.24 .78 1.78 .59 1.47 .53 

Note. Overall Mathematics Anxiety, F(2,84) = 1.60, p = .207; Mathematics Test Anxiety, F(2,8I) = 2.46, p = .092; 
Mathematics Application Anxiety, F(2,82) = .78, p = .464; and Number Manipulation Anxiety, F(2,82) = .59, p = .559. 

ON 
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Similarly a one-way ANOVA foimd no significant differences between 

mathematics levels on achievement, F(2,84) = 1.18, p = 312 (Table 11). 

Research Question 4 

How are the overall mathematics aiLxiety levels and the anxiety levels of the 

dimensions of mathematics anxiety correlated with achievement motivation levels? 

Table 9 

Achievement Motivation Scores bv Gender 

Gender N Average Motivation Level Standard Deviation 

Male 6 14.17 2.04 
Female 81 13.34 1.95 
Total 87 13.40 1.96 

Note. Achievement Motivation t(85) = .99, p = .324 

Table 10 

Achievement iVIotivation Scores bv Ethnicitv 

Ethnicity N Average Motivation Standard Deviation 

Caucasian 71 13.30 2.04 
Asian 2 14.50 .71 

Hispanic II 13.82 1.66 
Indian 2 13.00 1.41 
Other 1 15.00 NA 
Total 87 13.40 1.96 

Note. Achievement motivation F(4,82) = .51, p = .728. 



Table 11 
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Analysis of Variance for Achievement Motivation Scores bv Mathematics Level 

Mathematics Level N Average Motivation Standard Deviation 

Level I 16 13.25 2.29 
Level 2 49 13.20 1.59 
Level 3 22 13.95 2.38 
Total 87 13.40 1.96 

Note. Achievement Motivation F(2,82) = l.l8,p= .312. 

A Pearson Product Moment Correlation was used to determine whether any 

relationship existed between motivation levels and overall anxiety and the underlying 

dimensions of anxiety. This test revealed that achievement motivation was significantly 

correlated to number manipulation aiuciety at a correlation of r = .25 and was statistically 

significant with p = .023 (Table 12 ). 

Table 12 

Pearson Correlation Results for Achievement Motivation. Overall Anxietv.. Math 
Test Anxiety. Math Application Anxietv and Number Manipulation Anxietv 

1 2 3 4 5 
1. Achievement Motivation 1.000 .121 .103 .055 .248* 
2. Overall Anxiety .121 1.000 .974** .887** .837** 

3. Math Test Anxiety .103 .974** 1.000 .774** .758** 
4. Application Anxiety .055 .887»» .774** 1.000 .759** 
5. Number Manipulation Anxiety .248* .837»» .758** .759** 1.000 

Note. * p < .05, •* p < .01. 
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Research Question 5 

What are the perceptions of pre-service elementary teachers in (a) confidence in 

teaching mathematics? and (b) competence in teaching the Arizona Mathematics 

Standards? 

These data were collected from the Elementary Mathematics Survey. Participants 

responded to one confidence question and six questions pertaining to their perceptions of 

their competence in teaching the Arizona Mathematics Standards. Participants rated their 

responses using a Likert scale. The scale ranged from one to five. One represented the 

lowest level of confidence and competence and five the highest level of confidence and 

competence. Tables 13 and 14 display the overall mean of the confidence and 

competence levels for gender and ethnicity. Table 15 displays the overall mean for 

responses to each individual question according to mathematics levels. 

A descriptive analysis was performed to find the mean of the confidence and 

competence levels of the pre-service teachers. The mean overall confidence level of 

males (m = 4.17, SD = .75) was reported to be higher than females (m = 3.95, SD = .85). 

The mean overall competence level of males (m = 4.14, SD = .66) was also reported to be 

higher than females (m = 3.87, SD = .78). 

An independent samples t-test was run to determine if there was a significant 

difference in confidence and competence of male and female pre-service teachers. No 

significant difference was foimd for this group on confidence in teaching mathematics, 

t(85) = .61, p = .547 or on overall competence in teaching the standards, t(84) = .82, p = 

.414. 
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Table 14 shows a narrow distribution of confidence and competence levels 

within the ethnic breakdown. Confidence levels range firom M = 3.73 to 4.0 and SD = 

.81 to 1.44. 

A one-way ANOVA found no significant differences by ethnicity on feelings of 

confidence in teaching mathematics, F(4,82) = .24, p = .913. The test also found no 

significant differences by ethnicity on feelings of competence in teaching the Arizona 

Mathematics Standards, F(4,81) = .34, p = .850. 

Table 13 

Independent Samples t-test for Confidence/Competence Data bv Gender 

Confidence in Overall Competence in Teaching 
Gender N Teaching Mathematics Arizona Standards 

M SD M SD 

Male 6 4.17 .75 4.14 .66 

Female 81 3.95 .85 3.87 .78 

Total 87 3.97 .84 3.89 .77 

Note. Confidence, t(85) = .61, p = .547, Overall Competence, t(84) = .82, p = .41. 

Table 15 displays confidence and competence results using the three identified 

math levels. It also displays results for each individual competence question related to the 

Arizona Mathematics Standards. 

A one-way ANOVA foimd that there were statistically significant difierences 

between math levels in the area of perceptions of competence in teaching the Arizona 
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Standards, F(2,83) = 5.56, p = .005. The same test found no significant difference with 

feelings of confidence in teaching mathematics, F(2,84) = 2.84, p = .064. 

The three mathematics levels were compared with the pre-service teachers' 

feelings of competence in teaching each of the six Arizona Mathematics Standards. 

Table 14 

Analysis of Variance for Confidence/Competence bv Ethnicitv 

Confidence in Overall Competence in 
Ethnicity N Teaching Teaching Arizona 

Mathematics Standards 

M SD M SD 

Caucasian 71 4.0 .81 3.89 .77 

Asian 2 4.0 1.41 4.17 1.17 

Hispanic 11 3.73 1.01 3.88 .75 

Native American 2 4.0 1.41 4.17 1.18 

Other 1 4.0 3.17 

Total 87 3.97 .84 3.89 .77 

Note. Confidence, F(4,82) = .24, p = .913, Overall Competence, F(4,81) = .34, p = .850. 

