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ABSTRACT 
 

THE EFFECTS OF A COMBINED MATHEMATICS CONTENT/METHODS COURSE 
INVOLVING LEARNING CYCLES ON PRESERVICE  
ELEMENTARY TEACHERS� BELIEFS ABOUT THE  

NATURE, TEACHING AND LEARNING  
OF MATHEMATICS 

 
By Carol Taylor 

 
Doctor of Education 

 
Temple University, January 2009 

 
Major Advisor: Dr. Jacqueline Leonard 

 
The purpose of this study was to determine whether a one-semester combined 

mathematics content/methods course based on Simon�s (1994) Learning Cycle 

framework for the mathematical preparation of preservice elementary teachers was more 

effective at aligning preservice teachers� beliefs with the philosophy of the Standards 

documents (NCTM, 1989, 1991, 1995, 2000) and other reform literature than another 

content/methods course.  While the six-cycled Learning Cycles framework has been used 

in separate content and methods courses (Simon, 1995), it has not been used in a 

combined content/methods setting.   

The preservice teachers enrolled in two sections of the course Teaching Math to 

Children: N-6 were involved in the study with one section investigating the topics 

measurement, geometry and fractions using the Learning Cycles framework while the 

other section used a different framework to investigate number concepts and place value; 

addition and subtraction strategies; multiplication and division strategies; geometry and 

spatial sense; ratio, proportion, percent, similarity and scale; and probability, counting 

techniques and statistics.  Beliefs about the nature, teaching and learning of mathematics 
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were measured both quantitatively and qualitatively.  All participants� beliefs were 

assessed quantitatively at the beginning and the end of the course using a beliefs 

instrument with three subscales that measured beliefs about the nature, teaching and 

learning of mathematics.  Five preservice teachers from the Learning Cycles course 

served as case studies and provided qualitative data through interviews and journal 

prompts.  

Analyses of Covariance were calculated for course of enrollment and each of the 

three beliefs subscales.  For beliefs about the nature of mathematics, there was a 

significant difference between the adjusted post-test scores of the Learning Cycles group 

and the comparison group favoring the Learning Cycles group.  Similar results were 

found regarding beliefs about the teaching of mathematics.  While significant differences 

were found between the groups with regards to beliefs about the learning of mathematics, 

the scores on the corresponding subscale changed only slightly.  Qualitative analyses 

confirmed the findings regarding the beliefs about the nature and teaching of 

mathematics.  Differences were also found in the preservice teachers� beliefs about 

learning mathematics.  The case study participants attributed certain characteristics of the 

course with their changing beliefs.  These results indicate that the Learning Cycles course 

was somewhat successful at aligning preservice teachers� beliefs with those of the reform 

movement.  
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CHAPTER 1 

INTRODUCTION 

Background and Need 

For decades, the mathematics community has been calling for reform in the 

teaching and assessment of mathematics (National Council of Teachers of Mathematics 

1989, 1991, 1995, 2000, 2006; National Mathematics Advisory Panel, 2008; National 

Research Council 1989).  From the New Math of the 1960�s and early 1970�s to the 

Back-to-Basics movement to the current reform movement, mathematicians, researchers, 

educators and the public alike have been looking for ways to improve student learning 

and performance in mathematics.   

The current reform movement, sparked nearly two decades ago with the release of 

the National Council of Teachers of Mathematics� (NCTM) Curriculum and Evaluation 

Standards for School Mathematics (NCTM, 1989), is still struggling to make a significant 

and lasting impact on mathematics education (Frykholm, 1999; McLeod, Stake, 

Schappelle, Mellissinos, & Gierl, 1997; NCTM, 2000).   Much of the mathematics 

teaching that occurs in classrooms across the country still follows the traditional model of 

mathematics teaching and learning in which the teacher dispenses his/her knowledge of 

the subject matter to a passive group of students.  However, this model of teaching has 

seemed less appropriate for the last several decades due to many changes in our society.  

Whereas once we needed to �teach all students basic skills required for a lifetime of work 

in an industrial and agricultural economy� (NRC, 1989), our current system needs to 

produce a mathematically literate citizenry that is adept in mathematical thinking and 

problem solving in both the workplace and at home (NCTM, 2000).   Because changes in 
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our society are affecting and redefining goals in all subjects, it is imperative that students 

are taught to think logically and abstractly so as to be able to deal with problem situations 

they encounter throughout their professional and personal life.   

Due to an explosion in the availability and uses of technology, significant changes 

have occurred in the workplace.  Routine tasks, such as working on a single machine to 

perform the same function day after day, have been simplified or eliminated by 

technology leaving fewer and fewer positions that require minimal skills (The Partnership 

for 21st Century Skills, 2003).   In 1959, 20% of jobs were classified as professional, 20% 

skilled and 60% unskilled.  Just under forty years later, the percentage of professional 

jobs remained the same while 60% of the jobs were classified as skilled and 20% 

unskilled (Murnane & Levy, 1996).  Employers frequently cite the need for employees 

who know how to learn, can adapt to changing needs, make decisions on their own, have 

broad knowledge and skills, are able to think critically and problem solve, have effective 

listening and oral communication skills, and are able to work in teams or groups (Imel, 

1999; The Partnership for 21st Century Skills).   

These same skills are required to effectively participate in a democratic 

community and in managing personal affairs.  The notion of mathematical power, a 

major goal of the reform movement and an Evaluation Standard in NCTM�s Curriculum 

and Evaluation Standards for School Mathematics (NCTM, 1989), refers to the ability to  

explore, conjecture, and reason logically; to solve nonroutine problems; to communicate 
about and through mathematics; and to connect ideas within mathematics and between 
mathematics and other intellectual activity.  Mathematical power also involves the 
development of personal self-confidence and a disposition to seek, evaluate, and use 
quantitative and spatial information in solving problems and in making decisions. 
(NCTM, 1991, 1)  
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Mathematical empowerment allows individuals to make informed decisions in situations 

that will influence both their personal lives, such as calculating interest paid on a loan or 

a tip on a restaurant bill, and society as a whole, on issues such as voting.   

Mathematical power can lead to more opportunities to study higher mathematics.  

This is particularly important for groups that have typically been underserved in 

mathematics education such as females, minorities and students of low socioeconomic 

status.  Research indicates that the probability that a student will enroll in a four-year 

college is significantly correlated with successfully completing advanced mathematics 

classes in high school (Horn & Núñez, 2000; Horowitz, 2005).  The National 

Mathematics Advisory Panel (NMAP, 2008), citing the work of Adelman (1999) and 

Evan, Grey and Olchefske (2006), noted that students who complete Algebra II are more 

than two times as likely to graduate from college as students who have not done so.  This 

is significant in that individuals who receive a college degree earn more and have better 

career mobility (McGregor, as cited in NMAP, 2008).        

 In addition to changes in the competencies needed to thrive in the workplace and 

personal lives, we now understand much more about how individuals learn.  In the 

traditional model of mathematics instruction, students are passive learners, often simply 

repeating memorized procedures dispensed by teachers and textbooks.  Yet, current 

research indicates that individuals learn by actively constructing their own understanding 

of new knowledge, not by passively absorbing it (Zull, 2002).  Many cognitive theorists 

support a view of learning called constructivism.  According to Simon (1995), 

�constructivism derives from a philosophical position that we as human beings have no 

access to an objective reality, that is, a reality independent of our way of knowing it.  
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Rather, we construct our knowledge of our world from our perceptions and experiences, 

which are themselves mediated through our previous knowledge.  Learning is the process 

by which human beings adapt to their experiential world� (p. 115).  In this perspective, 

the construction of new knowledge occurs when a problem situation is encountered that 

disturbs the individual�s current organization of knowledge, i.e., the individual�s �current 

cognitive structures do not adequately solve, explain, predict, or allow for navigation 

within the situation encountered� (Simon & Schifter, 1991, p. 310).  Learning occurs 

when the prior conceptions are modified or discarded to account for the new experience 

(Stein et al., 1994).    

 In spite of all the significant changes our society has undergone in the last 

century, our educational system has changed little.  Peter Senge, senior lecturer at the 

Massachusetts Institute of Technology states:  

A simple question to ask is �How has the world of a child changed in the last 150 years?� 
And the answer is, �It�s hard to imagine any way in which it hasn�t changed.�  Children 
know more about what is going on in the world today than their teachers, often because 
of the media environment they grow up in.  They�re immersed in a media environment of 
all kinds of stuff that was unheard of 150 years ago, and yet if you look at school today 
versus 100 years ago, they are more similar than dissimilar. (Partnership for 21st Century 
Skills, p.6)  

 
It is imperative that, if we are going to meet the needs of our society, we rethink what is 

taught, how teachers teach, and how student learning is assessed (Bransford, Brown, & 

Cocking, 2000).  

In an effort to reform mathematics education, the National Council of Teachers of 

Mathematics (NCTM), an �international professional organization committed to 

excellence in mathematics teaching and learning for all students� (NCTM, 2000, p. ix), 

has produced several documents (NCTM 1989, 1991, 1995, 2000, 2006) that express 
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goals for teachers and policymakers regarding the mathematics that should be taught, the 

manner in which it should be taught, and how learning should be assessed.  These 

documents, based on new societal goals for education as well as current research on 

teaching and learning, propose the need for a new type of learning environment that 

supports students so that they will (1) learn to value mathematics, (2) become confident 

in their ability to do mathematics, (3) become mathematical problem solvers, (4) learn to 

communicate mathematically, and (5) learn to reason mathematically (NCTM, 1989).   

The learning environment recommended by the NCTM and other supporters of 

the reform movement departs significantly from the experiences of the traditional 

mathematics classroom in which mathematics is viewed as a body of unrelated facts, the 

teacher is the sole authority for establishing correct answers, emphasis is placed on the 

memorization of algorithmic procedures, and speed and accuracy of computations are the 

measures of success.  First, it must be a learner-centered environment in the sense that it 

attends to �the knowledge, skills, attitudes, and beliefs that learners bring to the 

educational setting� (Bransford, Brown, & Cocking, 1999).  A second characteristic of 

the learning environment is that it is knowledge-centered (Bransford, Brown, & Cocking; 

NCTM, 2000).  In a knowledge-centered environment, the curriculum must be an 

interconnected body of knowledge that focuses on important mathematics and must be 

taught to promote conceptual understanding.  

The third characteristic of the learning environment envisioned by the reform 

movement is that it is assessment-centered (Bransford, Brown, & Cocking, 1999; NCTM, 

2000).  Instead of a single form of assessment that occurs under stressful conditions, 

assessment should take on multiple forms so as to provide a more complete and accurate 
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picture of student understanding.  Assessment should be in alignment with the curriculum 

and instruction goals of the reform movement rather than the memorization of isolated 

facts and procedures so that students come to value deep understanding in mathematics. 

Finally, the learning environment should be community-centered (Bransford, Brown, & 

Cocking; NCTM, 1991, 2000).  A community-centered classroom is one that encourages 

the learning of mathematics through collaboration with the goal of developing 

�communities of practice� within the classroom (Chapin, O�Connor, & Anderson, 2003; 

NCTM, 1991) while also striving to form a link with other communities to which the 

students belong outside of the classroom.  

 Changes in the learning environment necessitate changes in the role of the 

teacher.  In Professional Standards for Teaching Mathematics (NCTM, 1991), NCTM 

calls for elementary and secondary mathematics teachers who are able to  

! engage students� interests and intellect through appropriately chosen 
mathematical tasks;  

! provide opportunities to deepen student understanding of the mathematics 
being studied;  

! promote the investigation and growth of mathematical ideas through 
classroom discourse;  

! provide opportunities for students to use technology and other tools to 
investigate mathematical ideas;  

! aid students in connecting previous and developing knowledge; and  
! guide students as they participate in individual, small-group and whole-class 

work (p. 1).   
 
Yet most in-service and preservice teachers are products of traditional mathematics 

classrooms where teachers are viewed as the dispensers of knowledge, the textbook is the 

curriculum, cooperation among students is viewed as cheating, and computer and 

calculator usage are thought to undermine student learning.  Today�s teachers lack a 

model necessary to teach according to these new recommendations.   
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 Not only do teachers lack a new model for teaching, but they cling tightly to the 

ones they experienced as students.  Both prospective and practicing teachers have 

developed deeply held beliefs about the nature of mathematics and its teaching and 

learning during their many years as students in the mathematics classroom.  Ball (1988b) 

notes that �watching teachers and paying attention to their own experiences, [prospective 

teachers] develop ideas about the teacher�s role, form beliefs about �what works� in 

teaching math, and acquire a repertoire of strategies and scripts for teaching specific 

content.�  Unfortunately, this �apprenticeship of observation� (Lortie, 1975) leads to 

prospective teachers whose views are inconsistent with those espoused by the reform 

movement. They believe that mathematics as a fixed body of facts and procedures where 

doing math means applying those procedures to well-formulated problems to obtain the 

one right answer in the one right way (Ebby, 2000; Hart, 2002; Lee & Kim, 2005).  They 

believe that learning math comes from memorization of formulas and repetition of 

procedures.   

Teacher beliefs have serious implications on the success or failure of the reform 

movement.  Many researchers (Cooney, Shealy, & Arvold, 1998; Ernest, 1989; 

Raymond, 1997; Thompson, 1984) have found that teachers� beliefs influence the way in 

which they teach mathematics.  Without another model of instruction to rely on, teachers 

tend to rely on the images of their past experiences and teach the same way they were 

taught (Ball, 1990b).  If prospective teachers� beliefs are not addressed during their 

professional coursework, it can be expected that, upon entering the classroom, these new 

teachers will continue the cycle of traditional instruction.  
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Statement of Purpose 

 Teachers� beliefs impact nearly all aspects of classroom life.  Teachers are strongly 

influenced by their beliefs when planning, making instructional decisions and establishing 

classroom practices (Pajares, 1992).  It is important to examine what types of beliefs 

teachers hold that relate to the teaching and learning of mathematics, what beliefs 

reformers hold about these same topics, and how teachers� beliefs can be changed so that 

they more closely reflect the beliefs held by reformers. 

Belief Components of the Mathematics Teacher 

Ernest (1988, 1989) states that there are three key belief components of the 

mathematics teacher: (1) their view or conception of the nature of mathematics, (2) their 

model or view of the nature of mathematics teaching, and (3) their model or view of the 

process of learning mathematics.  Ernest (1988) notes that teachers� beliefs about the 

nature of mathematics impact the way they present the subject matter to students and 

influence what they accept as proof of understanding; their beliefs about the teaching of 

mathematics influence how they view their role in presenting new subject matter and the 

function of curricular material as well as what type of learning environment they 

establish in their classroom; their beliefs about how students learn influence their 

expectations about behaviors and mental activities students must engage in as they learn 

mathematics. 

Ernest (1988, 1989) provides three basic philosophies that have been observed in 

the teaching of mathematics (Thompson, 1984) and in works on the philosophy of 

mathematics.   The first is the instrumentalist view in which mathematics is seen as a 

useful, yet unrelated body of rules and facts.  The second is the Platonist view in which 



 9

mathematical knowledge exists in some independent 'abstract' world (Franklin, 1995).  In 

this view, mathematics can be discovered, but it is not created. Third, there is the problem 

solving view in which mathematics is seen as a �dynamic, continually expanding field of 

human creation and invention, a cultural product.  Mathematics is a process of enquiry 

and coming to know, not a finished product, for its results remain open to revision" 

(Ernest, 1988).  The problem solving view of mathematics is closely aligned with the 

philosophy of the current reform effort in mathematics, whose emphasis is on the process 

and strategies of mathematical activity and the empowerment of children to become 

creative and confident problem solvers (Ernest, 1989). 

The second key belief component of the mathematics teacher identified by Ernest 

(1988, 1989) is the teacher�s model or view of the nature of mathematics teaching.  This 

component examines teachers� conceptions about their perceived role, the actions and 

activities that they associate with that role, and their use of various curricular materials.  

Ernest (1989) provides several constructs that are involved in determining the teachers� 

perceived role and their intended outcome of instruction.  Teachers could hold  

a narrow, instrumental and basic skills type view versus a broader, creative and exploratory view of 
mathematics teaching; A meaning, understanding, and unified body of knowledge view versus a facts and 
skills mastery view of mathematics teaching which focuses on performance and correctness of response. 
(Ernest, 1989, p. 22) 
 
With regards to their use of curricular materials, teachers could favor an approach in 

which they rely strictly on a text or other scheme, an approach in which the teacher uses 

additional problems and activities to supplement or enrich the text, or an approach in 

which the school or the teacher is responsible for constructing nearly all of the 

mathematics curriculum materials (Ernest, 1989).  The teacher�s mental model of 
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mathematics teaching is of significant importance as it plays an important role in 

determining how mathematics is taught. 

The third key belief component of the mathematics teacher identified by Ernest 

(1988, 1989) is the teacher�s model of learning mathematics.  How the teacher views the 

learning of mathematics, what behaviors and mental processes are required on the part of 

the learner, and what defines appropriate learning activities are important aspects of this 

component (Ernest, 1988).  Two key constructs for the models of learning mathematics 

are (1) whether learning is viewed as the active construction or the passive reception of 

knowledge, and (2) whether it is important to allow the learner to become autonomous 

through exploration of interesting mathematical concepts or to expect the learner to be 

submissive and compliant (Ernest, 1988, 1989).  A teacher�s espoused model can have 

profound effects on the type of mathematical learning experiences students have and play 

a role in determining student achievement in and attitudes about mathematics.  

Ernest (1988, 1989, 1991) conjectures that a relationship exists between these 

three belief components in that teachers� beliefs about the nature of mathematics provide 

a basis for their mental models of teaching and learning mathematics.  Hence, teachers 

who hold an instrumentalist view of mathematics tend to see their role as ensuring the 

mastery of skills and correctness of performance.  These teachers tend to see the students� 

role as being compliant and mastering skills.  Teachers who have a Platonistic view of 

mathematics tend to see their role as explaining the unified body of mathematical 

knowledge in the curriculum, and the students� role as receiving that knowledge.  

Similarly, teachers who hold a problem-solving view of mathematics tend to see their 

role as a facilitator as students actively construct their own understanding through 



 11

problem posing and problem solving situations (Ernest, 1988, 1989).  Hersh (1986) 

concurs with Ernest�s position noting that �one�s conception of what mathematics is 

affections one�s conception of how it should be presented� (p.13).   

The Standards documents (NCTM, 1989, 1991, 1995, 2000) and other reform 

literature define a belief system that encompasses the reformers� view of the nature of 

mathematics, of the nature of mathematics teaching and of the process of learning 

mathematics.  By examining these documents, one can determine the position that NCTM 

and others in the reform movement hope to instill in all individuals involved in the 

teaching of mathematics.   Most elementary school teachers, both in-service and 

preservice, hold an instrumentalist view of the nature of mathematics and believe that 

teaching consists of telling students how to do things and that learning is the act of 

replicating what the teacher says and does (Feiman-Nemser, McDiarmid, Melnick, & 

Parker, 1988).  The reform effort, on the other hand, supports a problem solving view of 

mathematics with the teacher acting as a facilitator who encourages children to 

investigate mathematical concepts with the goal of creating autonomous problem solvers 

who actively make sense of mathematical concepts in both the curriculum and their 

everyday lives (NCTM, 1989, 1991, 1995, 2000).  Inconsistencies between these two 

belief systems prevent substantial curricular changes from occurring within the reform 

movement (Battista, 1994).   

Many preservice and in-service teachers are unaware of the beliefs they hold and 

the role these beliefs play in their classroom.  Many of these beliefs are based on personal 

experiences as a learner of mathematics and hence are very traditional in nature.   These 

beliefs allow teachers to adopt views of the nature of mathematics, and of teaching and 
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learning mathematics that are inconsistent with the views of NCTM and other reformers 

resulting in resistance to and misinterpretation of the reform curriculum and ideals, and 

hence preventing significant change in mathematics education.  Thomas Romberg, 

chairperson of the commission that wrote the NCTM Curriculum and Evaluation 

Standards (NCTM, 1989) wrote: �The single most compelling issue in improving school 

mathematics is to change the epistemology of mathematics in schools, the sense on the 

part of teachers and students of what the mathematical enterprise is all about� (Romberg, 

as cited in Battista, 1994).  If the reform effort in mathematics education is to be 

successful, teacher beliefs need to be addressed. 

Changing Teachers� Beliefs 

It is not disputed that teachers play a critical role in reforming mathematics 

education (NCTM, 1991).  However, Prawat (1992) notes that while teachers are viewed 

as important �agents of change� within the reform movement in education and have a 

critical role in changing schools and classrooms,  they are also viewed as major obstacles 

to change because they cling to traditional teaching practices that emphasize factual and 

procedural knowledge instead of conceptual knowledge.  Ensuring that teachers� practice 

is consistent with the goals of the reform movement is essential in ensuring its success.   

The body of research on teacher change has focused on the premise that a link 

exists between an individual�s beliefs and behaviors (Ajzen & Fishbein, 1980; Pajares, 

1992).   While some have argued that the relationship between the two is linearly causal 

with beliefs affecting practice (Raymond, Santos & Masingila, 1991, as cited in 

Emenaker, 1996), others have claimed that it is practice that influences beliefs (Guskey, 

1986).  Still other researchers claim that beliefs and actions develop together and 
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influence each other (Cobb, Wood & Yackel, 1990; Benbow, 1995; Beswick, 2005).  

Ajzen and Fishbein (1980) argue that attitudes also play an important role in the link 

between beliefs and practice.  Fishbein and Ajzen (1975) state that attitude refers to �a 

person�s favorable or unfavorable evaluation of an object,� while beliefs describe �the 

information he has about the object� (p.12).  Thus, for each belief an individual has a 

corresponding attitude (White, Way, Perry & Southwell, 2006).  In their theory of 

reasoned action, Ajzen and Fishbein argue that an individual�s attitudes toward a given 

behavior and his or her perception of the social pressures to perform or not perform the 

given behavior influence the likelihood of that individual engaging in the given behavior.  

This suggests that while teachers may hold beliefs that are consistent with the reform 

movement, the social context of teaching also influences teaching practices.   

Regardless, the need to focus on changing teachers� beliefs in order to realize a 

change in teacher practice has become an important issue in the mathematics reform 

movement (Battista, 1994; Cooney & Shealy, 1997; Ernest, 1989).  As such, researchers 

have designed many interventions to change teacher beliefs so that they are aligned with 

the beliefs of the reformers with the hopes of seeing a change in teaching behavior.  

Various levels of success have been achieved.   

Research on beliefs and teacher change indicates that the more deeply beliefs are 

held the more difficult they are to change (Rokeach, 1968) because they are often derived 

from direct experience.  Beliefs about the nature of mathematics, qualities of effective 

teachers and how students should behave tend to be firmly held due to years of 

experience as a student (Lortie, 1975; Pulver, 1997; Raymond, 1993).  In citing the work 

of Knowles and Charvoz, Weinstein (1990) states that teachers� implicit beliefs about 
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teaching act as �a filter through which the teacher education program is viewed.  

Moreover, in some instances at least, initial preconceptions of teaching and learning are 

intact at the end of teacher preparation� (Weinstein, 1990, p. 279).  In other words, 

addressing mathematics content and pedagogy alone in methods courses and professional 

development may be insufficient in changing preservice and in-service teachers� practice 

so that it is more student-centered and less teacher-centered. 

 While difficult to change, the work of Rokeach (1968) indicates that it is possible 

to change beliefs.  The work of Posner, Strike, Hewson and Gertzog (1982) dealing with 

conceptual change has led to a model that explains how an individual�s beliefs may be 

altered.  Based on Piaget�s concepts of assimilation, in which a new belief is incorporated 

into the existing belief system, and accommodation, in which a belief cannot be 

assimilated thus requiring a change or reorganization of the existing belief system, 

suggests that four factors must be in place in order for change to occur.  First, teachers 

must be aware that a conflict between exists between the newly received information and 

their current belief system.  Second, they must see a need to incorporate the new belief 

into the existing structure.  Third, the teacher must want to reduce the number of 

inconsistencies.  Finally, the teacher must have tried to assimilate the belief but have 

failed leaving accommodation as the only option.        

Similar findings about prerequisite needs before change can occur are reported by 

Etchberger and Shaw (1992), who reported on the work of Shaw, Davis, Sidani-Tabbaa 

and McCarty (1990) and Tobin and Jakubowski (1992).   Etchberger and Shaw state that 

there are six interrelated requirements that must be present for change to occur.  They are 

a dissatisfaction with the way things are; an awareness of a need to change; a 
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commitment to change; a vision of what the change will involve; a projection into that 

vision that allows the teacher to see both self and class as participants in the change; and 

reflection on their actions in the classroom throughout the process of change.      

Many teacher educators and researchers have designed courses with the goal of 

influencing preservice teachers� beliefs.  Beswick (2006) identifies several features that 

are likely to be successful in producing the desired change.  These include having 

preservice teachers actually engage in doing mathematics activities; increasing awareness 

of and encouraging reflection on the students� own beliefs; encouraging reflection on 

their practice teaching; the use of collaborative group work; and providing alternative 

models for mathematics teaching.  All of these features have the potential to cause 

individuals to question the status quo and, as a result, become dissatisfied with their 

views of teaching and learning. 

Research in the field of mathematics education has shown some success in 

changing in-service teachers� beliefs about the nature, teaching, and learning of 

mathematics when their prior beliefs are challenged in some way (see, for example, 

Simon & Schifter, 1991; and Wood, Cobb & Yackel, 1991).  However, preservice and 

beginning teachers� beliefs appear to be more tenacious (Calderhead & Robson, 1991; 

Kagan, 1992a).  Based on her review of the literature on learning-to-teach, Kagan 

describes a generally consistent model of professional development for preservice and 

beginning teachers.  Her findings indicate that when preservice teachers arrive in teacher 

education programs, their beliefs about classrooms and pupils and their images of 

themselves as teachers are already formed.  They tend to use the information provided in 

their education classes to confirm their preexisting beliefs rather than confront or correct 
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them.  When preservice teachers enter into their student-teaching experience, they bring 

idealized views of students and an optimistic, oversimplified view of classroom practice 

that leaves them unprepared to deal with class control and discipline.  The result is that 

these novice teachers frequently become obsessed with issues of control, often 

abandoning reform ideals that promote student learning for ones that discourage 

disruptive behavior.   

Perhaps it is because these findings about preservice teachers appear so 

discouraging that further investigations into changing their beliefs about the nature, 

teaching and learning of mathematics are so critical.  These individuals are the future of 

the reform movement in mathematics education, and their support of the movement 

depends largely on how much they understand and embrace the philosophy of the 

reformers.  Allowing preservice teachers opportunities to learn mathematics in a reform 

classroom, providing them with images of teaching in the reform classroom, and 

encouraging them to examine student thinking before concerns about discipline and class 

control become a reality could serve as the first steps toward becoming a reform-oriented 

teacher.  

Hence, the purpose of this study was to determine whether a one-semester 

combined mathematics content/methods course designed to help prospective elementary 

school teachers to confront their beliefs about the nature, teaching and learning of 

mathematics was more successful in aligning their beliefs with those of the reform 

movement than a mathematics methods course whose focus was elsewhere.  In particular, 

this research study attempted to add to the existing research on changing preservice 

teachers� beliefs through their involvement in a combined mathematics content/methods 
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course that used Simon�s (Simon, 1994) Learning Cycles for preservice teacher education 

as its framework.  

Rationale for the Study 

Many attempts have been made to change the beliefs in-service and preservice 

teachers hold about the nature, teaching and learning of mathematics with the goal of 

aligning them with the philosophy and recommendations of the reform effort in 

mathematics education.  One framework for mathematics teacher preparation that has 

received little attention in the research on changing beliefs is Simon�s (1994) learning 

cycles for teacher education, which is based on the work of physicist Robert Karplus 

(Karplus et al., 1977).  A brief description of each is provided below.  A review of the 

research on Karplus� Learning Cycle, its subsequent adaptations and its use in science 

and mathematics education is included in Chapter 2.  Similarly, work related to Simon�s 

Learning Cycle framework for teacher education is examined in more detail in Chapter 2. 

Karplus et al. (1977) describe the three phases of the Learning Cycle used in 

science education which are called Exploration, Concept Introduction, and Concept 

Application.  In the Exploration phase, students encounter a problem situation with which 

they lack familiarity.  They explore new materials and new ideas with little assistance.  

The purpose of this phase is to have students encounter questions that they cannot answer 

in their current reasoning patterns.   

The second phase, Concept Introduction, begins by introducing a new concept or 

principle that permits students to apply new reasoning patterns to their experiences.  This 

new material can be introduced in many ways including whole-group or teacher-led 
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discussions, a reading from a text or other print material, a film, or other medium, but it 

should relate to the activities of the Exploration phase. 

The third phase of the Learning Cycle, Concept Application, allows students to 

apply the new concept and/or reasoning pattern to related examples.  This phase allows 

students to extend the range of applicability of the new concept and offers extra time and 

experiences for self regulation and stabilizing the new reasoning patterns.  Without 

opportunities to apply the new concept to varied situations, students may never move 

from the concrete examples used during its introduction to a more abstracted meaning, or 

they may fail to generalize it to other situations.  

Simon (1994) used the Learning Cycle described above to develop a framework 

which can be applied to the mathematical education of preservice elementary school 

teachers.  He notes that, in order for teachers to provide instruction which aligns with the 

current reform movement, teachers must develop: conceptual and procedural knowledge 

of mathematics; an understanding of the nature of the discipline; theories of mathematics 

learning; knowledge of students� development in mathematics; the ability to plan 

instruction based on the nature of mathematics, theories of learning and knowledge of 

student development; and the ability to effectively interact with students.  Simon�s 

framework uses six interconnected iterations of the Learning Cycle to address each of 

these needs.  The Exploration Phase in each cycle is the Application Phase of the 

previous cycle.  Hence, each cycle is linked to all of the previous and subsequent cycles.    

 The first iteration, called Learning Cycle One, provides opportunities for 

preservice teachers to participate as students in mathematics instruction in a way that is 

consistent with the reform movement.  In Learning Cycle Two, the nature of mathematics 
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is examined, and in Learning Cycle Three, the focus is on how people learn mathematics.  

In Learning Cycle Four, preservice teachers develop an understanding of how students 

learn specific mathematical content as well as gain insight into their sense making 

behaviors.  In Learning Cycle Five, preservice teachers examine what goes into the 

planning of effective mathematics instruction.  Learning Cycle Six encourages teachers to 

examine the aspects of teaching that cause them to interact with students such as listening 

to and questioning students, facilitating discussions in the classroom and monitoring 

student learning.  

This six-cycled framework was used by Simon and his colleagues in their work 

on the Educational Leaders in Mathematics (ELM) Project with in-service teachers 

(Simon & Schifter, 1991, 1993) and on the Construction of Elementary Mathematics 

(CEM) Project with preservice elementary teachers (Simon, 1994, 1995; Simon & 

Blume, 1994, 1996).  The goal of each of these projects was to have in-service and 

preservice teachers examine their ideas about the teaching and learning of mathematics 

with the hopes of having them develop a constructivist view of mathematics learning and 

instructional practices that were consistent with that view (Simon & Schifter, 1993).  In 

each project, participants were provided opportunities to learn mathematics in a 

classroom where �construction of meaning was valued, encouraged, and directly planned 

for� (Simon & Schifter, 1991, p.313), to examine student thinking, and plan instruction 

that encouraged students� construction of mathematical concepts.  Each of the course 

features cited by Beswick (2006) that are likely to change preservice teachers� beliefs 

were part of the two projects described by Simon and his colleagues.  
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The in-service teacher program consisted of an intense two-week summer 

institute, classroom follow-up throughout the school year, and, for interested teachers, an 

advanced institute and in-service leader apprenticeship programs.  Preservice teachers 

who were involved in the CEM project participated in a mathematics content course, a 

course on mathematics learning and teaching, a 5-week pre-student teaching practicum, 

and a 15-week student teaching practicum.  While the changes that the teachers 

experienced developed over time, changes in the in-service teachers� beliefs were being 

reported as early as the end of the two-week institute.  Similarly, changes were reported 

in the beliefs held by some of the preservice teachers (Simon & Brobeck, 1993; Simon & 

Mazza, 1993). 

Unfortunately, many preservice teachers do not have the opportunity to 

experience the consistent, integrated, and extended support offered to the preservice 

teachers in the CEM project.  Preservice teachers involved in this project experienced 

learning cycles one, two and three in a mathematics content course and cycles four, five 

and six in a subsequent methods course that shared the same philosophy.  Both were 

taught by the same teacher.  However, many colleges and universities do not offer 

mathematics courses designed specifically for preservice elementary teachers often 

leaving preservice teachers to learn mathematics in a course whose philosophy of 

mathematics and of teaching and learning is at odds with the reform movement in 

mathematics education.   As a result, the sequence of content and methods courses that 

these preservice elementary teachers experience provides them with an inconsistent and 

fragmented view of the teaching and learning of mathematics.  It is unrealistic to think 

that beliefs can change in light of such discrepancies.  As noted by Hart (2002), �change 
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is limited when preservice teachers learn mathematics content differently than they learn 

mathematics methods� (Hart, 2002, p.4).  In such cases, can Simon�s Learning Cycles 

framework for teacher education be used to provide a consistent approach to mathematics 

content and methodology by combining the two into a single course with the purpose of 

changing preservice elementary teachers� beliefs about the nature, teaching and learning 

of mathematics?  

There are no documented studies of a combined mathematics content/methods 

course that used Simon�s (1994) Learning Cycles framework for teacher education as the 

framework for the course.  As such, it the researcher believed it was worthwhile to 

investigate whether students in a content/methods course that used Simon�s framework 

changed their beliefs about the nature, teaching and learning of mathematics as a result of 

participating in the course and whether that change was greater than that experienced by 

preservice teachers enrolled in a content/methods course with a different format.  Hence, 

this study served as a pilot study to determine whether a combined content/methods 

course based on Simon�s Learning Cycles framework for teacher education was more 

effective in aligning preservice teachers� beliefs about the nature, teaching and learning 

of mathematics with those of the reform movement in mathematics education than a 

different mathematics content/methods course.   

Theoretical Framework 

Constructivism, the now widely accepted epistemology and theory of learning, 

posits that knowledge is actively constructed by the learner.  Traditionally, learning has 

been viewed as a quest for �truth�, the acquiring of knowledge that reflects a singular 

reality (Doolittle & Hicks, 2003).  But the paradigm shift that began roughly 60 years ago 
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has led to changing views of knowledge and learning.  Crotty (2003) reflects the 

currently held view that reality is subjective when he states that �the world and objects in 

the world are indeterminate.  They may be pregnant with potential meaning, but actual 

meaning emerges only when consciousness engages with them� (as cited in Sullivan, 

2005, p.13).    

Doolittle and Hicks (2003) note that this view of knowledge and learning is built 

on four primary philosophical tenets.  First, knowledge is not passively accumulated; it is 

the result of active cognizing by the individual.  Second, cognition is an adaptive process 

that functions to make an individual�s cognition and behavior more viable given a 

particular environmental goal.  Third, cognition organizes and makes sense of one�s 

experience, and is not a process to render an accurate representation of an external reality.  

Finally, knowing has its roots in both biological/neurological construction and in social, 

cultural and language-based interactions.   Several schools of thought with regards to 

constructivism have developed with each subscribing to some subset of the four tenets.  

While radical constructivism de-emphasizes the role of the environment in knowledge 

construction and hence does not embrace the fourth tenet, social constructivism 

emphasizes the social nature of knowledge construction, and subscribes to all four 

philosophical tenets. 

While constructivism is a theory of learning, not one of teaching, there are 

nonetheless several principles of constructivism that can lend to the development of 

teaching practices that encourage the active construction of knowledge.  Fosnot and Perry 

(2005) note that learners must be provided with opportunities to invent, question, and 

generate and test hypotheses.  Learners must encounter disequilibrium so that they will 
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challenge their current understandings in favor of more accurate models.  They must be 

provided with opportunities for reflective abstraction so that they may organize their 

knowledge structure and generalize this knowledge to other experiences.  This also 

allows for the development of a greater awareness of the inconsistencies or weaknesses in 

one�s own knowledge.  Finally, learners need to be part of a classroom in which they are 

part of a �community of discourse engaged in activity, reflection, and conversation� 

(Fosnot (1989), as cited in Fosnot & Perry, 2005, p.34).  The learners must defend, prove, 

justify and communicate their ideas to the classroom community.   

Simon�s (1994) Learning Cycle framework for the mathematical preparation of 

elementary school teachers embraces a constructivist theory of learning and uses teaching 

practices that encourage the construction of knowledge.  Likewise, the Learning Cycles 

course used in this study to encourage the realignment of beliefs with those of the reform 

movement in mathematics education embraces a similar view of learning and uses 

teaching practices that support this view.    

Research Questions 

The following research questions were investigated in this study: 

1.   Do preservice teachers who participate in the Learning Cycles course 

demonstrate greater changes to their beliefs about the nature of mathematics 

than preservice teachers who participate in a different mathematics 

content/methods course?  

2.   Do preservice teachers who participate in the Learning Cycles course 

demonstrate greater changes to their beliefs about the nature of mathematics 
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teaching than preservice teachers who participate in a different mathematics 

content/methods course? 

3.   Do preservice teachers who participate in the Learning Cycles course 

demonstrate greater changes to their beliefs about the process of learning 

mathematics than preservice teachers who participate in a different 

mathematics content/methods course? 

4.   Do attitudes toward mathematics influence the degree to which the preservice 

teachers� beliefs about the nature, teaching and learning of mathematics 

change throughout the semester? 

Definitions of Terms 

The following operational definitions are provided to ensure a common 

understanding when reading this particular piece of research. 

Preservice elementary teacher.  This term refers to an individual who is enrolled in an 

undergraduate program that will lead to certification as an elementary school teacher but 

who has yet to participate in a student-teaching experience. 

Combined content/methods course.  This term refers to a course whose focus is on 

teaching preservice elementary teachers both mathematical subject matter knowledge and 

pedagogical knowledge that is relevant to elementary school teaching. 

Teacher Beliefs.  This term refers to �statements held to be true by the individual, and 

upon which the individual acts in given circumstances.  They can be explicitly known, or 

held subconsciously by the individual.  They are relatively stable, and are seen as distinct 

from knowledge� (Pulver, 1997, p.15).  With regards to mathematics teaching, these can 

be related to, among other things, beliefs about mathematics subject matter, about the 
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nature of mathematics as a discipline, about teaching mathematics, about learning 

mathematics, and about students of mathematics.  

Attitude.  This term refers to a �general evaluation or feeling of favorableness or 

unfavorableness toward the object in question� (Fishbein & Ajzen, 1980, p.11).  With 

regards to mathematics teaching, these can be related to, among other things, attitudes 

toward specific mathematics subject matter, toward mathematics as a discipline, toward 

teaching mathematics, toward learning mathematics, and toward students of mathematics. 

Behavior.  This term refers to an observable act of an individual, and it will be used 

interchangeably with the term practice.    

Summary 

In this introduction, the researcher intended to show not only the importance of 

studying preservice teachers� beliefs due to their relationship with teaching practices, but 

also to illustrate the potential of the Learning Cycles format in changing beliefs so that 

they more closely align with the philosophy of the Standards documents (NCTM, 1989, 

1991, 1995, 2000) and other reform literature.  This research will prove to be valuable to 

those in the field of mathematics teacher education, specifically in preservice teacher 

preparation.  It will satisfy the continued need for research related to teacher beliefs as 

well as introduce a potential framework for a one semester combined content/methods 

course. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

This study attempted to determine whether the beliefs about the nature, teaching 

and learning of mathematics held by preservice teachers enrolled in a one-semester 

combined mathematics content/methods class whose design was based on Simon�s 

Learning Cycles framework for mathematics teacher education, became more aligned with 

the reform movement in mathematics education than preservice teachers enrolled in a 

different mathematics content/methods course, and to what degree attitudes toward 

mathematics played a role in the process.  In order to provide a comparison between the 

beliefs of the participants and the vision of the reformers, it is important to clearly establish 

the philosophy of the reform movement with a particular focus on what reformers are 

saying about the nature of mathematics, the role of the mathematics teacher and the role of 

the learner.  Hence, the first part of the review of the literature will focus on establishing 

the position of the reform movement with respect to these three areas. 

In addition to examining literature on the reform effort in mathematics education, 

relevant literature about beliefs and attitudes held by in-service and preservice teachers 

about the nature of mathematics, the teaching of mathematics and the learning of 

mathematics will be reviewed.  How these beliefs are established and what has been done 

to try to change them will also be investigated.  In particular, the theories and research 

associated with Karplus� Learning Cycle, Simon�s Learning Cycles will be thoroughly 

examined.   
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Finally, the theoretical framework of the study, which includes social 

constructivism and constructivist pedagogy, will be developed.  Relevant literature will 

be reviewed. 

The Reform Movement in Mathematics Education 

The current reform movement in mathematics education, which began nearly two 

decades ago with NCTM�s publication of Curriculum and Evaluation Standards for 

School Mathematics (NCTM, 1989), has been misunderstood and misrepresented by 

many (Becker & Jacob, 2000) including teachers, researchers, students of education 

(Frykholm, 1999), mathematicians, textbook publishers, policymakers, the media 

(Hechinger, 2006) and the community at large.  Opponents of reform tend to focus on the 

call for conceptual understanding as a move away from facility with basic skills and 

rigorous content (Gamoran, 2001).  Critics cite the use of calculators and other 

technologies as a crutch that weakens students� ability to compute.  Those who 

misunderstand the Standards tend to view them as a step toward a national curriculum.  

Many criticisms are based on curriculum materials that have been developed by those in 

support of the reform effort and anecdotal evidence of student learning in such programs, 

not the research on which the theory of the reform movement is based.  As such, it is 

important to examine the history of the reform movement and identify important 

components of it that pertain to the study. 

Much of the credit for the reform effort in mathematics is attributed to the NCTM, 

an international organization dedicated to improving mathematics teaching and learning 

with a membership base of over 100,000 individuals and institutions.  Founded in 1920, 

NCTM originally played a secondary role in curriculum recommendations serving 
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instead as forum where one could gather information about issues in mathematics 

education (McLeod, Stake, Schappelle, Mellissinos & Gierl, 1997).  Much of that 

changed in the late 1970�s when new president, Shirley Hill, started leading NCTM to a 

more activist role with the hopes of being taken more seriously and influencing public 

policy (McLeod et al.).  Their publication, An Agenda for Action (NCTM, 1980), marked 

a significant change for the organization in that it represented the first time that NCTM 

took a position in mathematics education.  

In the mid-1970�s, our nation was feeling the failures of the New Math reforms of 

the late 1960�s and early 1970�s.  The resulting backlash, referred to as the Back to 

Basics movement, placed a heavy emphasis on basic skills.  Mathematics educators 

became concerned with the pendulum-type movements in mathematics reform, always 

stressing either skills or concepts, concrete or abstract (NACOME, 1975).   In 1980, 

NCTM published An Agenda for Action (NCTM, 1980), a report containing a series of 

recommendations for school mathematics, and an indication that NCTM wanted to 

provide direction in the field, assert its authority and share more of its expertise than it 

had in the past (McLeod et al., 1997).  Among the recommendations in this publication 

were an emphasis on problem solving in school mathematics, the broadening of the 

definition of basic skills to encompass more than computation, the use of calculators and 

computers in all grades, and applying higher standards of effectiveness to teaching and 

alternate methods of testing (NCTM).   

An Agenda for Action (NCTM, 1980), along with several other reports such as the 

Conference Board of the Mathematical Science�s The Mathematical Sciences Curriculum 

K-12: What is Still Fundamental and What is Not (CBMS, 1983), the National 
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Commission on Excellence in Education�s A Nation at Risk (NCEE, 1983), the National 

Science Board�s Educating Americans for the 21st Century (NSB, 1983), and the CBMS�s 

New Goals for Mathematical Sciences Education (CBMS, 1984) led to an increased 

awareness of the problems of education (Lund & Wild, 1993) and helped set the stage for 

changes in education.  Prompted by the concerns expressed in these documents, 

reformers began recommending that a set of standards for school mathematics be 

prepared (CBMS, 1984).  NCTM president, F. Joe Crosswhite, expressed a desire for 

NCTM to prepare these standards.  With writers representing university faculty, 

classroom teachers, and teacher educators, standards were written that could be used as 

criterion for judging the quality of curriculum (NCTM, 1989), teaching practices 

(NCTM, 1991) and assessment (NCTM, 1995) that were based on research, existing 

curriculum materials from other nations and recent developments in technology (McLeod 

et al., 1997).  Subsequent documents such as Principles and Standards for School 

Mathematics (NCTM, 2000) and Curriculum Focal Points for Prekindergarten through 

Grade 8 Mathematics (NCTM, 2006) have clarified NCTM�s position on various issues 

related to the reform movement. 