Three of the standards showed a significant difference on feelings of competence 

between mathematics levels with Patterns, Algebra and Functions, F(2,84) = 5.22, p = 

.007; Geometry, F(2,84) = 7.95, p = .001; Measurement and Discrete Mathematics, 

F(2,83) = 3.57, p = .033. The remaining standards were Number Sense, F(2,82) = 1.81, p 
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= .170; Data Analysis and Probability, F(2,84) = 2.96, p = .057; and Mathematics 

Structure and Logic, F(2,84) = 2.50, p = .088. 

A multiple comparisons analysis was performed with individiial mathematics 

levels and confidence levels, and overall competence levels and the six Arizona 

Mathematics Standards because of significant findings in the ANOVA. No significance 

was found between individual mathematics levels and confidence. Statistically 

significant differences were found between the mathematics levels in overall competence 

with Level 1 to Level 3 at p = .005 and Level 2 to Level 3 at p = .044. 

Three of the Arizona Mathematics Standards showed significant differences 

between mathematics levels and the feelings of competence related to the concept. 

Significance was found in the areas of patterns, algebra and functions (Level 1 to Level 

3, p = .005); geometry (Level I to Level 3, p < .01 and Level 2 to Level 3, p = .031); and 

measurement and discrete mathematics (Level 1 to Level 3, p = .003) (Table 16). 

Research Question 6 

What are the content knowledge levels of the elementary pre-service teachers? 

This information was gathered from the content knowledge test administered to each 

participant A descriptive data analysis followed by an independent samples t-test 

revealed no significance between males (m = 10.7, SD = 1.17) and females (m = 9.61, SD 

= 1.62) with p = .389 (Table 17). 

A descriptive analysis followed by a one-way ANOVA found no significant 

difference between ethnicity with F(4,80) = .33, p = .860 (Table 18). 
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Analysts of Variance for Confidence/Competence bv Mathematics Levels 

Mathematics Levels Level 1 Level 2 Level 3 

N 16 49 22 

Overall Confidence 3.75 3.88 4.32 

Number Sense 4.00 4.31 4.50 

Analysis and Probability 3.44 3.57 4.17 

Patterns, Algebra, and 3.38 3.90 4.36 
Functions 

Geometry 2.94 3.57 4.23 

Measurement and 3.67 3.96 4.41 
Discrete Mathematics 

Mathematics Structure 3.50 3.67 4.09 
and Logic 

Note. Competence, F(2,83) = 5.56, p = .005; Confidence, F(2,83) = 5.56, p = .005; 
Number Sense, F(2,82) = L81, p = .170; Data Analysis and Probability, F(2,84) = 2.96, p 
= .057; Patterns, Algebra and Functions F(2,84) = 5.22, p = .007; Geometry, F(2,84) = 
7.95, p = .001; Measurement and Discrete Mathematics, F(2,83) = 3.57, p = .033; and 
Mathematics Structure and Logic, F(2,84) = 2.50, p = .088. 

The test contained 12 questions related to the Arizona Mathematics Standards 

with two questions identified per standard. There was a possibility of 12 points if all 

questions were answered correctly. 

The one-way ANOVA performed on content knowledge revealed significant 

di£ferences in mathematics levels with F(2,82) = 6.23, p = .003 (Table 19). 

These data display an unexpected anomaly in that the Level 2 participants scored 

lower than those in Level 1. 



Table 16 
Multiple Comparisons Aniavsis of Individual Mathematics Levels and Confidence. Overall Competence. 
Arizona Mathematics Standards 

Dependent Variable Math Level Math Level P 
Confidence 1 2 .853 

3 .096 

2 1 .853 
3 .099 

3 1 .096 
2 .099 

Overall Competence 1 2 .283 

3 .005 

2 1 .283 
3 .044 

3 1 .005 
2 .044 

1. Do you feel competent in your knowledge of number sense? 1 2 .384 
3 .145 

2 I .384 
3 .615 

3 1 .145 
2 .615 

2, Do you feel competent in your knowledge of data analysis and 1 2 .891 
probability? 3 .097 

2 1 .891 

3 .083 



Table 16 Continued 

3 1 .097 
2 .083 

3. Do you feel competent in your knowledge of patterns, algebra, and 1 2 .133 

functions? 3 .005 

2 1 .133 
3 .133 

3 1 .005 
2 .133 

4. Do you feel competent in your knowledge of geometry? 1 2 .074 
3 .000 

2 1 .074 
3 .031 

3 1 .000 

2 .031 
5. Do you feel competent in your knowledge of measurement and 1 2 .491 
discrete mathematics? 3 .033 

2 1 .491 

3 .114 
3 1 .033 

2 .114 
6. Do you feel competent in your knowledge of mathematics structure 1 2 .772 
and logic? 3 .107 

2 1 .772 
3 .158 

3 1 .107 

2 .158 

Note. Competence (level 1 to 3, p = .005 and level 2 to 3, p = .044), Patterns, Algebra and Functions (level I to 
level 3, p = .005), Geometry (level I to level 3, p < .01 and level 2 to level 3, p = .031), and Measurement and 
Discrete Mathematics (level I to level 3, p = .003). 
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Table 17 

Independent Samples t-test for Content Knowledge bv Gender 

Gender N M SD 

Male 6 10.17 1.17 
Female 81 9.57 1.65 
Total 87 9.61 1.63 

Note, p = .389 

Table 18 

Analysis of Variance for Content Knowledge bv Ethnicltv 

Ethnicity N M SD 

Caucasian 71 9.68 1.56 
Asian 2 10.00 .00 
Hispanic 11 9.18 2.14 
Native American 2 9.00 2.83 
Other 1 10.00 NA 
Total 87 9.61 1.63 

Note. F (4,80) = .33, p = .860 

Research Question 7 

What are the relationships among mathematics anxiety, achievement motivation, 

mathematics knowledge levels, perceptions of confidence in teaching mathematics and 

competence in teaching the Arizona Standards, and nimiber of mathematics courses 

taken? 
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Analysis of Variance for Content Knowledge bv Mathematics Levels 

Mathematics Level N M SD 

Level I 16 10.19 1.33 
Level! 47 9.09 1.73 
Level 3 22 10.32 1.17 
Total 85 9.61 L63 

Note. F(2,82) = 6.23, p = .003 

A Pearson Product Moment Correlation was used to determine if there were any 

statistically significant data among the following factors: overall mathematics anxiety, 

mathematics test anxiety, application anxiety, number manipulation aiudety, achievement 

motivation, mathematics knowledge, confidence in teaching mathematics, competence in 

teaching mathematics, nimiber of mathematics classes taken, and mathematics levels. 

Overall anxiety was significantly correlated with knowledge, r = - .36, p = .001; 

confidence in teaching, p < .01, r = - .37; and feelings of competence in teaching, 

r = - .500, p < .01. 

Mathematics test anxiety showed statistically significant relationships with 

knowledge, r = - .37, p = .001; feelings of confidence, r = - .38, p < .01; feelings of 

competence, r = - .55, p < .01; and mathematics levels, r = - .24, p = .032. 

Mathematics application anxiety was significantly correlated with knowledge, 

r = - .30, p = .006; feelings of confidence r = - .30, p = .005; and feelings of competence, 

r = - .35, p = .001. 
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Number manipulation anxiety showed significant correlations with 

achievement motivation, r = .25, p = .023, knowledge; r = - .26, p = .019; and feelings of 

competence; r = - .30, p = .006. 

Mathematics content knowledge level was significantly correlated with 

confidence, r = .339, p = .001; feelings of competence, r = .40, p < .01; and mathematics 

classes, p = .047. 

Mathematics levels was correlated significantly with feelings of confidence r = 

.23, p = .029, and feelings of competence, r = .34, p = .001 (Table 20). 

A multiple regression analysis was used to further clarify trends in relationships 

of mathematics anxiety, achievement motivation, competence, number of mathematics 

classes, and confidence. 

The first analysis used overall anxiety as the dependent variable. It determined 

that the remaining variables of achievement motivation, feelings of competence and 

confidence, and number of mathematics classes explained 25.9% (R~ = .259) of the level 

of anxiety with F(4,8l) = 7.061, p < .01. The variables were reviewed individually and 

competence was determined to be a significant predictor of overall anxiety at p = .001. 

A stepwise regression was run with competence as the independent variable. It 

was found that competence explained 25% (R" = .25) of the total variance with F(l,84) -

27.980, p<.01. 

A multiple regression was conducted with mathematics test anxiety as the 

dependent variable. The proportion of variance predicting mathematics test anxiety with 



Table 20 
Pearson Correlation Data on Variables of Mathematics Anxiety. Content Knowledge Confidence. 
Competence and Mathematics Levels 

1 2 3 4 5 6 7 8 9 10 

1. Overall 1,00 .974** ,887** ,837** .121 - ,357** - .372** -.500 -.086 -,187 
Anxiety 

2. Math Test ,974»» 1,000 ,774** ,758** .103 - ,369** - .380** - .545** -.077 -.235 

Anxiety 
3. Application Ml** .774** 1,000 .759** ,055 - .298** - .302** - ,345** -.065 -.074 
Anxiety 
4. Number ,W** .758** ,759** 1.000 ,248* - ,258** -,165 -,301** ,033 -.102 
Manipulation 
Anxiety 

5. Achievement .121 .103 .055 .248* 1.000 -.040 ,079 -.070 .000 ,131 
Motivation 

6. Content - ,357»» - .369** - ,298** - .258* - ,040 1.000 ,339** .396** .216* ,069 
Knowledge 

7. Confidence - .372** - .380** - .302** -.165 .079 .339** 1,000 ,712** .205 ,234* 

8, Competence - .500** - .545** - .345** -.301 -.070 .396** ,712** 1.000 .165 .341** 

9. Number of -.086 -.077 -.065 .033 .000 ,216* ,205 .165 1.000 .325** 
mathematics 
classes 
10, Math Level -.187 - .235* -.074 -.102 ,131 ,069 ,234* .341** .325** 1.000 

Note. • p< .05, ** p< .01, 



number of classes, achievement motivation, and competence and confidence was 

30.3% (R" = .303) with F(4,78) = 8.50, p < .01. Competence was again found to be 

statistically significant at p < .01. A stepwise regression revealed a higher significance 

with F(l,81) = 34.229, p <.01 

Application aiLxiety was used as the dependent variable in the multiple regression 

with number of mathematics classes, achievement motivation, and competence and 

confidence and a statistically significant relationship was found with p = .026 and a 

proportion of variance at 12.9% (R* = .129). Competence was not found to be significant 

within this group of variables. A stepwise regression was conducted to filter out the 

extraneous data and revealed statistical significance for competence with F(l,82) = 

11.066, p = .001. 

Another multiple regression was run with niunber manipulation anxiety as the 

dependent variable with the variables number of mathematics classes, achievement 

motivation, and competence and confidence. It revealed similar results with a proportion 

of variance at 14.8% (R" .148) and F(4,78) = 3.376, p = .013. Individual variables 

significant to number manipulation anxiety were achievement motivation, p = .041, and 

competence, p = .041. A stepwise regression used with these two variables produced a 

higher significance with competence, F(2,82) = 6.563, p = .008 and achievement 

motivation, F(l,81) = 8.047, p = .033. 

Summary 

This chapter analyzed and presented the data collected regarding mathematics 

anxiety and its relationship with content knowledge skills, achievement motivation, and 



mathematics levels, as wells as feelings of confidence and feelings of competence in 

teaching the Arizona Mathematics Standards. It reported data disaggregated by gender, 

ethnicity, and mathematics levels. Data were collected from 87 participants enrolled in 

The University of Arizona elementary pre-service program. These students were in their 

fourth year of study and were enrolled in TTE 326, Mathematics Methodology. Data 

collection took place in October 2001. 

Demographic information on the participants in the study demonstrated 

comparable statistics, especially in the mathematics levels where the course level 

reported ranged from basic mathematics to differential equations. The study was unable 

to conclude whether gender or ethnicities were significant influences on mathematics 

anxiety because the majority of the participants were female (93%) and Caucasian (82%). 