   While other groups and individuals supported the reform effort and the 

development of standards, it is NCTM that is given credit for leading the reform 

movement through the last two decades.  In fact, NCTM Standards (NCTM, 1989, 1991, 

1995, 2000) and the reform are often used interchangeably (Frykholm, 1999).  In this 

document, the word reform will be used to indicate suggested and realized changes in 

mathematics education described by NCTM for the purpose of improving mathematics 

teaching and learning.      
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Collectively, the Standards documents (NCTM, 1989, 1991, 1995, 2000) describe 

a vision of school mathematics that differs in many ways from previous attempts at 

reform.  Central to these differences are changes in accepted philosophies of mathematics 

and new developments in cognitive psychology (McLeod et al., 1997; Seaman, Szydlik, 

& Szydlik, 2005).  These differences necessitate changing the role of the mathematics 

teacher.  By examining the reform documents, one can determine the views that NCTM 

espouses with regards to the nature of mathematics, the role of the teacher and the role of 

the learner in the reform classroom.  The position of NCTM regarding each issue is 

discussed below.    

The Nature of Mathematics 

The philosophy of mathematics is the branch of philosophy that deals specifically 

with reflecting on and accounting for the nature of mathematics (Ernest, 1991).  The 

philosophy of mathematics addresses questions such as: �What is the basis for 

mathematical knowledge?  What is the nature of mathematical truth?  What characterizes 

the truths of mathematics? What is the justification for their assertion? Why are the truths 

of mathematics necessary truths?  How absolute is this necessity?� (Ernest, 1998, p.1).  

The way in which these questions are answered leads to different philosophies of 

mathematics.     

Epistemological beliefs and the nature of mathematics have been topics of interest 

for many philosophers and researchers.  All philosophies of mathematics can be broadly 

grouped into two categories: absolutist, or Euclidean, and fallibilist, or quasi-empirical 

(Ernest, 1991, 1998; Lakatos, 1978; Lerman, 1990).  The absolutist epistemology views 

mathematical knowledge as certain, absolute, value-free and abstract (Lerman).  This 
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view, espoused by most people, including many mathematicians, sees mathematical 

knowledge as the discovery of timeless truths (Lerman).  Several schools of thought exist 

within this paradigm, including those that place mathematics as part of logic, those that 

see it as �a meaningless formal game played with marks on paper, following rules� 

(Ernest, 1991, p.10), and those that see mathematical knowledge as valid only if it is 

established through constructive proof (Ernest, 1991; Lerman).  In spite of these 

differences, absolutist paradigms share the common desire to strengthen the foundations 

of mathematics by establishing certainty and eliminating paradoxes (Lerman). 

The fallibilist philosophy proposes that mathematical truth is fallible and 

corrigible and is always open to revision and correction (Ernest, 1998).  Just as with 

absolutism, several schools of thought exist in the fallibilist paradigm (see Ernest 1991, 

1998; Hersh, 1979; Lakatos, 1976; Lakoff & Núñez, 2000; Tymoczko, 1986; and 

Wittgenstein, 1978) with commonality in the belief that mathematics is a social 

construction whose results are relative and changing as much as other forms of 

knowledge (Lerman, 1990).  These philosophies espouse the belief that current 

mathematical knowledge is accepted as true because it is consistent with our current 

understanding and experiences.  It is through the transformation of personal mathematical 

ideas and conjectures into publicly accepted theories that mathematical knowledge is 

generated.   As Lerman notes, �What characterizes mathematics is the activity: engaging 

in interesting problems; making imaginative conjectures; testing; reflecting; examining 

the results informally; formalizing and testing results formally; publishing ideas for 

criticism and development by the mathematical community� (Lerman, 1990, ¶10). 
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While it is easy to argue that mathematics is fallible at higher levels where 

mathematicians are formulating and testing conjectures, proving theorems and having 

those proofs subjected to criticisms from the mathematics community, it is more difficult 

to view the mathematics of elementary, middle and high school and undergraduate 

mathematics � school mathematics �  as being fallible.  The mathematics content of the 

courses offered at these levels has been accepted by society for hundreds, sometimes 

even thousands, of years because it fits the observations we have made of our natural 

world and is consistent with other accepted knowledge in the field of mathematics.  To 

suggest that any part of foundational mathematics is uncertain or open to revision would 

be akin to suggesting that scientists and other members of society are uncertain of or 

want to revise the accepted theory that the Earth revolves around the Sun.  Foundational 

mathematical knowledge is accepted as certain.  Revising it would impact all branches of 

mathematics and science � and hence society as a whole � in profound ways.   

How is it possible, then, to suggest that mathematics as a school subject is 

fallible?  Mathematical philosophers, epistemologists and educational reformers are 

suggesting that it is the process of �coming to know� mathematics in the school setting 

that needs to be challenged, noting that mathematics students should be coming to know 

mathematics in the classroom the way one comes to know it in the discipline.  Reasoning 

and mathematical argument are the primary sources of legitimacy in the discipline of 

mathematics (Lampert, 1990).  However, in school mathematics Lampert  notes that 

�doing [italics original] mathematics means following the rules laid down by the teacher; 

knowing [italics original] mathematics means remembering and applying the correct rule 

when the teacher asks a question; and mathematical truth is determined [italics original] 
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when the answer is ratified by the teacher� (Lampert, 1990, p.32). She goes on to state 

that the issue of intellectual authority is of central importance in the comparison between 

coming to know mathematics in the school setting and coming to know mathematics in 

the discipline:   

In the classroom, the teacher and the textbook are the authorities�.In school, the truth is 
given in the teacher�s explanations and the answer book; there is no zig-zag between 
conjectures and arguments for their validity, and one could hardly imagine hearing the 
words maybe or perhaps [italics original] in a lesson.  Knowing mathematics in school 
therefore comes to mean having a set of unexamined beliefs, whereas Lakatos and Polya 
suggest that the knower of mathematics needs to be able to stand back from his or her 
own knowledge, evaluate its antecedent assumptions, argue about the foundations of its 
legitimacy, and be willing to have others do the same. (p.32) 

 
In the school setting, most students only ever develop what Skemp (1978) calls an 

instrumental understanding of mathematics as they follow rule after rule that allows a 

path to the correct answer, but provides no insight into the mathematical concepts that lie 

beneath.  This is problem is compounded by the fact that most teachers and nearly all 

textbooks present neatly polished proofs and discussions of the mathematics topic of the 

day, omitting the struggles � the conjecturing, testing, revising, criticizing and 

formalizing � required to get it to the current state.  Students are told how to solve 

problems and follow directions, and as a result, they miss the opportunity to partake in 

the messiness that is inherent in the construction of mathematical knowledge. 

Several mathematics educators such as Magdalene Lampert and Deborah Ball 

have recorded the interactions in their classrooms as they begin to teach elementary 

mathematics in a way that is consistent with the discipline�s view of the social 

construction of mathematical knowledge.  As such, their classrooms become 

communities of learners involved in true knowledge construction through mathematical 

discourse.  This involves allowing the students to engage in interesting problems that 
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highlight important mathematical concepts; to form conjectures and then test them; to 

search for counterexamples; to revise their ideas; and to present their ideas to the 

classroom community for examination and criticism.  In doing so, students may �invent� 

mathematics that is consistent with their limited understanding of the subject matter, yet 

inconsistent with the mathematics that is accepted by society.  Students frequently invent 

algorithms for solving addition, subtraction, multiplication and division problems that 

only vaguely resemble standard algorithms presented in textbooks, yet produce correct 

answers for all problems.  Sometimes, these algorithms work for only a limited set of 

problems.  In this case, teachers often present new problems to introduce 

counterexamples to students� theories so that gradually their thinking becomes more 

sophisticated.  Ultimately, students become familiar and comfortable with standard 

algorithms and socially accepted mathematical practices, but in doing so, they gain a 

much deeper and more true understanding of what it means to know and do mathematics.  

It is in this sense that one can argue that even mathematics at the lower levels is fallible.            

The Standards documents (NCTM, 1989, 1991, 2000) define a philosophy of 

mathematics that is clearly fallibilist.  NCTM (1991) notes that �mathematics is a 

changing and evolving domain, one in which ideas grow and develop over time and to 

which many cultural groups have contributed� (NCTM, 1991, p.26).  NCTM advocates a 

curriculum which goes beyond a collection of concepts and skills to be mastered (NCTM, 

1989).  To enable students to see that and expect that mathematics makes sense, they 

promote the development of ideas, the exploration of mathematical phenomena, the 

justification of results, the emphasis of methods of investigating and reasoning, and the 
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communication of ideas (NCTM, 1989, 2000).  Much of this is done through problem 

solving which is seen as both a goal and means of learning mathematics (NCTM, 2000). 

The Role of the Teacher of Mathematics 

It has been noted that the failures of the New Math era were due largely in part to 

inadequate teacher training and preparation (Walmsley, 2003), particularly at the 

elementary level.  Teachers, whose training was minimal and quite traditional, were 

expected to teach abstract concepts leading to confusion for teachers and students alike 

(Walmsley).  In-service training for elementary school teachers that would help increase 

understanding and allow for more widespread implementation was limited (Herrera & 

Owens, 2001).  

Pedagogically, the New Math movement focused heavily on guided discovery � 

�a process in which students discover principles with considerable guidance and help 

from the teacher� (Walmsey, 2003, p.80).  However, as noted in Bossé (1995), �often 

times, the teacher implementing the materials within the classrooms had a philosophy 

that was inconsistent with the philosophy of the project developers.  Most often, the 

teachers� philosophy did not mirror the spirit of the work of the movement� (Bossé, 1995, 

p.181).  Aware of these problems in the New Math reform, NCTM set out to establish �a 

vision of what teaching should entail to support the changes in curriculum set out in the 

Curriculum and Evaluation Standards� (NCTM, 1991, p. vii) and to provide the 

assistance necessary to realize those changes.  

Historically, the role of the teacher in a mathematics classroom has been that of 

source of authority and dispenser of knowledge.  The current reform movement expects 
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teachers to significantly depart from these traditional roles.  As stated in Professional 

Standards for School Mathematics (NCTM, 1991), teachers must 

help every student develop conceptual and procedural understandings�.engage all 
students in formulating and solving a wide variety of problems, making conjectures and 
constructing arguments, validating solutions, and evaluating the reasonableness of 
mathematical claims�.foster in students the disposition to use and engage in 
mathematics, an appreciation of its beauty and utility, and a tolerance for getting stuck or 
sidetracked�.help students realize that mathematical thinking involves dead ends and 
detours and encourage them to persevere when confronted with a puzzling problem and 
to develop the self confidence and interest to do so. (p.21) 

 

 Instead of serving as �the authority and sole source of information whose role [is] to 

transmit information� (Wood, Cobb, & Yackel, 1990, p.502), the roles of the teacher in 

the reform classroom are (a) to select worthwhile mathematical tasks that represent 

important mathematical concepts and procedures in a challenging and engaging way; (b) 

to engage students in mathematical discourse that encourages students to �make 

mathematical conjectures, present evidence, voice agreement and disagreement with the 

claims of others, and support their own positions� (Chapin, O�Connor, & Anderson, 

2003, p.5), and allows teachers to assess students� understandings of the mathematical 

content;  (c) to establish a safe environment where students� ideas and ways of thinking 

are valued and reasoning and understanding are the norm; and (d) to be continually 

analyzing the effects of their teaching to determine what students have learned (NCTM, 

1991).  This model of teaching demands a deep, flexible knowledge of mathematics and 

teaching which many teachers do not possess (Ball, 1990a; Ma, 1999; NCTM, 2000). 

 Clarke (1997) examined seven projects or studies that shared many features 

common to the vision of the reform movement for the purpose of describing the role of 

the teacher in a reformed classroom.  Upon reviewing related documents, he found six 

roles of the teacher in a reformed classroom.  To be included in this collection, the roles 
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had to appear in at least four of the seven projects or studies that he examined.  These 

roles include: 

1. The use of nonroutine problems as the starting point and focus of instruction, 
without the provision of procedures for their solution; 

2. The adaptation of materials and instruction according to local contexts and the 
teacher�s knowledge of students� interests and needs; 

3. The use of a variety of classroom organizational styles (individual, small-group, 
whole-class); 

4. The development of a �mathematical discourse community,� with the teacher as a 
�fellow player� who values and builds on students� solutions and methods; 

5. The identification and focus on the big ideas of mathematics; and 
6. The use of informal assessment methods to inform instructional decisions (Clarke, 

1997, p.280). 
 
While this is certainly a non-exhaustive list of the roles of the teacher in a reformed 

classroom, it should be noted that all six roles are mentioned in the recommendations of 

the NCTM (NCTM, 1989, 1991, 1995, 2000).  

The Role of the Learner in the Mathematics Classroom 

Many mathematical epistemologies have come in and out of favor during the last 

century, and each has had an impact on society�s understanding of what �meaningful 

mathematics� means (Bossé, 1995).  With regard to popular epistemologists in recent 

history, Bossé notes: 

Clearly, some thought that meaningfulness came from the ability to solve problems 
quickly and with accuracy; some considered mathematics to have within its own nature a 
meaning which, if found, would give meaning to the learner; some saw meaningfulness 
in forming math curricula to match hierarchical learning styles; some saw the 
mathematics as an aesthetically pleasing system which, if the learner could abstract and 
comprehend, would be meaningful; and some saw the meaningfulness of mathematics 
tied to the learner discovering and personalizing properties for him or herself. (p.178)  

 
A process of learning is reflected by each epistemology, and as a result, many different 

models of student learning have been incorporated into different schools and classrooms 

over the years.  Perhaps the one that has had the most profound and long-lasting effect is 



 38

Thorndike�s behavioristic model which has yielded the drill-and-practice model of 

learning (Bossé; McLeod et al., 1997).  In this model, the students� roles are to receive 

knowledge from teachers, texts and other forms of media, to exhibit compliant behavior, 

and achieve mastery of skills.  Learning is usually assessed via testing situations with 

success being judged on the quantity and accuracy of the information students retain.   

However, meaningful mathematics in the reform movement is tied to mathematical 

power and producing mathematically literate students (Bossé, 1995; NCTM, 1989, 1991, 

2000).  Evaluating learning in this environment also differs since the goal of instruction is 

a deep, flexible understanding of the concepts, not just mastery of skills.  New student 

roles can present a challenge to both teachers and students who are not accustomed to the 

increased demands required by this new model. 

Reformist views about the process of learning clearly do not favor the drill-and-

practice paradigm.  NCTM (1989), citing Resnick (1987), states that learning does not 

occur by passive absorption alone.  Instead, individuals bring prior knowledge to each new 

task, assimilating new information and constructing their own understanding.  Expanding 

on this in Principles and Standards for School Mathematics (NCTM, 2000), NCTM cites 

Bransford, Brown and Cocking (1999) as they note that when students are allowed to 

construct their own understanding, the new knowledge that is acquired is connected to 

existing knowledge in meaningful ways making it easier to access and more transferable.  

These views of learning are consistent with the constructivist paradigm which argues that 

learners construct understanding based on their current knowledge structures.    

The role of the learner in a classroom that favors a constructivist learning paradigm 

is quite different from that of the learner in the traditional classroom.  With the teacher and 
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the textbook no longer viewed as the sole sources of knowledge and mastery of skills no 

longer the goal, learners must actively engage in sense-making in order to come to an 

understanding of the material.  NCTM (1991) notes that students need to 

listen to, respond to, and question the teacher and one another; use a variety of tools to 
reason, make connections, solve problems and communicate; initiate problems and 
questions; make conjectures and present solutions; explore examples and 
counterexamples to investigate a conjecture; try to convince themselves and one another 
of the validity of particular representations, solutions, conjectures, and answers; and rely 
on mathematical evidence and argument to determine validity.  (p.45)   
 
 In Principles and Standards for School Mathematics (NCTM, 2000), NCTM 

states that �a major goal of school mathematics is to create autonomous 

learners�.Students learn more and learn better when they can take control of their 

learning by defining their goals and monitoring their progress� (p.21).  These descriptions 

paint a picture of a student body that shares responsibility for their learning with their 

teachers.  

Teacher beliefs have been documented by several researchers, and most findings 

indicate that teachers have beliefs that run contrary to the views held by the reform 

movement in mathematics. Ball (1990b), in her experience with preservice teachers, 

notes that �their experiences have often persuaded them that mathematics is a fixed body 

of rules, a dull and uninteresting subject best taught through memorization and drill, and 

that they themselves are not good at math.  They have developed the idea that math 

teaching involves giving directions about what to do, assigning work, and as one of my 

students wrote, �sit at the desk and wait for people to come up for extra help or to get 

their papers checked�� (p.12). 

Peck and Connell (1991), in their work in trying to restructure preservice 

elementary teachers� content knowledge and expand their views of what it means to 
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understand mathematics, found the following beliefs were held by many study 

participants: (1) mathematics is computation; (2) mathematical problems should be 

quickly solvable in a few steps; (3) the goal of doing mathematics is to obtain �right 

answers�; (4) patterns are sufficient for accepting a rule; (5) the role of a mathematics 

student is to passively receive mathematical knowledge; and (6) solving problems 

consists of recalling and applying specific algorithmic rules.  All of these beliefs run 

contrary to those described in the reform literature. 

Schoenfeld (1989) noted similar findings when he examined the beliefs of high 

school students.  The students emphasized the value of rules and memorization in 

mathematics.  Most students believed that problems should take no more than 2 minutes 

to solve with one student even indicating �I usually give up after 3 or 4 minutes if I can�t 

do it� (p.345).  Given that preservice teachers are typically only a few years older than 

high school students, it is not surprising that their beliefs are similar. 

Similarly, when Swan (2006) used two instruments to identify the beliefs and 

practices of sixty-four mathematics teachers, he found that most teachers believed that 

mathematics is a �series of �rules and truths�� that must be conveyed to students and that 

teaching is ��chalk and talk� followed by individual practice until fluency is attained� 

(p.59).  Results from the survey about practices indicated that most teachers in the survey 

had transmission-oriented practices � a fact that was confirmed by their students.  

Historically, preservice teachers hold views about mathematics, teaching and learning 

that are similar to those who taught them.  Hence, the results of this study add strength to 

the argument that preservice teachers hold traditional views of the nature, teaching and 

learning of mathematics. 
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 In summary, the reform vision of school mathematics is one which differs 

significantly from traditional views of mathematics.  With regards to the nature of 

mathematics, NCTM subscribes to a fallibilist view of mathematics in which 

mathematical truth is seen as fallible and corrigible and is always open to revision and 

correction (Ernest, 1998).  The role of the teacher in the reformed classroom is to 

encourage mathematical power in students through the use of worthwhile tasks; 

mathematical discourse; safe learning environments which value student thinking and 

conceptual understanding; and analysis of teaching to improve student understanding.  

The role of the learner is to actively engage in sense-making through processes such as 

conjecturing and mathematical discourse.  Preservice teachers, on the other hand, have 

views about the nature, teaching and learning of mathematics that are at odds with the 

views espoused by the reform movement.  But what impact, if any, do an individual�s 

beliefs have on teaching practices?            

Beliefs and Attitudes 

 As noted by Pajares (1992), the study of beliefs is somewhat �messy� primarily 

due to differences in the ways researchers define beliefs and difficulties in measuring 

them. The study of attitudes is likely to be argued as being equally messy for similar 

reasons.  In fact, the terms �beliefs� and �attitudes� have often been used interchangeably.  

Pajares notes that one of the reasons for the confusion in the study of beliefs is the 

difficulty distinguishing them from knowledge.  

Thompson (1992) describes three features that distinguish beliefs from 

knowledge.  First, beliefs can be held with varying degrees of conviction whereas 

knowledge cannot.  It is appropriate for an individual to say that they strongly believe 
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that the airplane will depart on time, but not appropriate to say that they strongly know 

that it will.  The second feature is that beliefs are not consensual.  That is, beliefs are 

disputable whereas knowledge represents certainty.  Scheffler (1965) notes that 

�Knowing, it would appear, is incompatible with being wrong or mistaken, and when I 

describe someone as knowing, I commit myself not to his being mistaken.�knowing 

unlike believing, has independent factual reference� (pp.23-24, as cited in Thompson).  

Third, while there is general agreement about procedures for evaluating and judging the 

validity of knowledge, no such criteria exist for beliefs.  

Given these distinctions, it is not surprising that most definitions of beliefs take 

into account that they are based on an evaluation and judgment (Pajares, 1992).  For 

example, Harvey (1986) defined beliefs as individual�s representation of reality which 

offers �enough validity, truth or credibility to guide thought and behavior� (Harvey, as 

cited in Pajares, p.313).  Nisbett and Ross (1980) define them as �reasonably explicit 

�propositions� about the characteristics of objects and object classes� (Nisbett & Ross, as 

cited in Pajares, p.313).  Similarly, Rokeach (1968) defines a belief as �any simple 

proposition, conscious or unconscious, inferred from what a person says or does, capable 

of being preceded by the phrase �I believe that��� (p. 113).   

While these definitions help explain the concept of beliefs in general, a definition 

of beliefs as it pertains to teaching is in need.  Clark (1988) describes teacher beliefs as 

being implicit theories about the students and subject matter they teach and the roles and 

responsibilities they hold.  He states: �These implicit theories are not neat and complete 

reproductions of the educational psychology found in textbooks or lecture notes.  Rather, 

teachers� implicit theories tend to be eclectic aggregations of cause-effect propositions 
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from many sources, rules of thumb, generalizations drawn from personal experience, 

beliefs, values, biases and prejudices� (p.6).  Likewise, Kagan (1992b) defines teacher 

beliefs as �pre- or in-service teachers� implicit assumptions about students, learning, 

classrooms, and the subject matter to be taught� (p.66).  She notes that teachers� beliefs 

are usually tacitly held, appear to be stable and resistant to change and tend to be 

associated with a congruent style of teaching. 

Pulver (1997), in her study about preservice teachers� beliefs about the nature, 

teaching and learning of mathematics and the influence of prior experiences on these 

beliefs, synthesized definitions of beliefs from the literature on beliefs to develop a 

working definition of teacher beliefs.  She states: �Teacher beliefs are statements held to 

be true by the individual, and upon which the individual acts in given circumstances.  

They can be explicitly known, or held subconsciously by the individual.  They are 

relatively stable, and are seen as distinct from knowledge� (p.15).  Because of the 

similarity of constructs shared by her study and the current study, this definition of 

teacher beliefs is used in the current study. 

Generally, attitudes differ from beliefs in that while there is also an evaluative 

nature to them, there is an affective element that is not usually present in beliefs.  In 

relating attitudes and beliefs, Fishbein and Ajzen (1975) state that attitude refers to �a 

person�s favorable or unfavorable evaluation of an object,� while beliefs describe �the 

information he has about the object� (p.12).  Thus, for each belief an individual has a 

corresponding attitude (White, Way, Perry & Southwell, 2006).   

As with beliefs, many different definitions of attitudes appear in the literature.  

For example, Rokeach (1968) defined an attitude as �a relatively enduring organization 
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of beliefs around an object or situation predisposing one to respond in some preferential 

manner� (p.112).  Chave (1928) defines  it as �a complex of feelings, desires, fears, 

convictions, prejudices, or other tendencies that have given a set or readiness to act to a 

person because of varied experiences� (Chave, in Fishbein & Ajzen, 1975, p. 9).  Krech 

and Crutchfield (1948) state that an attitude is �an enduring organization of motivational, 

emotional, perceptual, and cognitive processes with respect to some aspect of the 

individual�s world� (Krech & Crutchfield, in Fishbein & Ajzen, 1975, p. 9).  These 

definitions all share a view of attitudes as being multidimensional. 

In the early history of studies on attitude, social scientists looked to attitudes as a 

way to explain human action since they were viewed as behavioral dispositions.  

However, when studies revealed little relation between attitudes and behaviors, a more 

complex framework was developed in which attitudes consist of three components: 

affect, cognition, and conation.  Affect describes an individual�s feelings toward and 

evaluation of some object, person, issue or event; cognition refers to that individual�s 

knowledge, opinions, beliefs and thoughts about the object; and conation refers to his 

behavioral intentions and actions related to the object (Fishbein & Ajzen, 1975).  Simply 

put, affect pertains to feelings and evaluations, cognition pertains to opinions and beliefs, 

and conation pertains to behavioral intent.  The definitions provided by Rokeach (1968), 

Chave (1928) and Krech and Crutchfield (1948) each describe attitudes as having an 

affect, cognition and conation component. 

Fishbein and Ajzen (1975), however, reserve the term �attitude� for the affect 

category, �beliefs� for the cognition category, and �intention� for the conation category.    

Reflecting this, they define attitudes as a �general evaluation or feeling of favorableness 
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or unfavorableness toward the object in question� (Ajzen & Fishbein, 1980, p.11).  

Because this view of attitudes will later be used in describing their theory explaining the 

relationship between attitudes, beliefs and behavior, it is this definition that will be 

adopted for the present study.  

Pajares (1992) claims that beliefs are formed through a process of enculturation 

and social construction.  He describes the three components of cultural transmission as 

enculturation, education and schooling.  Enculturation is �the incidental process that 

individuals undergo throughout their lives and includes their assimilation, through 

individual observation, participation, and imitation, of all the cultural elements present in 

their personal worlds� (p.316).  Ambrose (2001) notes that the beliefs formed through 

enculturation represent the �hidden curriculum� of our everyday lives and can appear as 

assumptions and stereotypes.  Education is the formal and informal learning that brings 

behavior in line with cultural requirements.  This type of learning is more purposeful and 

directed than enculturation.  Schooling is the specific process of teaching and learning 

that occurs outside of the home.  Beliefs derived through education and schooling are 

socially transmitted and constructed, while beliefs derived through enculturation are 

developed at a more subconscious level (Ambrose).   

Nespor�s (1987) description of beliefs which are derived from personal 

experience or from cultural and institutional sources of knowledge transmission is similar 

to Pajares� (1992).  She notes that it is through this process of transmission, during their 

experiences as a student, in which teachers �learn� about teaching.  These experiences 

have been called �apprenticeships� to teaching (Lortie, 1975).  In addition to beliefs that 

are derived through transmission, Nespor describes a belief which consists of episodic 
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material and which is often derived from emotion-filled experiences that produced a vivid 

memory.  While these experiences could have been positive or negative, it is the emotion 

that causes this type of memory to form. Nespor notes that often �some crucial 

experience or some particularly influential teacher produces a richly-detailed episodic 

memory which later serves the student as an inspiration and a template for his or her own 

teaching practices� (p.320).  Conversely, memories of being yelled at during math class 

for being unable to solve a problem can lead an individual to believe that they are not 

good at math.  These beliefs, which are referred to as experience-based beliefs (Green, 

1971) or derived beliefs (Rokeach, 1968) are evidentially held, and, according to Lasley 

(1980), they generally endure with little change unless they are deliberately challenged. 

Just as beliefs are derived from two sources, so too are attitudes.  Fishbein and 

Ajzen (1975) note that a person�s attitude toward an object is determined by his belief 

that the object has certain traits, and by his evaluation of those traits. Additionally, given 

that most people hold both positive and negative beliefs about an object, an attitude is 

usually viewed as the interaction between all relevant beliefs, i.e. a person�s attitude 

toward an object is related to the set of beliefs he holds about the object, not any one 

specific belief (Fishbein & Ajzen).  Additionally, there is a transmission aspect of 

attitudes similar to that described for beliefs.  Rokeach notes that �while there may be a 

hereditary basis for attitudes, as Allport (1950) suggests, all writers agree that attitudes 

are learned through the principles of learning, whatever these are or may prove to be�.  

An obvious form of such attitudes is prejudices. 

Given the tens of thousands of beliefs that individuals hold about different objects 

and constructs, it is reasonable to expect that they are organized into a structure of sorts.  
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The structure that forms the organization of beliefs is called a belief system.  Green 

(1971) suggests that there are three dimensions of belief systems.  First, belief systems 

are quasi-logical with beliefs being described as either derived or primary.  Derived 

beliefs are those that are held as a result of some other belief.  Primary beliefs are used as 

a reason for holding other beliefs.  The second dimension deals with a belief�s spatial 

order or psychological strength with beliefs being either central or peripheral.  This deals 

with how strongly a belief is held.  Psychologically central beliefs are core beliefs, and 

because they are held so dearly, an individual is less able to debate or change them.  The 

third dimension of belief structures is that beliefs are held in clusters which are for the 

most part isolated from other clusters.  This isolation prevents relationships with other 

clusters that might lead to a confrontation between two conflicting, incompatible beliefs. 

Rokeach (1968) describes another belief system based on three assumptions.  

First, beliefs vary in their degree of importance to an individual.  Second, the more 

central a belief, the more it will resist change.  Third, the more centrally located a belief, 

the more widespread the repercussions to the rest of the belief system in the event of a 

belief change.  Note that Rokeach�s first two assumptions correspond to the first two 

dimensions of Green�s (1971) belief system.  For Rokeach, importance is defined as how 

connected a belief is with other beliefs.  He defines four criteria for connectedness. First, 

beliefs can be existential or non-existential.  Existential beliefs are ones that are directly 

related to one�s own existence and have more connections with other beliefs.  Non-

existential beliefs are less directly concerned with one�s identity and as a result are less 

connected to other beliefs.  Second, beliefs can be shared or unshared about existence and 

self identity.  Beliefs that are shared with others have more functional connections than 
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those that are unshared.  Third, beliefs can be derived or underived.  Beliefs that are 

learned from an indirect encounter with a belief object are derived and have fewer 

connections than underived beliefs which are the result of direct encounters.  The fourth 

type of belief is one that concerns or does not concern matters of taste.  Beliefs which are 

concerned with matters of taste have fewer connections than beliefs that do not concern 

matters of taste.   

Using these four assumptions about connectedness, along with the three 

assumptions about the belief structure, Rokeach defined a system of beliefs which is 

arranged along a central-peripheral dimension.  Primitive 100% consensus, or Type A, 

beliefs are the most central beliefs and are learned by direct encounter.  They are socially 

agreed upon by all members of a culture and are taken for granted.  Type B beliefs are 

also primitive and incontrovertible, but they involve existence and self-identity beliefs 

that are not shared by others.  These beliefs are held on faith.  Type C beliefs are also 

known as authority beliefs, and while these beliefs are nonprimitive, they help a person 

view the world realistically and rationally.  They deal with whom to trust and distrust as 

an individual seeks to learn about the world.  Type D beliefs are derived beliefs.  These 

beliefs are arrived at secondhand through the identification with certain authority figures 

rather than through direct experience.  Type E beliefs are inconsequential beliefs which 

deal with arbitrary matters of taste, and they originate in direct experience with the object 

of belief.  When examining the connectedness of each type of belief, any class of beliefs 

is more connected to other beliefs than those after it and less connected than beliefs 

before it.  For example, Type D beliefs are more connected than Type E beliefs, but less 

connected than Type A, B, or C beliefs.             



 49

It is widely acknowledged that teacher beliefs and attitudes play an important role 

in teaching practices (Carter & Norwood, 1997; Ernest, 1988, 1989; Kagan, 1992a, 

1992b; Lerman, 1990; Raymond, 1993; Stipek, Givvin, Salmon & MacGyvers, 2001; 

Sullivan, 1989; Thompson, 1984; Wilson & Ball, 1991; Wood, Cobb & Yackel, 1991).  

Ernest (1988, 1989) notes that a teacher�s beliefs about mathematics and its teaching and 

learning, along with the social context of the teaching situation and the teacher�s level of 

reflection, are the three most notable elements that influence the practice of teaching.  

Nespor (1987) argues that due to the episodic, unbounded nature of beliefs, they are well 

served to dealing with the ill-structured problems and entangled domains that teachers so 

often encounter.  Kagan (1992a) noted that preservice teachers� beliefs, images and prior 

experiences serve as a filter through which the teacher education program is viewed often 

altering information as it is learned.  Carpenter and Lubinski (1990) found that classroom 

strategies used to teach a subject are influence by teachers� attitudes which in turn 

influence pupil attitudes.   

However, the relationship between beliefs, attitudes and practices remains 

somewhat of an enigma.  While some argue that there is great consistency between 

beliefs and practice (Brendefur & Frykholm, 2000; Lerman, 1990; Thompson, 1984), 

others have found inconsistency between the two (Frykholm, 1999; Sullivan, 1989).  For 

example, Kesler�s study (as cited in Thompson, 1992) of four senior high mathematics 

teachers showed some variability in the consistency between teacher beliefs and 

practices.  The two study teachers whose beliefs about mathematics were more absolutist 

taught in a manner that was consistent with those beliefs.  However, the two teachers 

whose beliefs about mathematics were more multiplistic had behaviors that ranged from 
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authoritarian to inquiry-oriented.  Raymond (1993) found that of the six beginning 

teachers in her study, two had beliefs highly consistent with their practice; two had 

beliefs that were moderately consistent; and two had beliefs that had only modest levels 

of consistency with their practice.  Her findings indicated that when inconsistencies 

between pedagogical beliefs and practice occur, the teachers� practice tends to be more 

traditional that the teachers� professed beliefs.  She theorizes that this is partly due to the 

fact that the teachers� beliefs about the nature of mathematics, which were generally more 

traditional than their beliefs about mathematics pedagogy, served as a stronger influence 

on the teachers� practice.  This is consistent with Munby (1982) who suggested that when 

studies fail to show a relationship between teacher beliefs and practices, perhaps the 

instrument or the model was not well chosen.  He suggests that inconsistencies could 

show that different, more important beliefs are the cause.   

Some researchers have suggested that discrepancies between espoused beliefs and 

enacted beliefs are attributable to social context factors (e.g. student resistance, 

expectations from parents, peers and supervisors, the adopted curriculum, and pressure 

for speedy coverage of content due to standardized testing), the teacher�s level of 

consciousness of her beliefs, and the depth of the espoused beliefs (Ernest, 1988, 1989, 

1991; Raymond, 1993).  For example, Vacc and Bright (1999) found that the two student 

teachers, who reported more cognitively guided view of learning at the beginning of 

student teaching than when they started their teacher preparation program, showed only 

moderate consistency between their beliefs and practices.  Helen, whose cooperating 

teacher supported her use of cognitively guided principles, was found to have practices 

more consistent with her beliefs than Andrea, whose teacher did not encourage the use of 
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cognitively guided principles.  This suggests that while both teachers held cognitively 

guided views, the one whose cooperative teacher was more supportive of cognitively 

guided principles exhibited behaviors that were more consistent with her beliefs. 

Some research suggests that the relationship between beliefs and practice is linear 

with beliefs directly influencing practice (Raymond, Santos & Masingila, 1991, as cited 

in Emenaker, 1996).  Others have suggested that the relationship is linear with practice 

directly influencing beliefs (Guskey, 1986).  More recently, research (Benbow, 1995; 

Beswick, 2005; Cobb et al., 1991; Raymond, 1993) suggests that the relationship between 

beliefs and practice is more interactive with beliefs and practice influencing each other.  

Raymond (1993) developed a model to describe the relationship between beliefs and 

practice.  At the center of her model, mathematics beliefs and mathematics teaching 

practice have a strong, symbiotic relationship.  However, the findings of her work with 

beginning elementary teachers indicates that other factors, such as social teaching norms, 

actual classroom teaching practices, and the immediate classroom situation, also strongly 

influence practices diluting the strength of the relationship between beliefs and practices. 

Ajzen and Fishbein (1980) suggest that a relationship exists between beliefs, 

attitudes, and practice.  Their theory, called the theory of reasoned action, is based on the 

assumption that human beings are generally rational and that they make systematic use of 

the information available to them.  They argue that, as a result, people consider the 

implications of their choices before deciding which behaviors to engage in or not engage 

in.  Thus, in order to determine the likelihood of a person deciding to perform or not 

perform a given behavior, one must decide the person�s intention to perform or not 

perform.  Recall that intention describes the conation component of attitude.  It is this 
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intention which is the immediate determinant of the action.  So for example, if the 

behavior in question is teaching in a student centered manner, the immediate determinant 

of behavior would be whether or not the individual intended to teach in this manner. 

Ajzen and Fishbein note that a person�s intention consists of two basic 

determinants, one which is personal in nature and the other which reflects social 

influence.  An individual�s positive or negative evaluation of performing the behavior is 

the personal factor; it is called attitude toward the behavior.  This refers to an 

individual�s judgment about whether performing the behavior is good or bad.  Thus, in 

the example of teaching in a student-centered manner, the individual�s attitude toward 

teaching this way � whether she felt good or bad about teaching in a student-centered 

manner � is the attitude toward the behavior.  The second determinant of intention is the 

person�s perception of the social pressures to perform or not perform the behavior; this is 

called the subjective norm.  Thus, determining if important individuals think that the 

individual should or shouldn�t teach in a student-centered manner is the subjective norm 

in this teaching example.  In this case, it becomes obvious why, when some teachers 

receive pressure from students, parents, peers or administrators to teach in a teacher-

centered manner instead of in a student-centered manner, the behavior becomes less 

likely.  While both determinants play a role, negative social pressure influences the 

likelihood of the behavior becoming realized.  

As mentioned earlier, an attitude is an individual�s favorable or unfavorable 

evaluations of an object and beliefs are the information he has about the object (Ajzen & 

Fishbein, 1980).  Hence, attitudes are a function of beliefs.  This implies that an 

individual who believes that performing a certain behavior with lead to positive results 
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will generally hold positive attitudes about performing the behavior.  Thus, an individual 

who believes that teaching in a student-centered manner will have positive results 

(increased student achievement, higher levels of student motivation, etc.) will have 

positive attitudes toward it.  The opposite can be said about individuals who believe that 

performing a certain behavior will lead to negative results (e.g. more work, arguments 

from the students about new expectations, complaints from parents and administrators 

about the pace of instruction, etc.).  The beliefs that underlie the individual�s attitude 

toward the behavior are called behavior beliefs.  Similarly, there are beliefs that underlie 

the subjective norms.  These are the individual�s beliefs about whether individuals or 

groups think that he or she should or should not perform the behavior; they are called 

normative beliefs.  In the example of the teacher who is considering teaching in a student-

centered manner, the teacher could hold beliefs that administrators want teachers to use a 

teacher-centered model for teaching due to coverage issues related to standardized 

testing.  Hence, the teacher would believe that she will feel social pressure not to teach in 

a student-centered manner.  Finally, if the behavior was actually performed, the 

consequences of the behavior provide feedback to the individual influencing their 

behavior and normative beliefs (See Figure 2.1).  

This model strongly suggests that if the beliefs and attitudes of in-service and 

preservice teachers can be changed so that they are more aligned with the views of the 

reform movement in mathematics education � in other words, so that they believe that 

mathematics is a dynamic, socially-constructed body of knowledge that is subject to 

change and revision; that mathematics teaching should encourage sense making of the 

content by engaging in the solution of worthwhile mathematical tasks and discourse in a 
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safe, yet challenging environment; that student learning occurs when students construct 

their own understanding of mathematical concepts � then they would be more likely to 

adjust their teaching practices so that they mirror this vision.  Obviously, social pressures 

and the teachers� normative beliefs would still play an important role in influencing their 

actual teaching practice.  However, changing their personal beliefs and attitudes about the 

nature, teaching and learning of mathematics is an important first step. 

________________________________________________________________________ 

 

______________________________________________________________________________________ 

Yet the process of teacher change is notoriously difficult.  A common complaint 

of teacher in-service programs, which are often used as change agents, is that they are 

frequently unsuccessful in changing teachers� practices. These in-service programs, 

which often provide lessons or strategies for teachers to try in their own classrooms, do 

little to address teachers� underlying beliefs and attitudes.  As a result, little change ever 

 
Figure 2.1. Factors Determining a Person�s Behavior � Ajzen & Fishbein, 1980, p.8
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occurs.  Guskey (1986) notes that even in-service programs whose focus is on changing 

teachers� beliefs about different aspects of teaching or about a particular curriculum are 

often subject to failure.  He suggests that part of the reason for this is that developers do 

not take the process of teacher change into account.  

Several researchers have suggested conditions that must be in place for change to 

occur.  Etchberger and Shaw (1992) synthesized the work of Shaw, Davis, Sidani-Tabbaa 

and McCarthy (1990) and Tobin and Jakubowski (1992) and suggested that there are six 

interrelated requisites that must be present before change can occur.  First, teachers must 

feel a sense of dissatisfaction with the way things are.  This dissatisfaction could come in 

the form of feeling unhappy with their present teaching methods or unsatisfied with their 

students understanding.  For preservice teachers, it could be feeling dissatisfied with prior 

learning experiences or the model observed in field experiences.  The second requisite is 

that there needs to be an awareness of a need to change.  Etchberger and Shaw state that 

this occurs when a teacher realizes that in order for things to improve a change must 

occur.  The third requisite for teacher change is a commitment to change.  This requires a 

decision to move beyond just being aware of a need to change into a state of action.  

Fourth, teachers must have a vision of what the change will entail.  This could be as 

simple as realizing that the arrangement of the classroom must switch from rows of desks 

to cluster or as complex as envisioning the types of discourse that will have to occur.  The 

fifth requisite is projecting themselves and their class into that vision.  Finally, teachers 

must become more reflective on their actions so that they consistently evaluate their 

current practices and challenge the customs of the educational system. 
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The work of Posner et al. (1982), Hewson and Hewson (1984), and Hewson 

(1992) in science education has lead to the development of a model of conceptual change 

called CCM using the Piagetian concepts of assimilation and accommodation to explain 

how conceptions may be altered.  While this body of literature deals with conceptual 

change, it lends itself well to describing the process of changing beliefs (Pajares, 1992).  

Assimilation refers to the incorporation of new beliefs into the existing belief structure; 

accommodation occurs when new beliefs cannot be assimilated and hence existing beliefs 

must be replaced or reorganized.  Accommodation requires significantly more effort on 

the part of the learner as it requires a more radical change in the individual�s belief 

structure.  Because of this, significant changes in beliefs happen infrequently.  

With regards to changing beliefs, Hewson (1992) notes that when a �new [belief] 

conflicts with existing [beliefs], then it cannot become plausible or fruitful until the 

learner becomes dissatisfied [emphasis original] with the old [beliefs].  In that event, 

learning requires that existing [beliefs] be restructured or even exchanged for the new� 

(Hewson, 1992, pp. 8-9).  In order for change to occur, Posner et al. (1982) note that 

several factors must be in place.  First, the individual must be aware that a conflict exists 

between existing beliefs and new ones.  Second, the individual must see a need to 

incorporate the new belief into the existing structure.  Third, the individual must want to 

reduce the number of inconsistencies within the structure.  Fourth, the individual must 

have tried to assimilate the belief into the existing structure and have been unsuccessful. 

Beswick (2006) has identified five characteristics of programs that have been 

successful in changing preservice teachers� beliefs.  First, many programs that were 

successful in prompting teachers to change had participants engage in doing 
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mathematical activities.  Many preservice teachers have never engaged in the type of 

mathematical problem solving envisioned by the reform movement.  The beliefs they 

hold about mathematics as a discipline were formed based on their prior experiences 

where mathematics was portrayed as static and rule-bound.  Changing those beliefs 

requires a new image of mathematics.  Second, successful programs encouraged an 

awareness of and reflection on personal beliefs.  Third, these programs encouraged 

preservice teachers to reflect on their practice teaching.  Fourth, collaborative group work 

was encouraged.  Finally, these programs provided alternate models for mathematics 

teaching.  Just as preservice teachers need new images of mathematics as a discipline, so 

too do they need new images of teaching mathematic.  Allowing preservice teachers to 

experience learning in a classroom where the teacher�s role is not authority-figure or 

dispenser-of-knowledge provides alternate images that can be used as they begin 

teaching.  Kagan (1992a) adds to this list through the findings of her meta-analysis of 

learning-to-teach studies.  She noted that preservice teachers who had extended 

opportunities to work with students examining their thinking and learning experienced a 

restructuring of their beliefs and images of teaching and learning. 

Research on Preservice Teacher Change 

 Several studies have examined the effect of content, methods or combined 

content/methods courses designed for the purpose of changing preservice elementary 

teachers� beliefs about the nature, teaching and learning of mathematics. Schram, Wilcox, 

Lanier, & Lappan (1988) examined the beliefs of preservice teachers enrolled in the first 

of a series of three mathematics content courses with a broad goal of examining what 

factors inhibited teachers from implementing a conceptual approach to mathematics 
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teaching.  The authors hoped to change the preservice teachers� beliefs about 

mathematics, mathematics learning and mathematics teaching as a result of their 

participation in the course.  A heavy emphasis was placed on problem solving of non-

routine problems, conjecturing, and providing convincing arguments about the validity of 

possible solutions.   

Schram et al. (1988) note that at the outset of the course, the students in the study 

held very traditional views of mathematics.  By the end of the course, however, most of 

the preservice teachers were questioning this view and were beginning to value a 

conceptual understanding of mathematics.  They began to appreciate problem situations 

used to explore mathematical ideas, group work used to investigate the problems, and 

opportunities to discuss ideas with classmates to improve their understanding of the 

content.  Interestingly, the traditional beliefs about elementary mathematics that they held 

prior to the course remained fairly intact.  At the end of the course, roughly half of the 

students still viewed elementary mathematics as hierarchically ordered and associated it 

with the basics, i.e. number facts and whole number operations.  Many continued to hold 

the belief that problem solving at the elementary school level should be pursued only 

after the basics had been mastered.  Several students still questioned the use of group 

work in their future classrooms citing concerns about lack of time and the need for 

students to do their own work.   

Benbow (1993) also examined beliefs of preservice elementary school teachers 

before and after participation in a two-semester series of integrated content/methods 

courses involving small group work, problem solving, use of manipulatives, evaluation of 

classroom practice through video presentation, field experiences, and personal teaching 



 59

experiences.  Three belief questionnaires were administered at the beginning of the first 

course and again at the end of the second course.  The constructs measured by these 

questionnaires included perceptions about mathematics and school practice, views of 

school mathematics, personal mathematics teaching efficacy, the usefulness of 

mathematics, the reasonableness of discovering mathematical concepts, the importance of 

memorization in mathematics, and the amount of time that should be spent on solving a 

mathematics problem. The pretest responses indicate that initially preservice teachers 

held beliefs of mathematics that were restricted.  They viewed mathematics as facts and 

procedures to be memorized that must be applied in one correct way to arrive at the one 

correct answer.   

Benbow (1993) reported that significant changes were seen in preservice teachers� 

beliefs about the nature of mathematics and how it is learned, personal teaching efficacy, 

the importance of word problems in mathematics and the use of step-by-step procedures 

in solving mathematics problems.  By the end of the second semester, students were more 

likely to believe that true math problems can be solved by common sense and reasoning 

rather than through school-learned rules, and that mathematics allows one to be creative 

and discover things on one�s own. However, most other belief structures remained fairly 

consistent over this time period.   

In her work with preservice elementary school teachers in a math methods course, 

Steele (1994) used a constructivist approach to teaching to provide her students with the 

opportunity to think mathematically and to understand the nature of mathematics.  

Knowing that these prospective teachers would most likely come to her class with images 

of teaching as the transmission of knowledge learned through drill and practice and 
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memorization, she attempted to change these images by presenting other approaches to 

teaching and learning.  Using principles from Cognitively Guided Instruction developed 

at University of Wisconsin (Carpenter & Fennema, 1991) and Professional Standards for 

School Mathematics (NCTM, 1991), Steele set out to help her preservice teachers 

understand children�s thinking about mathematics and to �emphasize the teachers� role in 

creating a classroom environment in which students learn to think mathematically� 

(Steele, 1994, p.4).  Using mathematical inquiry, investigation through problem solving 

in cooperative groups, whole class discussions, reading assignments that addressed 

constructivist learning and teaching, student assessment interviews, and construction of 

alternate algorithms, the researcher attempted to change the preservice teachers� 

conceptions of mathematics.  She found that over the course of the semester, all students 

in her class moved toward a more constructivist view of teaching and learning 

mathematics. 

Emenaker (1996) examined the beliefs of preservice elementary school teachers 

enrolled in a non-traditional mathematics course in which content is taught via a 

problem-solving approach.  Participants completed a survey that examined their beliefs 

about mathematics and themselves as doers of mathematics.  This survey included Likert-

style items as well as several open-ended questions relating to the usefulness of 

mathematics, the importance of memorization in mathematics, the reasonableness of 

expecting people to discover some mathematics on their own, and the amount of time that 

should be spent on a mathematics problem.  The survey was administered twice during 

the semester: once in January and again in April.  Additionally, nine preservice teachers 

who completed the course were interviewed to gain further insight into changes and 
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beliefs and level of confidence that resulted from participation in the course.  Results 

indicate positive shifts on all belief scales with significance achieved on all but one of the 

scales.  Additionally, analysis of the data according to level of achievement indicated that 

high-achieving preservice teachers were more strongly influenced by the course than 

low-achieving preservice teachers.  The interviews led to the identification of two 

important facets of the course: the first was group work, and the second was regularly 

working with problems that conflicted with students� existing beliefs. These 

characteristics credited with leading to the preservice teachers� changed beliefs are 

consistent with those found by Beswick (2006).  

In her work with the Urban Alternative Preparation Program (UAPP), a program 

for individuals holding a non-education undergraduate degree that are interested in 

teaching in an urban setting, Hart (2002) examined the beliefs of 14 program participants.  

Upon entering the program, the individuals completed a 30-item Mathematics Belief 

Instrument (MBI), an instrument that measures how consistent an individual�s beliefs are 

with those espoused by the NCTM�s Curriculum and Evaluation Standard; teachers� 

beliefs about teaching and learning mathematics; and self efficacy.  During their 

coursework, which involved 12 semester hours of integrated mathematics content and 

methods, participants had the opportunity to learn mathematics in a constructivist 

environment.  Their fieldwork and student teaching experience provided opportunities to 

plan and teach lessons that embraced constructivist learning.  Participants were required 

to keep weekly logs in which they analyzed their experiences teaching mathematics.  

After completing their student teaching experience, participants again completed the 

MBI.  The researcher found that while the participants were more traditional in their 
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beliefs about teaching and learning prior to their participation in the UAPP, their beliefs 

became somewhat more consistent with those espoused by NCTM�s Curriculum and 

Evaluation Standards at the completion of the experience.  

Szydlik, Szydlik and Benson (2003) examined the beliefs of preservice 

elementary teachers who participated in a mathematics content course on number 

systems.  The class encouraged participants to engage in authentic mathematical 

behaviors in an environment that supported the development of a classroom community 

of learners as described by Lampert (1988) in which relies on sense-making, socially 

negotiated meanings, and community autonomy.  The focus of the study was determining 

whether participating in the course encouraged individuals to view mathematics as a 

logical and consistent discipline and as something that can be figured out as opposed to 

something that is handed down by an authority.  Pre- and post-course data were gathered 

through surveys and individual interviews.  Results indicate that there was a significant 

shift in the beliefs preservice teachers held about the nature of mathematical activity at 

the end of the study in the direction of more autonomous beliefs. 

Spielman and Lloyd (2004) examined the effect of the design of a mathematics 

content course on preservice teachers� beliefs about teaching, learning and the use of 

textbooks.  One group of preservice teachers received mathematics instruction in a setting 

with external sources of authority, namely the text and the teacher.  The other group of 

students received instruction using innovative curriculum materials where the source of 

authority was internal, namely the individuals themselves and the classroom community.   

Both classes addressed the same content, but the style of instruction varied with 

instruction in the course relying on the textbook receiving more teacher-centered 
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instruction and the course relying on the innovative curriculum materials being more 

student-centered.  Pre- and post-course data for each class were gathered and compared.  

Findings indicate that the beliefs of participants at the end of the course generally 

corresponded to the philosophy of the course in which they participated.  Preservice 

teachers who received instruction that relied on the textbook indicated that they felt they 

had less authority in the classroom; that instructor was the most beneficial source of 

learning; and that it is more important for students to have opportunities to practice what 

they have been taught instead of opportunities to explore and investigate.  Preservice 

teachers who received instruction that relied on innovative curriculum materials felt they 

had more authority in the classroom; that other students were the most beneficial source 

of learning; that practice problems, examples and explanations in were less critical 

features in a mathematics text; that the amount of time devoted to teacher lecture and 

explanation should decrease; and that it is more important for students to have 

opportunities to explore and investigate instead of opportunities to practice what they had 

been taught.  These results highlight the significant role of mathematics courses in 

shaping preservice teachers� beliefs and imply that students who learn mathematics in a 

course that uses innovative curriculum materials and emphasizes student explorations are 

likely to develop beliefs that are more consistent with the goals of the reform.     

Lubinski and Otto (2004) examined a group of preservice elementary teachers� 

beliefs, attitudes and perceptions of what it means to teach and learn mathematics before 

and after completing a mathematics content course that was designed to provide 

experiences learning mathematics in an environment consistent with Principles and 

Standards (NCTM, 2000).  The intent of the course was on developing reasoning and 
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conceptual understandings of topics of elementary mathematics, and on altering 

preservice teachers� beliefs about the nature of mathematics.  Fewer topics1 were 

addressed, but to a greater depth.  Course teachers engaged class participants in 

mathematical discourse and encouraged them to judge the correctness of mathematical 

reasoning.  Data were collected using a five-item questionnaire and a post-course 

interview completed by all participants.  Findings indicate that the preservice teachers� 

beliefs, attitudes and perceptions of mathematics had been overall positively influenced 

by the course.  

Recently, Swars, Hart, Smith, Smith and Tolar (2007) examined the beliefs, 

teaching-efficacy and pedagogical content knowledge of 103 preservice elementary 

teachers as they progressed through four semesters of coursework including two methods 

courses, three field placements and one semester of student teaching.  Teaching of the 

methods courses was done by faculty members who all subscribe to a philosophy of 

teaching and learning consistent with the constructivist paradigm.  The focus of the 

coursework was on examining the Process Standards (NCTM, 2000) with course goals of 

developing:  

 

                                                        
1 One note of interest in this study is the deep coverage of fewer topics.  The mathematics 

curriculum in the United States has often been criticized for its tendency to be �an inch deep and a mile 
wide� and to spiral through the same topics year after year.  With so many topics covered in one year (and 
sometimes even in one lesson), only shallow coverage is given to important topics and concepts.  
International studies indicate that nations that outperform the United States in mathematics cover fewer 
topics to a greater depth allowing teachers to thoroughly address concepts the first time a topic is 
introduced, avoiding the need to re-teach topics year after year.  NCTM has addressed this problem in the 
elementary mathematics curriculum with their publication, Curriculum Focal Points (2006).  A similar 
observation was made several organizations associated with the mathematical preparation of elementary 
school teachers (AMATYC, AMS, MAA, NCTM & SIAM, 1994) when they noted that content courses for 
prospective elementary teachers often cover too many topics too rapidly.  The study by Lubinski and Otto 
(2004) represents an anomaly in the literature on teacher change in its handling of the content.            
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(a) beliefs consistent with the principles of the Principles and Standards;  
(b)  understanding of children�s thinking about important mathematics concepts;  

 (c)  abilities to create problem-solving learning environments for children that 
encourage discourse and understanding; and  

 (d) abilities and confidence as a life-long learner of mathematics (Swars et al.,   
p.328).   

 
Each methods class focused on the content and pedagogy for different grade bands with a 

concurrent fieldwork placement that corresponded in grades.    

Two Likert-style instruments were completed by each of the participants four 

times over the four semester period.  The first instrument measured teachers� beliefs 

about the relationship between skills and understanding (the curriculum scale), the role of 

the learner (the learner scale), and the role of the teacher (the teacher scale).  The second 

instrument measured individual preservice teacher�s beliefs about their capability to be an 

effective mathematics teacher (the efficacy scale), and the degree to which teachers 

believe that effective mathematics teaching encourages student learning regardless of 

external factors (the outcome expectancy scale). Additionally, an instrument designed to 

assess teachers� specialized content knowledge for teaching mathematics was 

administered at the end of the student teaching semester.  Results indicated that there was 

a significant increase in preservice teachers� scores on all scales. In addition to their 

beliefs becoming more cognitively-aligned over the four semesters, preservice teachers� 

efficacy increased significantly with the largest increase occurring during the student 

teaching experience.  This study highlights the benefits that preservice teachers 

experience as a result of extended exposure to students and their thought processes as 

they learn mathematics. 
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Learning Cycles 

Another study on changing preservice teachers� beliefs about the nature, teaching 

and learning of mathematics was performed by Martin Simon, a mathematics teacher 

educator, while teaching at Penn State University.  Simon worked on the Construction of 

Elementary Mathematics (CEM) Project whose goal was to align preservice teachers� 

beliefs with the constructivist theory of learning and help them develop practices that 

were consistent with that theory.  Preservice teachers involved in the project participated 

in a mathematics content course and a mathematics education course whose framework 

was based on the work of the Berkeley physicist, Robert Karplus.  Karplus designed a 

learning cycle to aid students in addressing their misconceptions about science concepts.  

Simon used this learning cycle to describe a framework for mathematics teacher 

education.  A history of and research on Karplus� Learning Cycle and Simon�s Learning 

Cycle framework are discussed at length below.      

Karplus� Learning Cycle 

Karplus et al. (1977) describe the three phases of Karplus� Learning Cycle: 

Exploration, Concept Introduction, and Concept Application.  In the Exploration phase, 

students encounter a problem situation with which they lack familiarity.  They explore 

new materials and new ideas with little assistance.  There are low expectations for 

specific accomplishments.  The purpose of this phase is to have students encounter 

questions that they cannot answer in their current reasoning patterns.  Through individual 

work and small group work with discussions, students become aware of their own ideas 

as well as the ideas and viewpoints of their peers.  Having not been completely successful 

accomplishing the goals of the problem situation, the students are now ready to begin the 
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process of �self-regulation,� or  �forming new reasoning patterns that integrate new 

concepts and/or resolve apparent contradictions perceived in the framework of old 

reasoning patterns� (Module 5, p. 6). 

The second phase, Concept Introduction, begins by introducing a new concept or 

principle that permits students to apply new reasoning patterns to their experiences.  This 

new material can be introduced in many ways including whole-group or teacher-led 

discussions, a reading from a text or other print material, a film, or other medium, but it 

should relate to the activities of the Exploration phase. 

The third phase of Karplus� Learning Cycle, Concept Application, allows students 

to apply the new concept and/or reasoning pattern to related examples.  This phase allows 

students to extend the range of applicability of the new concept and offers extra time and 

experiences for self regulation and stabilizing the new reasoning patterns.  Without 

opportunities to apply the new concept to varied situations, students may never move 

from the concrete examples used during its introduction to a more abstracted meaning, or 

they may fail to generalize it to other situations.  

Over the years, several modifications have been made to the learning cycle 

described above.  Some researchers have changed the names of some of the phases in an 

effort to clarify the purpose of each.  Others have added phases to better serve their own 

purposes.  For example, researchers in Australia have created a math-science (MS) 

Learning Cycle that involves five phases: (1) Finding Out About the Learner; (2) 

Exploring; (3) Getting the Idea; (4) Organizing the Idea; and (5) Applying the Idea.  

Phases Two, Three and Five mirror the three phases of Karplus� Learning Cycles.  Phase 

One was added to encourage teachers to take into account students� prior knowledge; 
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Phase Four was added to encourage students to process and structure their ideas as well 

as to be metacognitively aware of their actions, thoughts and options (Francis, Hill & 

Redden, 1991).  Regardless of the changes made to Karplus� Learning Cycle, phases 

progress from the concrete to the abstract and allow opportunities for students to apply 

their new knowledge.   

Research on the use and effectiveness of the Learning Cycle in science education 

is extensive.  Research on learning cycles and affective variables has shown, among other 

things, improved attitudes toward science (Davis, as cited in Lawson et al., 1989), better 

motivation (Allen, as cited in Lawson et al., 1989), higher levels of self-concept in 

intellect and school status (Malcolm, as cited in Lawson et al., 1989), and greater 

curiosity toward science (Hendricks, as cited in Lawson et al., 1989) over students taught 

using more traditional instruction.   

The use of Karplus� Learning Cycle and its impact on science achievement has 

also been studied by many researchers.   Generally, findings indicate improved process 

and content skills when comparing students receiving science instruction using Karplus� 

Learning Cycle to students receiving traditional instruction.  Research comparing science 

instruction using learning cycles to traditional instruction has found that students 

receiving science in instruction using learning cycles made greater gains in reasoning 

(Carlson, as cited in Lawson et al., 1989), were better able to understand the nature of 

science (Brown, Weber & Renner, as cited in Lawson et al., 1989), had better 

achievement in concepts that require concrete thought (Purser & Renner, as cited in 

Lawson et al., 1989) and in situations requiring application of content (Renner, Stafford, 

Coffia, Kellogg & Weber, as cited in Lawson et al., 1989), and were better at observing 
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classifying, measuring, experimenting, interpreting and predicting (Renner et al., as cited 

in Lawson et al., 1989) than students who received traditional instruction. 

Additional research on teachers using Karplus� Learning Cycle to teach science 

has shown many benefits.  Findings indicate that teachers trained to use learning cycles 

ask more higher order questions (Eaton, as cited in Lawson et al., 1989), had pupils with 

greater achievement in science processes (Eaton), had better attitudes toward science 

(Lawlor, as cited in Lawson et al., 1989), were more student-oriented (Simmons, as cited 

in Lawson et al., 1989), and spent more time teaching science (Kyle, as cited in Lawson 

et al., 1989) than teachers not trained to use learning cycles. 

More recently, Lindgren and Bleicher (2005) used Karplus� Learning Cycle to 

teach or review such concepts as characteristics of gases, density and convection to 

eighty-three preservice teachers enrolled in four sections in science methods course.  

Data were gathered on the study participants to determine how well they understood the 

learning cycle; any difficulties they encountered in learning to use it; the perceived 

benefits to teaching with the learning cycle; and the ways participants thought it might 

enhance the teaching and learning of science (Lindgren & Bleicher).  The authors found 

that at the end of the course that participants had a significantly higher understanding of 

the learning cycle than they did before the course.  More importantly, many preservice 

teachers experienced changing mindsets about how to teach moving away from more 

traditional approaches toward the use of learning cycles.  Changing mindsets seemed to 

depend somewhat on preservice teachers� attitudes toward and success in science.  Also 

noted is that multiple exposures of the learning cycle were required for the preservice 

teachers to come to appreciate this nontraditional format (Lindgren & Bleicher).   
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Additional research has been done with Karplus� Learning Cycle to determine 

whether the order of the phases affects learning outcomes; and whether all three phases 

are necessary.  With regards to the sequencing of phases, Lawson et al. (1989) note that 

moving from the Exploration phase to the Introduction phase is inductive in nature, and 

moving from the Introduction phase to the Exploration phase is deductive in nature.  

More so, they note that any cycle in which the Introduction phase is not first is inductive 

in nature, and any phase where the Introduction phase is first is deductive in nature.  

Hence the question of the sequencing of phases is reduced to the position of the 

Introduction phase within the cycle.   

Several research studies have been performed to determine the affects of the 

sequence of the phases on learning outcomes.  Renner, Abraham and Birnie�s work (as 

cited in Lawson et al., 1989) with physics students found that the sequence of phases is 

unimportant in achievement if all three phases are taught.  However, the students 

believed that the sequence of phases was important in their learning of physics and 

preferred the learning cycle sequence.  In their work with chemistry students, Abraham 

and Renner (as cited in Lawson et al.), found that when new concepts were being 

covered, all learners learned better with the learning cycle sequence, and preferred 

learning when the Introduction phase was not first.  Additionally, learners who were 

classified as being in Piaget�s concrete operational stage learned review concepts better in 

sequences where the Introduction phase was last; for learners who were classified as 

being in Piaget�s formal operational stage, learning review concepts was enhanced with 

sequences having the Introduction phase first (Abraham & Renner).  Lawson, et al. 

(1989) reference Lott (1983) to explain the differences in the findings.  They note that 
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inductive approaches to learning are more effective for intermediate students similar to 

the ones in the chemistry group; and instructional strategies are less important for more 

accomplished learners.   

Lawson et al. (1989) reported on the work of Abraham and Renner (1984) and 

Renner et al. (1983) in determining whether all three phases of the learning cycle are 

necessary.  Among the findings of their work are: in general, all three phases of a 

learning cycle are required for the best possible learning of concepts;  students prefer 

complete learning cycles; and students have negative feelings toward learning cycles with 

long, complex application phases.   

While several articles suggest using Karplus� Learning Cycle in teaching 

mathematics (Fleener, Westbrook & Rodgers, 1995; Juraschek, 1983; Stepans, 1984), 

only one study on the effectiveness of Karplus� Learning Cycle in mathematics education 

was found.  In a study on the effectiveness of Karplus� Learning Cycle on the problem 

solving abilities of students in an advanced high school mathematics course, Gamble 

(1994) found that student scores on chapter tests in chapters where Learning Cycles were 

used during instruction were higher than in previous years when traditional instruction 

was used, and male students tended to rate higher than female students on how well they 

liked the Learning Cycle approach.  However, there were no significant differences 

between the problem-solving scores on chapter tests when Learning Cycles were used as 

compared to chapter tests when traditional instruction was used. 

Simon�s Learning Cycle for Mathematics Teacher Education  

Simon (1994) used the Learning Cycle described above to develop a framework 

which can be applied to the mathematical education of in-service and preservice 
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elementary school teachers.  He notes that, in order for teachers to provide instruction 

which aligns with the current reform movement, teachers must develop: 

1. Knowledge of mathematics (conceptual and procedural knowledge); 
2. Knowledge about mathematics (understandings about the nature of the discipline 

- where it comes from, how it changes, and how truth is established; what it 
means to �know� and �do� mathematics, the relative centrality of different issues, 
as well as what is arbitrary or conventional versus what is necessary or logical); 

3. Useful and personally meaningful theories of mathematics learning; 
4. Knowledge of students� development of particular mathematical ideas; 
5. The ability to plan instruction of this nature; and 
6. The ability to interact effectively with students (i.e., listening, questioning, 

monitoring, and facilitating classroom discourse) (p. 72). 
 
Simon�s framework uses six interconnected iterations of the Learning Cycle to address 

each of these needs.   

 The first iteration, called Learning Cycle One, provides opportunities for 

preservice teachers to participate as students in mathematics instruction in a way that is 

consistent with the reform movement.  Preservice teachers explore a particular 

mathematical concept through an appropriately chosen problem situation, engage in 

discussions that will aid them in identifying the important idea, and apply and extend the 

new concept in a different context.   

 The preservice teachers� own experiences in Learning Cycle One serve as the 

exploration phase of Learning Cycle Two, in which the nature of mathematics is 

examined, and Learning Cycle Three, where the focus is on how people learn 

mathematics.  Preservice teachers use journals and discussions to reflect on the 

mathematical problem solving they engaged in during Learning Cycle One.  They 

confront the inconsistencies between their beliefs about what it means to do mathematics 

and how they learn mathematics and what they experienced during the first cycle.  As a 
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result, preservice teachers start to develop new ways of thinking about the nature of 

mathematics and how individuals learn mathematics.  The application phase for Learning 

Cycle Two is embedded in the exploration phases of Learning Cycles Three, Four, Five 

and Six, and similarly, the application phase for Learning Cycle Three is incorporated in 

Learning Cycles Four, Five and Six.  Additionally, knowledge about mathematics 

developed in Learning Cycle Two, and theories of mathematics learning developed in 

Learning Cycle Three become part of any further experiences learning mathematics 

content, i.e. what one understands about the nature of mathematics and learning 

mathematics affects the content that is learned. 

 In Learning Cycle Four, preservice teachers develop an understanding of how 

students learn specific mathematical content as well as gain insight into their sense 

making behaviors.  This differs from Learning Cycle Three in that the previous cycle 

helped develop a general theory of learning.  The exploration phase consist of preservice 

teachers examining, investigating and performing interviews with one student or pairs of 

students, as well as focusing on students� mathematical activities in the classroom 

through observations.  Again, reflection on and discussions about student interviews and 

classroom observations serve as a way to identify important concepts and ideas about 

students� learning of and sense making behaviors in a specific realm.  Preservice 

teachers� work in Learning Cycle Three contributes to their work in the fourth cycle 

because their understanding of students� thinking about certain mathematical content is 

affected by their developing theories of mathematical learning.  Similarly, the ideas and 

beliefs developed in Learning Cycle Four on students� mathematical thinking will 

contribute to preservice teachers� understanding of mathematics learning in general.   
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 In Learning Cycles Five, preservice teachers examine what goes into the planning 

of effective mathematics instruction.  It serves as an application of each of the previous 

four learning cycles.  During Learning Cycle Five, preservice teachers need to use, 

among other things, their knowledge of mathematics, their theories of mathematics 

learning, and their understandings of student development.   During the exploration 

phase, preservice teachers engage in instructional planning with their peers in their 

education class.  Reflecting on the process of planning allows for identification of the 

important principles of instructional planning. 

 Learning Cycle Six encourages teachers to examine the aspects of teaching that 

cause them to interact with students such as listening to and questioning students, 

facilitating discussions in the classroom and monitoring student learning.  The 

exploration phase of this cycle comes primarily in the form of teaching episodes 

performed by the preservice teachers during either their practicum or student teaching 

experiences, but can also be developed partially by viewing the teaching of others.  By 

reflecting on these experiences in a journal, with a supervisor or with peers in an 

education course, preservice teachers can make sense of and identify important aspects of 

their interactions. 

This six-cycled framework was used by Simon and his colleagues in their work 

on the Educational Leaders in Mathematics (ELM) Project with in-service teachers 

(Simon & Schifter, 1991, 1993) and on the Construction of Elementary Mathematics 

(CEM) Project with preservice elementary teachers (Simon, 1994, 1995; Simon & 

Blume, 1994, 1996).  The goal of each project was to encourage teachers to develop a 

constructivist view of mathematics learning and instructional practices that were 
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consistent with that view (Simon & Schifter, 1993).  In each project, in-service and 

preservice teachers actively engaged in the construct of powerful mathematical ideas 

through the use of non-routine problems in an environment where �construction of 

meaning was valued, encouraged, and directly planned for� (Simon & Schifter, 1991, 

p.313).  Through the use of facilitated group discussions, their ideas about the teaching of 

mathematics were examined.  Video-taped and live one-on-one interviews with students 

fueled discussions about learners� understandings and misconceptions.  Teachers worked 

on planning instruction that encouraged students� construction of mathematical concepts.  

The in-service teacher program consisted of an intense two-week summer 

institute, classroom follow-up throughout the school year, and, for interested teachers, an 

advanced institute and in-service leader apprenticeship programs.  Preservice teachers 

who were involved in the CEM project participated in a mathematics content course, a 

course on mathematics learning and teaching, a 5-week pre-student teaching practicum, 

and a 15-week student teaching practicum. 

Simon (1995), the instructor for the CEM project, provides a thorough and 

descriptive account of his decision making as he attempted to establish an environment in 

the CEM mathematics content-course classroom in which students� construction of 

powerful mathematics was fostered and supported.  He describes his roles in this 

classroom as facilitating the construction of taken-as-shared knowledge in the classroom 

(Cobb, Wood, & Yackel, 1993); embedding the mathematical ideas to be taught into 

contexts which are personally meaningful to the students (Ball, 1993); and selecting 

problems that have �the potential to expose a wide range of students� thinking about the 

given topic and would have the capacity to engage all of the students in the class in 
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making and testing mathematical hypotheses� (Lampert, 1990, p.39).  It is through 

Simon�s writing that one is able to see his interactions with students and how fully he 

embraces the constructivist theory.       

Results from the ELM project indicate that the participating teachers were 

impacted positively as a result of their involvement in the study.  After the two-week 

summer institute, teachers were reporting changes in how they viewed learning and 

teaching.  Some of the reported changes were developing a more critical perspective of 

their past teaching practices; feeling more empowered and less anxious about 

mathematics; noticing the effect the learning environment had on their willingness to take 

risks; noticing the effectiveness of some of the teaching strategies they were using like 

the use of manipulatives and group work; and developing new theories of how students 

learn mathematics.  Also reported was a feeling of �having one foot in each world� in the 

sense that while they could see the value of having students develop their own 

mathematical ideas, they still were unable to view their own learning in the same way 

(Simon & Shifter, 1991).  The researchers suggested that the reason for this view is that 

these teachers may be viewing student discovery as a teaching style that is not grounded 

in a view of learning. 

The changes these in-service teachers experienced continued after receiving 

classroom support. After a year of applying the ideas that were developed during the 

summer institute, many teachers reported that they were integrating the strategies they 

had learned; listening to their students more and focusing on the students� ideas and 

understandings; becoming more committed to the development of understanding and 

thinking; developing a new view of learning in which students were more active and 
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responsible; enjoying teaching mathematics more and were more comfortable with 

mathematics; and planning to learn more about the theories and practices that were a part 

of the ELM project (Simon & Schifter, 1991).  

Literature on the CEM project indicates mixed results in aligning preservice 

teachers� beliefs with a constructivist view of learning and in developing instructional 

practices that were consistent with that view.  Through a series of cases, Simon and his 

colleagues (Simon, 1991; Simon & Brobeck, 1993; Simon & Mazza, 1993) describe 

some of the struggles that preservice teachers experienced as they attempted to make the 

change from more traditional beliefs about teaching and learning to beliefs that support a 

constructivist view of learning. 

Simon (1991) describes a hypothetical pedagogical task used to assess preservice 

teachers� pedagogical beliefs.  Individuals were asked to consider the following task at 

the completion of a 10-week mathematics education course and respond in writing. 

Imagine that you are teaching multiplication of fractions.  One of your students raises his 
hand and says, �I am very confused.  This doesn�t make sense.  The answers I am getting 
are smaller than one of the numbers I started with!  What am I doing wrong?�  He shows 
you the following example that he has done. 

2
11

3
2

4
12 =×  

What would you as a teacher do?  Identify what you would say/do in response to this 
question.  Include all teaching behaviors that would be stimulated by this interaction.   
(pp.271-272) 

  

The response of one representative student, Sara, is provided.  Sara�s response 

demonstrated a divergence from the traditional �teacher as teller� approach.  Simon notes 

that she showed a commitment to helping the student understand; made use of concrete 

and diagrammatic representations; and posed questions to the student more than 

providing him with information.  He also notes that Sara�s strategy seems to indicate that 
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she is aware that the failure to understand a problem is often the result of having 

insufficient knowledge of more basic concepts and that understanding must be built on 

the student�s prior knowledge.   

However, where Sara fails to fully embrace constructivist thoughts on learning is 

in the use of her own thought processes, not the student�s, in guiding the sequence of 

instruction.  Simon (1991) notes that when Sara leads the student through a series of steps 

to arrive at the solution, she forces him to follow her own thought process instead of 

allowing him to rely on his own ideas.  The series of questions that Sara asks as she 

guides the student to the solution require short responses, differing from the constructivist 

perspective of using problematic situations to encourage the student to �marshall [sic] his 

resources and reorganize his knowledge� (Simon, 1991, p.273). 

Simon (1991) noted three factors that appeared to limit the solutions that the 

preservice teachers were able to provide to the hypothetical pedagogical task at the end of 

their 10-week mathematics education course.  First, the preservice teachers were unable 

to focus on the mathematical knowledge that would resolve the student�s confusion.  

While many of them used multiple representations or encouraged students to develop 

patterns to �prove� that as one factor decreases so does the product, none of the strategies 

they chose explain why the product should be smaller than one of the factors.  Simon 

conjectures that the reason for this is that most of the preservice teachers� prior 

experiences with mathematics focused on procedural explanations; their lack of 

experience with conceptual questions leaves them unaware of what constitutes an 

appropriate answer.  This conjecture is corroborated by Grossman, Wilson & Shulman 
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(1989) who found that teachers who have conceptual understandings of a given content 

area tend to emphasize conceptual explanations.   

The second factor limiting preservice teachers� responses was their inability to 

take themselves out of their own mind and into the mind of the student.  A third factor 

was their inability to view the development of understanding as a process that relies on an 

individual�s construction of ideas brought on by a problem situation.  Simon (1991) notes 

that this revealed itself in instances when instruction began at a very basic level without 

evidence that work at such level was needed and when instruction followed the teacher�s 

thought process instead of the student�s.  

 The case of Toni described in Simon and Mazza (1993) shows her progression 

through the mathematics content course, mathematics education course, and student 

teaching.  Toni experienced growth in her understanding and confidence in mathematics, 

and entered student teaching with a desire to teach in a non-traditional, more 

constructivist manner.  While Toni was able to use a set of teaching behaviors that she 

believed would result in learning, such as the use of manipulatives, posing real-world 

problems, using multiple learning formats, and questioning instead of telling, her lack of 

a developed theory of mathematics learning left her unable to evaluate situations in which 

her �teaching-without-telling� approach was not working (Simon & Mazza, p.6).  Simon 

and Mazza note that Toni�s focus was on teacher behaviors, not students� thinking or the 

knowledge and thinking that inform seasoned teachers in their decision making.  

   Georgia�s case (Simon & Brobeck, 1993) shows a preservice teacher who, 

although having poor prior experiences in mathematics and a desire to teach differently 

than she was taught, still clung tightly to traditional beliefs about the nature, teaching and 
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learning of mathematics.  These beliefs severely impacted her achievement and 

participation during much of the mathematics content course where she was very 

outspoken in sharing her disapproval of the course.  She complained about the lack of 

praise, lack of direction in solving problems, and the length of time required to complete 

each task.  When her resistance to the class norms proved unsuccessful, Georgia decided 

to try compliance in an effort to beat the instructor at his own game.  While her 

weaknesses in mathematics still proved problematic, she began to experience a sense of 

achievement which resulted in her �buying in� to the instructional approach. Georgia�s 

views about teaching and learning began to change favoring students� construction of 

knowledge.   

Simon and Brobeck (1993) note that Georgia�s story points to important 

developmental themes on the mathematical preparation of preservice elementary 

teachers.  First, preservice teachers� traditional expectations must be loosened.  Second, 

they must renegotiate classroom social norms, moving away from teacher-as-teller and 

student-as-receiver to one in which student and teacher are co-creators of rich and 

conceptual mathematical ideas.  Third, they must develop a sense of self-efficacy in 

creating mathematics.  Simon and Brobeck state that because of the importance of these 

components in preparing preservice teachers to carry out envisioned reforms and the 

emotional upheaval that is experienced by preservice teachers as they make these 

changes, teacher education programs must adequately plan for encouraging these 

transformations.  

Levy (2005) notes that three goals that need to be addressed during preservice 

teacher education are (1) challenging beliefs about teaching and learning; (2) enhancing 
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conceptual mathematical knowledge; and (3) developing pedagogical content knowledge 

to support reform oriented teaching practice.  As noted in Simon (1991), and evidenced in 

the research on the CEM and ELM projects, it is much easier to teach in-service and 

preservice teachers new teaching strategies than it is to encourage new models of student 

learning.  However, Cobb, Wood and Yackel (1990), Benbow (1995), and Beswick 

(2005) all note that beliefs and practice develop together.  Perhaps changing preservice 

teachers� practice, while not the desired goal of these projects, will in time lead to the 

development of personal theories of learning that are more consistent with the 

constructivist theory.        

Theoretical Framework 

Constructivism 

Constructivism, the now widely accepted epistemology and theory of learning, 

posits that knowledge is actively constructed by the learner.  Traditionally, learning has 

been viewed as a quest for �truth�, the acquiring of knowledge that reflects a singular 

reality (Doolittle & Hicks, 2003).  But the paradigm shift that began roughly 60 years ago 

has led to changing views of knowledge and learning.  Fosnot (2005) states that 

constructivism describes knowledge  

not truths to be transmitted or discovered, but as emergent, developmental, nonobjective, 
viable constructed explanations by humans engaged in meaning-making in cultural and 
social communities of discourse.  Learning from this perspective is viewed as a self-
regulatory process of struggling with the conflict between existing personal models of the 
world and discrepant new insights, constructing new representations and models of 
reality as a human meaning-making venture with culturally developed tools and symbols, 
and further negotiating such meaning through cooperative social activity, discourse and 
debate in communities of practice. (p. ix)    
 

From this and other descriptions of constructivism, Doolittle and Hicks (2003) 

note that this view of knowledge and learning is built on four primary philosophical 
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tenets.  First, knowledge is not passively accumulated; it is the result of active cognizing 

by the individual.  Second, cognition is an adaptive process that functions to make an 

individual�s cognition and behavior more viable given a particular environmental goal.  

Third, cognition organizes and makes sense of one�s experience, and is not a process to 

render an accurate representation of an external reality.  Finally, knowing has its roots in 

both biological/neurological construction and in social, cultural and language-based 

interactions.   

However, these four tenets allow for large amounts of variability in what lies 

behind what is called constructivism, with three main divisions � radical constructivism, 

social constructivism and cognitive constructivism (or information processing) � 

appearing frequently in the literature (Doolittle & Hicks, 2003).  Each division differs on 

their views of knowledge and the best way to facilitate its construction, as well as the 

subset of the four previously mentioned tenets to which they subscribe. While each 

theory credits the environment and the individual as agents in the construction of 

knowledge, the role each plays in the construction process differs (Doolittle & Hicks).   

Radical constructivism, which has been advanced by von Glasersfeld (1990), 

takes the position that �we as human beings have no access to an objective reality since 

we are constructing our version of it, while at the same time transforming it and 

ourselves� (Fosnot & Perry, 2005, p.23).  While subscribing to the first three tenets 

mentioned above, it de-emphasizes the role of the environment in knowledge 

construction.   Von Glasersfeld (1995) notes that social interaction is viewed as having 

some part in the construction of knowledge as it often causes an individual to rethink his 

or her ideas; but it is the rethinking, not the social interaction that is responsible for the 



 83

construction.  Recently, attention has been given to the process of developing shared 

meaning within a group process (Richardson, 2003). 

Cognitive constructivism, or information-processing, differs widely from radical 

constructivism.  Instead of viewing the individual as the key agent in the construction of 

knowledge, cognitive constructivists view the environment as the key agent.  This view 

embraces only the first two previously mentioned tenets.  Unlike radical constructivists 

(and the soon-to-be-discussed social constructivists), which view knowledge as 

subjective, cognitive constructivists believe that �one can come to know reality or truth as 

it exists external to the individual� (Doolittle & Hicks, 2003, p.80).  Some (Ernest, 1995; 

von Glasersfeld, 1984) argue that cognitive constructivist�s rejection of the third tenet 

�with its far-reaching epistemological consequences� (Ernest, 1995, cited in Doolittle & 

Hicks, p.81) indicates that it should not be included in discussions of constructivism.           

Social constructivism, which is derived from Vygotsky�s sociohistorical theory, 

can be seen as a sort of middle ground to the two extremes of radical and cognitive 

constructivism.  Social constructivism emphasizes the social nature of knowledge 

construction, and it embraces all four philosophical tenets.  While knowledge is still 

viewed as being actively constructed in the human mind (as in radical constructivism), 

social constructivism �focuses on how the development of that formal knowledge has 

been created or determined within power, economic, social and political forces� 

(Richardson, 2003, p.1625).  Bauersfield (1988) notes that 

learning is characterized by the subjective reconstruction of societal means and models 
through the negotiation of meaning in social interaction and in the course of related 
personal activities.  New knowledge, then, is constituted and arises in the social 
interaction of members of a social group (culture), whose accomplishments reproduce as 
well as transmute the culture (e.g., of the mathematical community, of teacher and 
students of a class, etc.).  The notion of �negotiation is the art of constructing new 
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meanings� (Brunner, 1986, p.149) goes beyond the limited psychological focus on 
dichotomous relations between student and subject matter, or between teacher and 
student�and opens the field for sociological interactionist perspectives respectively (cf. 
Mead, 1934; Mehan, 1975, 1979; Miller, 1986).  (p.39)     

 

While radical constructivism acknowledges the social aspect of knowledge construction 

within an �expert community� and that knowledge can take place within the classroom, 

the role that the environment plays is different from its role in social constructivism 

(Richardson, 2003).  Richardson notes that �while language and culture play important 

roles in [creating a shared set of understanding], the critical theory issues of status, 

ideology, politics and power are usually not considered in the [radical] approach to 

constructivism as they are in social constructivism� (p. 1625).  For a summary of the 

tenets supported by each, see Table 2.1 below.  For the study, the terms constructivism 

and social constructivism will be used instead of either radical constructivism or 

cognitive constructivism.  Constructivism will refer to one or both of the radical and 

social constructivist theories of learning and knowledge as described above, but not 

cognitive constructivism.  Social constructivism will be used to indicate a theory 

consistent with the description provided above.   The specific elements of social 

constructivism, such as the interactive role of the individual and the environment in 

knowledge construction and the subjective view of knowledge, are important aspects of 

this study.  Throughout the study, cited authors� intended meanings of any the various 

terms (social constructivism, radical constructivism, cognitive constructivism, or 

constructivism) can be determined by examining the original reference cited.  
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______________________________________________________________________________________  

Table 2.1. Constructivist Philosophies of Learning 

Radical Constructivism Social Constructivism Cognitive Constructivism 

 
Liberal 

 
Knowledge results from 

individual creation 

 
Moderate 

 
Knowledge results from 

interaction between  
individual and environment 

 
Conservative 

 
Knowledge results from  

sensory data  
obtained from environment 

 
No objective reality 

 
No objective reality 

 
Objective reality 

   
 
________________________________________________________________________    

Constructivist Pedagogy 

Constructivism as described above is a theory of knowledge and learning, not a 

philosophy of teaching.  As such, terms such as �constructivist teaching� and 

�constructivist pedagogy� are misnomers of sorts.  Researchers have been quick to point 

out that there is no �cookbook teaching style� or set of instructional techniques that can 

be derived from the literature on constructivism so as to define a constructivist model of 

teaching (Fosnot & Perry, 2005; Simon, 1995).  Bauersfield (1995) notes: 

The fundamentally constructive nature of human cognition and the processual emergence 
of themes, regularities, and norms for mathematizing across social interaction, bring the 
[psychological] and the social together, make it impossible to end up with a simple 
prescriptive summary for teaching.  There is no way toward an operationalization of the 
social constructivist perspective without destroying the perspective.  (as cited in Simon, 
1995, p.117) 

 
However, recent use of the term �constructivist pedagogy� has been appearing in the 

literature as some sort of image of the types of teaching that encourage knowledge 

construction in a way that is consistent with the constructivist theory is being developed 

(Simon, 1995; Richardson, 2003).   While no single description of constructivist 
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pedagogy can ever be provided, some general teaching principles can be derived from 

constructivism to provide some guidance as educational practices are reformed.  Fosnot 

and Perry (2005) provide four such principles.  

 First, Fosnot and Perry (2005) note that learning is not the result of development � 

it is development.  As such, it requires the learner to invent and self-organize.  An 

important result is that teachers need to allow learners opportunities to raise their own 

questions, generate hypotheses and models to explain concepts; test hypotheses and 

models for validity or viability; and defend and discuss them within communities of 

discourse.  When students have opportunities to participate in the process of forming and 

testing conjectures and discuss them within a community of learners, the students begin 

to accept the problem as their own which in turn encourages the exploration of powerful 

ideas. 

    A second important teaching principle described by Fosnot and Perry (2005) can 

be derived from the theory that disequilibrium facilitates learning.  As a result, �errors� 

need to be viewed as a result of learners� conceptions and should not be avoided or 

minimized.  It is important to use challenging, open-ended problems in realistic and 

meaningful contexts allowing learners to explore and generate both affirming and 

contradictory possibilities.  Particular emphasis should be placed on the investigation of 

contradictions.  The teacher plays an important role in the selection of tasks and being 

purposeful in confronting students� current understandings.  Prawat and Floden (1994) 

note that �an important aspect of the [teacher�s] role is to point out the cliffs and thickets 

� those aspects of the terrain that are most likely to impede the group�s progress.  In the 

classroom, this would involve probing the limits of students� understanding with difficult 
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cases or �entrapments� (i.e., questions that are designed to lure students into agreeing with 

certain erroneous ideas)� (p.40).  It is through this process of confronting prior 

understandings that old theories are challenged and revised leading to construction or 

reorganization of knowledge.  The goal is to encourage the construction of knowledge 

that is more in line with the knowledge and practices of a wider society.   

 A third teaching principle is derived from the belief that reflective abstraction is 

the driving force behind learning.  Fosnot and Perry (2005) note that because we are 

meaning makers, humans try to organize and generalize across experiences.  As a result, 

teachers need to provide reflection time in multiple formats.  Much support for this can 

be found in the literature.  For example, Polya�s five step process in problem solving has, 

as its last step, reflection on the solving of the current problem.  It is through reflection 

that general, more transferable knowledge can be gleaned from a situation (Bransford et 

al., 2000) and a greater awareness of the inconsistencies or weaknesses in one�s own 

knowledge can be examined.      