The study was organized around eight research questions. Statistical analyses 

included Pearson Product Moment Correlations, t-tests, one-way ANOVA, and multiple 

regression analyses. Significant relationships were found in the following areas related to 

mathematics anxiety. 

Overall Mathematics Anxiety — Content Knowledge/Perceptions of 

Competence and Confidence 

Mathematics Test Anxiety - Perceptions of Competence.'Mathematics 

Level 

Mathematics Application Anxiety — Content Knowledge/Perceptions of 

Competence and Confidence 
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Number Manipulation Anxiety — Achievement Motivation/Content 

Knowledge/Perceptions of Competence 

Several significant relationships emerged between the independent variables that 

explained some of these relationships. 

Achievement Motivation - Number Manipulation Anxiety 

Mathematics Level - Perceptions of Competence 

Mathematics Level - Arizona Mathematics Standards(Pattems, Functions, 

and Algebra; Geometry; and Measurement and Discrete Mathematics) 

Mathematics Level — Content Knowledge Skills 



CHAPTERS 

SUNEVLARY, CONCLUSIONS, AND RECOMMENDATIONS 

The purpose of this study was to investigate levels of mathematics anxiety and 

preparedness of pre-service elementary teachers at The University of Arizona. This 

chapter includes significant findings, conclusions, and recommendations. The following 

questions guided this study; 

1. How many total mathematics classes were completed by pre-service 

elementary mathematics teachers during high school and while at The 

University of Arizona? 

2. What are the mathematics anxiety levels for elementary pre-service 

teachers at The University of Arizona on 

1. overall mathematics anxiety? 

2. dimensions of mathematics anxiety? 

3. What are the achievement motivation levels of elementary pre-service 

teachers at The University of Arizona? 

4. How are the overall mathematics anxiety levels and the anxiety levels of 

the dimensions of mathematics anxiety correlated with high and low 

achievement motivation levels? 

5. What are the perceptions of pre-service elementary teachers in 

1. confidence in teaching mathematics? 

2. competence in teaching the Arizona Mathematics Standards? 
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6. What are the content knowledge levels of the elementary pre-service 

elementary teachers? 

7. What are the relationships among mathematics anxiety, achievement 

motivation, mathematics knowledge levels, perceptions of confidence in 

teaching mathematics and competence in teaching the Arizona Standards, 

and number of mathematics courses taken? 

Significant Findings 

The following significant findings were drawn from this study. 

1. The achievement motivation data in this study suggested this group was 

slightly above average in motivation. It indicated that higher achievement 

motivation levels and number manipulation anxiety were significantly 

related. This was a positive correlation which indicated that the higher the 

motivation the higher the anxiety level when working basic mathematic 

calculations. This positive correlation may imply students who are more 

motivated may pressure themselves in the process of mathematics to 

always achieve the right answer. 

2. The mathematics level data were found to be significant when compared 

to feelings of confidence in teaching the Arizona Mathematics Standards. 

Students who had taken basic mathematics as their highest level 

mathematics class in college reported low levels of confidence in teaching 

mathematics as opposed to students reporting calculus as their highest 

class. 
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3. The mathematics level data were also found to be significant between the 

basic level group and the highest group when tested with feelings of 

overall competence in teaching the Arizona Mathematics Standards. 

These data revealed three of the standards were of more concern for these 

pre-service teachers. They reported that Patterns, Functions, and Algebra; 

Geometry; and Measurement and Discrete Mathematics were areas they 

needed more competence in teaching. 

4. The content knowledge data produced an interesting anomaly with the 

Level 2 mathematics group performing lower on the content knowledge 

test than the Level 1 group. Significant results occurred between the Level 

3 group and both the Level I and the Level 2 group. This information 

indicates that a higher level of mathematics class (calculus or higher) 

prepared these pre-service teachers more sufficiently in terms of content 

knowledge skills. It is important to note this content knowledge test was 

taken &om eighth-grade curriculiun. 

5. Significant predictors of overall mathematics anxiety were revealed to be 

content knowledge and feelings of confidence and competence in teaching 

the Arizona Mathematics Standards. 

6. In reviewing the underlying dimensions of mathematics anxiety, similar 

predictors were found. Mathematics test anxiety, mathematics application 

anxiety, and Number manipulation anxie^ all noted feelings of 
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competence as a significant predictor. Other predictors that emerged were 

mathematics level, content knowledge, and feelings of confidence. 

7. Gender and ethnicity had no significant influence with regard to 

mathematics anxiety, mathematics level, feelings of competence or 

confidence, or content knowledge. 

Conclusions 

The following conclusions discuss recommendations for The University of 

Arizona and are based on a synthesis of the findings in this study and the literature 

review. 

Recommendation 1 

The University of Arizona College of Education leadership may consider re

evaluating the required program for elementary education majors in terms of mathematics 

content knowledge base and develop a more comprehensive academic core curriculum in 

mathematics. 

Currently, The University of Arizona requires pre-service elementary teachers to 

enroll in Math 301, Understanding Elementary Mathematics (four units) or Math 302A 

and 302B, Understanding Elementary Mathematics (total of six units). Pre-service 

teachers must also enroll in a field-study mathematics methods course, lit 326. Prior to 

acceptance by the College of Education, the program requires competency or coursework 

in Math 105 or higher. A Mathematics Readiness Test is available for those students who 

need to gain competency credit Basically, an elementary major could graduate with no 

more than seven basic units in mathematics (University of Arizona, 2001). 
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The findings of this study suggest that knowledge in mathematics levels affect 

anxiety levels. The data also indicates there is a statistically significant difference in 

knowledge and feelings of competence in teaching mathematical concepts with students 

that report backgrounds in calculus. The literature suggests that teachers displaying 

mathematics anxiety may transmit their anxiety to students through lack of a strong 

content background. 

The increased course requirement may serve as one intervention to assist pre-

service teachers in gaining more knowledge and reducing mathematics anxiety. Sloan 

(1997) and Harper (1998) both suggested deepening of content knowledge can be 

effective in the reduction of mathematics anxiety. However, Ball (1988) states that there 

is a misconception that higher classes increases knowledge which develops better 

understanding. This is largely due to the structure of the classes that are typically 

procedural oriented. This tends to defeat the purpose and begs the question how can these 

courses work towards addressing juixiety driven issues in a more productive way. 