A final teaching principle is derived from the supposition that dialogue within a 

community encourages further thinking.  According to Fosnot (1989), the classroom 

needs to be seen as a �community of discourse engaged in activity, reflection, and 

conversation� (as cited in Fosnot & Perry, 2005, p.34).  The learners must defend, prove, 

justify and communicate their ideas to the classroom community.  These ideas are 

accepted as truth only when they make sense to the community � i.e., when they fit with 

their current understandings � and are then elevated to the level of �taken-as-shared.�  

For example, Cobb, Wood and Yackel (1993) describe the role of mathematical discourse 

in one second-grade mathematics class that subscribed to the constructivist view of 
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learning.  The teacher in this classroom shared the dual role of encouraging the 

development of social norms, in which expectations regarding the obligations participants 

(students and teacher) must fulfill in an ongoing dialogue were developed, and 

negotiating mathematical meaning in which discourse allowed the teacher and students 

move through difficult mathematical territory by sharing, testing and evaluating 

conjectures; exploring other views; and building upon one another�s ideas as they 

�collectively [constructed] mathematical ways of knowing� (Cobb et al., 1993, p.100).  A 

handful of other mathematics educators such as Deborah Ball (1993), Magdalene 

Lampert (1990) and Miriam Sherin and her colleagues (Sherin, Mendez & Louis, 2004) 

offer glimpses into their classrooms and the mathematical communities that have been 

established through the use of discourse.  

Throughout the study, the term �constructivist pedagogy� will be used to describe 

teaching that encourages students to engage in sense-making and construct knowledge, 

and as mentioned above, it does not indicate a single method of teaching.  While the four 

principles described by Fosnot and Perry (2005) will likely be part of that teaching, other 

principles could also appear as part of what constitutes constructivist pedagogy.  

When comparing Karplus� Learning Cycle, Simon�s Learning Cycle and 

Constructivist Pedagogy, it becomes apparent that they share many of the same features.  

Each encourages, among other things, knowledge construction instead of knowledge 

production; thoughtful reflection on experience; dialogue within the community to  

encourage further thinking; disequilibrium to facilitate learning; reflective abstraction as 

a driving force of learning; and building on students� prior knowledge.  While some 

differences do exist, they tend to be differences in origin and design, not in philosophy.  
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Hence, it could be argued that Simon�s Learning Cycles for Mathematics Teacher 

Education and Karplus� Learning Cycles represent instances of Constructivist Pedagogy 

(See Figure 2.2).  

Summary 

In summarizing the research related to the study, four bodies of literature were 

examined.  The first dealt with the reform movement in mathematics education, with an 

emphasis on the Standards documents produced by the NCTM (1989, 1991, 1995, 2000).  

This body of literature was used to establish the philosophy of the reform movement with 

regards to the nature of mathematics, the role of the mathematics teacher, and the role of 

the learner in the mathematics classroom.  In this view, mathematics is seen as a cultural 

product that is fallible, and as such, it is always open to revision and correction.  The role 

of the teacher is fourfold: to select worthwhile mathematical tasks; to engage students in 

mathematical discourse; to establish a safe and mathematically challenging learning 

environment; and to analyze the effects of their teaching to determine what students have 

learned.  The role of the learner in the mathematics classroom is to actively engage in 

sense-making through processes such as conjecturing and mathematical discourse.  This 

body of literature serves to not only establish the philosophy of the reform movement, but 

also to show the stark contrast between it and more traditional philosophies and practices 

within mathematics education.   

The second body of literature dealt with beliefs and attitudes and served to 

investigate the complex relationship between beliefs and attitudes and how these two 

factors can influence teaching practice.  The third area of literature dealt with teacher 

change with regards to beliefs.  In this section the researcher shared relevant literature on 
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previous attempts to align teacher beliefs with those of the reform movement.  Several 

factors found in the literature were cited as being successful at encouraging change, and 

their relationship to the current study was made.  Finally, the theoretical framework for 

the study including research on Learning Cycles and constructivism served to establish 

the potential of the Learning Cycles framework coupled with constructivist teaching 

methods in changing beliefs.   

The final collection was a large accumulation of writings that show the 

importance of beliefs in teaching and how those beliefs can be changed to align with 

reformist philosophies.  It highlighted a lack of studies focusing on using the Learning 

Cycles framework in general and in a combined mathematics content/methods course in 

particular.  As such, this review provides evidence and support needed to validate the 

research at hand. 
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Figure 2.2. Comparison of Constructivist Pedagogy, Simon�s Learning Cycles and 

Karplus� Learning Cycles 
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CHAPTER 3 

METHODOLOGY 

Research Design 

The purpose of this study was to determine whether a one-semester combined 

mathematics content/methods course using three iterations of the Learning Cycle in the 

topics of measurement, fractions, and geometry caused prospective elementary school 

teachers to confront their beliefs about the nature, teaching and learning of mathematics 

and as a result change their beliefs so that they were more aligned with those of the 

reform movement.  The research questions investigated in this study were: 

1.   Do preservice teachers who participate in the Learning Cycles course 

demonstrate greater changes to their beliefs about the nature of mathematics 

than preservice teachers who participate in a different mathematics 

content/methods course? 

2.   Do preservice teachers who participate in the Learning Cycles course 

demonstrate greater changes to their beliefs about the nature of mathematics 

teaching than preservice teachers who participate in a different mathematics 

content/methods course? 

3.   Do preservice teachers who participate in the Learning Cycles course 

demonstrate greater changes to their beliefs about the process of learning 

mathematics than preservice teachers who participate in a different 

mathematics content/methods course?  
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4.   Do attitudes toward mathematics influence the degree to which the preservice 

teachers� beliefs about the nature, teaching and learning of mathematics 

change throughout the semester? 

 This study used a mixed methodology to answer the above questions.  This study 

was quasi-experimental and used a pretest-posttest design with two convenience samples 

of preservice elementary teachers enrolled in two different sections of a mathematics 

methods course.  Qualitative data in the form of preservice teachers� written work and 

interviews were gathered from participants in the Learning Cycles course to enhance the 

quantitative data gathered and offer insights into the obtained results. 

Two surveys were administered during the semester.  One survey that measured 

beliefs about the nature, teaching and learning of mathematics was administered as a pre-

post measure.  A second survey used to determine the attitudes toward mathematics held 

by the preservice teachers in the Learning Cycles course and was also administered as a 

pre-post measure.  This information was obtained for each participant in this group to 

determine if this characteristic had any bearing on the degree to which an individual�s 

beliefs changed throughout the study.  

While additional quantitative data about the preservice teachers� changing beliefs 

could have been obtained and analyzed, results of surveys and questionnaires do not 

allow for individuals to share why their beliefs did or did not change after participation in 

the mathematics methods class or whether certain aspects of the course encouraged or 

discouraged change.  Hence, the use of quantitative data to measure changes in beliefs 

was supplemented with qualitative data gathered from the participants throughout the 

semester. 
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In order to understand what changes in beliefs, if any, took place during the 

semester and what factors affected these changes, it was important to gain an 

understanding of the thought processes that occurred in the preservice teachers� minds as 

they encountered mathematics, mathematics teaching, and mathematics learning in ways 

that were unfamiliar to them.  To gain this understanding, qualitative case studies were 

performed.  The beliefs of five preservice teachers enrolled in the Learning Cycles course 

were examined through multiple sources including semi-structured interviews, 

observations of preservice teachers teaching mathematics, and responses to journal 

entries and written assignments.  According to Creswell (1998) this is an appropriate 

methodology for the given study given that it is �an exploration of a �bounded system� or 

a case (or multiple cases) over time through detailed, in-depth data collection involving 

multiple sources of information rich in context� (p. 61).  Brookhart and Freeman (1992) 

and Munby (1982, 1984) indicate that qualitative studies are needed to gain insight when 

studying beliefs. 

Authorization of the Research Project and Informed Consent 

Prior to the beginning of the semester in which this study was conducted, the 

research protocol for the study was submitted to the Institutional Review Board (IRB) of 

Temple University as part of the process for approval to implementation.  This board, 

which is composed of administration and faculty, is authorized by the President of the 

University to monitor and regulate all University research involving human subjects.  

Informed consent to participate in this study was requested of each preservice 

teacher enrolled in the Learning Cycles course and the comparison course prior to 

implementing the study.  Additionally, permission to be audiotaped was requested of 
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each preservice teacher in the Learning Cycles group (see Appendix A for consent 

forms).  Preservice teachers could accept the invitation by signing a consent form that 

was distributed and discussed on the first day of class.  The consent forms contained an 

explanation of the study, their role in the study if they chose to participate, the risks and 

rewards surrounding the research, and their rights as a human subject including their right 

to withdrawal from the study at any point in time with no negative consequences. 

Participants 

The participants of this study were 42 preservice teachers enrolled in two sections 

of the course ME3141 entitled �Teaching Mathematics to Children: N-6� offered at a 

large, urban university in the mid-Atlantic region of the United States.  The university 

boasts enrollments of roughly 35,000 students on eight in-state locations as well as 

several international locations.  The sections involved in this study met at an in-state 

satellite campus located roughly 15 miles north of Main campus.  This campus is located 

in a suburban setting with roughly one tenth of the student population of Main campus.   

Five sections of ME3141 were taught during the fourteen-week semester of spring 

2008, the semester during which the study took place.  Three sections were offered on the 

main campus with two of the three sections meeting for one hour and twenty minutes 

twice a week and one section meeting for two hours and forty minutes once a week.  The 

remaining two sections, both taught at the satellite campus, served as the experimental 

and comparison courses for the study.  These sections both met for two hours and forty 

minutes one day a week.  The experimental course, listed as section 101 in the 

University�s Course Schedule, was chosen as the Learning Cycles version since the 

teacher-researcher was offered this section to teach.  The enrolled students self-selected 



 96

this section, but the section was not distinguished as being different from the other four 

sections being offered during the same semester in the Course Schedule provided by the 

University.  The comparison course, listed as section 102, was chosen because it met on 

the same satellite campus as the experimental course and was taught by a teacher who 

also had limited experience teaching the course.    

At the time of enrollment in the methods course, students must have advanced to 

candidacy within the academic program.  This requires, among other things, having 

completed a minimum of 48 credits with a minimum grade point average of 3.0, passing 

scores in all three sections (reading, writing and mathematics) of the Praxis I exam (the 

first part of the national teachers exam), and completing six credits of college-level 

mathematics.  Generally, students in the class are juniors or seniors with many preparing 

for student teaching within the year following the end of the course.     

The first of the two mathematics courses that most students take is Math 1011: 

College Math.  The description of the course in the Course Schedule is as follows: 

�Mathematical concepts and applications for a non-specialist.  Selected topics from areas 

such as finance, functions and models, exponential growth and decay, counting 

techniques, and probability and statistics.�  The second course, Math 1012: Elements of 

Mathematical Thought is described as follows: �Contemporary mathematical applications 

for a non-specialist.  Deals with the general areas of social choice, size and shape.  

Specific topics include voting systems, fair division and apportionment, game theory, 

growth and form, size of populations, measurement and geometric patterns.�  The 

majority of the sections offered each semester are taught by teaching assistants or faculty 

adjuncts. 
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Within the College of Education, roughly 70% of the students enrolled are female 

and 30% male.  Approximately 72% of the students are white/non-Hispanic, 13% are 

black/non-Hispanic, 3% are Hispanic, and 3% are Asian/Pacific Islander.  Less that 1% 

of students are American Indian or Alaskan Native, and less than 1% of students are 

foreign students.  The roughly 8% of students remaining classify themselves as 

Other/Unknown.  Elementary Education majors make up 44% of the undergraduate 

students in the College of Education.  

 Five preservice teachers were chosen to serve as case studies and were selected 

from the 27 preservice teachers enrolled in the Learning Cycles course, Section 101 of 

ME3141.  The researcher determined that collecting detailed information from five 

preservice teachers would provide a significant amount of data and paint a descriptive 

story of the beliefs held by preservice teachers at the final stages of their coursework.  

These individuals were chosen to represent differing beliefs about the nature, teaching 

and learning of mathematics.  One of the preservice teachers selected had beliefs that 

represented extremely traditional views of the nature, teaching and learning of 

mathematics.  That is, the individual was chosen because she viewed mathematics as a set 

of disconnected rules to be followed, the teacher as the dispenser of knowledge and 

learning as a process of repeated practice.  Three more were selected because they held 

fairly neutral beliefs about the nature, teaching, and learning of mathematics.  These 

individuals had beliefs that were neither strongly traditional nor strongly non-traditional.  

Finally, one preservice teacher was selected with non-traditional views of mathematics.  

This individual viewed mathematics in a way that was already fairly consistent with the 

views described by NCTM and other reform documents.  The preservice teachers that 
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were selected were chosen to represent differing attitudes toward mathematics with two 

having overall poor attitudes toward mathematics, two having overall neutral attitudes 

toward mathematics and one having overall positive attitudes toward mathematics. 

The teachers for the Learning Cycles course and the comparison course were both 

beginning teacher educators.  The teacher of the Learning Cycle course (who was also the 

researcher of this study) was a doctoral student at the University in which the research 

took place.  Her educational background included a Bachelor�s degree in secondary 

mathematics education; a Bachelor�s degree in mathematics; and a Master�s degree in 

mathematics.  She taught undergraduate mathematics for five years.  The spring 2008 

semester, during which this study took place, marked the third time that she taught 

ME3141.  The first time she taught the course, she used another teacher�s syllabus and 

assignments.  The second time, she taught the course similar to the Learning Cycles 

format described below.  The teacher for the comparison course had a Bachelor�s degree 

in Mathematics and a Master�s degree in Secondary Education.  He also had 5 years of 

mathematics teaching experience with 4 ½ years teaching in both a private and a public 

high school and one semester at a university.  The semester during which the study took 

place marked his first time teaching ME3141.    

Mathematics Content/Methods Course 

The course ME3141: Teaching Mathematics to Children: N-6 is one of eleven 

mandatory Teacher Certification Courses taken by elementary education majors at the 

University prior to their student teaching experience.  These eleven courses are taken 

only after an individual has advanced to candidacy and are more hands-on courses that 

show practical ways to teach specific subjects and content areas.  The Course Schedule, 
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provided each semester by the university, provides the following description of the 

course:  

The purpose of this course is to prepare prospective teachers to teach reform-based 
mathematics in elementary and middle school settings as suggested in the Principles and 
Standards for School Mathematics (NCTM, 2000). The objectives of the course include 
integration of math concepts and methods in order to focus on misconceptions in 
mathematics among preservice teachers as well as learning theories and standards-based 
instruction. The intent of the course is to enable students to enhance their mathematical 
skills and develop pedagogical knowledge. Furthermore, issues of equity and social 
justice will be discussed. Throughout the term, we will explore classroom materials, 
models, and technologies appropriate for teaching mathematics to all children, including 
those with learning disabilities. (Temple University, 2008a.)  

 
This 3-credit course is taken in conjunction with SE3151: Teaching Science to Children 

N-6 as part of a mathematics/science practicum.  In this practicum, the preservice 

teachers are placed in a local elementary school and spend one morning a week (roughly 

3 hours) working with an experienced teacher who has volunteered to serve in the role of 

cooperating teacher.  The preservice teachers have the opportunity to observe what goes 

on in an elementary school classroom, interact with the teacher and her students, and 

teach several mathematics and science lessons throughout the semester.  The aim of the 

practicum is to give preservice teachers access to theoretical information about teaching 

mathematics and science at the same time as they experience it in practice. 

 While individual instructors have the freedom to teach ME3141 in a style that is 

comfortable to them, the goals of the course remain the same regardless of the teacher.  

The course goals provided to the preservice teachers are: 

• To examine ones� assumptions, beliefs and values about elementary and middle 
school mathematics instruction; 

• To increase ones� theoretical knowledge and practical experience in the planning, 
teaching, and assessment of mathematics; 

• To broaden ones� repertoire of practical teaching strategies and activities; 
• To gain appreciation for the role of discourse in learning mathematics and explore 

ways to facilitate it in one�s classroom; 
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• To better understand the complexities of teaching diverse learners, including 
those with learning disabilities and second languages in order to implement 
different teaching strategies in multicultural classrooms; and 

• To become reflective about students, student learning, teaching beliefs, and 
instruction as they relate to the teaching of mathematics to all children. 

 
The content of the class varies with some instructors teaching parts of all chapters in an 

elementary mathematics methods book and others choosing to thoroughly cover a subset 

of them.  The goals of the Learning Cycle course differed from the goals of a typical 

section of ME3141 in that this course also included the following goals: 

• To increase ones� conceptual and procedural knowledge of mathematics; and  
• To increase ones� understanding about the nature of the discipline of mathematics. 

 
All other course goals remained the same.    

 The design of the Learning Cycle course examined in this study was based on the 

work of Robert Karplus, a physicist from Berkeley, and Simon (1994), professor of 

mathematics education at New York University.  Both describe learning cycles that can 

be used in instruction.  Karplus� learning cycles in science education were developed 

with the goal of creating �a learning experience that achieves a secure connection 

between the pupil�s intuitive attitudes and the concepts of the modern scientific point of 

view� (Lawson, Abraham, & Renner, 1989, p. 7).   His three-phased cycle involves 

opportunities for students to actively explore scientific concepts (Exploration Phase), 

gain familiarity with relevant terminology and concepts (Concept Introduction Phase), 

and apply their recently discovered knowledge to a new situation (Concept Application 

Phase).  Simon (1994), using the learning cycle design developed by Karplus, developed 

a framework for mathematics teacher preparation that involves six cycles that address the 

needs of mathematics teachers if they are to provide instruction which aligns with the 
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current reform movement.  Detailed descriptions and relevant research related to each of 

these learning cycles can be found in Chapter 2.  

Because of the amount of time required to progress through all six of Simon�s 

(1994) cycles, it was determined that the course would be divided into three units of 

study, each addressing one content area through the use of Simon�s Learning Cycle 

framework.  Two units were five weeks in length, and one was four weeks in length.  To 

determine which content areas would be chosen for the 14-week Learning Cycle course, 

research about weaknesses in U.S. students� TIMSS scores as well recommendations 

about the amount of time that should be spent covering various topics in the Pre-K-6 

curriculum were examined.  Silver (1998), reporting on TIMSS data, notes that U.S. 8th 

graders perform poorly on tasks involving geometry, measurement, and proportions, 

indicating that these three areas represent likely weaknesses in preservice teachers� 

mathematics backgrounds.  In addition, NCTM (2000) reports that the bulk of the content 

covered in Pre-K through grade 6 should focus on geometry, measurement, and numbers 

and operations.   Hence, teachers need to be well prepared in these three areas of study in 

order to effectively prepare their own students.  While geometry and measurement 

overlap in both the areas of weakness and areas that receive considerable attention in the 

Pre-K-6 curriculum, knowledge of proportions and numbers and operations do not.  Yet 

knowledge of fractions is a component of both proportional reasoning and numbers and 

operations.  Hence, a logical choice for the third area of focus for the methods course was 

fractions. 

 The Learning Cycle course described in this study implemented Simon�s (1994) 

iterative Learning Cycles framework three times during the course of the one semester 
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study.  The preservice teachers had a chance to investigate measurement during one 

iteration, geometry during a second, and fraction concepts during another.  Each time, 

they examined how students make sense of concepts in these specific areas, and how to 

plan and implement an effective lesson based on the content under consideration.  In 

doing so, they had opportunities to examine their beliefs about the nature, teaching and 

learning of mathematics.  Only during the fraction cycle, which fell at the end of the 

semester, were the preservice teachers unable to complete Cycle 6 which focused on the 

teaching of fractions. 

To provide a better sense of how the Learning Cycle was used in the teaching of 

the course, details are provided here about the format and activities used for the 

measurement Learning Cycle.  The other two cycles were similar in their format.   

 In Learning Cycle One, preservice teachers participated as students in 

mathematics instruction in a way that is consistent with the reform movement.  Hence, in 

the measurement Learning Cycle One, preservice teachers examined perimeter and area 

through several problems.  The first day of the measurement Learning Cycle began with 

the Fencing Task (Stein, Smith, Henningsen, & Silver, 2000):  

Ms. Brown�s class will raise rabbits for their spring science fair.  They 
have 24 feet of fencing with which to build a rectangular rabbit pen to 
keep the rabbits. 

a. If Ms. Brown� students want their rabbits to have as much room as 
possible, how long would each of the sides of the pen be? 

b. How long would each of the sides of the pen be if they had only 16 
feet of fencing? 

c. How would you go about organizing the pen with the most room 
for any amount of fencing? Organize your work so that someone 
else who reads it will understand it. (p.2)    
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Preservice teachers were required to develop and justify to their classmates the use of any 

formulas they chose to help them solve the problem.  Solution strategies were shared with 

an emphasis on conceptual explanations rather than procedural explanations.  Upon 

completion of this word problem, the formulas for finding the area and perimeter of a 

rectangle were taken-as-shared in the class.  By the end of this task, most preservice 

teachers had cleared up confusion they held about the difference between area and 

perimeter.  However, some still held misconceptions about what it means to find the area 

of a figure.  Further investigation into this concept was addressed during the next meeting 

when preservice teachers worked on the Shapes Problem in which they had to find the 

area and perimeter of various geometric and non-geometric shapes (see Appendix B).  

The only formulas they were permitted to use without justification were the formulas for 

finding the perimeter and area of a rectangle.  All others had to be developed and proven 

to be appropriate by the class before using. 

 Tying this in to the Learning Cycle discussed in Karplus et al. (1977), the 

preservice teachers� work on the Fencing Task constituted the Exploration phase as they 

explored new materials and ideas with little guidance from the instructor.  They were left 

to rely on their own incomplete understandings of area and perimeter as they tried to 

make sense of the concepts and complete the task at hand.  Once the preservice teachers 

had come up with possible solutions to the problem, the class discussion that ensued 

represented the Concept Introduction phase.  While all the preservice teachers had 

worked with area and perimeter at some point in their educational career, this was often 

the first time that they examined these topics on a conceptual level.  Finally, the work that 

the preservice teachers did when finding the area and perimeter of the various geometric 
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and non-geometric shapes in the Shapes Problem formed the Application phase.  Here 

they had the opportunity to test their new understanding of area and perimeter.      

There were several content-related reasons for having the preservice teachers 

work on these problems.  The first reason was to have them revisit the meanings of area 

and perimeter.  Many of the preservice teachers in the class had not had a mathematics 

class for several semesters, and had not worked with area and perimeter since high 

school.  Their knowledge of what it means to find the area and perimeter of an object 

were fragile and tied to the procedural use of formulas.  Second, it was important that 

they examine their depth of understanding of perimeter and area formulas.  Many of the 

preservice teachers knew how to find the perimeter or area of a �nice� geometric figure 

because they had a memorized formula to rely on.  It was important to address why these 

formulas worked and how they could be used to explore the area and perimeter of other 

figures.  Third, working on these problems helped them to address the misconceptions 

they held about area and perimeter.  Many individuals erroneously believe that there is a 

relationship between figures that share the same perimeter or area (Woodward, 1982; 

Simon, 1995), and these preservice teachers were no exception.  It was only when these 

individuals were confronted with a situation where the perimeter and area were clearly 

unrelated that their misunderstandings were corrected.    

 More important than the content goals presented above was the need to present 

the mathematics content in a way that is consistent with the reform movement.  Through 

their work on these area and perimeter problems, the preservice teachers had 

opportunities to conjecture, reason, and discuss mathematical concepts deeply.  They 

struggled with their own understanding of the material as they attempted to justify their 
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solutions to their peers.  They engaged in mathematical discourse with the teacher-

researcher and each other as they evaluated the mathematical arguments presented by 

members of the class.  Through their participation in these problem solving activities, the 

preservice teachers had an opportunity to do mathematics in a way that is consistent with 

the reform movement. 

   Learning Cycle Two of Simon�s (1994) model allowed preservice teachers to 

examine the nature of mathematics.  Learning Cycle Three asked them to focus on how 

people learn mathematics.  Through class discussions, the preservice teachers were asked 

to reflect on their work in the Fencing Task and the Shapes Problem.   They were asked 

to respond to questions such as �How did the mathematics experience you had on the 

Fencing Task and the Shapes Problem differ from the mathematical experiences you had 

about area and perimeter in the past?  Provide details.�; �How has your understanding of 

area and perimeter changed after working on these two tasks?  Provide specific 

examples.�; and �If you feel that you have a deeper understanding of area and perimeter 

after working on the Fencing Task and the Shape Problem, what about the learning 

experience contributed to this deeper understanding?  What does this say about what you 

(and possibly others) need to learn mathematics at a deeper level?�  Responding to these 

questions allowed the preservice teachers to question what it means to do mathematics 

and to develop ideas about how people learn mathematics in general. 

   In Learning Cycle Four, preservice teachers examined how students learn about 

measurement concepts as well as to gain insight into their sense making behaviors.  Some 

of the preservice teachers had opportunities to observe students learning mathematics 

each week during their mathematics/science practicum.  However, in an attempt to 
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provide an experience that all members of the class could share, videos from Annenberg 

Media (see www.learner.org) that examine students engaging in measurement activities 

were watched and discussed during class time.  Information on student learning with 

regards to topics in measurement was read in the textbook for the course (Cathcart, 

Pothier, Vance & Bezuk, 2006) and then discussed as a class.  Additionally, student work 

on measurement tasks were examined in class for the purpose of trying to understand 

student thinking and errors within the content area of measurement.   

 In Learning Cycle Five, based on their experiences with the Fence Problem and 

the Shapes Packet as well as the opportunities they had to examine student work 

regarding the topic of measurement, preservice teachers discussed elements that they felt 

should be part of a mathematically challenging lesson that would be relevant to a 

hypothesized group of students.  These elements were suggested by the preservice 

teachers and added onto by the teacher-researcher during a whole group discussion.  As a 

result of this activity, a lesson plan dealing with finding the surface area of a rectangular 

prism was formed collectively.  After planning a lesson as a group, the preservice 

teachers each planned a mini-lesson on their own to teach to an individual they selected.  

In subsequent units, the preservice teachers had more opportunities to plan instruction 

with less guidance from the teacher.  However, for the unit on measurement, planning 

was addressed as a group.  

  In the final cycle, Learning Cycle Six, preservice teachers were encouraged to 

examine the aspects of teaching that cause them to interact with students such as listening 

to and questioning students, facilitating discussions in the classroom and monitoring 

student learning.  The exploration phase of this cycle came in the form of teaching a 
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measurement mini-lesson to an individual.  This mini-lesson consisted of one problem 

that dealt with measurement and required students to use problem solving to arrive at a 

solution.  The preservice teachers were encouraged to observe the solution strategy of the 

individual, question them as they worked so as to understand their thought process, and 

press the individuals to explain their solution to gain insight into the depth of their 

understanding of the concepts involved in the problem.  The preservice teachers 

responded in writing to a series of questions provided by the instructor that helped them 

reflect on the process. 

 Upon completion of the measurement Learning Cycle, the class began a second 

iteration of Simon�s (1994) Learning Cycle focusing on geometry that followed a similar 

pattern as that described above.  A third iteration focusing on fractions followed after the 

second was completed. 

 Simultaneous to working through each learning cycle, the class had opportunities 

to read reform-based documents such as Principles and Standards for School 

Mathematics (NCTM, 2000), and Professional Standards for School Mathematics 

(NCTM, 1991).  Additionally, they read other sources that presented a clear image of 

what a reform classroom looks like.  Examples of reading materials of this type included 

Implementing Standards-Based Mathematics Instruction: A Casebook for Professional 

Development (Stein, Smith, Henningsen, & Silver, 2000), Classroom Discussions: Using 

Math Talk to Help Students Learn: Grades 1-6 (Chapin, O�Connor, & Anderson), What�s 

Happening in Math Class?: Envisioning New Practices Through Teacher Narratives 

(Schifter, 1996a), and What�s Happening in Math Class?:  Reconstructing Professional 

Identities (Schifter, 1996b).  The preservice teachers also read from a methods book 
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(Cathcart et al., 2006) that helped them as they examined the mathematics content 

covered in the course, what makes it difficult for students to learn, and common 

misconceptions held by students.  Finally, the preservice teachers watched video 

programs from Annenberg Media, when appropriate, to illustrate certain aspects of the 

content discussed in class.  

The comparison course, while sharing common goals and themes, varied from the 

Learning Cycles course in many ways.  First, while the Learning Cycles course focused 

in depth on three content areas (measurement, geometry and fractions), the comparison 

course covered many content areas to a lesser depth.  These topics included number 

concepts and place value; addition and subtraction strategies; multiplication and division 

strategies; geometry and spatial sense; ratio, proportion, percent, similarity and scale; and 

probability, counting techniques and statistics.  Each content area covered involved 

PowerPoint presentations developed by the instructor of the comparison course.  Many 

also involved readings from the course text, About Teaching Mathematics, A K-8 

Resource (Burns, 2007), and short video clips of students engaged in solving 

mathematical tasks. 

 A second difference involved the use of mathematics problems in the course.  In 

the Learning Cycles course, mathematics problems were used to encourage students to 

develop a deeper understanding of the content.  Within each unit, preservice teachers 

usually spent one to two class meetings working in collaborative groups to solve 

mathematical tasks that encouraged them to discover underlying mathematical concepts 

related to the topic of the unit.  Little guidance was given as the preservice teachers 

worked on the tasks.  When difficulties were encountered, the teacher-researcher asked 
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the group to explain their strategy.  She then asked questions that encouraged the 

individuals to examine their reasoning.  Much emphasis was placed on the different 

solution strategies used in solving the problem to encourage preservice teachers to focus 

on the process of problem solving rather than just the solution to the problem.  

Additionally, they served as a vehicle to encourage preservice teachers to reflect on the 

nature of mathematics, to develop theories of how mathematics is learned, and to rethink 

their ideas of what it means to engage in mathematical activity.  The mathematical tasks 

that were used in the course related to the content areas of measurement, geometry and 

fractions.   

In the comparison course, mathematical tasks in the form of warm-up problems 

were assigned at the beginning of almost every class period.  For example, preservice 

teachers were asked to consider the following task adapted from the movie Die Hard: 

With a Vengeance (McTiernan, 1995):  Given an empty 5-gallon jug, an empty 3 gallon 

jug and a water fountain fill the 5 gallon jug with exactly 4 gallons of water or a bomb 

will explode.  Tasks were selected to challenge individuals and to encourage them to 

enjoy mathematics.  Most tasks dealt with the discovery of an underlying mathematical 

concept.  A few could be categorized as puzzles or as an application of mathematical 

formula (e.g. Pythagorean Theorem).  Preservice teachers were given approximately 10-

15 minutes to work on the task individually or in groups.  On occasion, hints were 

provided by the instructor if the preservice teachers needed help with the task.  After the 

preservice teachers finished working on the warm-up problem, solution strategies were 

shared and discussed, and comparisons were made between them.  Discussions about the 

appropriateness of the task for elementary school children and ways it could be adapted 
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for different grades occurred at this time as well.  In addition to warm-up problems, 

preservice teachers were given one �Problem of the Week� assignment to work on 

outside of class and that counted toward their course grade.  This problem required more 

time to solve than a warm-up problem.  Additionally, preservice teachers were asked to 

provide a write-up that included a re-statement of the problem in their own words; the 

solution process used by the individual, the answer obtained using the solution strategy, 

an evaluation of the problem, and a self-assessment.  Again, the purpose of the 

assignment was to challenge the individuals and to promote the enjoyment of 

mathematics.       

Cathcart et al. (2006) served as the basis for instruction about mathematics 

content and teaching methods in each of the courses.  Preservice teachers in the Learning 

Cycles course used this book as the text for the course and read a few chapters (Chapters 

10, 11, 14 and 15) of the book in addition to discussing the content through interactive 

PowerPoint presentations prepared by the teacher-researcher.  Preservice teachers in the 

comparison course also discussed some of the content from many chapters (Chapters 1, 3, 

6, 7, 9, 10, 11, 14, 15 and 16) through PowerPoint presentations prepared by the teacher 

of the course.  However, the preservice teachers were not asked to purchase this book and 

hence did not read from it.  Instead, the text for the course was About Teaching 

Mathematics: A K-8 Resource by Marilyn Burns (2000).  This text was selected by the 

instructor of the comparison course because he believed it to be a good source for 

problems and activities that preservice teachers could use in the classroom once they 

began teaching.  All readings for the course were taken from this source and, when 
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possible, tied in with the PowerPoint presentations on material from Cathcart et al. 

(2006).  

Both courses involved lesson planning and student interviews, although the 

related assignments differed in each course.  Preservice teachers in the Learning Cycles 

course worked in grade level groups to develop a unit of instruction dealing with 

geometry.   Each group member was responsible for contributing one lesson plan to the 

unit that fit into the sequence of lessons determined by group members.  Additionally, 

each preservice teacher was responsible for planning and teaching two mini-lessons to an 

individual with the content of the first dealing with measurement and the content of the 

second dealing with geometry.  Preservice teachers were required to use constructivist 

teaching principles in their teaching of both lessons, and mathematical discourse and 

questioning in the second lesson.  The comparison course required the development of 

two lessons.  The first lesson was written with a partner and involved the integration of a 

game into an elementary level mathematics lesson.  The second lesson was done 

individually and focused on the teaching of a new mathematics concept with 

manipulatives.  Each preservice teacher made a 20-minute oral presentation to the class 

on the lesson plan.  In addition to the two lesson plans, preservice teachers interviewed 

two elementary school students using a series of three instructor-provided mathematics 

problems.  The first interview dealt with addition and subtraction problems (e.g. Betty 

has $3 to buy cookies.  How many more dollars does she need to have $8?), and the 

second dealt with multiplication and division problems (e.g. A bottle of soda will fill six 

glasses.  How many glasses will three bottles fill?).  Preservice teachers were asked to 

solve each problem on their own, and then ask an elementary school student to do the 
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same.  Preservice teachers were asked to pay attention to the method that the student used 

and not to influence the student as they solved the problem.  A one- to two-page write-up 

of the information gathered was collected by the instructor.  

Significant differences existed between the final exams given in each course.  The 

final exam given in the Learning Cycles course, a take home final written by the teacher-

researcher, required students to write five one- to two-page essays on topics relating to 

pedagogy, content, instructional theory, task analysis, and using discourse in the 

mathematics classroom.  The content of the first three problems was related to 

measurement, geometry and fractions.  The final exam in the comparison course was a 

20-item multiple choice test that required preservice teachers to solve mathematics 

problems in areas such as counting techniques, measures of central tendency, percents, 

probability, area, algebraic relationships, and fractions.  This exam was also take-home, 

and was also written by the instructor of the course.      

Other differences existed between the two courses.  Emphasis was placed on the 

selection of worthwhile mathematical tasks, the use of discourse to promote learning, and 

the role of the teacher in establishing the learning environment in the Learning Cycles 

course, but not in the comparison course.  Also, the use of journals as a reflective tool 

was not used in the comparison course.  Preservice teachers in the comparison course 

completed an assignment based on the �Math by the Month� column in Teaching 

Children Mathematics, a monthly pedagogical journal published by NCTM for teachers 

of elementary school mathematics.  This assignment required preservice teachers to 

evaluate the problems provided in this column on their appropriateness for the given 

grade band, discuss changes that could be made to the problems to make them more 
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appropriate for the preservice teachers� teaching styles, describe activities that could be 

done on the days between the given problems to maintain student interest, and describe 

methods of assessing student learning.          

Data Sources 

In order to get a clear picture of the changes that occurred in the preservice 

teachers as they progressed through the course, many different sources of data were used.  

Both qualitative data, in the form of written work, semi-structured interviews and 

observations, and quantitative data were collected and analyzed. 

Quantitative Data 

All participants were asked to complete a Likert-type survey to ascertain their 

beliefs about the nature, teaching and learning of mathematics.  Preservice teachers in the 

Learning Cycles course were also asked to complete a Likert-type survey measuring their 

attitudes toward mathematics.  The beliefs survey was administered to both groups twice 

during the semester � once at the beginning of the semester, and once at the end of the 

semester.  The instrument that measured attitudes was also given twice during the 

semester, but only to the Learning Cycles group.  At the beginning of the semester, the 

results of the attitudes survey were used to determine appropriate candidates for the five 

case studies.  At the end of the semester, it was re-administered to determine if any 

changes in attitudes occurred during the course of the semester. 

Modified Mathematics Beliefs Questionnaire 

In order to determine the preservice teachers� beliefs about the nature, teaching 

and learning of mathematics, all preservice teachers enrolled in both the Learning Cycles 

course and the comparison course were asked to complete the Modified Mathematical 
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Beliefs Questionnaire (MMBQ; Appendix C) during the first class meeting and again at 

the end of the semester.  This Likert-style instrument consists of 46 items and addresses 

beliefs about the nature of mathematics, the teaching of mathematics, and the role of the 

learner.  The first 40 items of the instrument come from Collier (1972).  The items on 

Collier�s instrument use a six-point scale with 1 = strongly disagree, 2 = moderately 

disagree, 3 = slightly disagree, 4 = slightly agree, 5 = moderately agree, and 6 = strongly 

agree.  Scores range from 40 to 240 with a neutral score being 140. 

Twenty of the questions on Collier�s (1972) instrument address beliefs about the 

nature of mathematics and comprise the Beliefs about Mathematics Scale (BAMS).  Of 

these items, ten are phrased positively, indicating a more fallibilist view of mathematics, 

and ten are phrased negatively, indicating a more absolutist, or traditional, view of 

mathematics.  Positive items receive the scale value circled when being scored.  Negative 

items receive 7 minus the scale value circled when being scored.  Possible scores on the 

BAMS portion of the instrument range from 20 (obtained by indicating all ones on 

positively phrased items and all sixes on negatively phrased items) to 120 (obtained by 

circling all sixes on positively phrased items and all ones on negatively phrased items).  

Scores above 70 indicate a more fallibilist view of mathematics, while scores below 70 

indicate a more absolutist view of mathematics.    

The remaining twenty questions on Collier�s (1972) instrument address beliefs 

about mathematics instruction.  These questions make up the Beliefs about Mathematics 

Instruction Scale (BAMIS).  Ten of the questions are phrased positively, indicating a 

more student-centered approach to mathematics instruction, and ten are phrased 

negatively, indicating a more traditional, teacher-centered view of mathematics 
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instruction.  Scoring is as described above.  Scores above 70 indicate more student-

centered views of teaching mathematics, and scores below 70 indicate more teacher-

centered views of teaching mathematics.  While Collier separated the items pertaining to 

beliefs about mathematics from the items pertaining to beliefs about mathematics 

instruction in his original instrument, these items were randomly placed within the first 

40 items of the MMBQ.   

Internal consistency was computed for the BAMS and BAMIS in 1968 using 200 

students who were at various stages in the elementary education program at a mid-

western university.  These measures were determined by computing �the proportion of 

the total variance that is not due to error in measurement� (Collier, 1972, p.157).   The 

measure of internal consistency was found to be .80 for the BAMS, and .83 for the 

BAMIS.  Generally, values of .80 or above are considered acceptable indicating that the 

BAMS and BAMIS are each internally consistent and have fairly strong reliability within 

the population used. 

In 1998, Seaman et al. (2005) examined the beliefs of 483 preservice elementary 

teachers at various points in their program at the same mid-western university to 

determine whether their beliefs were significantly different than those of their 

predecessors 30 years prior to the study.  Seaman et al. sorted the 40 items on the BAMS 

and BAMIS scales into four categories in order to better interpret the results.  These 

categories are: (a) mathematics is a collection of rules, formulas, and procedures; (b) 

mathematics is a creative endeavor; (c) mathematical problem-solving allows for multiple 

approaches; and (d) mathematics is best taught by direct instruction (Seaman et al., 2005, 

¶ 27).  A Rasch analysis was performed on the data for each of the four categories.  The 
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authors note that the person separation reliability indices ranged from .70 to .84.  The 

item separation reliability was .98 for each of the four categories. When taken together, 

these results indicate that the items in each of the four categories describe a latent trait in 

individuals.          

The remaining six items on the MMBQ deal with beliefs about student learning 

and are taken from the Mathematics Beliefs Scales (MBS, Fennema, Carpenter and Loef, 

1990).  The MBS is a Likert-style instrument that is used to measure teachers� 

pedagogical content beliefs in addition and subtraction (Peterson, Fennema, Carpenter & 

Loef, 1989).  It consists of 48 items measured with a five-point scale with responses A = 

Strongly Agree, B = Agree, C = Undecided, D = Disagree, and E = Strongly Disagree.  

Peterson et al. state that the instrument measures four constructs.  The first construct 

measures beliefs about how children learn mathematics.  The second measures an 

individual�s beliefs about the �relationship between mathematical skills and 

understanding and problem solving� (Peterson et al., p. 6).  The third construct measures 

beliefs about how topics should be sequenced when introducing addition and subtraction.  

The final construct measures beliefs about how addition and subtraction should be taught.  

After administering the MBS to 39 teachers, Peterson et al. calculated the internal 

consistency for each construct and for the total beliefs scale using Cronbach�s alpha.  The 

coefficients for each of the four constructs ranged from .75 to .86.  The coefficient for the 

total beliefs scale was .93. 

Capraro (2001) used the MBS with 123 classroom teachers and found the alpha 

score to be .68, significantly lower than the .93 found by Peterson et al. (1989), and 

suggested the possibility that the group of classroom teachers was more homogeneous 
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than the group of teachers who completed the MBS in Peterson et al.  Capraro also used 

the MBS with a group of 54 preservice teachers and obtained a Cronbach alpha of .86.  

Capraro performed a factor analysis on the MBS for the purpose of determining whether 

the instrument actually measured the four constructs described in Peterson et al. and 

whether a shorter, less repetitive survey could be developed.  Capraro�s work netted six 

constructs, but three of these constructs had very few items defining them.  Hence, only 

three constructs were retained: beliefs about how children learn mathematics, beliefs 

about sequencing and prerequisites for learning, and beliefs about how teachers should 

teach.  Each construct is measured by six items.  No reliability information was provided 

for the new constructs. 

The last six items of the MMBQ are the six items from Capraro�s (2001) 

modification of the MBS that measure beliefs about how children learn mathematics.  

The scale used to score these items is a five-point scale with 1 = Strongly Disagree, 2 = 

Disagree, 3 = Undecided, 4 = Agree, and 5 = Strongly Agree.  While this scale differs 

from the scales used in the BAMS and BAMIS, they are consistent in that lower numbers 

indicate disagreement with a statement and higher numbers indicate agreement.  Two of 

the items are worded positively, with a high score indicating a belief that children 

construct their own knowledge.  Four items are worded negatively, with a high score 

indicating a belief that children receive knowledge.  Positive items receive the scale value 

circled when being scored.  Negative items receive 6 minus the scale value circled when 

being scored.  Possible scores on this portion of the MMBQ range from 6 (obtained by 

indicating all ones on positively phrased items and all fives on negatively phrased items) 

to 30 (obtained by indicating all fives on positively phrased items and all ones on 
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negatively phrased items).  Scores above 18 on this portion of the MMBQ indicate more 

constructivist, or active, views of learning, while scores below 18 indicate more 

objectivist, or passive, views of learning.    

Cronbach�s alpha was calculated for each portion of the MMBQ to determine the 

internal consistency reliability using all of the preservice teachers in the study.  The 

results of these calculations indicated a moderate degree of reliability for each portion of 

the MMBQ.  The results of these calculations are discussed in Chapter 4.  

Attitudes toward Mathematics Inventory        

All preservice teachers in the Learning Cycles group were also complete the 

Attitudes toward Mathematics Inventory (ATMI, Tapia, 1996).  This Likert-style 

instrument measures attitudes toward mathematics using a five-point scale with responses 

A = Strongly Disagree, B = Disagree, C = Neutral, D = Agree, and E = Strongly Agree.  

After reviewing the literature on attitudes toward mathematics, Tapia constructed 49 

items to assess confidence, anxiety, value, enjoyment, motivation, and parent/teacher 

expectations.  The instrument was administered to 545 high school students (ranging in 

grade from 8th to 12th) in a private bilingual preparatory school in Mexico City.  

Cronbach alpha coefficient was calculated to determine the reliability of the instrument 

and it was determined to be .96.  Nine items were dropped due to low item-to-total 

correlations.  Upon their deletion, the reliability of the remaining 40-item instrument was 

estimated at .97.  A factor analysis was performed, and the four-factor structure provided 

the best fit.  Those four factors measure self-confidence (made up of items dealing with 

anxiety and confidence from the original list of variables), value of mathematics, 

enjoyment of mathematics, and motivation.  The parent/teacher expectations variable was 
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not represented in the factor analysis because items in this category were dropped given 

their low item-to-total correlation.   