Recommendation 2 

The University of Arizona College of Education may consider profiling entering 

elementary pre-service teachers through a mathematics anxiety rating scale and a 

personal interview designed to identify feelings of competence and possible causes for 

mathematics anxiety. 

This profile could serve as a tool in designing an individualized program for pre-

service teachers. It is also encouraged that this profiling take place during the freshman 

year to better plan a complete overall program for pre-service teachers. As evidenced in 
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the research, mathematics anxiety can be a hindrance to student achievement in 

mathematics as well as promote continued negative attitudes (Cemen, 1987). Sloan's 

(1997) study determined that teachers with higher levels of mathematics anxiety had a 

slight tendency to be more traditional in their teaching style. This promoted more seat-

work focused on basic skills and less time on teaching concepts. 

This profile may provide significant information that will direct university 

advisors in designing a curriculum plan that will address the individual needs of each pre-

service teacher. For example, students exhibiting low feelings of competence and high 

anxiety could be enrolled in a course designed to lower anxiety by using strategies 

discussed in Sloan's (1997) study where a combination of inductive problem solving, 

anxiety-reducing test preparation, and journal writing are utilized. Sloan also discussed 

smdies that incorporated a support group that is, counseling based treatment in which a 

significant reduction in mathematics anxiety was noted. 

Recommendation 3 

University of Arizona leadership may consider creating a common vision with 

staff that includes goals and an evaluative process in cooperation with instructors to 

review teaching methods and practices. Leadership should be proactive in visiting these 

classrooms to promote both consistency and change in the teaching process. 

Currently, The University of Arizona teaches the mathematics methods classes in 

a field based format at designated elementary sites. Participants are gaining experience 

within a real atmosphere at elementary sites. This is a move in the right direction but can 

be enhanced through goal setting and a continuous evaluation process. This goal setting 
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process might include incorporating varying methodologies in the classroom. It should 

also include an evaluative component for staff to review the success of the program to 

promote continuous improvement in meeting student needs. These classrooms need to 

focus on the structure identified by the NCTM standards, as discussed in Chapter 1, to 

create a positive learning environment for students. This evaluative process should 

consider research by Morris (1981), Harper (1988), and Sloan (1997). 

Morris (1981) discussed strategies that were effective in reducing mathematics 

anxiety. These included providing positive math experiences, providing positive 

comments on written assignments, utilizing manipulatives, teaching mastery of concepts 

prior to introducing new concepts, and dispelling the myth that only certain people can 

do math. Harper (1998) continued the research in a math methods course by identifying 

the cause of aaxiety and using strategies such as cooperative learning groups, centers, 

journal writing, and field experiences. 

This transformational process should provide the opportunity for leadership to 

foster an empowering atmosphere of change that supports the integration of the 

organizational goals and the needs of the individual. Dimensions incorporated into this 

transformational process might foctis on the development of a common vision, creation 

of an atmosphere of high expectations, support of group goals, and promotion of coUegial 

decision making (Leithwood, 1990). 

This process may provide opportunities for leadership and staffs to address 

concerns in a collegial atmosphere and create an open atmosphere for change. 
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Recommendation 4 

The University of Arizona College of Education may consider providing an 

opportunity for instructors to evaluate the core ciuriculum and make adjustments to 

incorporate areas of curricular concerns for students. It is recommended that data be 

collected at the beginning of TTE 326 or Math 301 to determine areas of weakness 

among the pre-service students as well. These data may be collected through testing and 

surveys and then evaluated by the instructor. 

This study identified three areas of concern within the group of participants. 

Feelings of competence in teaching functions in algebra, geometry, and measurement and 

discrete mathematics were significantly lower than the remaining three standards. The 

University may encourage an alignment of the syllabus with the Arizona Mathematics 

Standards to support congruency from the college experience to the classroom 

experience. Opportunities for instructors to use data-based decision making for 

educational excellence are essential in the process. This deeper understanding of content 

knowledge skills of pre-service teachers helps to direct the improvements or changes that 

need to occur to reach the desired outcome (National Association of School Principals, 

1998). 

The courses students take in mathematics and mathematics teaching are currently 

from two colleges in the university, the College of Mathematics and the College of 

Education. It may be beneficial for these instructors to spend time discussing the unique 

needs of pre-service teachers and work together to set up a stronger teaching/modeling 

environment. 
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This profile of students may provide significant information that will direct the 

instructors in designing curriculum and teaching strategies to address specific needs of 

the pre-service teachers. 

Recommendation 5 

Building level principals may consider developing content-based sta^ 

development opportunities and clinical supervision techniques that incorporate strategies 

to aid these new teachers in reducing mathematics aaxiety. 

Research provides insight into the needs of elementary teachers and the leaching 

of mathematics. Increased mathematical knowledge balanced with pedagogical 

knowledge is noted in research as a necessity in successful teaching. Shulman's research 

contends that quality teaching rests on teachers' understanding and ability to transform 

their knowledge into comprehensible information for student understanding (Shulman, 

1986). Darling-Hammond and Ball (1998) support the idea of content based professional 

development to increase understanding to be effective in the classroom. 

Principals can provide the missing link with teachers through staff development 

aimed at addressing both content and pedagogy. Furthermore, the clinical supervision 

component can aid individual teachers in the reduction of anxiety and improvement of 

teaching. 

Recommendations for Future Research 

The following recommendations for future research are based on questions raised 

during the research study process. 
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Recommendation 1 

Investigate treatments on mathematics anxiety to determine effectiveness. These 

treatments may include increased mathematics course requirements, counseling or 

support groups, or redesigning of teaching methodologies. 

Recommendation 2 

Further investigate causes of mathematics anxiety through personal interviews 

with pre-service teachers. This may provide direction for treatment. 

Recommendation 3 

Investigate mathematics anxiety levels and content knowledge base in the 

bilingual mathematics methods course. This may provide information that is uniquely 

prevalent in this program and determine if causes are similar or different. 