A reliability analysis was computed for the items in each factor.  Tapia (1996) 

notes that for the fifteen items in the Self-Confidence factor, the reliability was .95; for 

the eight items in the Value of Mathematics factor, the reliability was .86; the eight items 

in the Enjoyment of Mathematics factor had a reliability of .88; and the nine items in the 

Motivation factor had a reliability of .89.  These scores indicate high internal consistency 

for the items in each factor. 

Tapia (2002) performed a confirmatory factor analysis of the instrument with 134 

undergraduate students who were enrolled in mathematics courses at a state university in 

southeastern United States.  Cronbach alpha coefficients were computed for each of the 

four subscales described in Tapia (1996) and were estimated to be .96 for self-

confidence, .93 for value, .88 for enjoyment and .87 for motivation (Tapia, 2002).  The 

adequacy of the four-factor model was corroborated using confirmatory factor analysis.  

These results indicate that the four factors in the ATMI also have high internal 

consistency for American undergraduate students. 

As mentioned above, this instrument uses a five-point scale for scoring which 

allows for possible scores ranging from 40 to 200.  Positive and negative items are scored 

appropriately.  Scores above 120 indicate differing degrees of positive attitudes toward 

mathematics, and scores below 120 indicate differing degrees of negative attitudes 

toward mathematics. 
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Qualitative Data 

Five preservice teachers selected from the participants in the Learning Cycles 

course served as case studies for the research project.  Several selection criteria were used 

to determine case study participants.  First, the MMBQ and ATMI were scored, and each 

individual was placed in one of three groups: individuals with traditional beliefs about the 

nature, teaching and learning of mathematics; individuals with neutral beliefs about the 

nature, teaching and learning of mathematics; and individuals with non-traditional beliefs 

about the nature, teaching and learning of mathematics.  Once each preservice teacher 

was categorized according to beliefs, ATMI scores were examined to determine whether 

preservice teachers were characterized as having positive, neutral and negative attitudes 

toward mathematics.   

The majority of the preservice teachers in the class held overall neutral beliefs 

about the nature, teaching and learning of mathematics with far fewer holding either 

traditional or non-traditional beliefs.  The teacher-researcher determined that in order to 

accurately represent the class, one preservice teacher should be selected from the group 

of individuals with traditional beliefs; four should be selected from the group with neutral 

beliefs; and one should be selected from the group with non-traditional beliefs.  Little 

variation in attitudes existed within the traditional and non-traditional groups with 

individuals holding traditional beliefs about mathematics also holding fairly negative 

attitudes toward mathematics and individuals holding non-traditional beliefs about 

mathematics holding fairly positive attitudes toward mathematics.  Within the group of 

preservice teachers with neutral beliefs there was much variation in attitudes, and the 

teacher-researcher searched for individuals with differing attitudes toward mathematics.  
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However, a major factor in the selection process in all cases was the quality of an 

individual�s written work.  Since a significant amount of data were gathered from written 

work, it was important that individuals selected as case studies were able to clearly and 

thoroughly express their views.  Hence, once individuals were categorized according to 

their beliefs and attitudes, the quality, not content, of written work was given significant 

weight in the selection process.   

The qualitative data used in this study came in three forms: observations of 

teaching in the practicum classroom, semi-structured interviews, and responses to journal 

prompts.  While all class members, regardless of their willingness to participate in the 

study, were expected to respond to journal prompts, only the written work of the five case 

study participants was included as data in the study.  Only those individuals chosen to be 

one of the case studies were observed during teaching episodes in their practicum 

experience and involved in semi-structured interviews.   

Observations 

As part of the mathematics/science practicum, each preservice teacher was 

expected to teach approximately two mathematics and two science lessons to the 

elementary school students in their practicum classroom.  The content of these lessons 

was often selected by the classroom teacher to coincide with the content being covered in 

the classroom.  In most situations, the classroom teacher provided only the content and 

the preservice teacher had to develop the lesson plan on their own.  In other, less common 

situations, the classroom teacher asked the preservice teacher to teach a specific lesson as 

it appeared in the teacher�s manual used in the practicum classroom.  On occasion, the 

preservice teachers were given a little more flexibility in their choice of content matter 
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and were allowed to select something that interested them and was appropriate for the 

students in the classroom.  Once the lesson plan was written, the preservice teacher�s 

practicum supervisor and the classroom teacher reviewed it.  The preservice teacher then 

made revisions to the lesson based on their comments.  Because of the writing, reviewing 

and revising that occurred before the lesson was taught, there was usually 2 or more 

weeks between the time the preservice teacher was notified of their teaching date and the 

actual teaching of the lesson.  

On the day that the preservice teacher taught the lesson, the practicum supervisor 

and classroom teacher observed in the classroom.  It was at this time that the teacher-

researcher observed the preservice teacher with the purpose of gaining insight into how 

his/her professed beliefs affected the teaching of the lesson.  Each of the five case study 

participants were observed by the teacher-researcher one time.  Due to privacy and 

consent issues with the children in the classroom, the observations were not audio or 

video recorded.   

After the teaching of the lesson was completed, the teacher-researcher performed 

a brief interview (approximately 30 minutes) with the individual preservice teacher to 

clarify questions that arose in the teacher-researcher�s mind during the study, question the 

individual about some of the choices that were made during the teaching of the lesson, 

and listen to the preservice teacher�s own assessment of the teaching of the lesson.  This 

interview was audio-recorded and occurred as soon after the teaching of the lesson as 

possible.  
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Interviews 

 The five preservice teachers that were chosen as case studies were interviewed at 

several points during the semester.  One of these interviews took place shortly after the 

preservice teacher taught a lesson to the students in his or her practicum classroom.  The 

teacher-researcher, who had just observed the individual teaching the lesson, performed 

these interviews.  The interviews were audio-taped and were used to clarify questions that 

arose in the teacher-researcher�s mind during the study, question the individual about 

some of the choices that were made during the teaching of the lesson, and listen to the 

preservice teacher�s own assessment of the teaching of the lesson.    

Another type of interview that occurred during the semester was one in which 

each individual preservice teacher was questioned about his or her beliefs about the 

nature, teaching and learning of mathematics.  These phone interviews were performed 

by an individual other than the teacher-researcher to reduce the possibility that the 

preservice teachers would respond to questions in a way that they thought would be 

pleasing to the teacher-researcher.  The interviews were semi-structured with the 

interviewer asking each preservice teacher to answer a series of questions adapted from 

Raymond�s (1993) interview questions used to assess beginning teachers� beliefs about 

the nature, teaching and learning of mathematics.  The semi-structured format of the 

interview also allowed the interviewee the opportunity to share additional relevant 

information as appropriate.  Each interview was audio-recorded and lasted roughly a half 

an hour.  The interviews all occurred at the end of the semester during the last 3 weeks of 

class. The interviews were arranged by the interviewer to be held at a time that was 

convenient to the individual preservice teacher. 
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Written Work 

Data from written work came in two forms: journal entries and a mathematical 

autobiography written during the first week of class.  Written work was collected only 

from individuals in the Learning Cycles course.   

On the first class meeting, the preservice teachers enrolled in the Learning Cycles 

course were notified that part of the requirements for the course was maintaining a 

notebook.  The notebook, a three-ring binder divided into multiple sections, served as a 

place to record class work, homework, and the preservice teachers� developing thoughts 

about what it means to know, teach and learn mathematics.  It was through their journal 

writing completed as part of their notebook that the preservice teachers had a chance to 

reflect on their developing beliefs, a critical part of aligning teaching with professed 

beliefs (Thompson, 1984).  

As part of their weekly homework assignments, preservice teachers in the 

Learning Cycles course were asked to comment on various journal prompts.  In addition 

to encouraging reflection on the part of the preservice teachers, one of the purposes of 

these assignments was to gather information for the teacher-researcher about developing 

beliefs throughout the semester, and to address certain topics, such as attitudes about 

mathematics, content knowledge and pedagogical knowledge, that did not directly relate 

to beliefs.   

Each week, the preservice teachers in the Learning Cycles course were asked to 

write a response to a journal prompt dealing with their experiences and beliefs. This was 

to serve as a diary of sorts allowing individuals an opportunity to track their personal 

growth throughout the semester.  The teacher-researcher had intended for the preservice 
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teachers to address the following question each week of the course: �Thinking back on 

the experiences I have had this week in the practicum classroom and in ME 3141, how 

have my beliefs about the nature, teaching and learning of mathematics been affected?�  

However, due to the fact that many of the preservice teachers were not observing 

mathematics being taught by an experienced teacher in their Math/Science practicum, an 

additional prompt was offered many weeks and the preservice teachers were asked to 

address which ever prompt was more appropriate or appealing given their particular 

situation.  A complete list of all journal prompts is provided in Appendix D.  Journal 

prompts were provided for and responded to by the preservice teachers for all but the 

final week of class.  

In addition, the preservice teachers were asked to describe their past experiences 

as a learner of mathematics as a homework assignment during the first week of class.  

They were given the following directions and asked to respond: �Write your 

mathematical autobiography.  Discuss your feelings about being a learner of mathematics 

at the elementary, high school and college level.  Be sure to discuss positive and negative 

events and/or teachers that shaped your current beliefs and feelings about mathematics.  

Consider how your past experiences affect your desire to teach mathematics.�  Through 

their responses to this prompt, the teacher-researcher was able to gain information about 

the preservice teachers� attitudes about mathematics and possibly their beliefs about the 

nature, teaching and learning of mathematics. These prompts were assigned and collected 

electronically and hence were typed.     
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Procedure 

At the beginning of the spring semester of 2008, preservice teachers enrolled in 

both the Learning Cycles and comparison courses were given an informed consent form 

which was reviewed with them by the teacher-researcher (see Appendix A for consent 

forms).  Individuals in the Learning Cycles course also received a permission to be 

audiotaped form. The teacher-researcher explained the study, their role in the study if 

they chose to participate, the risks and rewards surrounding the research, and their rights 

as a human subject including their right to withdrawal from the study at any point in time 

with no negative effects.  They were notified that consent forms, once returned, would 

not be seen by the teacher-researcher or the instructor of the comparison course until after 

grades were assigned so that individuals would not be treated differently based on their 

choice to participate or not participate in the study.  Only data from preservice teachers 

who gave their consent to participate in the study were included in the analyses.   

At the first class meeting, individuals were given sufficient class time to complete 

the MMBQ and/or the ATMI.  To encourage honesty in responding to the instruments, 

participants were informed that the instruments would be used only to serve as a record 

of their beliefs and attitudes at the beginning of the semester and would not be used for 

grading purposes.  They were told that they would complete the MMBQ again at the end 

of the semester to determine if their beliefs about mathematics had changed.   

At the beginning of the semester, the MMBQ and the ATMI instruments 

completed by the preservice teachers enrolled in the Learning Cycles course were scored 

(according to techniques described above) by the teacher-researcher to determine which 

individuals possessed beliefs about the nature, teaching and learning of mathematics that 
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were traditional, neutral or non-traditional, and the attitudes toward mathematics these 

individuals possessed.  This information was used in the process of selecting individuals 

to serve as case studies.  In addition to scores on these instruments, early journal entries 

and homework assignments were examined for clarity and thoroughness to aid in the 

decision-making process.  Five individuals whose beliefs were determined to represent 

traditional, neutral and non-traditional beliefs about the nature, teaching and learning of 

mathematics, whose attitudes toward mathematics had some variance, and whose writing 

showed that they had the ability to express ideas clearly and thoroughly were asked to 

participate.   

An invitation was extended to these individuals to participate as case studies in 

the research via email to ensure confidentiality.  This email explained what was expected 

of them if they chose to participate (i.e. interviews about their beliefs, allowing the 

teacher-researcher to observe them as they taught a lesson during their practicum, and 

sitting down with the teacher-researcher after the observation to discuss the teaching 

episode), and their right to refuse or withdraw at any point with no negative 

consequences.  An opportunity to ask questions about their responsibilities was provided 

before they chose to accept or decline the invitation.  Four females and one male were 

selected. 

During the semester, the class had fourteen meetings.  Seven of these meetings 

occurred consecutively before a one week break.  The remaining seven meetings 

occurred consecutively after the end of the break.  The first five meetings were primarily 

dedicated to the study of measurement; the second five weeks (two weeks before the one 

week break and three weeks after) were primarily dedicated to the study of geometry; and 
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the final four weeks were primarily dedicated to the study of fractions.  Descriptions of 

many of the activities and readings that occurred during the course are described in detail 

earlier in this chapter.   

All of the preservice teachers from the Learning Cycles course and the 

comparison course visited various elementary school classrooms on Tuesday mornings 

for their Math/Science practicum from 8:40 a.m. until 11:30 a.m.  The Learning Cycles 

section of ME3141 had class meetings that occurred on Tuesday afternoons from 1:10 

p.m. until 4:00 p.m.  Hence, these preservice teachers came to ME3141 shortly after 

leaving the elementary classroom of their Math/Science practicum.  The preservice 

teachers in the comparison course met on Thursday afternoons from 4:40 p.m. until 7:10 

p.m. 

Preservice teachers were notified of their practicum placement within the first 

eight days of the semester (by the second meeting of ME3141) and made their first visit 

to the elementary school classroom of their practicum placement during the second or 

third week of classes.  Preservice teachers spent their first few weeks in the classroom 

observing their cooperating teacher teaching mathematics and/or science to their classes, 

interacting with the students, and helping out as needed.   

Several weeks into the semester, they started to receive notification from their 

cooperating teacher and their practicum supervisor of when they would teach their first 

mathematics and science lessons along with content guidelines for the lessons.  

Individuals who agreed to serve as case studies for this research were asked to notify the 

teacher-researcher so that arrangements could be made for observing their mathematics 

teaching.  On the day of the teaching episode, the teacher-researcher observed and took 
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notes on the teaching of the lesson; on students� behaviors, questions and responses; and 

on the interactions between the preservice teacher and the students.  After the teaching 

episode was completed, the teacher-researcher and preservice teacher made arrangements 

to meet to discuss the events of the teaching episode, the preservice teacher�s thoughts 

and feelings about the lesson as it occurred, and how the individual would change the 

lesson if it were to taught again.  All meetings occurred either immediately after the 

lesson or before the meeting of ME3141 later that day. These discussions were audio-

recorded and transcribed.   

The individuals who agreed to serve as case studies for the research were asked to 

complete three interviews dealing with their beliefs about the nature, teaching, and 

learning of mathematics.  Each interview lasted for approximately 30 minutes.  These 

interviews, which were conducted over the phone by an interviewer not involved with the 

research, were audio-recorded and transcribed.  Interviews were arranged by the 

interviewer and the preservice teacher so as to be convenient to both parties.  Questions 

for these interviews were adapted from Raymond�s (1993) interview questions with 

beginning elementary teachers about their beliefs about the nature, teaching and learning 

of mathematics.   

Written materials, in the form of journal entries, homework, projects and class 

work, were collected and used as evidence of beliefs and attitudes about mathematics.  

All journal entries, homework and written assignments were collected electronically and 

labeled with the course name, the type of data (e.g., JE for journal entry, HW for 

homework, etc.), the name of the individual submitting it, and the week during the 

semester that it was submitted.   For example, a journal entry submitted by Joe Smith 
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during the third week of class would be labeled ME3141JE.Smith,Joe-wk3  This ensured 

that all data were kept in an accurate, orderly and easily retrievable format.   

Data Collection and Analysis 

The purpose of this study was to determine if a one-semester combined 

mathematics content/methods course involving Learning Cycles was more successful in 

aligning a group of preservice teachers� beliefs with those of the reform movement in 

mathematics education than a combined mathematics content/methods course not 

involving Learning Cycles, and to determine whether attitudes toward mathematics held 

by the preservice teachers in the Learning Cycles group influenced the degree to which 

their beliefs changed.  Quantitative and qualitative data were collected to aid in the 

investigation.  One instrument was used to obtain data about the beliefs of all preservice 

teachers in the study, and one instrument was used to obtain data about the attitudes of 

the preservice teachers in the Learning Cycles group.  The MMBQ was given as a pre-

test to measure preservice teachers� beliefs about the nature, teaching and learning of 

mathematics prior to their involvement in the combined mathematics content/methods 

courses.  This same instrument was given as a post-test to measure preservice teachers� 

beliefs after completion of the course.  The ATMI was administered to the Learning 

Cycles participants at the beginning of the semester to measure their attitudes toward 

mathematics prior to the course and again as a post-test to determine their attitudes after 

the course.   

Five preservice teachers from the Learning Cycles course served as case study 

informants and provided qualitative data to enhance the quantitative data and analyses, 

and to offer insights into the results.  Qualitative data came in the form of written work 
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(journal entries and a mathematical autobiography), observations of teaching episodes, 

and interviews (semi-structured and post-observation).  Written work was collected for 

all students in the Learning Cycles course, but only the written work from case study 

preservice teachers was included in the qualitative analysis.  Once all data were gathered, 

the teacher-researcher began the analyses.   

Quantitative Data Analysis 

Table 3.1 provides an outline of the quantitative data collection and analysis 

techniques for research questions 1, 2, 3 and 4.  To determine if there were significant 

differences between the adjusted pre- and post-test scores of the preservice teachers 

enrolled in the Learning Cycles course and the preservice teachers enrolled in the 

comparison course, one-way analysis of covariance (ANCOVA) was used.  ANCOVA 

was selected to adjust for initial differences in pre-course beliefs.  Course enrollment 

(Learning Cycles or comparison) served as the independent variable; post-test scores on 

each portion of the MMBQ served as the dependent variables; pre-test scores on the 

corresponding portions of the MMBQ served as covariates.  Three ANCOVAs were 

performed, one for each sub-section of the MMBQ (beliefs about the nature of 

mathematics (BAMS), beliefs about the teaching of mathematics (BAMIS), and beliefs 

about the learning of mathematics (MBS)).     

To determine whether attitudes toward mathematics impacted the degree to which 

the beliefs of the preservice teachers in the Learning Cycles course changed over the 

course of the semester, correlations between each of the four subscales of the ATMI 

(Self-Confidence, Value, Enjoyment and Motivation) and the differences between the 
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pre- and post-tests on each of the three subscales of the MMBQ (BAMS, BAMIS, and 

MBS) were computed. 

Qualitative Data Analysis 

 Qualitative data were gathered through various means and sources, which 

are briefly described in Table 3.2 below.  Data gathered from these sources, along with 

quantitative data described above, enabled the teacher-researcher to provide a descriptive 

account of some of the beliefs held by preservice teachers enrolled in the Learning Cycles 

course as they began the course and as they completed the course.  All written work was 

collected throughout the semester and saved in files for each individual in the study.  

Notes on the observation of each case-study informant were expanded and filed.  All 

interviews were audio-recorded and transcribed.  

The teacher-researcher coded the data using constant comparative analysis 

methods described by Strauss (1987).  After a thorough examination of the written work, 

observations and interview transcripts, themes and concepts were explored, and data were 

broadly coded.  Data sources were reexamined for subcategories of themes and 

relationships between themes.  Each case-study informant�s data set was thoroughly 

examined to look for within-case themes.  Additionally, the entire data set was searched 

for across-case themes.  Triangulation of data through the comparison of qualitative and 

quantitative data was an important part of these analyses.  Data gathered through 

qualitative methods were used to explain the findings of the quantitative data analysis.   

While beliefs about the nature, teaching and learning of mathematics and their stability 

over the 14-week course were of primary interest to the teacher-researcher, other 

emerging themes were included in the analysis. 
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______________________________________________________________________    

Table 3.1.  Quantitative Data Collection and Analysis Methods by Research Question 

Research Questions Quantitative Data  
Collected 

Quantitative Analysis 
Techniques 

1.  Do preservice teachers who 
participate in the Learning Cycles 
course demonstrate greater changes to 
their beliefs about the nature of 
mathematics than preservice teachers 
who participate in a different 
mathematics content/methods course?   

Pre-test and post-test 
measures of beliefs about 
the nature of mathematics 
from MMBQ (BAMS 
portion) 

ANCOVA with group as the 
independent variable, post-test 
BAMS (nature of math) scores as 
dependent variable and pre-test 
BAMS scores as a covariate 

2.  Do preservice teachers who 
participate in the Learning Cycles 
course demonstrate greater changes to 
their beliefs about the nature of 
mathematics teaching than preservice 
teachers who participate in a different 
mathematics content/methods course? 

Pre-test and post-test 
measure of beliefs about 
the teaching of 
mathematics from MMBQ 
(BAMIS portion) 

ANCOVA with group as the 
independent variable, post-test 
BAMIS (teaching of math) 
scores as dependent variable and 
pre-test BAMIS scores as a 
covariate 

3. Do preservice teachers who 
participate in the Learning Cycles 
course demonstrate greater changes to 
their beliefs about the process of 
learning mathematics than preservice 
teachers who participate in a different 
mathematics content/methods course? 

Pre-test and post-test 
measure of beliefs about 
the learning of 
mathematics from MMBQ 
(MBS portion)  

ANCOVA with group as the 
independent variable, post-test 
MBS (learning of math) scores 
as dependent variable and pre-
test MBS scores as a covariate. 

4.  Do attitudes toward and/or 
achievement in mathematics influence 
the degree to which the preservice 
teachers� beliefs about the nature, 
teaching and learning of mathematics 
change throughout the semester? 

Pre-post measures of 
beliefs about the nature, 
teaching and learning of 
mathematics from the 
MMBQ, pre-test measures 
of attitudes toward 
mathematics from the 
ATMI 

- Twelve correlations between 
four attitudes subscales (Self-
Confidence, Value, Enjoyment 
and Motivation) and differences 
between pre- and post-test scores 
on the three beliefs subscales 
(BAMS, BAMIS, and MBS) 

 
______________________________________________________________________ 
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_____________________________________________________________________ 

Table 3.2.  Qualitative Data Sources and Their Corresponding Focus 
 

Source of Data 
 

Focus 

Written Work 
Journals 
 
 
 
Mathematical Autobiography 

 
 

 
� Weekly reflections on the nature, teaching 

and learning of mathematics through 
practicum and course experiences; 
expectations for the course 

�    Recalling of prior mathematics learning, what 
constitutes good and bad teaching 

Observation  � Teaching practices and interactions with 
students  

Interviews 
Post-observation 
  
 
Interview 1 
  
Interview 2 
  
Interview 3  

 
� Lesson development, reflection on and 

analysis of teaching episode   
 
� beliefs about the nature of mathematics 
 
� beliefs about the teaching of mathematics  
 
� beliefs about the learning of mathematics 

 
______________________________________________________________________ 

 
Summary 

The techniques used in this research study were designed to determine the 

effectiveness of the Learning Cycles format as used in a combined mathematics 

content/methods course in changing preservice teachers� beliefs about the nature, 

teaching and learning of mathematics.  Specifically, an experimental group and a 

comparison group of students each received instruction in their combined 

content/methods using either the Learning Cycles format or a non-Learning Cycles 

format.  Additionally, attitudes toward mathematics were examined to determine what 

effect they have on change.  Quantitative data were gathered from both groups using a 

pre-post measure of beliefs and from the Learning Cycles group using a pre-post measure 
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of attitudes.  Qualitative data were gathered from five case study participants from the 

Learning Cycles group to show support or lack thereof for the quantitative analyses. 

Based on what was presented in the review of the literature, the researcher sought 

to add to the research findings related to changing preservice teachers� beliefs given the 

role beliefs play in teaching practices.  Because of the strong relationship between beliefs 

and attitudes, investigating whether attitudes play a role in changing beliefs needed to be 

investigated as well.  Finally, focusing on the format of the course and its effectiveness in 

changing beliefs is of relevance to those in mathematics teacher education.  All three of 

these were taken into consideration by the researcher in designing the research method.   

Many of the research methods used to change preservice teachers� beliefs had 

elements in common.  However, none investigated using Simon�s (1994) Learning Cycle 

format for the mathematical preparation of teachers in a single combined 

content/methods course.  The research method here stands to contribute to not only to the 

research on changing teachers� beliefs but also to suggest a new format to use in the 

efforts to do so.    
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CHAPTER 4 

RESULTS 

The purpose of this study was to determine whether a one-semester combined 

mathematics content/methods course based on Simon�s (1994) Learning Cycles for 

teacher education was more effective at aligning preservice elementary school teachers� 

beliefs about the nature, teaching and learning of mathematics with the beliefs of the 

reform movement than a course not based on Simon�s Learning Cycles.  Additionally, 

this study attempted to determine whether preservice teachers� attitudes toward 

mathematics had any impact on the degree to which their beliefs changed during the 

semester.  This chapter will present the findings from statistical analyses of the data 

obtained in this study along with qualitative data that were gathered as they relate to the 

research questions.  Findings are organized to address each of the four research questions:  

1.   Do preservice teachers who participate in the Learning Cycles course 

demonstrate greater changes in their beliefs about the nature of mathematics 

than preservice teachers who participate in a different mathematics 

content/methods course?  

2.   Do preservice teachers who participate in the Learning Cycles course 

demonstrate greater changes in their beliefs about the nature of mathematics 

teaching than preservice teachers who participate in a different mathematics 

content/methods course? 

3.   Do preservice teachers who participate in the Learning Cycles course 

demonstrate greater changes in their beliefs about the process of learning 
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mathematics than preservice teachers who participate in a different 

mathematics content/methods course? 

4.   Do attitudes toward mathematics influence the degree to which the preservice 

teachers� beliefs about the nature, teaching and learning of mathematics 

change throughout the semester? 

First, pre-course beliefs will be established through quantitative and qualitative 

data.  Research questions 1, 2, 3 and 4 will be answered separately with quantitative data 

and analyses presented first followed by qualitative data.  A summary of the results will 

end the chapter. 

The quantitative analysis chosen to determine significance of results in this study 

was repeated measures analysis of variance (repeated measures ANOVA).  One 

assumption that must be satisfied in order to use this type of analysis is that both groups 

start at the same point on the pre-test measures.  After examining the data, it was 

determined that the pre-test data on the Learning Cycles group and the comparison group 

differed significantly.  One way to correct for these differences is to perform an analysis 

of covariance (ANCOVA) instead.  Thus, for completeness, the ANCOVA was also 

performed with the collected data.  However, the focus will be on the ANCOVA due to 

the increased statistical power it affords.  Typical assumptions that go along with the use 

of an ANCOVA (normality, homogeneity of variance, sphericity, linearity, independent 

variable should not affect the covariate variable, and assumption of equal regression 

slopes) were examined.  Most assumptions were met.  Where issues exist, they will be 

mentioned in the analysis.  Statistical analyses were calculated using Statistical Package 

for the Social Sciences (SPSS) software version 16.0. 



 138

All quantitative data collected were examined to determine if any outliers were 

present.  An outlier is defined to be any point which falls more than 1.5 times the 

interquartile range above the third quartile or below the first quartile.  Thus, for each data 

set, the interquartile range was computed and any values falling 1.5 times the 

interquartile range above the third quartile or below the first quartile were noted.  

Instances where outliers were present are mentioned in the analysis, and the average and 

standard deviation of the scores with the outliers removed are noted.  However, because 

of the small sample size of this study, it was determined that outliers would remain in the 

study. 

Description of Participants 

The participants of this study consisted of 42 preservice elementary school 

teachers at the suburban campus of a large, urban, mid-Atlantic university in the United 

States that were enrolled in the course ME3141 in the spring semester of 2008.  Twenty-

seven of the preservice teachers were enrolled in the Learning Cycles section and 15 were 

enrolled in the comparison section of ME3141.  All individuals enrolled in the Learning 

Cycles course participated in the study and provided a complete set of data.  In the 

comparison section of ME3141, in addition to the 15 individuals who provided pre- and 

post-test data, one preservice teacher dropped the course after taking the pre-test; one 

preservice teacher was not present at the first class meeting when the pre-test data were 

collected; and one preservice teacher completed the instruments at the beginning of the 

course but was not present on the last day of the course when post-test data were 

gathered.   
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In the Learning Cycles group, 22 (81%) of the preservice teachers were females 

and 5 (19%) were males.  Within the College of Education, roughly 70% of the students 

are females and roughly 30% are males (Temple University, 2008b, p.20).  In the 

comparison group, 14 (93%) of the preservice teachers were female and 1 (7%) was 

male.  Thus, there were slightly higher ratios of females to males in these sections of the 

course than in the College.    

Case Study Participants 

Five preservice teachers from the Learning Cycles course, four female and one 

male, served as case study participants for this study to provide additional, qualitative 

information regarding beliefs about and attitudes toward mathematics and any changes in 

beliefs that occurred during the semester as a result of involvement in the study course.  

The case study participants represent a range of beliefs about and attitudes toward 

mathematics.  Of the five participants, three individuals had a total MMBQ score that was 

at or slightly below the average score of all members in the Learning Cycles group, one 

individual had a score that was well below the average and one individual had a score 

that was well above the average.  Their scores on the ATMI were also varied with two 

individuals having scores well below the average score of the individuals in the Learning 

Cycles course, two individuals having scores that were very close to the average, and one 

individual having a score that was above average. A brief description of each participant 

will be included here, while information about pre- and post-course beliefs will be shared 

throughout the remainder of the chapter. 

 

 



 140

Barb 

Barb2 was a 30-year old Caucasian mother of a toddler whose major was 

Elementary Education with a focus on Special Education.  During the semester of the 

study, she was involved in two practicums, one for math and science and the other for 

Special Education.  Her math/science practicum was completed at Joseph H. Crosswell 

Elementary School, a K-6 urban public school of roughly 450 students with a student-

teacher ratio of 20:1.  Barb�s placement was in a 5th grade science classroom where, 

unfortunately, she did not get to observe any math lessons other than those taught by the 

three other preservice teachers placed in the same classroom.  In addition to her 

Math/Science practicum, she completed a special education practicum during the same 

semester at T. S. Rostin Elementary School, a K-6 urban public school of roughly 700 

students with a student-teacher ratio of 12:1.  At this school, scores on standardized state 

tests at the 5th grade level were well above the state and city averages in math and 

reading.  They were below state but above city averages in writing. 

As a student, Barb�s least favorite subject was math.  She was a good student in 

all other subjects, but struggled through math in grade school and beyond stating that she 

�simply didn�t find math fun by any sense of the word� (Autobiography).  After Algebra 

II in 11th grade, she stopped taking math.  During her public school days, Barb was a 

quiet and shy student that never talked in class and never bonded with any teachers.  Barb 

felt that this was because she didn�t stick out in class as either a trouble maker or an 

outstanding student.  During the ME3141 course, Barb was quiet, but volunteered to 

                                                        
2 All names of case study participants and practicum schools are pseudonyms and have been used 

to protect the identity of the individual or institution involved.   
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share with the class or ask a question on occasion.  During group work, however, she 

actively participated in the discussions.   

Elizabeth 

Elizabeth was a 46-year old Caucasian mother of a teenage son whose major was 

Elementary Education.  During the study, she participated in a Math/Science practicum at 

Mary K. Reynolds Elementary School, a K-8 urban public school with an enrollment of 

over 850 students and a student/teacher ratio of 14:1.  Elizabeth was placed in a second-

grade classroom with one other preservice teacher.  At this school, state standardized test 

scores in math, reading and writing at the 5th grade level were all below city averages and 

well below state averages.   

Elizabeth expressed a great dislike for mathematics saying that she was always 

bad at it and stopped taking it as soon as she was allowed to.  She especially struggled 

with algebra and geometry and, in addition to a brain that �never worked right when it 

came to math� (Interview 1), she cited a particularly mean and angry math teacher who 

was bad at explaining things as part of the reason for her failure in Algebra.  She waited 

for twenty-five years to attend college because of her fear of taking math classes.  

However, once she returned, she had a very good math teacher at a local community 

college who explained Algebra to her until it made sense.  She found that she �actually 

started to enjoy it � the computations of it� (Interview 1) and finally felt comfortable with 

it.  During ME3141, Elizabeth was quick to contribute to the class discussions or ask 

questions when she didn�t understand the content.  She was an active participant in small 

group problem-solving sessions.  
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Julie 

Julie was a traditional 22-year old Caucasian college student majoring in 

Elementary Education with a focus on Special Education.  During the semester of the 

study, she was involved in two practicums, one for math and science and the other for 

Special Education.  Her Math/Science practicum was completed at Joseph H. Crosswell 

Elementary School.  She was placed in the same 5th grade class as Barb so she too only 

observed science lessons taught by her practicum teacher, a fact that she expressed great 

frustration over throughout the semester.  She was placed in a 3rd and 4th grade self-

contained learning disabilities classroom at T. S. Rostin Elementary School for her 

Special Education practicum.  In addition to her two practicums, Julie also volunteered at 

a third elementary school one day a week to get more experience.   

Julie was an admitted mathephobe who viewed math as her nemesis.  She 

struggled with math from kindergarten all the way through to the last math course she 

took in college.  Julie stated that she realized that she was slower in math than most other 

students by the time she was in 5th grade and completely shut down in her desire to learn 

math by the 8th grade.  She had the same math teacher for three years in high school who 

pushed her through with a passing grade in spite of Julie�s lack of understanding of the 

content.  She was required to take a pre-college math course upon entering college which 

she failed on her first try.   

During class meetings of ME3141, Julie showed few outward signs of her fear of 

mathematics.  She actively participated in all types of class discussions from math 

content conversations to those dealing with how students learn math.  She worked well in 

small group discussions and strove to make sure she understood what was discussed.  For 
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as much as Julie feared math, she seemed to have a great desire to learn it so she could 

teach it to her students, and she never shied away from any topic covered in class.  

However, Julie�s journal entries were a way for her to express her fear and anxiety about 

doing and teaching math.  For example, in Journal Entry 7, she stated: �All my life I have 

been anxious about math class so it is only fitting that now as an adult about to become 

an elementary teacher, I am anxious about teaching math.  I do not feel this way about 

teaching any other subjects.  I guess this is a fear I must overcome in order to be a 

teacher, but I am feeling very much like I have cold feet.�  Her next journal entry, which 

was addressed to the instructor, began as follows: 

As you know from reading and responding to my last journal assignment, you know that I 
have much fear of teaching mathematics.  I even feel stressed out sometimes in your class 
during activities that take me a while to understand.  For instance, the triangle activity we 
did in class took me a while to process, and by the end I was feeling stressed.  I think that 
my fears and stresses are connected to the poor mathematics education I received.  I 
struggled with all math classes and never really grasped the concepts.  It stresses me out 
that at the college level I am still struggling to be able to explain mathematics concepts. 
(Journal Entry 8)    

 
Many of her journal entries addressed her fear and dislike of mathematics and her anxiety 

toward teaching it.  This was heightened by the fact that she was unable to observe math 

lessons being taught by the cooperating teacher in her Math/Science practicum.   

Michael 

Michael was also a traditional 20-year old Caucasian college student having 

started college immediately after graduation from high school.  Michael�s major was 

Elementary Education with an emphasis on Special Education.  During the semester of 

the study, Michael participated in two practicums; one in math and science and the other 

in special education.  His Math/Science practicum also took him to Joseph H. Crosswell 

Elementary School where he observed and taught in a sixth grade science-only 
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classroom.  In addition, Michael was placed in Mary K. Reynolds Elementary School for 

his Special Education practicum.  

Michael enjoyed math in elementary school when everything was new and fun, 

but he became increasingly more frustrated with memorizing formulas and not knowing 

answers to problems.  Michael�s grades started to slip as he approached high school, and 

in ninth grade he was placed in the lowest track in math.  From ninth through twelfth 

grades, his math experiences became more negative.  Michael described how his teachers 

just stopped teaching due to major discipline problems in the class, and he was forced to 

teach himself many of the topics in the courses.  Michael was fairly quiet in ME3141 

making a few contributions to class discussions.  However, he actively participated in 

small group problem solving discussions where many lively debates took place as his 

group attempted to solve the given tasks. 

Cathy 

Cathy was a 49-year old Caucasian mother of four children whose ages ranged 

from 13 to 22.  She, too, was majoring in Elementary Education with a specialization in 

Special Education.  Cathy was enrolled in two practicums during the study semester with 

one being a math and science practicum and the other being in special education.  Her 

Math/Science practicum took her to Joseph H. Crosswell Elementary School in a 5th-

grade science-only classroom.  Cathy�s Special Education practicum was at T. S. Rostin 

Elementary School where she was placed in a sixth-grade general education classroom 

with five special education students included.  While she didn�t get to observe her 

cooperating teacher present any math lessons at Crosswell, Cathy did get to observe 

several math lessons at Rostin.  Half-way through the semester she noted �I am lucky to 
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be in this classroom.  Our focus is not teaching math, but I am exposed to it.  Every week 

I do learn strategies that I know I will be able to use in my future class� (Journal Entry 7). 

Cathy�s schooling through 7th grade was at a Catholic school where she recalls 

overcrowded classrooms with as many as 60 children and memorizing everything.  She 

described coming home with lists of equations �that I was expected to repeat verbatim the 

following day in school� (Autobiography).  Teachers would demonstrate procedures for 

double- and triple-digit multiplication or long division problems which students were 

required to follow exactly.  A change to public school in the 8th grade found Cathy in an 

advanced Algebra I class.  After that, she struggled to maintain a B in most subsequent 

math classes.  Cathy opted for the easiest math course offered in her junior year claiming 

that �I did not have a mathematical mind and wanted to avoid any more challenging 

courses� (Autobiography).  She took some programming courses in college in the mid-

1970s and struggled to get by with a C+.  Cathy returned to college in 2005 and found 

success and enjoyment in her college math courses where �professors presented 

complicated formulae and students were instructed to insert the appropriate variables to 

calculate the correct answer� (Autobiography).  Cathy stated that the courses reminded 

her very much of her elementary school days in the Catholic school, and she noted that 

her success was a result of the professors teaching math the way she learns it best. 

Pre-Study Beliefs 

In order to determine what changes occurred in the preservice teachers� beliefs 

about the nature, teaching and learning of mathematics over the period of the study, it is 

important to establish the beliefs that they held prior to the study semester.  To address 

these beliefs, pre-test quantitative data gathered from the MMBQ were examined.  
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Additionally, qualitative data gathered from case-study individuals were examined and 

used to corroborate (or contradict) the results. 

MMBQ Results 

The MMBQ is a 46-item Likert scale instrument which measures beliefs about the 

nature, teaching and learning of mathematics.  This instrument consists of three 

collections of questions addressing the different beliefs about mathematics (nature, 

teaching and learning) held by individuals.  These collections shall be referred to as the 

Beliefs about Mathematics Scale (BAMS), the Beliefs about Mathematics Instruction 

Scale (BAMIS), and the subset of questions from the Mathematics Beliefs Scale by 

Fennema, Carpenter and Loef (1990), which for convenience sake will simply be referred 

to as the MBS.   

The BAMS portion of the MMBQ consists of 20 statements, worded both 

positively and negatively, that deal with beliefs about the nature of mathematics.  

Preservice teachers note how much they agree or disagree with each item by circling the 

number that best fits their beliefs about the statement with 1 indicating strong 

disagreement with the statement, 2 indicating moderate disagreement, 3 indicating slight 

disagreement, 4 indicating slight agreement, 5 indicating moderate agreement and 6 

indicating strong agreement with the statement.   

The BAMIS portion of the MMBQ consists of 20 statements, worded both 

positively and negatively, that deal with beliefs about the teaching of mathematics.  The 

preservice teachers indicate how much they agree or disagree with each item by circling 

the number that best fits their beliefs about the statement.  The BAMIS portion uses the 

same agreement scale as the BAMS portion.   
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The MBS portion of the MMBQ consists of six statements, worded both 

positively and negatively, that deal with beliefs about the learning of mathematics.  

Preservice teachers note how much they agree or disagree with each item by circling the 

number that best fits their beliefs about the statement with 1 indicating that the individual 

strongly disagrees with the statement; 2 indicating that the individual disagrees with the 

statement; 3 indicating that the individual is undecided about the statement; 4 indicating 

that the individual agrees with the statement; and 5 indicating that the individual strongly 

agrees with the statement.   

In indicating their agreement or disagreement with each statement, a preservice 

teacher would occasionally circle two adjacent ratings.  The researcher interpreted this to 

mean that the individual was not strongly committed to either rating but instead felt that a 

rating in between the two would more accurately describe his or her position.  In these 

rare instances, the researcher scored this item as having a rating of half-way between the 

two ratings circled.  For instance, if an individual circled both 3 and 4, they were given a 

score of 3.5.   

The reliability of the MMBQ and its three subscales were checked using 

Cronbach�s alpha.  Alpha was computed using data from all of the 42 study participants.  

The reliability of the MMBQ was found to be .78.  Generally, a value of .8 or above is 

considered an acceptable reliability level, and hence, this instrument as a whole exhibits a 

fair amount of internal consistency.  The reliability of the subscale measuring beliefs 

about the nature of mathematics (the BAMS) was found to be .70 with two items 

(Statements 1 and 28) negatively correlating with the other 18 items.  The reliability of 

the subscale measuring beliefs about the teaching of mathematics (the BAMIS) was 
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found to be .73.  The reliability of the subscale measuring beliefs about the learning of 

mathematics (the MBS) was .57 with one item (Statement 42) negatively correlating with 

the other items.  It should be noted that if this item were removed, the reliability would 

raise to .75.  As a result, Statement 42 is excluded from discussions about the preservice 

teachers� beliefs about learning mathematics.    

The researcher, as an instructor of ME3141, wanted to gain some insight into the 

pre-course beliefs of the preservice teachers who enrolled in the course so this 

information could inform her practice in the teaching of the course.  While research 

indicates that preservice elementary teachers typically hold instrumentalist views of 

mathematics, and that they view teaching as the dispensing of knowledge and learning as 

the passive absorption of knowledge, each group of preservice teachers that enter 

ME3141 has a different set of strengths, weaknesses and needs.  Hence, knowing which 

items the preservice teachers most strongly agreed and disagreed with on the MMBQ 

helped determine areas that needed particular attention.  This information could also 

prove to be useful to the researcher when planning for future teaching using the Learning 

Cycles format.    

Both groups of preservice teachers completed the MMBQ during the first meeting 

of the semester.  Pre-test data for the 27 individuals in the Learning Cycles course and the 

15 individuals who provided pre- and post-test data for the MMBQ were examined.    

The average score for each of the 46 items was computed, and the averages were sorted 

in ascending order.  The seven items that received the lowest average scores and the 

seven items that received the highest average scores on the MMBQ are discussed here to 

provide a description of the beliefs that the preservice teachers, as a whole, most strongly 
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agreed with or disagreed with at the beginning of the semester (for the ranks and averages 

of all pretest items, see Appendix E).  Because of the differences in scales on the items in 

the MBS portion of the MMBQ (which uses a five-point Likert scale rather than a six-

point scale) adjustments were made to the scores on these six items so that they were 

ranked appropriately.  During this reporting of descriptive data, low scores indicate 

disagreement with a statement while high scores indicate agreement. 

Items on the MMBQ which are described as negatively phrased statements 

express beliefs counter to those held by individuals involved in the reform movement in 

mathematics education.  Items which are described as positively phrased statements 

express beliefs that are consistent with those held by reformers.  Ideally, preservice 

teachers would disagree with the negatively phrased statements and agree with the 

positively phrased statements on the MMBQ. 

The seven items that the preservice teachers most strongly disagreed with on the 

pre-test MMBQ are provided in Table 4.1 below.  Three of the seven items (Statements 5, 

39 and 38) deal with beliefs about the teaching of mathematics; all three of these items 

are negatively phrased.  Three of the items (Statements 20, 11 and 31) are about the 

nature of mathematics.  Two of these statements are negatively phrased and one is 

positively phrased.  One of the items (Statement 44) that the study participants most 

strongly disagreed with at the beginning of the semester dealt with the learning of 

mathematics.  This statement is positively phrased.  Hence, while the items most 

disagreed with were split fairly proportionally between beliefs about the nature, teaching 

and learning of mathematics, the majority of these statements were negatively phrased 
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indicating that the preservice teachers held views that were somewhat consistent with the 

beliefs held by the reform movement. 

______________________________________________________________________ 

Table 4.1. Ranks and Averages of the Most Strongly Disagreed with Statements on the    
MMBQ Pre-Test   

Pre-Test 
Rank Statement 

Nature, 
Teaching 

or 
Learning 

Positively or 
Negatively 
Phrased 

Pre-Test 
Average 

1 5.    Students should be expected to use only those 
methods that their text or teacher uses 

Teaching Negative 1.88 

2 39.  All students should be required to memorize 
the procedures that the text uses to solve 
problems. 