Recommendation 4 

Further investigate mathematics anxiety of practicing elementary teachers and 

effects on student mathematics anxiety and student scores on standardized tests. This may 

provide valuable data on behaviors that transmit negative or positive feelings toward 

mathematics and performance on these high stakes tests. 

Recommendation S 

Further investigate the third dimension of Mathematics application anxiety that 

emerged in this study as a result of the factor analysis of the Mathematics Anxiety Rating 

Survey. Mathematics Application Anxiety refers to real life application, which causes 

undue stress. The investigation may involve replication in a separate group of 

participants to determine the validity and generalizability of this study's findings. 
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This data may also generate informatioa that would be valiiable in the treatment of the 

phenomenon. 

Recommendation 6 

Further investigate possible causes of low feelings of competence in teaching the 

Arizona Mathematics Standards to help direct treatment. This study revealed feelings of 

competence were significant predictors of mathematics anxiety and participants reported 

three specific areas related to the Arizona Mathematics Standards that were of more 

concern. Patterns, Functions and Algebra, Geometry, and Measurement and Discrete 

Mathematics. 

Recommendation 7 

Further investigate mathematics anxiety levels in a more ethnically diverse group, 

such as the bilingual mathematics methods course. This may provide information that is 

unique to this group. 

Discussion 

This study generated a number of questions relating to content knowledge, 

mathematics anxiety, and standards. With the standards-based reform movement and high 

stakes accountability it is reasonable to assume that the level of expectations placed on 

teachers will increase the anxiety levels in the classroom. Teachers are expected to 

produce students that will perform well on rigorous high stakes testing using the 

mathematics standards as the guide. This requires that schools need well-prepared 

teachers in classrooms who have the abili^ to teach at deeper levels of understanding. 
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An unexpected emergence of a third dimension of mathematics anxiety also 

created an interesting addition to this study. The dimension, mathematics application 

anxiety, indicates that pre-service teachers have anxiety in relation to real life application 

of mathematics. As discussed in the introduction and literature review, teachers need to 

create for students a classroom, as envisioned in the NCTM teaching standards, that 

empowers students to become evaluators and developers of mathematical concepts which 

will promote further conceptual understanding through real world applications. 

This anxiety thus limits pre-service teachers in their ability to foster this type of 

classroom. 

The development of quality teachers is a challenge for universities. They must 

prepare pre-service teachers with extremely high levels of competence and begin the 

process of reversing the negative transference cycle in order to support a standards-based 

reform movement in teaching. It is imperative that students be profiled to identify needs 

and provide an individualized program that addresses those requirements. It is also 

important that university programs begin to align the cturiculum to the state standards 

and incorporate the notion that teaching standards are linked to student standards in order 

to ensure that pre-service teachers are fully capable of teaching these concepts. The 

colleges within the university must commit time to set common goals (standards of 

teaching), look openly at areas of concern, and be willing to aggressively address these 

needs collaboratively. 
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Summary 

The purpose of this study was to investigate mathematics anxiety in pre-service 

elementary teachers in an effort to provide information that may benefit the pre-service 

program at The University of Arizona. Current challenges in teaching the Arizona 

Mathematics Standards, meeting the expectations of the NCTM Standards, and high-

stakes accountability measures (AIMS) impact the classroom and teacher and therefore, 

indicate a need for change. 

This study revealed that University of Arizona students with higher mathematical 

backgrounds reported significant lower levels of mathematics anxiety. This is relevant 

information in that research supports the concept that teachers with a more in-depth 

background in mathematics teach concepts not procedures and lower anxiety levels are 

not transferred to students. 

Pre-service teachers also reported three areas within the Arizona Mathematics 

Standards that were sources of more anxiety than other areas. These were Functions in 

Algebni, Geometry, and Measurement and Discrete Mathematics. This information is 

valuable for the University in the development of more appropriate content coursework. 

Pre-service teachers perceptions of competence and confidence in teaching the 

Arizona Mathematics Standards proved to be a significant predictor of their level of 

mathematics anxiety. 

Recommendations emerged firom this smdy to better understand perceptions of 

pre-service teachers in the area of mathematics anxiety. The findings indicate that 

considerations of the following should be instituted into the pre-service program: re-
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evaliiation of course requirements, profiling pre-service teachers, creation of a common 

vision and goal setting inclusive of a continuous evaluative process of instructional 

strategies, and evaluation of curriculum content based on pre-service teacher needs. 

This study generated further questions concerning mathematics anxiety and how 

it affects teachers and instructional practices. These recommendations are proposed to 

enhance the understanding of mathematics anxiety and provide a process to determine 

appropriate treatment. Furthermore, the study extracted an apparent third underlying 

dimension of the Mathematics Anxiety Hating Survey (MARS) that warrants 

investigation. 
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APPENDIX A 

COMPARISON OF 1987 ARIZONA ESSENTIAL SKILLS 

TO ARIZONA ^LVTHEiVLATICS STANDARDS 

Grades 4-8 
Essentials Level 

Overt Objective Descriptors 
According to Bloom's Taxonomy 

Arizona 
Level of (1987) %of Standards %of 
Bloom's Descriptors Total Level Descriptors Total Level 

Knowledge List, Recall, 
Know. Be 
aware of. 
Be familiar 
With, 
Knowledge, 
Identify, 
Select, 
Generate 

9/74 12.1% Knowledge, 
Identify, 
Label 

9/130 6.9% 

Understanding Understand, 
Read/write. 
Recognize, 
Express, 
Provide, 
example, 
represent. 
Estimate, 
Extend, 
Represent 

18/74 24.3% Understanding, 
Read/write, 
Express, 
Describe, 
Extend, 
Generate, 
Illustrate, 
Estimate, 
Record 

32/130 24.6% 
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Applicatioa Use, Convert, 
Find, Interpret, 
Round ofif. 
Compute, 
Measure, 
Utilize, Draw, 
Graph, 
Predict,Classi£y, 
Perform 

33/74 44.5% Calculate, 
Factor, 
Simplify, 
Compute, 
Demonstrate, 
Convert, 
Apply, 
Interpret, 
Find, 
Translate, 
Graph, Draw, 
Measure, Use, 
Communicate 

37/130 28.4% 

Analysis Solve, 
Determine 

10/74 13.5% Sort, 
Determine, 
Solve, 
Consider, 
Complete, 
Distinguish, 
Classify, 
Differentiate 

23/130 17.6% 

Synthesis Collect, 
Organize 

3/74 4% Construct, 
Formulate, 
Create, 
Synthesis, 
Design, 
Develop, 
Generate 

18/130 13.8% 

Evaluation Evaluate 1/74 1.3% Compare, 
Choose, 
Critique, 
Evaluate, 

11/130 8.4% 
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APPENDIX B 

ELEMENTARY MATHEMATICS SURVEY 

Please respond to the following questions. 