Teaching Negative 2.52 

3 20.  The language of math is so exact that there is 
no room for variety of expression. 

Nature Negative 2.69 

4 44.  Most young children can figure out a way to 
solve many mathematics problems without 
any adult help. 

Learning Positive 2.31* 

5 11.  Mathematicians are hired mainly to make 
precise measurements and calculations for 
scientists. 

Nature Negative 2.78 

6 31.  In mathematics, perhaps more than in other 
areas, one can display originality and 
ingenuity. 

Nature Positive 2.88 

7 
38.  Discovery-type lessons have very limited 

value when you consider the time they take 
up.   

Teaching Negative 2.98 

* When ranking this item, the average was scaled to reflect the fact that it was rated on a five-point Likert 
scale, not six.  The average listed here is the true average.  The scaled average was found by multiplying 
the true average by

5
6 . 

______________________________________________________________________    

The items receiving the highest average scores, and hence the ones that the 

preservice teachers most strongly agreed with on the MMBQ pre-test, are provided in 

Table 4.2 below.  Of the seven items, two statements deal with beliefs about the teaching 

of mathematics with one positively phrased and one negatively phrased.  Four of the 

statements deal with beliefs about the nature of mathematics; three of them were 

negatively phrased.  One of the statements deals with beliefs about the learning of 



 151

mathematics; it is also negatively phrased.  Thus, a larger portion of the statements that 

the preservice teachers most strongly agreed with at the beginning of the course dealt 

with beliefs about the nature of mathematics.  Five of the seven items were negatively 

phrased indicating that the preservice teachers held beliefs that run counter to the beliefs 

of the reform movement. 

______________________________________________________________________ 

Table 4.2.  Ranks and Averages of the Most Strongly Agreed with Statements on the 
MMBQ Pre-Test  

Pre-Test 
Rank Statement 

Nature, 
Teaching 

or 
Learning 

Positively or 
Negatively 
Phrased 

Pre-Test 
Average 

39 28.  Trial and error and other seemingly haphazard 
methods are often necessary in mathematics. 

Nature Positive 4.76 

40 9.    In mathematics, perhaps more than in other 
fields, one can find set routines and 
procedures. 

Nature Negative 4.78 

41 41.  Most young children have to be shown how to 
solve simple word problems. 

Learning Negative 4.02* 

42 25.  Many of the important functions of the 
mathematician are being taken over by 
computers. 

Nature Negative 4.88 

43 42.  Children should understand computational 
procedures before they master them. 

Learning Positive 4.14*3 

44 1.   Solving a mathematics problem usually 
involves finding a rule or formula that applies. 

Nature Negative 5.05 

45 7.   Teachers must get students to wonder and 
explore even beyond usual patterns of 
operation in math. 

Teaching Positive 5.05 

46 21.  The teacher should always work sample 
problems for students before making an 
assignment. 

Teaching Negative 5.43 

* When ranking this item, the average was scaled to reflect the fact that it was rated on a five-point Likert 
scale, not six.  The average listed here is the true average.  The scaled average was found by multiplying 
the true average by

5
6 . 

______________________________________________________________________________________________ 
 
                                                        

3 After adjusting the averages of the items on the MBS portion, the item with the fourth from the 
highest average score is actually Statement 42: �Children should understand computational procedures 
before they master them.�  However, when Cronbach�s alpha was computed for the MBS portion of the 
MMBQ, this item was found to be a bad item with most of the preservice teachers interpreting it differently 
than the other five items on the subscale.  It is for that reason that this statement will not be used to describe 
the preservice teachers� beliefs at the beginning of the semester.   
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  It is worth noting that only one of the items in the list of the seven items with the 

lowest averages is at least one point lower than the average scale value of 3.5.  In the list 

of the items with the highest averages, all items are at least one point higher than the 

average scale value of 3.5.  This indicates that the preservice teachers more strongly 

agreed with the highest ranking items than they disagreed with the lowest ranking items.  

Using this information, it is possible to describe the beliefs held by most 

preservice teachers in this study.  In describing the preservice teachers� beliefs about the 

nature of mathematics, it is clear that many of the individuals in the study view the nature 

of mathematics in a way that is inconsistent with the philosophy of the reform movement.  

The preservice teachers believed that solving a mathematics problem usually involves 

finding a rule or a formula that applies; that set routines and procedures are a big part of 

mathematics; that displaying originality and ingenuity are not prominent features in the 

field of mathematics; and that many of the important functions of the mathematician are 

being taken over by computers4.  In spite of these traditional beliefs, the preservice 

teachers also held some beliefs about the nature of mathematics that were consistent with 

the reform movement.  Most individuals believed that trial and error and other seemingly 

haphazard methods are often necessary in mathematics, that the language of math is not 

so exact that there is no room for variety of expression, and that mathematicians are not 

hired mainly to make precise measurements and calculations for scientists.  
                                                        

4 Agreement with the last statement � that computers are taking over many of the important 
functions of mathematicians � suggests that the individual believes that the major functions of a 
mathematician are the same as the functions of the computer, or at least that they can be performed by a 
computer.  Lerman notes that functions of one involved in mathematical activity are �engaging in 
interesting problems; making imaginative conjectures; testing; reflecting; examining the results informally; 
formalizing and testing results formally; publishing ideas for criticism and development by the 
mathematical community� (Lerman, 1990, p. 3).  However, most can agree that the functions of a computer 
are performing computations and following set procedures.  Hence, an individual that agrees with the 
statement believes that mathematics is all about computation and following set procedures. 
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When looking at the beliefs about the teaching of mathematics held by the 

preservice teachers at the beginning of the semester, the items that individuals agreed 

with most tended to go against the traditional model of teaching.  Preservice teachers in 

the study believed that teachers must get students to wonder and explore even beyond 

usual patterns of operation in math; that discovery-type lessons do have value in spite of 

the time that they require; that students should not necessarily be required to memorize 

the procedures that the text uses to solve problems; and that students should not have to 

use only those methods that their text or teacher uses.  Contradictory to this, however, 

virtually all study participants strongly believed that the teacher should always work 

sample problems for students before making an assignment. 

With regards to beliefs about the learning of mathematics, the majority of the 

participants believed that most young children have to be shown how to solve simple 

word problems; and that most young children can�t figure out a way to solve many 

mathematics problems without any adult help.  The small number of items in this portion 

of the questionnaire makes it difficult to paint an accurate picture of the beliefs about 

learning held by this group of preservice teachers � two statements are not enough to 

provide a strong argument.  However, when considered with their beliefs that the teacher 

should work out sample problems before making assignments, it seems natural to suggest 

that the preservice teachers favor a passive absorption model of learning.  

Thus, the ranking of items from the MMBQ pre-test indicated that the preservice 

teachers would need opportunities to engage in mathematical problem solving where they 

would not have a rule or a formula to fall back on, where originality and ingenuity were 

both required and valued.  They would need to be part of situations in which the teacher 



 154

did not work sample problems for them and see that they could figure things out on their 

own.  Finally, they needed to see instances where a teacher did not work sample 

problems for the children in their class and yet the children were able to figure things out 

on their own.  While the teacher-researcher had already planned on including these 

elements in the course, her convictions about the importance of the inclusion of these 

elements was strengthened by the results of the rankings of the MMBQ pre-test items.   

Qualitative Results 

 The case study participants, through their journal writing and interviews, added to 

the description of the typical beliefs held by preservice teachers provided above. 

The Nature of Mathematics   

Several of the participants described the nature of mathematics in a very 

traditional manner.  In Journal Entry 3, Michael described mathematics as �either right or 

wrong,� and later, in Interview 1, he described how his pre-course image of mathematics 

was about �formulas � memorizing formulas and applying them.�  Elizabeth described 

mathematics as being all about computations and noted that she thought that 

mathematicians �do outrageous, very complex computations that I just don�t understand� 

(Elizabeth, Interview 1).  Julie noted that �mathematics is all about formulas and 

numbers� (Interview 1) and that it is �rigorous and tedious� (Journal Entry 2).  Even 

Cathy, whose BAMS scores were the highest in the class, stated that at the beginning of 

the course she viewed mathematics as being all about �numbers and computation, 

formulas and theorems� (Interview 1).  Thus, none of the case study participants 

described beliefs about the nature of mathematics that were non-traditional. 
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The Teaching of Mathematics 

The case study participants expressed mixed beliefs about the teaching of 

mathematics.  While one might expect them to express traditional views given their 

exposure to traditional teaching methods as students of math, their statements express 

some non-traditional views as well, possibly because of their desire to provide more 

positive experiences for their future students than they themselves had as learners or as a 

way to express how they wished they had been taught math.  Barb, whose BAMIS score 

was slightly below the class average and hence whose beliefs about the teaching of math 

were fairly traditional, noted that she believed that �it is very important to show students 

that there is more than one way to arrive at a correct answer in many cases� (Journal 

Entry 2).  It is unclear whether this statement represents truly non-traditional beliefs 

about the teaching of mathematics given that Barb described the teacher�s role as 

showing the students that multiple solution strategies exist indicating that she could have 

been holding dispenser-of knowledge views of teaching.  In the same journal entry, she 

stated �I will try my best as a teacher to use the simplest terms possible in explaining and 

showing how to do problems and not to bombard the students with lots of general rules to 

be followed and memorized� (Journal Entry 2).  Again, the message seems to be mixed.  

Barb appeared to want to break away from the experiences she had as a learner, but she 

still viewed knowledge as something that can be broken into bits and handed out to her 

students.  However, she later confirmed her agreement with the statement �Students of all 

abilities should learn better when taught by guided discovery methods� (Statement 2 of 

the MMBQ which she moderately agreed with on the pre-test) when she said �as a 

teacher, you give the student a set of problems�and the teacher is always there to kind of 
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guide them if they�re stuck or if they don�t know what to do next.  To maybe push them 

in the right direction, but not actually tell them how to do it� (Interview 2).  This 

statement seems to be fairly non-traditional in nature.   

Elizabeth, who claimed to have developed many of her views about teaching 

while watching her son learn and during the time she spent volunteering in his elementary 

school, made the most non-traditional statements of the group about the teaching of 

mathematics.  Interestingly, her BAMIS score was only slightly above average.  From 

early in the semester, she frequently expressed frustration about the methods her 

cooperating teacher was using to teach math.  Elizabeth noted that �despite everything 

that we now know about how children learn, specifically the different ways in which 

children absorb information, it is startling to see the same ineffective methods being 

applied in the classroom� (Journal Entry 2).  She went on to describe a particular lesson 

on double-digit addition and subtraction that she observed in which the teacher asked 

students to orally share the answers they obtained with no discussion of the methods used 

or errors made and questioned why the teacher didn�t have the students share their work 

on the board.  Elizabeth said:  

The teacher could have used this activity to assess any difficulty the students were 
having�.She could have also challenged the students to notice any mistakes in their 
classmate�s computation which would have effectively engaged them in peer review, peer 
teaching, critical thinking and discussion�.Unfortunately, it was the same old boring 
math methods that I was tortured with and did not learn.  Students who are good at math 
do well, and those that struggle are still not getting what they need to achieve. (Journal 
Entry 2) 

 
Similar comments were made by Elizabeth throughout the semester.  However, she also 

expressed some fairly traditional beliefs about teaching noting that she hoped that the 

course would teach her �how to break mathematical information/computations down so 
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that my students can be fluent and competent� (Journal Entry 1) indicating a dispenser-

of-knowledge view of teaching.  

All of the case study participants expressed a desire to make learning math more 

palatable for their students.  For example, in Michael�s first journal entry he stated �I 

know math is a hard subject to teach as well as learn and that often students become 

disinterested.  I hope, though, that this class will lead me to find ways to keep my 

students interested in what I have to say when I am teaching� (Journal Entry 1).  

Similarly, in discussing her expectations for the course, Cathy noted �I hope that we 

discuss methods to create a happy, hopeful, and fun learning environment� (Journal Entry 

1). 

The Learning of Mathematics 

Expressed beliefs about the learning of mathematics by the case study participants 

were mixed.  All case study participants acknowledged differences in learning styles 

(visual, auditory or kinesthetic) and the need to incorporate different techniques and 

activities to accommodate the many learning styles of their students when teaching math.  

Few addressed specific methods that were beneficial in learning mathematics, and none 

addressed learning as the construction of knowledge.  However Michael described how at 

the beginning of the semester he believed that the best way for children to learn math was 

through the memorization of procedures and formulas.  Barb, in describing her own 

experiences as a student, noted �I can remember situations as an early learner of math 

knowing that the right answer depends on me remembering how to use certain equations 

correctly� (Journal Entry 2).  Both of these statements reflect a passive-absorption view 

of mathematics learning. 



 158

Summary 

Generally, the written materials collected from the case study participants along 

with the interviews conducted confirm the results of the MMBQ.  Most of the preservice 

teachers in the course began with somewhat traditional views of the nature of 

mathematics and mixed views about the teaching of mathematics.  While the qualitative 

data seem to support the claim that the preservice teachers� beliefs about the learning of 

mathematics is fairly traditional, the data were limited and the comments often addressed 

learning in general or in idealized ways rather than addressing specific processes or needs 

involved in the learning of mathematics.     

Post-Study Beliefs 

The data collected for each of the research questions 1, 2, 3 and 4 will be 

examined separately in this order.  For the purpose of analysis, the scores of negatively 

phrased items were reversed so that low scores consistently meant less agreement with 

the views of the reform movement and high scores consistently meant more agreement 

with the views of the reform movement.  Quantitative results and analyses will precede 

qualitative results which will be presented together at the end of this section. 

Beliefs about the Nature of Mathematics 

The responses on the BAMS portion of the MMBQ were used to help determine 

the beliefs about the nature of mathematics held by the preservice teachers in each group 

and to determine whether one group experienced greater changes in their beliefs than the 

other.  Each group took the pre-test during the first class meeting.  The post-test was 

completed by the Learning Cycles group during the next to last class meeting and during 
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the last class meeting in the comparison group.  Possible scores range from 20 points to 

120 points.  The results of the pre-test and post-test are found in Table 4.3.  

One outlier existed in the pre-test data of the Learning Cycles group as an 

individual scored 42 points on this portion of the MMBQ.  If this score were removed, 

the average of the remaining 26 scores would be 88.73=x and the standard deviation 

would be SD=7.25.  As mentioned previously, because of the small sample size the score 

was not removed from the data set. 

______________________________________________________________________ 

Table 4.3. Descriptive Statistics for BAMS Pre-Test and Post-Test Scores 

Group (n) Pre-test 
Mean SD Post-test 

Mean SD 

 
Learning Cycles (27) 

 
72.70 9.39 82.52 6.97 

 
Comparison (15) 

 
66.00 6.95 69.83 13.31 

 

______________________________________________________________________ 

Figure 4.1 below indicates that the average score on the BAMS portion of the 

MMBQ for the Learning Cycles group increased more over the semester than did the 

average score for the comparison group.  However, a two-tailed independent t-test shows 

that there was a significant difference between the pre-test scores of the Learning Cycles 

group and the pre-test scores of the comparison group (t=2.42, df=40, p<.05).  As a result, 

a one-way ANCOVA was conducted to determine whether there was a significant 

difference between the post-test BAMS scores of the Learning Cycles group and the post-

test BAMS scores of the comparison group.  The independent variable was the group 

(Learning Cycles or comparison) and the dependent variable was the post-test scores on 
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the BAMS portion of the MMBQ as collected at the end of the semester.  To control for 

existing differences among participants� pre-test scores on the BAMS portion of the 

MMBQ, the pre-test scores were used as the covariate.  

The ANCOVA5 results are presented in Table 4.4.  These values reveal that there 

is a significant difference between the post-test scores of the preservice teachers in the 

Learning Cycles group and the preservice teachers in the comparison group, 

F(1,39)=9.235, p<.005.  The effect size of the analysis was determined to be large. 

______________________________________________________________________ 

 

Figure 4.1. Pre-test and Post-test BAMS Data for Learning Cycles and Comparison 
Groups 
____________________________________________________________________ 

 
 
 
 
                                                        

5 The homogeneity of variance was tested for the two groups using Box�s Test of Equality of 
Covariance and it was found that the homogeneity of variance was violated.  Two low scores existed within 
the control group�s post-test scores with one student scoring a 48 and another scoring a 49.  If these two 
scores are removed from the data set, the homogeneity of variance is no longer violated.  However, the 
difference between the two groups is no longer significant.   
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_____________________________________________________________________ 
 
Table 4.4. Analysis of Covariance for BAMS Post-test Scores 

Source df Sum of 
Squares 

Mean of 
Squares   F Significance 

(p) 
Effect 
Size 

Between 1 643.18 643.18 9.235 .004 .191
Within 39 2716.32 69.95  
Total 42 260744.25  

  
______________________________________________________________________ 
     

Using pre- and post-test scores on the BAMS portion of the MMBQ, data were 

analyzed to describe post-course differences in the preservice teachers� beliefs about the 

nature of mathematics.  The ANCOVA showed that after controlling for pre-test 

differences on the BAMS portion of the MMBQ, significant differences existed between 

the post-test scores of the two groups.  The results indicate that, even though the beliefs 

about the nature of mathematics held by preservice teachers participating in both groups 

became, on average, more consistent with those espoused by the reform movement in 

mathematics education, the increases experienced by the preservice teachers in the 

Learning Cycles group were significantly larger than those of the preservice teachers 

enrolled in the comparison course. 

When examining individual items on the BAMS portion of the MMBQ, it was 

found that the average score on several items changed significantly during the semester.  

Pre- and post-test averages for each of the 20 BAMS items were subjected to a two-

tailed, paired-samples t-test.  Due to the large number of t-tests performed, a pseudo-

Bonferroni adjustment procedure was used to reduce concerns regarding the Type I error 

rate associated with the use of multiple t-tests.  Only results that indicated significance at 

p<.005 were considered to be statistically significant.  With this stricter requirement, only 
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significant differences were observed in the Learning Cycles class6.  Six items on the 

BAMS portion of the MMBQ had average scores that changed significantly from the pre-

test to the post-test for the Learning Cycles group.  The results are found in Table 4.5.  

As mentioned previously, scores on negative items have been reversed for 

consistency so that higher scores indicate less traditional views about the nature of 

mathematics and lower scores indicate more traditional views about the nature of 

mathematics.  Given a range of five (possible scores vary between one and six), the 

middle score is 3.5.  Hence, scores above 3.5 indicate more agreement with the reform 

movement and scores below 3.5 indicate less agreement with the reform movement.  

Thus, while all six items described in Table 4.5 experienced significant increases in their 

average score, two of the items (namely Statements 1 and 14) still remain inconsistent 

with the beliefs of the reform movement. 

Beliefs about the Teaching of Mathematics 

The responses on the BAMIS portion of the MMBQ were used to help determine 

the beliefs about the teaching of mathematics held by the preservice teachers in each 

group and to determine whether one group experienced greater changes in their beliefs 

than the other.  Each group took the pre-test during the first class meeting.  The post-test 

was completed by the Learning Cycles group during the next to last class meeting and 

during the last class meeting in the comparison group.  Possible scores range from 20 

points to 120 points.   

                                                        
6 Even without this stricter requirement, no significant differences were observed in the pre- and 

post-test averages of any items in the BAMS for the control group.  It simply decreased the number of 
items that were significantly different in the Learning Cycles group from nine to six. 
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______________________________________________________________________ 

Table 4.5.  BAMS Items with Significantly Higher Scores on the Post-Test than on Pre-
Test (Learning Cycles Group Only) 

Statement 
Pre-test 
Mean  
(SD) 

Post-test 
Mean 
(SD) 

df a t 
 
p 

1.  Solving a mathematics problem 
usually involves finding a rule or 
a formula that applies. 

1.82 
(0.68) 

3.00 
(1.36) 

 
26 

 
5.23 

 
.000 

6.  The basic ingredient for success in 
mathematics is an inquiring 
nature. 

3.77 
(0.95) 

4.63 
(1.04) 

 
25 

 
3.55 

 
.002 

13.  There are several different but 
logically acceptable ways to 
define most terms in 
mathematics. 

4.00 
(0.94) 

4.67 
(0.92) 

 
25 

 
3.33 

 
.003 

14.  Math is an organized body of 
knowledge which stresses the 
use of formulas to solve 
problems. 

2.58 
(0.64) 

3.50 
(1.24) 

 
24 

 
4.75 

 
.000 

16.  Mathematics is a rigid discipline 
which functions strictly 
according to inescapable rules.   

3.48 
(0.96) 

4.26 
(1.10) 

 
24 

 
3.84 

 
.001 

34.  In mathematics, there is usually 
just one proper way to do things. 

4.22 
(1.19) 

5.04 
(1.02) 

26 4.40 .000 

a Differences in the degrees of freedom for each item exist due to the fact that some students omitted 
responding to these items. 
______________________________________________________________________ 
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The results of the pre-test and post-test are found in Table 4.6.  No outliers were 

found in the pre- or post-test scores for either group. 

______________________________________________________________________ 

Table 4.6. Descriptive Statistics for BAMIS Pre-Test and Post-Test Scores 

Group (n) Pre-test 
Mean SD Post-test 

Mean SD 

 
Learning Cycles (27) 

 
76.80 7.49 85.19 8.46 

 
Comparison (15) 

 
69.07 8.38 72.10 12.84 

 
______________________________________________________________________ 
 

Figure 4.2 below indicates that the average score on the BAMIS portion of the 

MMBQ for the Learning Cycles group increased more over the semester than did the 

average score for the comparison group.  However, a two-tailed independent t-test shows 

that there is a significant difference between the pre-test scores of the Learning Cycles 

group and the pre-test scores of the comparison group (t=3.07, df=40, p<.005).  As a 

result, a one-way ANCOVA was conducted to determine whether there was a significant 

difference between the post-test BAMIS scores of the Learning Cycles group and the 

post-test BAMIS scores of the comparison group.  The independent variable was the 

group (Learning Cycles or comparison) and the dependent variable was the post-test 

scores on the BAMS portion of the MMBQ as collected at the end of the semester.  To 

control for existing differences among participants� pre-test scores on the BAMIS portion 

of the MMBQ, the pre-test scores were used as the covariate.  

The ANCOVA results are presented in Table 4.7.  These values reveal that there 

was a significant difference between the post-test scores of the preservice teachers in the 
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Learning Cycles group and the post-test scores of the preservice teachers in the 

comparison group, F(1,39)=5.40, p<.05.  The effect size of the analysis was determined 

to be medium. 

______________________________________________________________________ 
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Figure 4.2.  Pre-test and Post-test BAMIS Data for Learning Cycles and Comparison 
Groups 
___________________________________________________________________ 

______________________________________________________________________ 

Table 4.7. Analysis of Covariance for BAMIS Post-test Scores 

Source df Sum of 
Squares 

Mean of 
Squares   F Significance 

(p) 
Effect 
Size 

Between 1 337.25 337.25 5.40 .025 .122
Within 39 2436.16 62.47  
Total 42 278070.75  

  
______________________________________________________________________ 
 

Using pre- and post-test scores on the BAMIS portion of the MMBQ, data were 

analyzed to describe post-course differences in the preservice teachers� beliefs about the 

teaching of mathematics.  The ANCOVA showed that, after controlling for pre-test 
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differences on the BAMIS portion of the MMBQ, significant differences existed between 

the post-test scores of the two groups.  The results indicate that, even though the beliefs 

about the teaching of mathematics held by preservice teachers participating in both 

groups became on average more consistent with those espoused by the reform movement 

in mathematics education, the increases experienced by the preservice teachers in the 

Learning Cycles group were significantly larger than those of the preservice teachers 

enrolled in the comparison course.  

When examining individual items on the BAMIS portion of the MMBQ, it was 

found that the average score on several items changed significantly during the semester.  

Pre- and post-test averages for each of the 20 BAMIS items were subjected to a two-

tailed, paired-samples t-test.  Due to the large number of t-tests performed, a pseudo-

Bonferroni adjustment procedure was used to reduce concerns regarding the Type I error 

rate associated with the use of multiple t-tests.  Only results that indicated significance at 

p<.005 were considered to be statistically significant.  With this stricter requirement, only 

significant differences were observed in the Learning Cycles class7.  Five items on the 

BAMIS portion of the MMBQ had average scores that changed significantly from the 

pre-test to the post-test for the Learning Cycles group.  The results are summarized in 

Table 4.8.  

 

 

                                                        
7 With the stricter requirement in place, the number of significantly different averages dropped 

from nine to five for the Learning Cycles group.  Only one item was significantly different with the looser 
requirements for the control group.  Interestingly, the difference was a drop in the average score, not an 
increase.  The preservice teachers in this group more strongly believed that students should be expected to 
use only the methods that their text or teacher uses (Statement 5) at the end of the semester than at the 
beginning of the semester. 
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Beliefs about the Learning of Mathematics 

The responses on the MBS portion of the MMBQ were used to help determine the 

beliefs about the learning of mathematics held by the preservice teachers in each group 

and to determine whether one group experienced greater changes in their beliefs than the 

other.  Each group took the pre-test during the first class meeting.  The post-test was 

completed by the Learning Cycles group during the next to last class meeting and during 

the last class meeting in the comparison group.  Possible scores range from 6 points to 30 

points.  The results of the pre-test and post-test are found in Table 4.9.   

________________________________________________________________ 

Table 4.8.  BAMIS Items with Significantly Higher Scores on the Post-Test than on Pre-
Test (Learning Cycles Group Only) 

Statement 
Pre-test 
Mean  
(SD) 

Post-test 
Mean 
(SD) 

df a t 
 
p 

2.  Students of all abilities should 
learn better when taught by 
guided discovery methods. 

4.23 
(0.77) 

4.85 
(0.82) 

 
25 

 
4.17 

 
.000 

10.  The teacher should provide 
models for problem solving and 
expect students to imitate them. 

2.82 
(1.18) 

3.74 
(1.23) 

 
26 

 
3.28 

 
.003 

15.  Most exercises assigned to 
students should be applications 
of a particular rule or formula. 

3.37 
(0.74) 

4.15 
(0.82) 

 
26 

 
4.77 

 
.000 

29.  Teachers should spend most of 
each class period explaining 
how to work specific problems. 

3.30 
(1.10) 

3.93 
(1.00) 

 
26 

 
3.14 

 
.004 

38.  Discovery-type lessons have 
very limited value when you 
consider the time they take up.   

4.00 
(0.78) 

4.93 
(0.92) 

 
26 

 
4.83 

 
.000 

a Differences in the degrees of freedom for item 2 exists due to the fact that one student omitted a response 
to this item. 
______________________________________________________________________ 

 
Three outliers were found in the comparison group data.  One individual scored a 

21 on the pre-test.  If this score was omitted, the average score of the remaining 14 
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individuals would be 71.14=x  with a standard deviation of SD=1.54.  Two scores of 11 

and 21 were recorded in the post-test MBS data.  If these two scores were to be removed, 

the average score for the remaining 13 individuals would be virtually unchanged at 

15.16=x , but the standard deviation would drop to SD=1.82.  Because of the small 

sample size, it was determined that these scores would remain in the corresponding data 

sets. 

______________________________________________________________________ 

Table 4.9. Descriptive Statistics for MBS Pre-Test and Post-Test Scores 

Group (N) Pre-test 
Mean SD Post-test 

Mean SD 

 
Learning Cycles (27) 

 
17.52 3.64 18.48 2.34 

 
Comparison (15) 

 
15.13 2.20 16.13 2.53 

 

______________________________________________________________________ 

Figure 4.3 below indicates that the average score on the MBS portion of the 

MMBQ for the Learning Cycles group increased at roughly the same rate as the average 

score for the comparison group over the semester.  However, a two-tailed independent t-

test showed that there was a significant difference between the pre-test scores of the 

Learning Cycles group and the pre-test scores of the comparison group (t=2.64, df=40, 

p<.05)8.  As a result, a one-way ANCOVA was conducted to determine whether there 

was a significant difference between the post-test MBS scores of the Learning Cycles 

group and the post-test MBS scores of the comparison group.  The independent variable 

                                                        
8 The homogeneity of variance was checked by the Levene�s Test of Equality of Variances and it 

was found that the variances were not equal.  As a result, a correction was applied to the test.  The 
calculations shown here reflect that correction. 
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was the group (Learning Cycles or comparison) and the dependent variable was the post-

test scores on the MBS portion of the MMBQ as collected at the end of the semester.  To 

control for existing differences among participants� pre-test scores on the MBS portion of 

the MMBQ, the pre-test scores were used as the covariate.  

The ANCOVA results are presented in Table 4.10.  These values reveal that there 

is a significant difference between the post-test scores of the preservice teachers in the 

Learning Cycles group and the post-test scores of the preservice teachers in the 

comparison group, F(1,39)=4.30, p=.045.  The effect size was determined to be medium. 

______________________________________________________________________ 
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Figure 4.3.  Pre-test and Post-test MBS Data for Learning Cycles and Comparison Groups 
______________________________________________________________________ 
 

Using pre- and post-test scores on the MBS portion of the MMBQ, data were 

analyzed to describe post-course differences in the preservice teachers� beliefs about the 

learning of mathematics.  The ANCOVA showed that, after controlling for pre-test 

differences on the MBS portion of the MMBQ, significant differences existed between 

the post-test scores of the two groups.  The results indicate that, even though the beliefs 
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about the learning of mathematics held by preservice teachers participating in both 

groups became on average more consistent with those espoused by the reform movement 

in mathematics education, the increases experienced by the preservice teachers in the 

Learning Cycles group were significantly larger than those of the preservice teachers 

enrolled in the comparison course.  However, each group�s score was only slightly larger 

on the post-test indicating that their beliefs about the learning of mathematics as 

measured by the MBS did not change much. 

______________________________________________________________________ 
 
Table 4.10. Analysis of Covariance for MBS Post-test Scores 

Source df Sum of 
Squares 

Mean of 
Squares   F Significance 

(p) 
Effect 
Size 

Between 1 20.61 20.61 4.30 .045 .099
Within 39 186.98 4.79  
Total 42 13359.00  

 
______________________________________________________________________ 
  

When examining individual items on the MBS portion of the MMBQ, it was 

found that the average score of no items changed significantly during the semester.  Pre- 

and post-test averages for each of the six MBS items were subjected to a two-tailed, 

paired-samples t-test.  No significant differences were found. 

Descriptive Data on MMBQ Post-Test 

When examining the ranks and averages for each of the items of the MMBQ on 

the post-tests completed by the Learning Cycles group and the comparison group, some 

interesting trends are worth noting (for a complete list of post-test ranks and averages for 

the Learning Cycles group and the comparison group, see Appendix E).  Of the 46 items 

on the MMBQ, 24 are phrased negatively (i.e., in a way that is inconsistent with the 
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beliefs espoused by the reform movement) and 22 are phrased positively (i.e. in a way 

that is consistent with those beliefs).  Ideally, when ranking the raw averages (not those 

with negative items reversed) from least to greatest, the 24 negative items should receive 

the lowest averages (indicating disagreement with the statement) and the 22 positive 

items should receive the highest averages (indicating agreement with the statement).  Pre-

test averages for the MMBQ show that of the first 24 lowest ranking items, 14 were 

phrased negatively and 10 were phrased positively.  On the post-test for the comparison 

group, that remains virtually unchanged with 13 of the 24 lowest ranking items being 

negatively phrased and 11 being positively phrased.  However, in the Learning Cycles 

group, post-test rankings show that of the 24 lowest ranking items, 20 are negatively 

phrased and only 4 are positively phrased.   

When looking at the items that the preservice teachers most strongly agreed with 

or disagreed with on the post-test, more interesting trends can be seen.  In the comparison 

group, all but one of the seven lowest ranking items (the items the preservice teachers 

expressed the most disagreement with) remained the same.  The statement that moved 

into this group (Statement 34) on the post-test had been ranked as the eighth lowest on 

the pre-test.  Similarly, all but one of the seven highest ranking items (the items the 

preservice teachers expressed the most agreement with) remained the same.  The 

statement that moved into this group (Statement 2) increased from rank 32 to rank 40.  

In the Learning Cycles group, however, changes in the most disagreed with and 

agreed with items were more noticeable.  Two of the most disagreed with items changed 

from the pre-test to the post-test for the Learning Cycles group.  The items that left this 

group by increasing in rank were Statements 31 and 44 � both positively phrased items.  
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Statements 34 and 12 joined the seven lowest ranking items, both of which are negatively 

phrased.  Hence, for the Learning Cycles group, all of the seven most disagreed with 

items on the post-test were negatively phrased.  Of the items that were most strongly 

agreed with by the preservice teachers on the pre-test, only two remained the same in the 

post-test rankings.  All five that dropped in rank (Statements 1, 6, 9, 13, and 41) were 

negatively phrased and the five statements that replaced them (Statements 2, 17, 19, 24, 

and 26) were all positively phrased leaving the top seven most agreed with items in the 

Learning Cycles group all positively phrased.  

At the end of the course, preservice teachers in the Learning Cycles group 

expressed beliefs about mathematics that were more consistent with the beliefs of the 

reform movement.  With regards to the teaching of mathematics, they believed the 

following: (1) students of all abilities should learn better when taught by guided 

discovery methods; (2) each student should be encouraged to build on his own 

mathematical ideas even if his attempt contain much trial and error; (3) the teacher should 

provide class time for all students to experiment with their own mathematical ideas; (4) 

each student should feel free to use any method for solving a problem that suits him or 

her best; and (5) teachers must get students to wonder and explore even beyond usual 

patterns of operation in math.  With regards to the nature of mathematics, the preservice 

teachers believed that trial and error and other seemingly haphazard methods are often 

necessary in mathematics and that there are often many different ways to solve a 

mathematics problem.  

 

 



 173

Beliefs and Attitudes 

To answer the fourth research question, the responses of the preservice teachers in 

the Learning Cycles group to the ATMI were examined and analyzed to determine the 

attitudes toward mathematics held by these individuals and to determine whether their 

attitudes toward mathematics influenced the degree to which their beliefs changed over 

the semester.    

The ATMI is a Likert style instrument consisting of 40 statements, worded both 

positively and negatively, that deal with attitudes about mathematics.  Preservice teachers 

note how much they agree or disagree with each item by circling the number that best 

describes their feelings about the statement where A indicates that the individual strongly 

disagrees with the statement; B indicates that the individual disagrees with the statement; 

C indicates that the individual holds neutral feelings for the statement; D indicates that 

the individual agrees with the statement; and E indicates that the individual strongly 

agrees with the statement.  Each letter was given a numerical value for analysis purposes 

with A being assigned a value of 1 and E being assigned a value of 5.  As with the 

MMBQ, if an individual circled two adjacent letters, that item was assigned the score 

half-way between the scores of the two letters they circled.  Possible scores on the whole 

instrument range from 40 to 200.  For analysis purposes, scores on negatively phrased 

items were reversed so a low score on an item indicate less favorable attitudes toward 

mathematics while a higher score indicates more favorable attitudes.  Scores above 120 

indicate differing degrees of positive attitudes toward mathematics, and scores below 120 

indicate differing degrees of negative attitudes toward mathematics. 
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The ATMI consists of four subscales: Self-Confidence, Enjoyment, Value and 

Motivation.  The Self-Confidence subscale consists of 15 items with 8 items negatively 

phrased and 7 items positively phrased.  Possible scores on this subscale range from 15 to 

75.  After correcting for negatively worded items, scores above 45 on this subscale 

indicate higher levels of self-confidence in mathematics and scores below 45 indicate 

lower levels of self-confidence in mathematics.  Sample items from this subscale are 

�Studying mathematics makes me feel nervous� and �I am able to solve mathematics 

problems without too much difficulty.�  

The Value subscale consists of ten items with all of them being positively 

phrased.  Possible scores on this subscale range from 10 to 50.  Scores above 30 on this 

subscale indicate that an individual values mathematics whereas scores below 30 indicate 

that an individual does not value mathematics.  Sample items from this subscale are 

�Mathematics is one of the most important subjects for people to study� and 

�Mathematics is important in everyday life.� 

The Enjoyment subscale consists of ten items with one item negatively phrased 

and nine items positively phrased.  Possible scores on this subscale range from 10 to 50.  

Scores above 30 on this subscale indicate stronger feelings of enjoyment when doing 

mathematics and scores below 30 indicate weaker feelings of enjoyment when doing 

mathematics.  Sample items from this subscale are �Mathematics is dull and boring� and 

�I am much happier in a math class than in any other class.� 

The Motivation subscale consists of five items with one phrased negatively and 

the remaining four phrased positively.  Possible scores on this subscale range from 5 to 

25.  Scores above 15 on this subscale indicate a sense of motivation to learn mathematics 
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while scores below 15 indicate the lack of motivation to learn mathematics.  Sample 

items in this subscale are �I would like to avoid using mathematics in college� and �I am 

willing to take more than the required amount of mathematics.�  

Reliability coefficients were computed for each of the four subscales of the ATMI 

using Cronbach�s alpha.  These coefficients were computed using data gathered from 39 

participants9 in both the Learning Cycles course and the comparison course (24 

individuals from the Learning Cycles group and 15 from the comparison group).  The 

reliability for the Self-Confidence subscale was found to be .76 with one item (Statement 

17) correlating negatively with the other 13 items in the subscale (when removed, the 

reliability coefficient increases to .78); the reliability for the Value subscale was found to 

be .85; the reliability coefficient for the Enjoyment subscale was found to be .93; and the 

reliability coefficient for the Motivation subscale was .87.  Generally, a value of .8 or 

above is considered an acceptable reliability level, and hence, the subscales of this 

instrument exhibit fair to high internal consistency.  

The preservice teachers in the Learning Cycles group completed the ATMI as a 

pre-test on the first course meeting, and as a post-test during the next to last class of the 

semester.  Complete pre-test data were collected for all individuals.  However, on the 

post-test, three of the twenty-seven individuals provided responses to the first 17 items 

only.  Where only pretest ATMI data were required, data from all 27 individuals in the 

Learning Cycles course were used, but where both pre- and post-test data were required, 

only those 24 individuals that completed both pre- and post-test data were included.  

                                                        
9 The ATMI was administered to the preservice teachers in the control course in order to 

determine the reliability of the instrument.  The ATMI data obtained from the control group were not used 
in any other analyses.  
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Hence, in each of the analyses dealing with the results of the ATMI, the sample size will 

be noted as n=24 or n=27 as appropriate. 

In order to determine whether attitudes toward mathematics affect the degree to 

which an individual�s beliefs about mathematics changed during the semester, differences 

between the pre- and post-test scores on the BAMS, the BAMIS, and the MBS were 

computed for the individuals in the Learning Cycles group, and then these differences 

were correlated with the scores on the self-confidence, value, enjoyment and motivation 

subscales of the ATMI using Pearson�s correlation.  The results can be found in Table 

4.11. 

______________________________________________________________________  
Table 4.11.  Pearson�s Correlations for Pre-Test ATMI Subscales with Pre- and Post-Test 

Differences on MMBQ Subscales (n=27) 
 Self-

Confidence Value Enjoyment Motivation 

Post-BAMS � 
Pre-BAMS -0.17 -0.32 -0.30 -0.28 

Post-BAMIS � 
Pre-BAMIS 0.05 -0.01 -0.11 -0.04 

Post-MBS �  
Pre-MBS -0.33 -0.17 -0.25 -0.29 

   
________________________________________________________________________ 
 

No significant correlations were found between any of the differences and the 

attitudes subscales.  Negative correlations indicate that individuals with a smaller or 

negative difference between their pre- and post-test scores on a given portion of the 

MMBQ had a higher pre-test score on the subscale of the ATMI; positive correlations 

indicate that individuals with a larger difference between their pre- and post-test scores 

on a given portion of the MMBQ had a lower pre-test score on the subscale of the ATMI.  

For example, the correlation between the differences between the pre- and post-test MBS 
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scores and the pre-test scores on the Self-Confidence portion of the ATMI was found to 

be r = -.33.  This indicates that individuals whose pre- and post-test scores on the MBS 

changed little or decreased tended to have higher self-confidence at the beginning of the 

course.  Similarly, individuals whose pre- and post-test scores on the MBS increased 

more substantially tended to have lower self-confidence in mathematics at the beginning 

of the course.  However, these correlations are weak.  Additionally, it is unclear whether 

the individual�s pre-test scores were already high (indicating more agreement with the 

beliefs of the reform movement and the philosophy of the course) and unlikely to 

increase much more during the semester or whether they were low and just remained 

unaffected.  

When the pre-test scores of the subscales of the MMBQ were correlated with the 

change in the scores on the same subscale over the semester, two of the three correlations 

were significant and showed strong negative correlations.  When the preservice teachers� 

pre-test scores on the BAMS were correlated with the difference between the pre- and 

post-test scores on the BAMS, a correlation of r = -.69 was obtained.  Likewise, when the 

preservice teachers� pre-test scores on the MBS were correlated with the difference 

between the pre- and post-test scores on the MBS, a correlation of r = -.78 was obtained.  

Both of these correlations are significant (n=27, p<.001).  When the pre-test scores on the 

BAMIS were correlated with the difference between the pre- and post-test scores of the 

BAMIS, a correlation of r = -.33 was obtained.  These negative correlations indicate that 

the lower an individual�s pre-test scores, the change in their scores tended to be higher.  

Similarly, the higher an individual�s pre-test scores, the change in their scores over the 
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semester tended to be less.  Thus, it appears that pre-test scores on the MMBQ subscale 

are a better predictor of change in beliefs than attitudes toward mathematics.  

To further investigate whether any relationships exist between beliefs about the 

nature, teaching or learning of mathematics and attitudes toward mathematics, pre-test 

scores for the Learning Cycles participants on the subscales of the MMBQ were 

correlated with pre-test scores of the subscales of the ATMI.  The results are presented in 

Table 4.12. 

________________________________________________________________________ 

Table 4.12.  Pearson�s Correlations between Pre-Test MMBQ Subscale Scores and Pre-
Test ATMI Subscale Scores (N=27) 

 BAMIS MBS Self 
Confidence

Value Enjoyment Motivation

BAMS 0.55** 0.35 0.49** 0.53** 0.69** 0.58** 
BAMIS  0.48** 0.32 0.31 0.49** 0.36 
MBS   0.54** 0.16 0.39* 0.48** 
Self-Confidence    0.43* 0.82** 0.82** 
Value     0.67** 0.56** 
Enjoyment      0.90** 
** Correlation is significant at the .01 level (2-tailed) 
*   Correlation is significant at the .05 level (2-tailed) 
____________________________________________________________________________________ 
  

The results indicate positive correlations between all subscales with most of the 

correlations reaching levels of significance.  For example, individuals whose beliefs 

about the nature of math were more consistent with the beliefs of the reform movement 

tended to have higher self-confidence in mathematics; tended to enjoy mathematics more; 

tended to value mathematics more; tended to be more motivated; and tended to have 

beliefs about the teaching of mathematics that were more consistent with the beliefs of 

the reform movement.  Similarly, individuals who held fairly traditional beliefs about the 

nature of mathematics at the beginning of the semester tended to have lower levels of 
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self-confidence in mathematics; tended to enjoy mathematics less; tended to value 

mathematics less; tended to be less motivated; and tended to hold beliefs about the 

teaching of mathematics that were more traditional.  Similar results can be described for 

individuals whose beliefs about teaching mathematics or whose beliefs about learning 

mathematics were more consistent with the beliefs of the reform movement.  

Interestingly, all subscales of the ATMI were significantly correlated with all other 

subscales of the ATMI indicating that the four subscales appear to measure a common 

trait. 

In order to determine whether the attitudes toward mathematics held by the 

preservice teachers in the Learning Cycles course changed during the semester, two-

tailed paired samples t-tests were computed to compare the pre-test and post-test means 

on each of the four subscales of the ATMI using the 24 preservice teachers in the 

Learning Cycles group that provided both pre-course and post-course data.  There was a 

significant increase in the preservice teachers� self-confidence over the semester (t=3.43, 

df=23, p<.005).  However, there were no significant changes in the degree to which 

preservice teachers value mathematics (t=0.83, df=23, p=0.41); the degree to which they 

enjoy mathematics (t=1.88, df=23, p=0.07); or the degree to which they are motivated to 

do or do well in mathematics (t=1.16, df=23, p=.26).    

Qualitative Results 

The qualitative data collected from journal entries and interviews suggest that the 

case study participants� beliefs about the nature, teaching and learning of mathematics 

did change over the course of the semester.  These changes appear to be directly 
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attributable to certain characteristics of the course.  Additionally, they bring the 

preservice teachers� beliefs closer to those of the reform movement in mathematics. 

Because of the fact that many individuals hold conflicting beliefs (Green, 1971), 

conflicting statements from pre- and post-course data were not used to indicate a change 

in beliefs.  Only statements where an individual specifically acknowledged a change in 

beliefs from the beginning to the end of the semester were used to describe new beliefs.  

When available, confirming or conflicting evidence was also provided.  All case study 

participants were asked to read the analysis related to their self and provide feedback 

about its accuracy.  Each participant responded stating that the analysis was accurate.  

Several noted that while their beliefs, attitudes and practice have continued to develop 

since completing the course, the analysis accurately portrays them as they were during 

their involvement in the course.  

Each participant will be discussed separately followed by a discussion of common 

themes.  A summary table (Table 4.13) of the participants� pre- and post-test scores on 

each of the three beliefs subscales and each of the four attitudes scales is provided below.  

Pre- and post-test averages for the Learning Cycles group are also included for 

comparisons.  

Barb 

Barb began the semester with beliefs about the nature, teaching and learning of 

mathematics that were very close to neutral.  Her score on the BAMS, BAMIS and MBS 

portions of the MMBQ were each only slightly below both the class average and within 

points of the mark distinguishing between traditional and non-traditional beliefs about the 

nature, teaching and learning of mathematics, respectively.  However, Barb�s attitudes  
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______________________________________________________________________ 
 
Table 4.13.  Summary of Case-Study Participants� Pre- and Post-Test Scores a,b 

 
Barb Elizabeth Julie1 Michael Cathy Learning Cycle 

Group Average 
 
Pre-test BAMS 
 

 
69 

 
67 

 
42 

 
68 

 
92 

 
72.70 

Post-test BAMS 
 

78 83 65 90 94 82.52 

Pre-test BAMIS 
 

72 76 65 79 96 76.80 

Post-test BAMIS 
 

76.5 96 87 81 98 85.19 

Pre-test MBS 
 

17 17 14 15 24 17.52 

Post-test MBS 
 

17 20 19 16 22 18.48 

Pre-test Self-
Confidence 

23 32 32 46 60 45.07 

Post-test Self-
Confidence 

33 42 n/a 48 60 48.92 

Pre-test Value 
 

44 47 35 35 45 38.82 

Post-test Value 
 

37 38 n/a 38 42 37.21 

Pre-test Enjoyment 
 

21 29 15 29 38 29.59 

Post-test Enjoyment 
 

21 27 n/a 37 36 31.79 

Pre-test Motivation 
 

8 14 6 14 16 12.81 

Post-test Motivation 
 

12 12 n/a 18 13 14.04 

1 Julie did not provide complete post-test data on the ATMI and hence her post-test scores on each of the 
four attitudes subscales were not available. 
a  Bold scores indicate scores that are below the class average on this subscale. 
b Underlined scores indicate scores that are below the neutral point on the subscale, that is, the point that 
separates traditional beliefs from non-traditional beliefs or negative attitudes from positive attitudes. 
______________________________________________________________________ 
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toward math were generally very poor, and she had some of the lowest scores in the class 

on the Self-Confidence, Enjoyment and Motivation subscales.  Interestingly her score on 

the Values subscale was one of the highest in the class. While Barb�s post-test scores on 

the BAMS, BAMIS and MBS portions of the MMBQ all showed increases from her pre-

test scores, they were still very close to neutral at the end of the course.   

Barb�s beliefs about the nature of mathematics changed somewhat throughout the 

semester.  While she still described math as �a difficult subject and it always has been� 

(Interview 3), she began to look at mathematical activity in a different way.  As early as 

the third week of class, she noticed a difference in her thinking about what it means to do 

mathematics.  Barb stated: �In our class, I am quickly realizing that there are many ways 

to bring higher level thinking into the realm of mathematics.  The nature of learning 

mathematics includes not only the higher level mathematics itself, but also includes 

analysis of the process which one takes to actually reach the correct answer.  In my 

experiences learning or teaching mathematics, I have never included that thought� 

(Journal Entry 3).  Later in the semester, she went into more detail about her changing 

beliefs.  During her last journal entry, Barb described how her beliefs about the nature of 

mathematical problem solving evolved over the semester and the impact that will have on 

her teaching.  She noted: 

 Throughout this course, I have learned a lot about mathematics.  My beliefs about mathematics were very 
negative.  I felt very apprehensive about even the thought of doing mathematics, let alone teaching it.  I had 
high hopes that this course would make me comfortable with mathematics so that I would be able to 
express that feeling to my future students.  I think that now, I feel that there is much more to mathematics 
than just the process of doing algorithms to solve a problem.  I think that it is just as important to 
understand the reasons why you are doing something.  This is important because knowing the background 
for a certain formula can spark independent thinking on other possible ways of solving a problem, or even 
developing your own formula.  This will affect my teaching in that I will encourage my students to ask 
questions and not just accept information as it is taught to them.  (Journal Entry 13) 
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Barb�s experiences engaging in mathematical activities where the focus was on the 

solution process and sense making clearly had an effect on her beliefs about what it 

means to do mathematics.   

Barb�s beliefs about the teaching and learning of mathematics experienced some 

degree of change throughout the semester.  One thing the course seemed to do for Barb 

was to make her realize that students solve mathematical problems in unexpected ways 

and to help her become more aware of some of those ways. For example, Barb noted:  

This class actually has helped a lot in learning how different kids will work on certain 
problems and that gives me an idea of what types of things they would see and have 
problems with�.A lot of times we see examples in class where we will look at problems 
and it will tell me how [students] attempt to solve a problem.  Sometimes it�s not what I 
would expect or how I would go about it.  (Interview 1)   
 
When she was later asked what part of the course caused her to come to the 

realization that children solve problems in multiple, unexpected ways, Barb said, �Just 

seeing examples of students� work in class.  We were able to see how different students 

did math differently and some of them went about different problems in different ways, 

yet got the same answer.  So it�s important to see how different kids think � the way they 

think best� (Interview 3).  

Armed with that knowledge, Barb realized her role in encouraging students to use 

multiple solution strategies.  She noted the following in her journal: �I think that as a 

mathematics teacher at the elementary level, my most important role will be to show my 

students that learning and doing mathematics is not merely memoriz[ing] facts, nor is it 

doing something just because that is the way you were told to do it.  I think it will be so 

important for me to encourage my students to challenge processes and think deeper to see 

more conceptual ideas� (Journal Entry 11).  On a similar note, when asked if she noticed 
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any changes to her beliefs due to her involvement in the course, Barb stated: �I see that 

there are better ways to teach math and that you can help kids learn them.  And that it�s 

better to let them try to do things on their own than show them one way and then if they 

don�t do it that way it�s wrong� (Interview 3).   

In spite of Barb�s realization that she should encourage her students to solve 

problems in multiple ways, she still held on to the belief that she should be showing her 

students how to do so.  Barb�s written and oral responses make frequent references to 

showing the students different ways to solve problems placing her in the role of dispenser 

of knowledge.  When discussing what effect the realization that students solve problems 

in unexpected ways had on her, Barb stated: �that told me to maybe explain something in 

a different way so that they could understand it more.  Or if they are having problems 

with the first way I explained something to find a different way to explain it to them so 

that they might get it the second time around� (Interview1).  Her response indicates a 

fairly traditional view of the role of the teacher in which knowledge is dispensed from the 

teacher to the students.  While Barb realized that there is more than one way to look at or 

solve a problem, this passage indicates that she still saw her role as giving information to 

her students.  

This belief is supported by statements made by Barb during her second interview 

when she was asked to describe what she would do when a student was having difficulty 

learning a math concept or procedure.  Barb stated: �I guess I would try to break down 

exactly the areas that they�re having problems with so that I can back up so that we can 

find out where exactly they had the problem, and then take it full away from there 

breaking it down and finding different ways to explain it or show them or different ways 
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to do it�.If we had a lesson and it was a lot of stuff on the chalkboard, like me doing 

problems in a traditional way � just numbers � maybe I�d find some other way to present 

it to them� (Interview 2).  Again, she reiterates her belief that students may be looking at 

a problem in a way that is different from how she presented it and suggests that to fix 

that, she could show them a different way to look at it.  However, Barb continued to place 

herself in the role of dispenser of knowledge who shows the students how to solve the 

problems. 

Little definitive evidence exists to support the claim that Barb�s beliefs about the 

learning of mathematics changed over the semester although some interesting statements 

were made by her indicating that the possibility of a change in beliefs exists.  First, when 

asked to describe the way she learns math best, Barb noted that she learns best by being 

able to visualize the problem.  When asked if this was different from how she would have 

responded before taking the course, she stated: �I guess I kind of realized it this semester.  

I never really realized it in school.  During this semester, we did a lot of stuff with 

different ways of looking at problems and when we did stuff using visuals or stuff like 

that, then I saw it kind of came easier� (Interview 2).  While this statement does not 

describe a change to her beliefs about how students in general learn math, it does indicate 

a realization of a better way for her to learn math of which she was previously unaware. 

A second passage was found in Barb�s journal responses where she was asked to 

describe how students learn best.  Her response indicated that she believed there to be 

two types of math learners.  The first type of student is �much more analytical in their 

ability to process mathematical problems.  These types of students are comfortable and 

sometimes require or rely on formulas and algorithms.  Many times, these are the 
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students who accept information as it is taught to them by their teacher without 

questioning why things are the way they are� (Journal Entry 12).  The second type of 

student looks at mathematics by �viewing the whole picture.  I believe these types of 

students are more creative in their methods of solving problems.  I see these types of 

students as the ones who do not always look for an algorithm to solve a problem.  They 

look for new, inventive ways of explaining the answers to problems and generally 

question the traditional formulas� (Journal Entry 12).  While Barb makes no mention of 

whether this is a new belief or one she brought with her to the class, this passage is 

interesting given the previously mentioned statements from Journal Entry 11 in which she 

stated that her role as a teacher will be to �show my students that learning and doing 

mathematics is not merely memoriz[ing] facts, nor is it doing something just because that 

is the way you were told to do it.  I think it will be so important for me to encourage my 

students to challenge processes and think deeper to see more conceptual ideas� (Journal 

Entry 11).  These two passages in combination suggest that Barb now realizes that there 

is another, non-traditional type of learner of mathematics out there whose learning style 

encourages a more conceptual understanding of math, and that this is a type of learning 

style she would like to encourage in her classroom. 

In general, Barb�s beliefs about the nature, teaching and learning of mathematics 

remained mixed and fairly neutral over the course of the semester.  While she began to 

realize that students view mathematics in many different ways, she still tended to see her 

role as teacher as dispenser of knowledge.  Barb did seem to benefit from seeing samples 

of students� work and cited it as the cause of her realization that students solve problems 

in unexpected ways.  She also benefited from engaging in mathematical activities where 
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the focus was on the solution process and sense making as this experience led to changes 

in her beliefs about what it means to do mathematics. 

Elizabeth 

Elizabeth began the course with beliefs about the nature, teaching and learning of 

math that were neutral to slightly non-traditional.  While her overall attitude score on the 

ATMI was about average, her scores on the subscales varied widely from the averages.  

Her Self-Confidence score was well below the average with less than 20% of her peers 

scoring lower than her.  Elizabeth�s Enjoyment and Motivation scores were at or slightly 

above average.  Interestingly, her Value score was the highest in the class. 

Elizabeth�s beliefs about the nature of mathematics appeared mixed at the end of 

the course.  Her score on the BAMS portion of the MMBQ rose from not only below the 

class average but also from the point range indicating a fairly traditional view of 

mathematics to one that was above the class�s post-test average and into the point range 

indicating somewhat non-traditional views of the nature of mathematics.  However, her 

written and oral responses indicate a real tug-of-war between her reliance on formulas 

and algorithms and her realization that mathematics problems can be solved in many 

different ways.  When asked to describe her beliefs about math, Elizabeth responded as 

follows: 

I believe that there are aspects of math that are easy and those that are hard�.geometry, 
measurement and fractions can be made easier through formulas that one can memorize 
and retrieve when they need them�.I think that there is a time and place for 
mathematical rules, but I also think that it�s important to explore other ways of solving 
math problems.  I think it is good to have a variety of methods at your disposal because it 
brings better understanding.  It�s great to have all the formulas memorized and down pat 
because it makes for easy retrieval when you need it.  But every math problem can be 
slightly different so I think it is important to have lots of examples and problems to 
practice on, which have always helped me.  I also believe that math is something that if 
you do not use it all the time you will lose it.  To me it is not like reading and writing 
where once you know how to read and spell you never forget.  Math isn�t like that.  Math 
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is something that a person needs to use all the time or they forget how.  I think that�s 
what makes math so complicated.  (Journal Entry 13) 

 
Much of this passage consists of Elizabeth emphasizing the importance of having 

formulas memorized and repeated practice.  While she does mention that it is important 

to explore other ways to solve math problems, it is a small portion of the passage and 

certainly goes against the overall theme.   

This struggle appeared again in her second interview.  When asked how she best 

learned math, Elizabeth responded: �I think that I like formulas because formulas are like 

a comfort zone.  You can kind of fall back on them.  But I also think it�s important to be 

able to look at it different ways so you�re not so confined.  For me, I like the variety.  I 

like being able to see this way and this way and compare them and see how they work 

together and how they relate� (Interview 2).  Again, while she appeared to like the idea of 

looking at math in different ways, she admits to a preference for formulas. 

At other times, Elizabeth�s beliefs definitely appear to be changing.  When she 

described how students might feel about doing math in an environment where more than 

one way of solving a mathematics problem was allowed or encouraged, she stated: �It 

frees their minds up.  They�d be saying to themselves �I can think outside the box.  I 

don�t have to do it this way.  There are other ways to solve this.�  And I don�t think I ever 

really felt that way.  I always felt that with math there�s one way to do it and if you don�t 

get it, it�s a crisis.  You just don�t get it.  It�s great to know now that that�s not true� 

(Interview 2).   

Given Elizabeth�s history in mathematics and her great frustration in learning it, a 

possible explanation exists for why she vacillated between her defense of the use of rules 

and her support for multiple solution strategies.  Elizabeth struggled with learning math 
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in school all the way through college when she finally had an algebra teacher that was 

able to help her understand the content.  In her written and oral responses, she described 

her frustration with learning math and launched complaints about the rigid teaching styles 

of many of her teachers.  These complaints revolved around the fact that they presented 

the material so that �you had one way to do it and that was it� (Interview 1).  Given this 

information, it appears that her struggle in the course between the use of formulas and 

multiple solution strategies could be rooted in her past learning experiences.  Elizabeth 

appeared to enjoy the freedom of knowing that she could solve math problems in other 

ways, but was possibly still lacking the confidence and mathematical knowledge she 

needed to do so.  While she did not like to be forced into the use of a formula or 

algorithm to solve problems, it appears as though Elizabeth grew to find comfort in them 

because they helped her solve problems.   

Elizabeth was very vocal about her somewhat non-traditional views about the 

teaching of mathematics at the beginning of the course, and her pre-test BAMIS score, 

which indicated that her pre-course beliefs about the teaching of mathematics were 

slightly non-traditional, supported that.  Elizabeth looked at her cooperating teacher�s 

math lessons with a critical eye and was quick to point out her disappointment at not 

being able to observe in a classroom where the teaching was more �progressive.�  She 

even went so far as to say that �nearly everything I see in my practicums is in direct 

conflict to what I am being taught in my methods classes� (Journal Entry 7).  Elizabeth 

undoubtedly had a lot of opinions about teaching and had a lot to say about them.   

The most common theme involving the teaching of mathematics that occurred in 

Elizabeth�s written and oral responses was her belief that the content should be taught in 
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multiple ways and that teachers should encourage students to use strategies that make 

sense to them.  She noted: �The more ways that you can teach them is definitely better.  

You show them this way.  You show them another way.  You say it can be done this way, 

this way.  That way they don�t feel locked into a certain way if they don�t get it.  Then, it 

frees their mind up, too� (Interview 2).  Later in the interview, Elizabeth describes how 

she would help a student who was having difficulty learning a concept or procedure.  She 

said: �What I try to do now is I try to break it down.  I try to look at it differently and say, 

�Ok, how can I help them to understand this if they�re not understanding it the first way?�  

Try different ways of showing them.  And if they don�t get it that way, then I would give 

them a manipulative to work with, or draw them a picture to work with�.get them to talk 

to their friends and see how they did it and maybe that would somehow make a 

connection� (Interview 2). 

The topic of multiple solution strategies came up again in Interview 3 when 

Elizabeth was asked whether her beliefs about math had changed due to her involvement 

in the Learning Cycles course.  She began by describing how she was more relaxed than 

before and less rigid in her thinking.  She went on to describe how that will help her in 

her teaching.  Noting that she would first ask herself �What is the broadest sense that I 

can look at this in?� and �How many different ways can I approach this?�, she followed 

up by saying �I want to be able to touch on the different ways to let the students know 

that they�re out there and that you can do this.  The sky�s the limit and there�s no set way 

of doing this� (Interview 3).  Again in her journal, Elizabeth stated: �I will provide a 

variety of ways to solve problems.  I will always listen to a student�s ideas and share 

them with the class.  I would never tell students that they have to do a problem in a 
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certain way.  As long as they arrive at the correct answer consistently, I don�t care how 

they get it� (Journal Entry 12). 

While Elizabeth�s BAMIS scores increased 20 points by the end of the course, it 

appears that her beliefs about the importance of showing and allowing for multiple 

solution strategies were formed by two experiences in her life prior to her involvement in 

the Learning Cycles course.  First, she was impacted by her experiences as a learner of 

mathematics where she was forced to look at the content and solve problems in only one 

way.  Second, her beliefs were impacted by an incident that occurred when her son was in 

5th grade and learning how to reduce fractions.  While her son struggled to reduce 

fractions using the method his teacher taught him, he could easily reduce them using a 

different method her husband showed him.  A note from the teacher was sent home 

saying that Elizabeth�s son was not permitted to use the method his father had shown him 

and that he was to do it the way he was shown in school.  In spite of meetings with his 

teacher and the principal, her son was required to use the method that he struggled with.  

Both of these experiences were cited on more than one occasion along with statements 

about her belief in the importance of showing students multiple ways to solve problems 

and letting them choose one that they felt comfortable with.  

It should be noted that Elizabeth�s responses regarding the teaching of 

mathematics share a common feature with those provided by Barb � both describe the 

importance of �showing� students multiple solution strategies.  As a result of Barb�s 

responses, it was noted above that she appears to hold beliefs about the role of the teacher 

that are consistent with the dispenser of knowledge model of teaching.  One could then 

argue that perhaps Elizabeth holds such a view as well since she also often described the 
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importance of showing students multiple ways to solve problems.  However, a subtle 

difference exists between the two preservice teachers� responses.  Elizabeth�s responses � 

especially the one in which she describes how she would help a student who was 

struggling to understand the content � indicate that the reason she would present multiple 

solution strategies is to try to connect with the learner�s understanding.  Barb�s comments 

make no indication that the learners� understandings are considered in any way in her 

decision to present multiple strategies.  While it is possible that Elizabeth holds some 

beliefs that are consistent with the dispenser of knowledge model of teaching, she 

expressed concern about making connections with students� prior knowledge in her 

responses whereas Barb did not.         

In addition to her expressed beliefs about teaching mathematics, Elizabeth found 

value in the approach to teaching used in the Learning Cycles class.  When discussing 

this in her third interview, she stated: �That was definitely a different approach�that was 

really good.  It got away from the lectures�.It was different.  It was definitely open 

ended where there was a lot of back and forth, a lot of the teacher taking ideas from the 

students � not really telling us what it was, but rather putting it out there and letting us 

figure it out and telling her what we found�.That was definitely a different approach this 

year that I�ve seen because otherwise it was always lecture, lecture, lecture� (Interview3).  

However, Elizabeth fails to indicate whether she found this difference to be positive 

because it was more enjoyable, whether she felt it helped her learn the material better, 

whether it provided her with a new model of teaching, or for some other reason entirely.   

Elizabeth�s beliefs about the learning of mathematics seemed to focus on two 

themes.  The major theme that occurred many times in her written and oral responses was 
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her belief in the importance of using real-world problems in promoting student learning.  

A second minor theme was her belief in the importance of cooperative learning in 

promoting understanding.  On many occasions throughout the course, Elizabeth discussed 

her beliefs in the importance of real-world connections in helping students learn 

mathematics.  While it appears that she came to the class with some thoughts about this, 

her beliefs seemed to be strengthened or refined as a result of the course.  In her second 

journal entry, Elizabeth criticized her cooperating teacher�s lesson because �no 

manipulatives or real-world connections were used� (Journal Entry 2).  Two weeks later, 

she noted: �I don�t think there are enough real-world connections being made which 

helps solidify the information in your head, at least in mine� (Journal Entry 4).   

While she seemed to have brought some thoughts of this with her to the class, 

something about those beliefs changed as a result of the course.  In her fifth journal entry, 

Elizabeth noted that she thinks that students �need to work more on word problems 

because that is more of a real-world application.  Seldom in everyday life are we given 

math problems to solve, rather the math comes out of a particular task that we have to do.  

I never really thought about it that way before.  It was not until we discussed it in class 

that it dawned on me� (Journal Entry 5).  Later, when asked how she thinks students learn 

math best, Elizabeth responded:  

I think with as many real-world applications as you can get because then they can really 
see it and it has meaning to them more than just numbers on the board � some way that 
you can connect this with something that they would do in their real life�.We did things 
in class like planting a vegetable garden and putting a fence around your yard.  I think 
that a lot of times that really helps because they can really see it in a concrete way as to 
how it works.  I know a lot of times I think �You never use this.  You never use that.  
When am I ever going to use this?�  And then you find out that, wow, you really used it, a 
lot of it � even algebra.  You use it.  It�s the whole problem solving thing in everyday life.  
So I think as much as you can connect it to what�s going on in their life and make 
references, I think that they learn better.  (Interview 2)   
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Elizabeth continued to show her support for the use of real-world problems in 

learning math.  When asked to describe the ideal mathematical task to involve students 

in, she described a project that incorporated art and geometry to tile a courtyard and 

engaged students in real-world problem solving that really gave them �something 

concrete to work on� (Interview 3).  She went on to say that it�s �not just an abstract 

thing out there.  That�s really a project that they can involve themselves in that has 

meaning to them�.It�s something that�s going to be useful, and they get to see how these 

things get used�.Even in the different videos that I�ve seen in [class] where they have 

students making bird houses�where they actually�got to figure out �Ok, how are we 

going to do this?�  It�s amazing how they do it.  They understand it and they work 

together.  I think that�s great!  I think that is the best way to teach.  Do as many different 

things as you can into one because that is what life is.  It really is� (Interview 3). 

While it is unclear from Elizabeth�s responses what specifically caused her to 

reflect on and strengthen her beliefs about the importance of real-world connections in 

promoting learning in mathematics, one hypothesis is presented here.  All of the 

preservice teachers in the course entered the semester with many education courses under 

their belts.  These courses discussed many topics, theories and phrases common to 

education, and often the preservice teachers used these catch phrases to describe ideal 

learning situations.  It is possible that Elizabeth came to the Learning Cycles class with 

ideas about the ideal mathematics learning environment and the process of learning 

which included belief that real world problems should be involved in the process of 

learning math.  When the Learning Cycles class did use such problems, it is possible that 

her beliefs regarding this type of problem were strengthened or solidified.  Certainly her 



 195

references to the problems worked on and the videos watched in the Learning Cycles 

class indicate that they could have been factors involved in her strong beliefs in this 

matter. 

In addition to feeling strongly about the use of real-world problems in learning 

math, Elizabeth also believed that it was important for students to work together during 

the learning process.  In a discussion about the second grade classroom of her practicum 

placement, she wrote in her journal: �I think [the students] should work in pairs and not 

have the class so teacher-centered.  The desks are set up in groups of 4 yet I don�t see any 

collaboration among the students taking place�.I know it helps me in our class when we 

work together to solve problems� (Journal Entry 6).  Later, when asked what she would 

do when a student is having difficulty learning a math concept or procedure, Elizabeth 

reiterated her belief in the importance of cooperative learning.  She stated: 

A lot of times what I�ve noticed is that the students themselves, when they work together, 
they actually can explain things better sometimes.  I don�t know how that is.  It�s just 
maybe because they speak their own language to each other and they understand it better.  
They tend to look at things maybe differently than what we do because of everything that 
we bring with us from our past.  And so they�re just fresh and new and they can 
sometimes look at things completely differently.  (Interview 2) 

 
Again, it is unclear whether the Learning Cycles course played any role in her beliefs 

about how students learn.  However, cooperative learning was used extensively in the 

course. 

Elizabeth ended the course expressing great disdain for traditional methods of 

teaching math and somewhat changed views about the nature of mathematics.  However, 

no evidence exists to suggest that her post-course beliefs were influenced by any specific 

aspect of the course.  Elizabeth�s beliefs about the learning of math also seem to have 

changed somewhat, and it appears as though the type of mathematics problems that the 
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preservice teachers engaged in during the course and the videos of students in learning 

situations may have played a role in those changes.   

Julie 

Julie began the course with very negative attitudes toward mathematics and very 

traditional views about the nature, teaching and learning of mathematics.  Her beliefs 

about the nature of mathematics were the most traditional in the class.  Julie�s score on 

the section of the MMBQ dealing with beliefs about the teaching of mathematics were 

the lowest recorded for the group, a distinction she shared with one other student.  Her 

score on the section dealing with beliefs about the nature of mathematics was in the 

lowest five scores.  Julie�s attitudes toward mathematics as measured by the ATMI were 

also very poor.  She scored well below the class averages on each of the four subscales 

and scored below all others in the class on the Enjoyment and Motivation subscales.  

While she did experience some changes in those beliefs and attitudes over the course of 

the study, many of her beliefs remained firmly in place. 

Evidence that Julie remained very traditional in her beliefs about the nature of 

mathematics was found in her written work as well as in her interviews.  She noted in her 

final journal entry �I feel that math is a set of rules and formulas.  However, I don�t see 

that memorizing these formulas would put me at any other advantage because you need 

to know how to use the formulas and rules to be successful at mathematics.  Knowing the 

formulas doesn�t make math make any more sense to me� (Journal Entry 13).  

Additionally, Julie shared information regarding her beliefs about mathematics during her 

third interview.  She stated: �I personally believe mathematics is very difficult and I�m 

probably not alone in that belief.  I think mathematics is probably a subject that more 



 197

students struggle with than maybe other subjects.  I believe that math is logical, but it also 

has lots of rules � stipulations I guess you could say � and if somewhere in that list you�re 

out, you�re not going to be correct� (Interview 3).  

Julie experienced some changes to her beliefs about the teaching of mathematics.  

Her score on the BAMIS portion of the MMBQ rose over 20 points from 65 on the pre-

test to 87 on the post-test.  This increase took her from a score that was not only below 

the class average on the pre-test but also in the range of traditional beliefs about the 

teaching of mathematics to a score that was slightly above the class average on the post-

test and in the range of more non-traditional beliefs about teaching.  This change can be 

seen in her responses to interview questions.  Julie began to believe that it is not enough 

to give a student a formula to use without examining why the formula works.  She noted 

that the �importance now seems to be more about questioning and understanding how 

formulas come about more than�giving a formula and saying �Ok, now let�s do this.�  

There�s more of an explanation behind it, like �What does this really mean?�� (Interview 

2).  She went on to note that �teaching that way seems to be effective, too.  I�ve tried to 

apply that in a practical mode�and that seems to be a good way�.I guess I never 

thought of teaching math as�finding out the actual reason why the formula is this way or 

thinking about what are the properties of shapes�and what classifies them.  I don�t 

remember learning that way, but I do think it�s an effective way� (Interview 2).  Julie 

continued with this explanation in Interview 3 when she was asked for reasons as to why 

her beliefs about this had changed over the semester.  She stated that it was the fact that 

in the course, the preservice teachers had to  
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give reasons why formulas are formulas which I never experienced in any of my 
mathematics, whether it be [sic] in college or high school or middle school, you name it.  
I don�t think anyone ever really said, �Well, this is where this formula actually comes 
from and this is why we�re doing this.�  And I think if students had that understanding 
that they�d probably be more successful in the long run�.[The instructor of the Learning 
Cycles course] would have us do almost like an inquiry lesson like we�re working to 
figure out why the properties are the properties or why the formulas are the way they are, 
and that really sparked an interest which normally I don�t have in mathematics.  And it 
was kind of fun to figure out actually what all that meant because I never knew that 
before.  (Interview 3) 

     
While her beliefs seemed to be changing, Julie still held on to some traditional 

beliefs about teaching.  She described a math lesson in a 5th grade classroom which she 

observed for a Learning Cycles class assignment.  In the lesson, the teacher provided 

roughly 15 minutes of instruction at the beginning of the lesson along with working out 

two sample problems with the students.  Julie noted that �there weren�t enough examples 

and the students hadn�t completely grasped the concept before they were asked to do 

problems independently�.They�d only done two problems when maybe they should 

have done six or seven as a class.  They weren�t prepared to do it on their own� 

(Interview 3).  These comments reflect fairly traditional beliefs about the teaching of 

mathematics in which the teacher is the dispenser of knowledge that must model problem 

solving procedures for students to imitate.   

Interestingly, Julie provided the following comment about the teaching of math 

(in general) in this 5th grade classroom in her journal:  �The learning of mathematics in 

this class I would consider to be rigid and un-exploratory.  From what I now 

understand�learning math is supposed to be an exploratory process.  I don�t see this 

going on in [this teacher�s] class� (Journal Entry 6).  Julie�s choice of the phrase �From 

what I now understand� seems to indicate that she feels she is supposed to espouse the 
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view that learning math is an exploratory process, but she doesn�t feel entirely 

comfortable with the idea yet.   

Julie�s beliefs about learning mathematics appear to have changed only slightly 

over the course of the semester.  While her score on the MBS portion of the MMBQ 

indicate an increase from a below average pre-test score to a slightly above average post-

test score, many of Julie�s responses remained unchanged.  She still indicated an equal 

degree of agreement with statements indicating that students are unable to solve problems 

without some sort of assistance, but she seemed to disagree more with statements 

indicating that this assistance comes from listening to the teacher.  At several point 

during the semester, Julie commented on the importance of working with peers to 

develop mathematical understanding supporting the claim that assistance is required in 

solving problems, but that assistance need not come from the teacher.  In Julie�s case, that 

assistance seemed to be more effective when it came from conversations with her peers.   

References to the importance of working with peers permeated Julie�s written and 

oral comments.  She noted: �In my experience, I learned best when a math teacher would 

start with whole group instruction and then we would break up into small groups and 

work with peers on new problems.  This way I was able to ask my fellow students 

questions that I had regarding the teacher�s instruction.  A lot of times, my peers were 

able to connect their understanding on my level and I was able to obtain understanding of 

the material� (Journal Entry 12).  She confirmed this in her response to an interview 

question which asked her to address what she believed was the best way for her to learn 

math.  She stated �I do think that I learn a lot from my peers in small groups.  Normally if 

you have four heads, you can figure it out.  Between the four of you, at least one of you 
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understands a certain part and another one of you understands another part.  Together you 

can make it work and get a better understanding� (Interview 2).  Hence, while this does 

not appear to be a change in beliefs, the differences in her responses to the MBS items 

along with her comments could indicate that her belief about the importance of working 

with peers was strengthened over the semester.  It is possible that the format of the 

Learning Cycles class, in which peer discussions played a significant role in the learning 

process, played a role in the strengthening of Julie�s beliefs. 

It should be noted that one recurring theme in Julie�s written and oral responses 

was the importance of developing a community of learners and establishing a no-

threatening environment.  When asked to describe her favorite teacher of all time, she 

described a college professor who built a community of learners in the class.  Julie found 

this to be an important reason for her admiration of this teacher and her enjoyment of the 

course he taught.  She stated: �We were able to take part from each other and learn from 

each other � from our experiences and also from his experiences � and I feel like I 

probably learned more from that class than anyone else�s class� (Interview 1).  She 

enjoyed engaging in conversations about reading selections with the professor and her 

peers and felt that his ability to form such a community was a rarely seen, yet important 

part of a good class.  Later, when asked to describe the three most important 

characteristics of a good math teacher, Julie mentioned that one characteristic that such 

an individual would need is the ability to create �a community of learners where no 

students feel threatened to ask questions� (Interview 2).   

For Julie, the key factor in the community of learners seemed to be the non-

threatening environment because in her final interview, when asked to describe her ideal 
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mathematics teaching and learning environment, she noted that it would have to be �an 

environment where students are not afraid to ask questions�.Creating an environment 

where students can feel free to ask questions is vital to a learning environment in 

mathematics class� (Interview 3).  Given Julie�s preference to work with her peers and 

her success in classes where she was permitted to do so along with her statements about 

establishing an environment where students were free to ask questions in a non-

threatening environment, one is left to wonder whether Julie has had experiences in math 

where she felt afraid to ask questions leading her to prefer situations where she can get 

help from her peers.  

Unfortunately, Julie�s anxiety toward mathematics in general and teaching math 

in particular remained very high all throughout the course.  While no post-test scores 

were available to measure her post-course self-confidence, her journal and interview 

responses frequently and consistently addressed her dislike of math and her anxiety in 

having to teach it.  During her first interview, Julie was asked whether she thought she�d 

be a good math teacher.  She responded by saying:  

Oh, I really hope so.  I had a teacher once that told me that the hardest thing to teach is 
the thing you don�t like the most and the students will know you don�t like it the most.  
That�s scary for me because I don�t want my students to know that I don�t like � that I�m 
not that comfortable with math.  I�ve talked to [the teacher of the Learning Cycles course] 
in my journal entries many times and in private conversations and I am scared to teach 
math.  It is the one thing that I am nervous and uncomfortable with.  And I have to get 
over that somehow.  (Interview 1) 

 
Toward the end of the semester, when asked to what extent she believed her mathematics 

beliefs would be reflected in her practice, Julie responded �I�m hoping that my beliefs 

about mathematics are NOT reflected�.I do have negative beliefs about mathematics� 

(Interview 3).  While she did acknowledge that teaching a math lesson to her practicum 
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class and the course�s emphasis on making sense of the mathematics topics studied 

helped to ease her anxiety, Julie did remain anxious throughout the course.   

Overall, it appears as though Julie�s beliefs about the nature of math remained 

fairly traditional.  However, she experienced some changes to her beliefs about the 

teaching and learning of mathematics.  Her changing beliefs seem to be due to not only 

the learning environment established in the Learning Cycles course which emphasized 

mathematical discourse and group work � learning styles she favored and felt 

comfortable with � but also to the fact that mathematics was finally being presented in a 

way that emphasized sense-making rather than memorization.   

Michael 

Michael�s pre-course beliefs about the nature, teaching and learning of 

mathematics as measured by his scores on the MMBQ were mixed.  His score on the 

portion dealing with beliefs about the nature of mathematics was slightly below the class 

average while his score on the portion dealing with beliefs about teaching mathematics 

was slightly above average.  Michael�s score on the portion dealing with beliefs about the 

learning of mathematics were below the class average.  His attitudes toward math as 

recorded on the ATMI were close to the class average on all four subscales. 

From a point early in the course, Michael�s views about the nature of math began 

to change.  While prior to the course, he viewed math to be about the memorization of 

formulas and procedures, he began to see it as something that makes sense as he 

progressed through the semester.  In his third journal entry, Michael stated that his 

�beliefs about math have changed because I am beginning to not just understand how to 

do math problems, but WHY [emphasis original] they are done the way they are� 
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(Journal Entry 3).  Several weeks later, he described how his experiences in the Learning 

Cycles course were causing him to reflect on his previous education in school.  He noted: 

�This activity really got me thinking about the lack of math education I received while in 

school because we were always just given formulas and no one ever explained to us what 

they meant.  All in all, my beliefs on math have been changing slightly over the past six 

weeks because I have begun to realize that math is not just one right answer.  I have 

learned that there are reasons for the way we do things and behind each formula is a 

clear-cut explanation� (Journal Entry 6).  Michael attributed this change to the emphasis 

on the problem solving process, sense-making, and conceptual understanding.  When 

asked to describe what mathematics is all about, he noted: 

Before this semester, I always saw math as a right or wrong answer.  I always saw math 
as�memorizing formulas and applying them.  When I thought of teaching math, I 
honestly just thought of my math teachers and being up there and giving my students 
problems and telling them to do them and giving them formulas to help them.  But after � 
even after the first couple of weeks of [the course] � I realized that math is all about 
exploring. Even before in my math classes, I never really thought of area as being square 
feet inside an object.  I just knew the formula for it.  Or perimeter being the length around 
an object � I never thought of it that way.  I just knew the formula and how to do it.  
(Interview 1) 

   
Michael�s views about the nature of mathematical activity clearly became less traditional 

as a result of his involvement in the course. 

Michael was quick to point out that he believed that teaching and learning were 

intertwined and, as a result, many of his descriptions of the best way to teach math were 

very similar to his descriptions of the best way to learn math.  Any differences in his 

descriptions were generally due to the perspective he was taking � the teacher�s or the 

students�.  However, his reasons for believing that particular methods were especially 

effective for teaching math always seemed to return to his beliefs about the best way for 

students to learn math.  It appeared that he began to believe that the best ways to teach 
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math had to be consistent with the best ways to learn math.  As such, a description of 

Michael�s beliefs about learning mathematics will appear first followed by a discussion 

of his beliefs about teaching math.   

When it came to beliefs about learning mathematics, Michael believed that 

�people learn best from their peers� (Journal Entry 7).  As such, he believed that it is 

�necessary to allow students the opportunity to work together to figure out math 

problems and concepts� (Journal Entry 7).  He reiterated this belief when he was asked to 

describe the best way for students to learn math.  Michael stated: �I think [students] learn 

best from each other, really.  I think that discussing mathematics tasks and giving 

students the opportunity to look at problems and make mistakes and use trial and error 

and find the answer � I think that is the best way to learn math� (Interview 2).   

The reason for these beliefs seemed to be a result of class discussions.  The 

benefit of these conversations was not that Michael was able to find out the correct 

answer or procedure, but to find out what misconceptions he or his peers held about the 

topic.  Michael noted that he �learned that many people have a common way of thinking 

and that we can all learn from our peers.  In the past I have seen math as either right or 

wrong, but I�m starting to realize that something can come from the wrong answer and 

clear up other misconceptions we may have about an idea or concept� (Journal Entry 3).  

Similar comments were made in Interview 3.  Additionally, when he was asked whether 

this belief indicated a change from prior beliefs, Michael stated that his response would 

have been different before the semester because previously he �thought that the best way 

for children to learn math would [be] to memorize formulas or�procedures and not 

really look at the math as the concepts behind why we have these formulas� (Interview 
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2).  Again, this change seemed to be attributed to the format of the class discussions 

which Michael felt helped the preservice teachers �air out ideas that we have about math 

and the ways we go about doing math problems.  Math is a learning process and I think 

we are all learning from one another at this point in the course� (Journal Entry 2).      

Michael�s beliefs about teaching math experienced some degree of change due to 

his involvement in the course.  When asked to describe the most effective way to teach 

math, Michael responded: �I think it�s important to use cooperative learning; to have the 

students work with one another, but to also have the teacher up there to be a model for 

the students in the beginning before you let them go off and try to work out any problems 

themselves; then to effectively end the lesson, have everyone regroup and review what 

went on during that lesson�.and let the students have an opportunity to explain their 

thinking and make mistakes too� (Interview 2).  When he was asked if these beliefs 

represented a change from his pre-course beliefs, he stated: �Yes.  Before, especially in 

math�I was never given the opportunity to work with my peers in math, and I always 

thought math was more of a subject that you just give your students formulas to 

memorize and have them copy them and do what you tell them.  But really, the most 

effective way to teach math is to let the students make mistakes and let students use trial 

and error to try to solve a problem� (Interview 2).  

Another influence on Michael�s beliefs about teaching and learning math 

appeared to be a result of some course reading material on mathematical discourse from 

Chapin, O�Connor and Anderson (2003).  Michael stated:  

After reading the article on how to strike up math talk in the classroom, I learned many 
techniques that I can use as a teacher to teach math to children.  Growing up�we never 
used math talk in the classroom and a regular day in math class consisted of our teacher 
showing us how to do a problem and then us doing them either at the board or in our 
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workbooks.  We were never given the opportunity to revoice, restate, apply reasoning, 
get prompts from our teacher, or given wait time to process information.  This article and 
the activity we did in class using these �math talk� techniques really showed me how 
math can be learned and taught using different ways than the ideas that I had previously.  
Math talk really benefits both teachers and students because students can learn from 
others� mistakes and the teachers can readjust their lessons accordingly.  I learned that 
ultimately, logical reasoning can be effectively taught during these discussions. (Journal 
Entry 9) 

 
Again, Michael expressed the idea that this particular teaching tool is effective because, 

for one, it allows the students to talk and learn from each others� mistakes.   

It is interesting that Michael describes the benefits of mathematical discourse as 

being twofold with positive effects for both the students and the teacher given that most 

of his other responses focused on the benefits to the learner.  This marked the first time 

that Michael mentioned how the teacher can use the students� understanding to inform 

teaching.  Later, he noted that one of his most important roles as a teacher is to �help my 

students to construct knowledge in a way that makes sense to each of them� (Journal 

Entry 11).  These two statements indicate the possibility that Michael was moving away 

from the traditional dispenser of knowledge view of teaching and the passive absorption 

model of learning.   

Interestingly, even though Michael repeatedly expressed beliefs about the 

teaching and learning math which seemed to have changed as a result of his involvement 

in the course, his scores on the BAMIS and MBS portions of the MMBQ increased 

slightly (2 points and 1 point respectively).  This could possibly be a result of the types of 

statements on each portion and whether they allowed for the possibility for him to 

express his beliefs about the importance of cooperative work in teaching and learning 

math.  
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Michael�s beliefs about the nature, teaching and learning of math clearly changed 

during his involvement in the course.  While his BAMIS and MBS scores don�t reflect 

that change, his score on the BAMS increased by more than 20 points.  The aspects of the 

course that were most influential in those changes were the emphasis on sense-making, 

the use of cooperative group work and a focus on the problem-solving process rather than 

just the answer.   

Cathy 

Cathy began the course with scores on all three subscales of the MMBQ that were 

well above the class averages.  In fact, her scores on the portions dealing with the beliefs 

about the nature and teaching of mathematics were higher than any other score in the 

class.  Her score on the portion dealing with beliefs about learning mathematics was the 

highest in the class, a distinction she shared with one other individual.  Her attitudes 

toward math, as measured by her scores on the ATMI, were positive and above the class 

average on all four subscales. 

Cathy was somewhat of an anomaly in the course being one of only a handful of 

students who did not express a fear or dislike of mathematics, someone who had 

extremely traditional experiences as a learner of mathematics and yet held some of the 

most non-traditional beliefs about the nature, teaching and learning of mathematics in the 

class, and someone who was incredibly reflective in her writing.  While Cathy did not 

represent the typical preservice elementary school teacher, she was a curiosity and hence 

was chosen as a case study participant.  The teacher-researcher wanted to determine 

whether this type of preservice teacher benefited from the course in ways different from 

the other case study participants. 
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While Cathy�s pre-test BAMS score placed her well into the range of non-

traditional beliefs, she did, on one occasion, express some fairly traditional pre-course 

beliefs about the nature of math.  Toward the end of the semester, she was asked to 

compare her pre-course beliefs about math with her beliefs late in the semester.  Cathy 

noted that at the beginning of the semester she �would have said that math was all about 

numbers and computation, formulas and theorems� (Interview 1).  She went on to 

describe her beliefs at the time of the interview saying �I think [math] is more about 

concept and application� (Interview 1).  When asked why she saw math differently at the 

end of the semester, she stated: �I see that in order for the student to understand abstract 

ideas like area and perimeter, geometry and fractions � which we are working on now [in 

the Learning Cycles course] � they need to understand more of the concept than just the 

numbers.  I think that logic, or learning to use logic, has a great impact on their 

understanding of the material� (Interview 1).  While Cathy gives no reason for this 

change, it is possible that the course�s emphasis on conceptual understanding played 

some role in it.      

With regards to the teaching of mathematics, Cathy held both traditional and non-

traditional views of the role of the teacher.  First, in her journal writing Cathy brought up 

something that was discussed by several class members that week � the preservice 

teachers� frustration with not being told whether their answer was correct.  Cathy noted: 

�Like some of the other students in the class, I like it when I have the correct answer.  I 

like knowing the procedure, following the steps and computing the correct answer.  It has 

been driving me a little crazy that I have not been given the correct answers in class thus 

far.  I�m assuming that I�m correct, but I do like it when the teacher says so [emphasis 
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added]� (Journal Entry 3).  This passage presents an image of the teacher as one who 

passes judgment on answers and determines their correctness.    