Gender M F 

Age: 

Ethnicity W A H B I O 
(Caucasian) (Asian) (Hispanic) (Black) (Am. Indian) (Other) 

What is the highest level of math class taken in high school? (Example: Algebra 
1 or Calculus) 

What is the highest level of math class taken in college other than elementary 
mathematics courses designed for elementary majors? (Example: Introduction to 
Algebra or College Algebra) 

How many math classes have you taken? Count all from high school and college. 

In general, what grade on average do you typically receive in your mathematics 
courses? 

A B C D or F 

The following questions ask you to rank yourself in specific areas. Circle the number that 
best describes your confidence or competence in response to the questions. (1 is low and 
5 is high) Please review the Definition of Terms provided before you respond to the 
questions. 

Do you feel confident in teaching mathematics to elementary students? 

1 2 3 4 5 

Do you feel competent in your knowledge of number sense? 

1 2 3 4 5 
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Do you feel competent in your knowledge of data analysis and probability? 

I 2 3 4 5 

Do you feel competent in your knowledge of patterns, algebra, and functions? 

1 2 3 4 5 

Do you feel competent in your knowledge of geometry? 

1 2 3 4 5 

Do you feel competent in your knowledge of measurement and discrete 
mathematics? 

1 2 3 4 5 

Do you feel competent in your knowledge of mathematics structure and logic? 

1 2 3 4 5 
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APPENDIX C 

Definitions of Standards 

Number Sense 

Read, write and ordering integers, whole numbers and rational numbers 

Relating basic arithmetic operations to one another 

Proficiency with the operations of multiplication and division of whole numbers 

Applying number theory concepts (primes, factors and multiples) to represent 
nimibers 

Representing and using numbers in equivalent forms (integers, fractions, percents, 
decimals, exponents, scientific notation and square roots) 

Recognizing the degree of precision needed in calculating a number depends on 
how the results will be used and the instruments used to generate the 
measurement 

Data Analysis and Probability 

Construct, read, analyze and interpret tables, charts, graphs and data plots (box 
and whisker, stem and leaf, and scatter plots) 

Making valid inferences, predictions and arguments based on statistical analysis 

Displa}dng and using measures of range and central tendency (mean, median, and 
mode) 

Using counting strategies to determine all the possible outcomes of a particular 
event 

Determine probabilities through experimentation and/or simulations and compare 
results with the mathematical expectation. 

Patterns, Algebra, and Functions 

Using algebraic methods to explore, model and describe patterns and fimctions 
involving numbers, shapes, data, graphs and data plots 
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Describe, represent and analyze patterns and relationships using shapes, tables, 
graphs, data plots, verbal rules and standard algebraic notation 

Describe the concepts of variables, expressions, equations and inequalities 

Analyze functional relationships to explain how a change in one variable results 
in a change in another 

Using patterns and fixnctions to represent and solve problems both formally and 
informally 

Distinguish between linear and nonlinear functions through investigations 

Solve simple linear equations and inequalities using a variety of methods and a 
variety of manipulatives 

Developing, analyzing, and explaining methods for solving proportions 

Geometry 

Visualize and draw two and three dimensional geometric figures with special 
attention to analyzing and reasoning informally about their properties 
(parallelism, perpendicularity and congruence) 

Applying geometric properties and relationships such as congruence, similarity, 
angle measure, parallelism and perpendicularity to real world situations 

Perform elementary transformations (tessellations, flips, slides, rotations) 

Represent and solve problems relating to size, shape, area, and volume using 
geometric models 

Measurement and Discrete Mathematics 

Estimating, making and using measurements to describe and make comparisons 

Selecting and using appropriate units and tools to measure to the degree of 
accuracy required in a particular problem solving situation 

Estimating, using and describing measures of distance, perimeter, area, volimie, 
capacity, weight, mass and angles 
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Developing and using formulas and procedures to solve problems involving 
measurement 

Describing how change in the linear dimension of an object affects its perimeter, 
area and volume 

Using calculators and computers to perform basic recursive and iterative 
processes 

Mathematical Structure/Logic 

Using models to explain how ratios, proportions and percents can be used to solve 
problems and apply reasoning processes, such as spatial reasoning and reasoning 
with proportions and graphs 

Constructing, using and explaining, algorithmic procedures for computing and 
estimating with whole numbers, fractions, decimals and integers 

Using if Z then statements to construct simple valid arguments 
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APPENDIX D 

SUBJECT CONSENT FORM 

A Study of Mathematics Anxietv of the Pre-service Elementary Teacher at the University 
of Arizona. 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE 
THAT I AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF 
HOW I WILL PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING THIS 
FORM WILL INDICATE THAT I HAVE BEEN SO INFORMED AND THAT I GIVE 
MY CONSENT. FEDERAL REGULATIONS REQUIRE WRITTEN INFORMED 
CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT I 
CAN KNOW THE NATURE AND RISKS OF MY PARTICIPATION AND CAN 
DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND INFORMED 
MANNER. 

Purpose: 
I am being invited to participate voluntarily in the above-titled research project. The 
purpose of this project is to investigate the mathematics anxiety levels of pre-service 
elementary teachers at the University of Arizona. This study is important for the 
University of Arizona in gaining a perspective of what pre-service teachers need in a 
quality-comprehensive educational pre-service program. 

Selection Criteria: 
I am being invited to participate because I am enrolled in one of the four identified 
elementary mathematics methodology sections offered through the University of Arizona 
during the fall semester 2001. 

Procedures: 
If I agree to participate, I will be asked to answer the following questionnaires: 1) 
Mathematics skill test, 2) Mathematics Anxiety Rating Survey , 3) Demographics/ 
Perception Questionnaire, and 4) Myers Achievement Student Survey. The data 
collection will be done in class and will not require outside time. The process will take 
two days to administer and will use approximately 70 minutes of time during class. 

Risks: 
The possible risks to you as a participant is a raised level of anxiety as questionnaires are 
administered and the raised concem over confidentiality. 
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Benefits; 
There are no direct benefits to me from participation in this project. However, my 
participation will provide information to the University of Arizona which may contribute 
to enhancement of the elementary pre-service program. 

Confidentiality: 
Confidentiality will be maintained through the use of individual labels, which I will place 
on my survey. My name will not be attached. Data collected will not affect my grade in 
this course. Professors will not have an opportunity to view any of my individual 
questionnaires as the surveys will be placed in envelopes and sealed before leaving the 
room. 

Participation costs and subject compensation: 
There are no costs and no compensation for my participation. 

Contacts: 
I may obtain further information from the principal investigator, Lynette Patton, doctoral 
candidate at 520-690-2291. If I have questions concerning my rights as a research 
subject, I may call the Human Subjects Committee office at (520) 626-6721. 
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BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME 
AND MY QUESTIONS HAVE BEEN ANSWERED. I MAY ASK QUESTIONS AT 
ANY TIME AND I AM FREE TO WITHDRAW FROM THE PROJECT AT ANY 
TIME WITHOUT CAUSING BAD FEELINGS. MY PARTICIPATION IN THIS 
PROJECT MAY BE ENDED BY THE INVESTIGATOR FOR REASONS THAT 
WOULD BE EXPLAINED. NEW INFORMATION DEVELOPED DURING THE 
COURSE OF THIS PROJECT WILL BE GIVEN TO ME AS IT BECOMES 
AVAILABLE. THIS CONSENT FORM WILL BE FILED IN AN AREA 
DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH ACCESS 
RESTRICTED TO THE PRINCIPAL INVESTIGATOR, LYNETTE PATTON. I DO 
NOT GIVE UP ANY OF MY LEGAL RIGHTS BY SIGNING THIS FORM. A COPY 
OF THIS SIGNED CONSENT FORM WILL BE GIVEN TO ME. 

Subject Signature Date 

Investigator Affidavit 

I have carefully explained to the subject the nature of the above project. I hereby certify 
that to the best of my knowledge the person who is signing this consent for understands 
clearly the nature, demands, benefits, and risks involved or educational barrier has not 
precluded this understanding. 

Signature of Investigator Date 
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FACTOR LOADINGS CHART FOR THE 98 IVIARS ITEMS 

MARS Test 
Anxiety 

Application 
Anxietv 

Manipulation 
Anxiety 

H-

I 30 19 18 16 
2 *45 30 14 31 
3 *40 19 21 24 
4 *50 34 7 37 
5 24 -15 48 31 
6 •43 35 2 30 
7 17 37 39 32 
8 25 *41 -3 23 
9 3 *44 3 29 

10 35 *42 •41 47 
11 38 *54 24 49 
12 *44 39 17 37 
13 39 *48 19 42 
14 26 25 1 13 
15 *64 20 35 57 
16 *53 24 11 35 
17 39 *40 36 44 
18 33 31 *59 56 
19 10 *54 4 30 
20 5 *46 1 21 
21 -16 13 *69 53 
22 9 21 *43 23 
23 *61 17 39 55 
24 30 12 *62 48 
25 *50 15 *70 76 
26 *83 3 19 73 
27 *56 16 *57 66 
28 *72 16 26 62 
29 *52 33 -2 38 
30 22 -7 *51 31 
31 *53 33 30 48 
32 *46 *60 -22 62 
33 29 *61 -16 48 
34 *83 24 14 77 



MARS Test Application Manipulation 
Anxiety Anxiety Anxiety 

35 *75 25 8 62 
36 *77 14 26 68 
37 •46 27 •50 53 
38 •40 •44 20 39 
39 •61 20 33 52 
40 •44 37 •46 54 
41 •59 16 27 45 
42 21 •66 6 48 
43 •72 30 20 65 
44 •46 •63 -7 61 
45 •53 •40 15 46 
46 •47 39 •47 59 
47 12 34 •72 65 
48 29 •47 •41 47 
49 26 •64 0 48 
50 21 •62 •48 65 
51 •63 23 5 45 
52 19 •70 21 57 
53 •81 16 18 72 
54 •79 21 6 66 
55 36 •53 •46 62 
56 •45 22 •46 46 
57 35 •46 •40 61 
58 21 •60 -7 40 
59 20 •53 25 38 
60 26 •44 34 38 
61 •63 30 23 54 
62 2 •50 21 29 
63 18 •40 37 33 
64 23 •52 37 46 
65 15 •65 38 58 
66 •50 •45 32 55 
67 0 -1 •80 64 
68 -1 0 •70 49 
69 -5 10 •76 59 
70 2 5 •69 48 
71 •72 7 •45 72 
72 •73 21 27 64 



MARS Test 
Anxiety 

Application 
Anxiety 

Manipulation 
Anxiety 

H-

73 •79 24 -1 68 
74 •79 31 9 73 
75 •75 29 4 64 
76 •71 27 -21 61 
77 23 •47 32 37 
78 •61 18 31 50 
79 •66 15 -9 47 
80 •64 17 37 58 
81 •80 17 6 67 
82 •72 36 6 64 
83 •69 27 25 61 
84 •72 29 11 60 
85 •77 31 6 69 
86 •79 27 14 71 
87 29 •70 9 58 
88 •77 33 26 47 
89 •64 24 •43 65 
90 13 •75 19 62 
91 •75 24 5 62 
92 28 30 13 19 
93 •57 37 27 53 
94 •52 •41 29 52 
95 •43 •48 33 52 
96 •77 25 26 72 
97 •41 •54 23 51 
98 21 •68 16 53 

Note. H" is the communality of each item. 
* Factor loadings used to identily the dimensions. Mathematics Test Anxiety, 
Application Anxiety, and Number Manipulation Anxiety 
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