Other traditional images came in the form of a description of the ideal math 

lesson.  During her second interview, Cathy was asked about the best way to teach math.  

She provided the format for a lesson in fractions which she was planning to teach in her 

Special Education practicum.  She stated: �The way I�m setting it up is to give the 

students information at the beginning of the lesson�.background information.  We�re 

going to be working with fractions and putting the fractions in a pie chart�.We�re going 

to review [pie charts and fractions] in the beginning of the lesson, then I am going to 

model how to put the fractions into a pie chart� (Interview 2).  Cathy suggests putting 

herself in the role of dispenser of knowledge when she shows the class how to do the type 

of problem covered in the lesson.   

However, as her description of the lesson continued, Cathy shared how she 

designed opportunities for the students to struggle with the material as they learned it. 

She shared that after modeling a problem for them that involved taking fractions and 

putting them into a pie chart, she planned on giving them a problem to do on their own.  

She said �I am going to give them each a bag of M&M�S for the worksheet and they�re 

going to count the colors of the M&M�S and then make fractions out of the colors and 

put them into their pie chart.  I�d like to not give them all the directions�.I�m hoping that 

they�ll be able to do it given the background information and what I showed them.  I kind 

of want them to do a little bit of figuring it out on their own� (Interview 2).  While she 

still felt the need to model problems for the students first, Cathy began to see the value in 

letting the students figure things out for themselves.  When asked if this type of lesson � 



 210

Review, Model and Apply � represented a new format for her, Cathy responded 

affirmatively saying �I think that it works well�where they investigate on their own.  

You know, come up with a hypothesis or a conjecture and test it out and see if it 

works�.I don�t know that it would work well with language arts and social studies, but I 

think with math and science it does�.I really didn�t know about this teaching method 

before� (Interview 2).     

Cathy expressed some other non-traditional views about the role of the teacher.  

When asked how she would help a student who was struggling with a particular 

mathematical concept or procedure, she stated that, among other things, she would �talk 

to him and ask him about the problem, like what does HE think.  What does he think the 

answer is and why does he think that�s the answer?  Then I would have a better idea of 

where he�s not understanding.  Then once I knew what he didn�t understand, I would re-

explain� (Interview 2).  Her suggestions indicate that the students� understandings should 

play a role in the teacher�s decision making process about how to teach a particular topic.  

It is unclear whether this belief represents an old belief, a new belief, or one that has 

simply been strengthened during the semester.  However, this technique of asking 

students to share their thinking for the purpose of allowing the teacher to gain insight into 

their understanding was used and discussed frequently in the Learning Cycles class.  

Later in the same interview, Cathy was asked to provide what she believes to be 

the three most important characteristics of a good math teacher.  She responds with her 

first characteristics as follows: �I think that the first one is creating a classroom where 

there�s math talk.  That�s something that we worked with a lot this semester in the 

[Learning Cycles course] where the students are explaining their answers orally, that 
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they�re asking questions, that they�re using math language, and they�re challenging each 

other�s statements, or they feel free to agree or disagree with their classmates� (Interview 

2).  When asked whether her beliefs about the characteristics of a good math teacher had 

changed since the beginning of the course and she replied �Yes, they have.  We had a lot 

of reading about the math talk.  I never really realized how important it was to create a 

dialogue in the classroom about math� (Interview 2).   

Further support for her belief about the importance of math talk in the teaching 

and learning of math came in her third interview when Cathy talked about the value of 

using math talk when teaching a lesson to the 5th grade students in her Math/Science 

practicum.  She stated: 

In a lesson that I taught it the classroom, it was the day after I had read the reading 
assignments about math talk and asking the students guided questions so that they can see 
what they�re thinking a little clearer and the teacher can see what they know, what they 
need to know, and how they�re coming to their solution.  When I taught that lesson, I 
really was thinking about the article and I asked the students �Why do you think that this 
is the answer?� �Does everybody agree?� �Can you repeat that?�  When the students 
would answer my questions, I could see ways to proceed.  I could see where they weren�t 
understanding.  Instead of just standing there telling them things�I was asking them 
questions to find out what they knew and then giving them steps how to proceed.  
(Interview 3) 

 
Math talk was used extensively in the Learning Cycles course, and it appears that 

learning in that environment, the reading materials that made techniques available to 

Cathy and opportunities to try it in her teaching encouraged her to place great value on its 

use in the teaching of mathematics. 

Cathy also began to see the value of using manipulatives when teaching math.  

Again, when discussing the characteristics of a good math teacher, one of the attributes 

she shared was the ability to effectively use �manipulatives and lots of visuals so that the 

students would picture the concepts in their minds before they apply numbers to it� 
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(Interview 2).  When asked whether her beliefs about the characteristics of a good math 

teacher had changed during the semester, she responded �Yes�.We used a lot of 

manipulatives in the classroom and that�s something I have never considered before� 

(Interview 2).   

Her beliefs about the use of manipulatives in teaching math seem tied to her 

beliefs about learning math.  Cathy shared some changes to her beliefs that had occurred 

as a result of her involvement in the course.  When asked how students learn best, she 

answered �Visuals, like diagrams and things that they can look at as they�re working�.I 

think that really helps all the students, not just the students with learning 

disabilities�.Also hands-on activities are a really good way to help teach students 

math�.In [the Learning Cycles course], we used tiles to make fractions and toothpicks 

and marshmallows to make three dimensional shapes.  I thought that was a great thing.  I 

think all the visual, hands-on that they can see and touch really helps students 

understand� (Interview 2).  When asked whether her answer would have been different 

prior to the course, she stated: �Absolutely.  I really wasn�t aware of the ways that you 

could present these things to the students visually.  Even in the college classroom it�s so 

much clearer.  The concept is so much clearer� (Interview 2).  

Cathy benefited greatly from being in a classroom where she was able to observe 

the teaching of mathematics in an environment she found to be healthy and productive 

and to work with students as they were learning math.  Each week in her journal, Cathy 

shared the experiences she had, most often from her Special Education practicum.  

Frequently, she would hypothesize about effective teaching methods and experiment with 

these students to find answers.  For example, while Cathy seemed to accept that teaching 
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math conceptually was both appropriate and preferable with general education students, 

she challenged its effectiveness with special education students.  As a result of this 

opportunity, she gave a lot of credit for her developing beliefs about learning in general 

and learning math in particular to her work in the classroom.        

Although Cathy�s post-test scores reveal very minor changes, she expressed some 

changes in her beliefs.  She seemed to derive the most benefit from the use of 

manipulatives and an emphasis on conceptual understanding in the learning of math as 

well as an environment and readings that focused on mathematical discourse.  In addition 

to crediting some aspects of the Learning Cycles course with these changes, she also 

attributed her experiences working with the children in her practicums as being beneficial 

in the development of her beliefs about the teaching and learning of math.  

Across-Case Themes 

While the qualitative data gathered from individual case study participants were 

examined for within-case evidence to support or dispute changing beliefs, the qualitative 

data as a whole was also examined to determine if any themes existed across the five 

cases.   Four across-case themes emerged that are worth mentioning. 

Checking for Student Understanding 

First, four of the five case study participants felt strongly that in order to 

determine whether a student understood a particular concept, he or she must be able to 

explain it orally, in writing, or via a model (e.g. using a drawing or with manipulatives) to 

the teacher or a peer.  This topic was discussed both in the second and third interviews 

given by each case study participant (�How do you know when a student has learned a 

concept?� and �What ideal kinds of evaluative methods would you use to check for 
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mathematical understanding or the mastery of skills?�, respectively) and again in their 

tenth journal entry (�How will I know when a student really understands a topic that I 

have taught?�).  The preservice teachers noted that a correct answer does not always 

ensure understanding of a concept and hence requiring an explanation of how the student 

arrived at the answer would be required.  Barb noted that  

[e]nsuring a deep understanding of a specific topic is much different than being able to 
just give answers that require rote memorization and recall facts�.I think it is important 
to ask students to explain how they were able to arrive at a specific answer as well as 
describe why they took the steps that they did to get that answer�.Many times when 
students do not fully understand a topic, the answer they give is not backed up by any 
solid information or they do not know any other way to solve the problem.  (Journal 
Entry 10) 

   
Michael provided a similar response when he noted:  

When a student is able to explain their reasoning for figuring out a problem a certain way 
and able to explain why they used the methods for which they used to arrive at their 
answer, I think that is the best way for a teacher to be sure [that a student really 
understands the content matter that is being taught]�.If students do not fully understand 
the math concepts they may still be able to find the correct answer but they may not be 
able to explain why they used certain reasoning or formulas.  For example, a student may 
be able to find the area of a triangle [using] ½ x base x height one hundred times and do it 
correctly but may not be able to explain why this formula is appropriate or that area 
means the space inside the object.  The student understands basic math computations, but 
does not understand the concepts behind the formula.  (Journal Entry 10) 

 
Elizabeth and Cathy provided similar reasoning to justify their belief that some sort of an 

explanation is the best way to check for student understanding.   

Only Julie, whose beliefs about teaching and learning math remained the most 

traditional at the end of the course, provided responses that were not entirely consistent 

with this view.  She noted in her journal response that �true understanding takes place 

when a student knows the material well enough to teach it to another student� (Journal 

Entry 10).  However, she answered the questions about knowing when a student has 

learned a concept and the evaluative methods she could use to check for student 

understanding in a different way when discussing them with the interviewer.  During her 
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second interview when discussing how she would know when a student had learned a 

concept, Julie discussed Curriculum-Based Measurement (CBM), a progress monitoring 

assessment that is based on all skills to be taught during one school year, and her beliefs 

about their effectiveness in assessing students� progress as well as weaknesses.  Again, 

when asked about evaluative methods she could use to check for understanding during 

her third interview, she stated: �As a beginning teacher � a math teacher � I think I�m 

going to follow the book pretty closely and I�ll probably be giving them assessments 

from the book to start out.  Once I get a little bit more comfortable, I think that [CMB] is 

a good method of assessing your students and evaluating them.  We get a number from 

that and can draw goals for students with that which is a good measure of assessment� 

(Interview 3).   

While there is no way of knowing whether the beliefs expressed by the four 

preservice teachers who responded that teachers should have students explain their 

answers in order to determine if they understand the content were a result of their 

participation in the Learning Cycles course, it is interesting to note that their responses 

focused on the same evaluative methods that were used in the course.      

Influence of Teaching-Learning Process in Actual Mathematics Classrooms  

Elizabeth and Cathy were the only two of the five case study participants who 

actually had opportunities to observe math regularly in at least one of their practicums.  

Elizabeth observed it weekly in the 2nd grade classroom to which she was assigned for 

her Math/Science practicum while Cathy observed it in the 6th grade classroom to which 

she was assigned for her Special Education practicum.  Interestingly, the content of the 
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journal writing produced by Elizabeth and Cathy was noticeably different than the journal 

writing of the other three case study participants.   

Each week, one or two journal prompts were provided to the preservice teachers 

in the Learning Cycles class to respond to in their journals (for a complete list of journal 

prompts, see Appendix D).  One prompt (�Thinking back on the experiences I have had 

this week in the practicum classroom and in ME 3141, how have my beliefs about the 

nature, teaching and learning of mathematics been affected?�) was offered every week 

from week two through week ten.  However, many of the preservice teachers in the class 

were in science-only classrooms with no opportunities to observe math lessons and as a 

result felt some difficulty answering this prompt.  As a result, a second, alternate prompt 

was provided for the preservice teachers during many weeks, and they could choose the 

prompt they were most interested in addressing.  Because Elizabeth and Cathy had 

experiences to reflect on each week, each consistently addressed the standard journal 

prompt using material they had observed in their practicum each week.  Through these 

observations, each developed several theories of teaching and learning in general and 

teaching and learning math in particular.  The focus of the journal entries of the other 

three case study participants was primarily on their own learning of math, on the one 

experience they had teaching a math lesson to the students in their practicum classroom 

or on providing responses to the alternate journal prompts which frequently focused on 

theory. 

Elizabeth frequently commented on how little time students were given to 

actually think about and solve math problems before moving on to another mathematical 

topic or academic subject.  She believed that this caused the students who took longer to 
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process math to suffer, thus widening the gap between them and their faster peers.  As a 

result, she vowed to let some of the slower students set the pace in her classroom and to 

provide the faster students with enrichment problems to keep them from getting bored.  

Elizabeth believed that not enough opportunities for peer work were provided to the 

students, and when they were weak students were placed with weak students limiting the 

benefit they realized.  She felt that peer work should be used more frequently and weaker 

students should be placed with strong students so that they might learn from their 

understanding.  Elizabeth believed that the teacher did not give enough individualized 

attention to the students and therefore did not know who understood the material and who 

did not.  She believed that this could have been easily remedied by having the teacher 

walk around while the students were doing their work to check on their progress and 

make sure they were participating.  Finally, Elizabeth believed that the placement of 

students in the classroom had a strong effect on their learning.  She observed many 

weaker students placed together off in a section of the room that made it difficult to see 

the board.  She questioned whether placing them closer to the center of the room would 

help them to see better and to stay focused. 

Cathy�s journal also contained reflections on the experiences she had in each of 

her practicums, but primarily in the 6th grade classroom of her Special Education 

practicum where she frequently worked one on one with special education students.  

Cathy struggled with practical issues in differentiating instruction and wondered whether 

she would be successful at it.  She openly embraced the idea of mathematical discourse 

and shared some of her experiences with it.  She came to the realization that she needed 

to work at pressing students for explanations and getting them to think more deeply about 
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the content.  Cathy challenged the idea that teaching math for conceptual understanding 

was effective with special education students.  She was openly critical of state 

standardized tests and the practice of �teaching to the test� that intensifies in the spring as 

the students prepare to take the test.  She believed that, like it or not, test preparation 

would be one of her main roles as a teacher of mathematics.  Cathy wondered how, when 

teaching in low-income areas, she would be able use some of the methods she believed to 

be effective when she felt that support in all forms (parental, aides, financial, etc.) was so 

limited.  Cathy believed that �Free and Equal Education for All� was not equal by any 

stretch of the imagination.   

These two preservice teachers represent less than half of the case study 

participants, so claims made about the differences in the content of their journals must be 

taken with a grain of salt.  However, both preservice teachers observed mathematics 

lessons and worked with learners of mathematics regularly and both seem to have 

developed many more theories of learning and teaching than other case study 

participants.  Many researchers have argued the importance of having preservice teachers 

engage in the learning of theory and actual teaching practice simultaneously so as to 

allow them to develop and test theories about teaching and learning (e.g. Ebby, 1997).  In 

this limited case, it appears that the practicum experience that these two individuals had 

did encourage the development of their own personal theories of education. 

Teaching Observations 

All five preservice teachers were observed as they taught one math lesson in the 

classroom of their Math/Science practicum.  The observations are somewhat interesting 

in light of the professed beliefs of the preservice teachers.  While the lessons were 
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different in many ways, they shared several common factors.  A brief description of each 

lesson is presented below followed by a discussion of the common factors shared by 

each. 

Barb�s lesson to her 5th grade students addressed the volume and surface area of 

two cylinders made out of two pieces of paper that shared the same dimensions.  

However, one cylinder was made by joining the long sides of the paper so that the 

cylinder was tall and thin.  The other cylinder was made by joining the short sides so that 

the cylinder was short and stout.  The students were to predict which, if either, had the 

larger surface area, and which, if either, had the larger volume.  Her selection of this 

activity was based on two factors: the decision by her and the other preservice teachers 

placed in the same classroom to teach lessons dealing with circles, and because this task 

had been briefly discussed in the Learning Cycles course and Barb thought that it 

presented interesting challenges.  Barb�s cooperating teacher was not involved in the 

selection of the task or the content of the lesson. 

Elizabeth�s lesson to her 2nd grade class addressed the value of various collections 

of coins which included pennies, nickels, dimes and quarters.  The majority of the 

collections contained a single type of coin.  At the end of the lesson, she had planned to 

do a form of BINGO with the children using coins and their values, but time did not 

permit this activity and hence the students worked strictly on completing worksheets she 

provided.  Elizabeth�s cooperating teacher informed her of the topic of the lesson and 

gave her the teacher�s guide to help her prepare the lesson.   

Julie�s lesson covered finding the area of a circle with a review of what it means 

to find the area of an object.  Before introducing the formula for the area of a circle to the 
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students, she had them cut apart circles into pie shaped pieces and approximate the area 

by using the pie pieces to form parallelogram-like shapes and using knowledge of the 

circumference of the circle.  Like Barb, who was placed in the same 5th grade classroom, 

Julie�s decision regarding the content of this lesson was based partly on the decision by 

her peers placed in the same classroom to teach lessons that dealt with circles.  However, 

the idea for the lesson did not come from something that was discussed in the Learning 

Cycles class.  Julie�s ideas for the lesson came from a search on the internet and through 

the textbook used in the Learning Cycles course (Cathcart et al., 2006). 

Michael�s lesson was taught to the 6th grade students in his practicum classroom 

and covered finding the area of a right triangle.  Michael was given the topic of the 

lesson, but was given complete freedom in choosing how to present the lesson to the 

students.  Having never taken geometry in high school, Michael was concerned about 

how to present the material, and after a search on the internet and consulting the teacher-

researcher, he decided to use geoboards in combination with providing a formula for 

finding the area of the triangle.  The teacher-researcher had no part in the actual writing 

of the lesson, nor did she see it at any time before it was taught.   

Cathy�s placement was in the same 6th grade class in which Michael was placed.  

Her lesson covered estimating angle measurements.  Again, she was told the content that 

she would teach, but then given the freedom to choose how to present it.  She, too, 

consulted the internet and the teacher-researcher for ideas on how to present the material.  

Cathy ultimately decided to use an idea from van de Walle (1998) in which the students 

make a protractor-type instrument out of wax paper to measure angles with.  The idea 

was one that the teacher-researcher had shared with Cathy during their consultation.  
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Again, the teacher-researcher had no part in the actual writing of the lesson, nor did she 

see it at any time before it was taught. 

All five of the lessons shared one important element: the use cooperative groups.  

Additionally, four of the five used some sort of manipulative in the teaching of the 

lesson.  Each of the preservice teachers, during the post-observation commented on their 

desire to incorporate group work into their lesson.  They encouraged the students to work 

together to complete activities and worksheets that were presented to them during the 

lesson.  In each of the classrooms, the students were clustered in groups with their desks 

pushed together.  For the most part, group work was done between individuals sitting in 

the same cluster of desks.  However, In Barb and Julie�s placement, the four preservice 

teachers that were placed together decide to rearrange the students into four groups so 

that each preservice teacher could work with the same group of students each time.  To 

achieve this, some students moved to empty desks in nearby clusters when group work 

was expected.  Each of the five case study participants commented that group work was 

not usually encouraged in the classroom, but that they each wanted to use it.  This attests 

to their belief in the importance of group work in the learning process. 

In addition to the use of group work, four of the five lessons included some sort of 

manipulative to help students understand the content.  Barb�s lesson used the cylinders 

which the students constructed on their own along with packing peanuts to help 

determine which cylinder had the larger volume.  Julie�s lesson used the paper circles 

which the students cut into pie-shaped wedges and manipulated to form parallelogram-

like figures whose areas they then estimated.  Michael�s lesson used geoboards and cut-

outs of right triangles.  Cathy�s students made the wax paper �protractors� which they 
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then used to estimate the area of various angles she provided.  In each case, the use of a 

manipulative supported the belief that they were an important part of the learning 

process.  

Only Elizabeth, whose lesson dealt with coins, did not use a manipulative.  She 

commented on this during the post-lesson interview with the teacher-researcher and 

expressed her desire to use one.  She struggled with whether it would be too distracting 

for 2nd graders and whether it would be a wise decision to use actual money.  Purchasing 

plastic coins from a teacher store was out of the question because of the quantity she 

would need and the cost to purchase them.  Several minutes of the post-lesson interview 

were spent with her brainstorming about how she could provide some sort of 

manipulative in future lessons on money.  While Elizabeth did not provide manipulatives 

during this lesson, many problems on the worksheets that the students worked on had 

pictures of the coins which they were asked to find the value of, so even in the absence of 

a physical representation, a visual image was provided. 

In addition to the use of group work and manipulatives, the lessons also shared 

another common element: the method of presentation.  All lessons began with the 

preservice teachers presenting some form of review of the concepts that were relevant to 

the lesson, but were assumed to be known to the students already.  For example, 

Elizabeth�s lesson began with a review of the value of each coin.  Julie�s lesson began 

with a review of what it means to find the area of a geometric figure and the 

circumference of a circle.  Michael�s lesson started out with a review of right triangle 

terminology.  After holding a discussion about why one needs to know about the size of 
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an angle, Cathy�s lesson began with a review of the number of degrees in a circle.  Barb�s 

lesson began with a review of the definitions of surface area and volume.   

Each lesson then moved on to an example.  The preservice teachers modeled a 

problem for the students in the class with differing degrees of student participation.  

Some of the preservice teachers asked leading questions and others simply just told 

students the information they would need to know.  Regardless of how it was handled, 

the preservice teacher was in control of the direction of the lesson through the questions 

asked or comments made.   

After the example, students were given some activity related to the example 

which they were expected to complete with their peers.  In Michael�s class, Cathy�s class, 

and Barb and Julie�s class, where there were four preservice teachers to help with the 

lesson, this activity was worked on in small groups until the preservice teacher decided 

that they had completed it.  At that point, the solutions were discussed as a group.  In 

Elizabeth�s class, where there was only one other preservice teacher and the students 

were younger, small segments of the activity were worked on at a time before discussing 

the solutions.  Once the small segment was completed and discussed, the students were 

instructed to complete the next small segment.  This pattern continued through the entire 

lesson. 

During the discussion of the solutions, some variation existed between how the 

different preservice teachers handled the situation.  For example, Cathy, who had just 

read the chapter from Chapin, O�Connor and Anderson (2003) on mathematical 

discourse, put some of the questioning techniques to use and encouraged the students to 

share their thinking and justify their responses.  Elizabeth also used some questioning 
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techniques when asking students for their solutions, but for the most part served as the 

judge of correct and incorrect answers.  Julie�s work with circles included many leading 

questions and a lot of expository teaching when finding the area of the circle.  Similar 

observations were made during Michael and Barb�s lessons.  It should be noted that 

Michael�s lesson was taught before the readings on mathematical discourse were 

assigned so there is no way of knowing whether his professed support of math talk would 

have been validated in his lesson had he taught after the readings were assigned.  All 

other case study teachers taught after the readings were assigned. 

Thus, some of the professed beliefs were validated in the way the preservice 

teachers chose to teach their lessons.  However, much about their mathematics lessons 

remained very traditional.  Absent from their lessons were attempts to find out about 

students prior knowledge.  Absent were attempts to let students construct their own 

knowledge.  Absent from their lessons were the assumption of the role of �guide on the 

side� instead favoring the role of �sage on the stage.�  Absent were serious attempts at 

exploring math concepts.  The lessons, for the most part, were highly traditional.  Any 

non-traditional elements were, as a rule, very superficial. 

On the other hand, the observed lessons represented the first or second 

opportunity to teach math to a class of elementary school children for all of the preservice 

teachers.  Hence, all were complete novices.  They all were teaching in someone else�s 

classroom with someone else�s rules and someone else�s established learning 

environment.  They were all observed by their cooperating teacher and a university 

supervisor and knew of the rubric by which they would be judged.  Unfortunately, 

expectations were in place for them to have control of the classroom and small group 
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discussions tend to appear chaotic.  For that reason, many shied away from using 

exploratory methods that might make them look less than competent.   

The cards were stacked against the preservice teachers when it came to making 

attempts to break out of the traditional mold into teaching in a way that is consistent with 

the recommendations of the reform movement.  However, given that behavior is linked 

with beliefs, one must question whether the preservice teachers� professed beliefs were 

different from their actual beliefs, or whether the circumstances and their lack of 

experience made it too difficult to act upon their beliefs.  

Beliefs about Students in Low-Income Areas 

Several of the case study participants made comments in their journals or during 

their interviews about working with low-income students.  While this theme may not 

seem significant to the research at hand, these differences seemed to cause the preservice 

teachers to form beliefs about the students which have the potential to affect the way they 

teach similar students in the future.  Whether these beliefs were developed during the 

semester of the practicum or they represented previously held beliefs is unclear.  

Furthermore, the basis for their formation � whether they are based on fact, perception or 

some combination of the two � is unknown.   

The classrooms in which the case study participants were placed for their 

practicums were quite different from the classrooms they learned in.  The two most 

noticeable differences were the financial support offered to the urban and suburban 

schools by taxpayers and the students who attended these schools.  In the state in which 

the study took place local taxes are the largest source of local revenue for school districts.  

The urban school district in which the preservice teachers in this study completed their 
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practicums had roughly 70% of its enrollment from low-income families in the 2004-

2005 school year, the last year for which data were available (Pennsylvania Department 

of Education, n.d.).  Hence revenue was much lower than in the suburban school districts 

where the preservice teachers attended school, which each had less than 15% of their 

enrollment from low-income families.  This difference translates into fewer highly 

qualified teachers, higher student-teacher ratios and fewer funds to improve facilities and 

equipment for the urban schools.  Four of the five case study participants had attended 

elementary school and high school in suburban schools surrounding the city in which 

their practicum schools were located.   

In addition to differences in the types of schools the case study participants and 

the practicum students attended, there were differences in the students who enrolled in 

the schools.  All five of the case study participants were Caucasian and four attended 

school in the suburbs which consisted primarily of Caucasian students.  The students in 

the practicum classrooms were all either African-American or Latina/o.      

In the written and oral data collected, the case study participants shared beliefs 

they held about the school and home lives of their students and described several 

experiences they had in their practicum classrooms.  For example, Barb responded to a 

journal prompt asking her to describe something in her practicum class or in the Learning 

Cycles course that stressed her out.  She responded as follows: 

In my classroom, the students are from a lower socioeconomic area and the educational 
reinforcement at home is very small, if not non-existent.  This makes my job as a teacher 
very difficult.  Teaching math in a district brings with it many variables that can be 
accounted for if one has the proper resources and supports.  However, when a teacher is 
in a school such as I am, the lack of supports as well as uninterested students add another 
layer to the problem.  I can see that some students may try to work at the material, but as 
soon as it becomes too difficult for them, the excuses start flying and I am not completely 
sure how to handle the situation.  I can only do so much to help the students learn the 
content but if they are unwilling to try and work at it, the result will be shaky math skills.  
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The lack of support at home does not help.  Obviously my experience with this is limited, 
but I can imagine what the regular education teachers go through to elicit help out of 
parents who are working two or three jobs just to make the rent.  (Journal Entry 8) 

 
Part of her journal response the following week addressed similar issues.  She described 

an experience she had working with a male student in the 5th grade classroom of her 

practicum placement while she worked with him on some material from a lesson on 

circles.  She stated:  

I had one encounter with a student during the lesson that refused to complete the 
assessment worksheet.  I asked him is he understood what he was supposed to do and of 
course he said yes.  However, I didn�t believe it to be true from his actions.  I tried to 
walk him through the worksheet and broke down the formula so that he could understand 
it easier.  He still did not complete the worksheet, no matter how much I tried to help 
him.  I believe there is a dynamic going on with this child that is all too common, 
unfortunately.  This boy, like many in this class, are seriously below grade level and 
really do not have the motivation to try anything a little bit challenging.  (Journal Entry 9) 

 
Barb�s comments indicate that she believes that low-income students are unmotivated, 

unsupported, underperforming, and easily discouraged. 

Cathy, who hoped to teach in low-income schools where she could �give back to 

society� (Interview 1) and make the biggest difference, also described some general 

beliefs about teaching in these types of schools in the future.  When asked to describe 

what she thought to be her most important roles or duties as a math teacher, she 

responded:  

It is my intention to teach in the inner city schools where my role/duties will not be the 
same as if I were opting to teach in the suburbs where it�s all sunshine and technology.  I 
see my role as threefold: test prep, teaching essential skills and differentiating instruction.  
As it stands now, the NCLB (No Child Left Behind) has established high-stakes 
testing�.Schools use these scores to determine high school placement, summer school 
and promotion for students.  The tests not only have an enormous effect on the students� 
future, but the future of the school as well.  So, I expect to be allocating much time to 
teaching test-taking strategies and drilling need-to-know mathematics concepts every 
week with a two week crash course just before the test dates.  There won�t be much time 
for marshmallows and toothpicks [a reference to a hands-on activity in the Learning 
Cycles course used to investigate the stability of triangles in building].  (Journal Entry 
11)                 
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Cathy goes on to list what she considered to be essential skills.  These included topics 

such as money, making and receiving change, using a calculator, addition and subtraction 

to balance a checkbook, budgeting, and percentages for taxes and sales.  While all these 

topics are essential to everyday living, she excludes from her list any emphasis on the 

development of conceptual understanding and alludes to the fact that she believes that 

there will not be sufficient time for activities that try to encourage it. 

Other case study participants described beliefs about the amount of parental 

support these students received with completing homework assignments.  For example, 

when describing the type of math she thought the students in her practicum did outside of 

school, Julie stated:  

I think they handle money�.I don�t know how much � I mean the homework that they 
bring home to do, I don�t foresee these kids really having a whole lot of help at them.  
And I�m not trying to be judgmental in that way, but I don�t think they probably have too 
much parental guidance helping them do math or even doing homework, and I don�t 
know how much time they actually spend on academics outside of school.  (Interview 1)  

 
Again, these beliefs could impact the way the preservice teachers teach, how they deal 

with the parents of their students, the assignments they give, and the expectations they set 

for the students. 

Summary 

Quantitative and qualitative data collected have been presented and analyzed in 

this chapter.  The quantitative analysis regarding beliefs about the nature, teaching and 

learning of mathematics indicate that the adjusted post-test scores of the Learning Cycles 

group were, on average, significantly higher than the adjusted post-test scores of the 

comparison group on the portions of the MMBQ that measured beliefs about the nature 

and teaching of mathematics.  This indicates that the Learning Cycles course was more 



 229

effective than the comparison course in aligning preservice teachers� beliefs about the 

nature and teaching of mathematics with those of the reform movement in mathematics 

education.  However, the adjusted post-test scores of the Learning Cycles group were not 

significantly different from the adjusted post-test scores of the comparison group, nor did 

the average score in either group rise considerably.  Thus, not only was the Learning 

Cycles course no more effective in aligning beliefs about learning mathematics with the 

reform movement, but neither course was very effective at changing the preservice 

teachers� beliefs about learning mathematics.   

Pre-course attitudes toward mathematics were not a good predictor of the degree 

to which the beliefs of the preservice teachers in the Learning Cycles course changed 

over the course of the semester.  Pre-course scores on the three beliefs subscales were 

better indicators of change with individuals having low pre-test scores experiencing the 

most growth throughout the semester.  The attitudes of the preservice teachers in the 

Learning Cycles course remained fairly stable over the semester with average scores on 

three of the four subscales realizing no significant changes.  Only the average score on 

the Self-Confidence subscale increased significantly.  

The five case study participants described at length above represented a small 

cross-section of the twenty seven preservice teachers enrolled in the Learning Cycles 

course.  Their beliefs about the nature, teaching and learning of mathematics ranged from 

traditional to non-traditional.  Their attitudes toward math also varied from poor to good.  

Each of their experiences was somewhat different and their post-course beliefs were 

diverse.  However, all of them experienced some degree of change in their beliefs over 
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the semester causing them to be more closely aligned with the beliefs espoused by the 

reform movement in mathematics education. 

While not all of the changes that occurred in the preservice teachers� beliefs can 

be attributed to their involvement in the Learning Cycles course, some of them can be.  

Four of the case study participants were affected by the emphasis on learning math with 

conceptual understanding where the focus was on sense-making instead of memorization 

and the problem solving process instead of the solution; several of them were influenced 

by the use of small group work; two benefited from both an environment and readings 

that focused on mathematical discourse; one benefited from the use of manipulatives; two 

seemed to profit from seeing student work or watching videos of students engaging in the 

learning process; and one student was affected by the real-world problems in which the 

preservice teachers engaged.  
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CHAPTER 5 
 

DISCUSSION AND CONCLUSIONS 
 

 
The purpose of this study was to determine whether a one-semester combined 

mathematics content/methods course based on Simon�s (1994) Learning Cycles was more 

effective at aligning a group of preservice teachers� beliefs about the nature, teaching and 

learning of mathematics with those espoused by the reform movement in mathematics 

education than a content/methods course not based on Learning Cycles.  Additionally, the 

researcher sought to determine whether the preservice teachers� attitudes toward 

mathematics were related to the degree to which their beliefs changed during their 

involvement in the study.  In addressing the issue of beliefs, the researcher examined not 

only differences between the two groups at the conclusion of the study, but also searched 

for explanations for some of the changes within the Learning Cycles group. 

This study used a mixed methodology design to investigate the research 

questions.  A pre-test/post-test quasi-experimental design was used to determine whether 

the Learning Cycles course or the comparison course was more effective at aligning the 

preservice teachers� beliefs with those of the reform movement and whether attitudes 

toward mathematics impact the degree to which an individual�s beliefs change.  

Additionally, qualitative data were gathered from five preservice teachers enrolled in the 

Learning Cycles group to confirm or refute the results of the quantitative analysis and to 

search for factors of the course that proved to be beneficial in encouraging change.  Two 

sets of preservice elementary school teachers enrolled in two sections of the course 

ME3141: Teaching Math to Children: N-6 at a satellite campus of a large mid-Atlantic 
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university served as the experimental and comparison groups.  Both sets of preservice 

teachers represented convenience samples.   

The format of the experimental course, which was taught by the researcher, was 

based on Simon�s (1994) Learning Cycles where issues and activities addressed the 

preservice teachers� knowledge of mathematics, their developing knowledge about 

mathematics, their developing theories of mathematics learning, their understanding of 

students� learning, instructional planning and teaching through six learning cycles 

described in the work of Karplus et al. (1977).  Three content areas � measurement, 

geometry and fractions � were used to examine the issues and hence each of these content 

areas was investigated in depth and from many vantage points.  Important aspects of the 

course were engaging the preservice teachers in mathematical problem solving and 

modeling mathematics teaching that was consistent with NCTM�s recommendations 

(NCTM, 1991).  Cognitively complex tasks were chosen that would engage the 

participants in �doing math� as defined by Stein, Smith, Henningsen and Silver (2000) 

and would encourage them to think about the nature of mathematical activity.  Emphasis 

was placed on the problem solving process and conceptual understanding of the content, 

and mathematical discourse was used extensively.  

The comparison course, which was taught by a teacher who was not the 

researcher, was not based on the Learning Cycles design.  While several of the same 

issues were addressed in both courses (specifically the preservice teachers� knowledge of 

mathematics, their understanding of students� learning, instructional planning and 

teaching), much about the two courses were different.  Six content areas (number 

concepts and place value; addition and subtraction strategies; multiplication and division 
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strategies; geometry and spatial sense; ratio, proportion, percent, similarity and scale; and 

probability, counting techniques and statistics) were investigated in less depth, and while 

preservice teachers in the comparison group had opportunities to work on mathematical 

problems, the purpose of working on these problems was to challenge the individuals and 

to promote the enjoyment of mathematics.  Mathematical discourse was not a focus of the 

course and while solution strategies were discussed, the problem solving process and the 

nature of mathematical activity were not.  

Constructivist pedagogy was used in the implementation of the Learning Cycles 

course.  Constructivism is the theory of learning that posits that individuals actively 

construct their understanding of situations based on prior knowledge and their interaction 

with the environment, and while there is not a set of instructional techniques that 

constitute constructivist teaching, there are images in the literature of the types of 

teaching that encourage the construction of knowledge.  Fosnot and Perry (2005) describe 

four general teaching principles that can be derived from constructivism that should be 

present in an environment where students are encouraged to engage in knowledge 

construction.  First they note that learning is not the result of development, rather it is 

development.  As such, students need to be provided with opportunities to raise 

questions, generate and test hypotheses and defend and discuss them within the learning 

community.  The second principle is that disequilibrium facilitates learning.  Hence, it is 

important to use challenging, open-ended problems in realistic and meaningful contexts 

that will allow learners to generate both affirming and contradictory possibilities.  Third, 

reflective abstraction is the driving force behind learning.  This allows for organization 

and generalization of knowledge which encourages transferability.  The final principle is 
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that dialogue within a community encourages further thinking.  As such, the classroom 

needs to be seen as a community of discourse in which learners must defend, prove, 

justify and communicate their ideas to others in the community.   

While constructivist teaching principles are entering into some pre-college 

classrooms, courses for preservice teachers are often taught in a didactic manner that does 

not allow for the construction of knowledge.  The Learning Cycles course was designed 

and taught in a manner that encouraged the development of knowledge and used 

challenging and meaningful tasks related to both mathematics content and mathematics 

pedagogy to do so.  The preservice teachers engaged in tasks that addressed mathematical 

concepts related to measurement, geometry and fractions, and as such, they were able to 

form and test theories related to these areas.  Their prior knowledge challenged as they 

came to realize that their understanding of mathematics is what Skemp (1978) refers to as 

instrumentalist.  Reflective abstraction was encouraged when the preservice teachers 

encountered important mathematical concepts in various formats. Mathematical discourse 

within the Learning Cycles classroom provide a powerful way to examine the thinking of 

those involved in the course and caused the preservice teachers to clarify their own 

understandings as they sought to defend their solution strategies.  As a result, many of the 

preservice teachers were able to develop powerful understandings of important 

mathematical concepts.   

With regards to the construction of pedagogical content knowledge, the preservice 

teachers engaged in the formulation of theories about student understandings, 

misconceptions and learning in the content areas of measurement, geometry and fractions 

as they examined student work in the Learning Cycles classroom and, on some occasions, 
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in the classroom of their practicum placement.  Through the use of videos of instructional 

situations, the preservice teachers� beliefs about the learning of mathematics were 

challenged as they observed children engaged in mathematics tasks.  These tasks often 

showed the students using invented strategies or engaging in problem solving with little 

guidance from the teacher and challenged the preservice teachers to rethink their ideas 

about students� abilities to construct their own understanding based on prior experiences.  

The preservice teachers reflected on their developing theories during their journal writing 

and in class discussions about pedagogy.   

Preservice teachers in both groups completed a beliefs instrument prior to and 

upon completion of their enrollment in the courses.  The instrument, which was the 

Modified Mathematics Beliefs Questionnaire (MMBQ), measured the participants� 

beliefs about the nature, teaching and learning of mathematics using three subscales: the 

Beliefs about Mathematics Survey (BAMS, Collier, 1972), the Beliefs about 

Mathematics Instruction Survey (BAMIS, Collier, 1972) and a portion of the 

Mathematics Beliefs Survey (MBS, Fennema, Carpenter & Loef, 1990), respectively.  

Attitudes were measured using the Attitudes toward Mathematics Instrument (ATMI, 

Tapia, 1996), which contained four subscales measuring self-confidence, value, 

enjoyment and motivation with regards to mathematics.  The ATMI was completed both 

pre-course and post-course by the preservice teachers in the Learning Cycles group.  

  A one-way ANCOVA design allowed the researcher to analyze the quantitative 

data that were collected.  Three ANCOVAs were performed with the course of 

enrollment serving as the independent variable in each case, and post-test scores on the 

subscale measuring beliefs about the nature of math, about the teaching of math, and 
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about the learning of math each serving as the dependent variable in one of the analyses.  

Pre-test scores on the same subscale served as the covariate in each case to control for 

existing differences between the two groups.  Additionally, correlations between the pre-

test scores on each ATMI subscale and the difference between pre- and post-test scores 

on each of the three MMBQ subscales were computed to determine if pre-course attitudes 

had any effect on the degree to which the preservice teachers� beliefs in the Learning 

Cycles group changed during their involvement in the course.   

Five preservice teachers from the Learning Cycles served as case studies and 

provided qualitative data in the form of written responses to thirteen journal prompts, 

interviews, and an observation of a mathematics lesson taught to elementary school 

students.  The data gathered from these individuals were analyzed and used to support or 

refute the results of the quantitative analysis.  Both within and across-case analyses were 

performed. 

The findings relative to the quantitative and qualitative analyses will be presented 

and discussed in the following sections.  Additionally, limitations based on the 

constraints of the research design will be addressed.  Implications of the study and 

recommendations for future research will conclude this chapter. 

Beliefs  

The quantitative results and statistical analysis presented in Chapter 4 showed that 

changes occurred in the beliefs about the nature and teaching of mathematics held by the 

preservice teachers in each of the groups with a more sizeable difference occurring in the 

Learning Cycles group.  With regards to beliefs about the learning of math, a rather small 

increase was observed in each group.  Qualitative results confirmed that in fact the case 
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study participants did experience a change in some of their beliefs about the nature and 

teaching of mathematics.  However, where the quantitative analysis indicates little 

change in the preservice teachers� beliefs about the learning of math, the qualitative 

analysis showed that the case study participants did in fact experience changes to those 

beliefs.  

  A one-way ANCOVA was used to determine whether there were differences 

between the two groups regarding their beliefs about the nature of mathematics at the end 

of the semester.  The analysis revealed significant differences between the post-test 

scores of the two groups on the BAMS portion of the MMBQ at the .005 level with the 

Learning Cycles group scoring higher.  Additionally, in an item-by-item analysis, the 

post-test average score in the Learning Cycles group for six of the items on the BAMS 

showed a significant (p<.005) increase from pre-test averages showing beliefs about the 

nature of mathematics that became more consistent with the reform movement on these 

items.  No such differences were found for the pre- and post-test averages of any item for 

the comparison group. 

The statements with significantly higher post-test averages indicated that the 

preservice teachers in the Learning Cycles group were starting to see mathematics as 

being less rigid and rules based and more of a subject in which an inquiring nature would 

encourage success.  At the end of the course the preservice teachers in this group, on 

average, more strongly disagreed with the idea that solving a mathematics problem 

usually involves finding a rule or formula that applies, that math is an organized body of 

knowledge which stresses the use of formulas to solve problems, that it is a rigid 

discipline which functions strictly according to inescapable rules, and that there is usually 
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just one proper way to do things.  This same group of preservice teachers more strongly 

agreed with the idea that the basic ingredient for success in mathematics is an inquiring 

nature and that there are several different but logically acceptable ways to define most 

terms in mathematics.    

In several cases, the qualitative data gathered from the five case study participants 

confirmed the change reflected by the quantitative analysis.  Several of the preservice 

teachers reported that their view of mathematics as being rigid and dominated by the use 

of formulas and procedures was changing.  These preservice teachers described an 

awareness of the importance of conceptual understanding and an exploratory nature when 

solving mathematics problems.  The participants who acknowledged changes to their 

beliefs attributed it to the course�s emphasis on sense making, emphasis on the problem 

solving process instead of the solution and the types of mathematical tasks that they 

engaged in during the course.  However, not all of the preservice teachers experienced 

changes to their beliefs about the nature of mathematics.  Most notably, Julie, whose 

beliefs about math were extremely traditional and who was highly anxious about teaching 

and learning math, experienced little change to her beliefs about the nature of 

mathematics after participating in the Learning Cycles course.      

A second one-way ANCOVA was used to determine whether differences existed 

between the groups at the end of the semester with regards to the teaching of 

mathematics.  The results revealed significant differences between the post-test scores of 

the two groups on the BAMIS portion of the MMBQ at the .05 level with the Learning 

Cycles group having the higher score.  Additionally, in an item-by-item analysis, the 

post-test average score in the Learning Cycles group for five of the items on the BAMIS 
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showed a significant (p<.05) increase from pre-test averages showing beliefs about 

teaching math that became more consistent with the reform movement on these items.  

No such differences were found for the pre- and post-test averages of any item for the 

comparison group. 

The items with significantly higher post-test averages indicated that the preservice 

teachers in the Learning Cycles group were starting to challenge the vision of the teacher 

as one who gives knowledge to the students and were beginning to consider the benefits 

of guided discovery methods.  At the end of the course the preservice teachers in this 

group, on average, more strongly disagreed with the idea that the teacher should be 

providing models for problem solving and expecting students to imitate them, that 

exercises assigned to students should be applications of a particular rule or formula, that 

teachers should spend most of each class period explaining how to work specific 

problems and that discovery-type lessons have very limited value considering the amount 

of time they take up.  Additionally, they more strongly agreed with the idea that students 

of all abilities should learn better when taught by guided discovery methods.   

Again, the qualitative data gathered from the five case study participants 

confirmed the change reflected by the quantitative analysis.  Several of the preservice 

teachers acknowledged changing beliefs and professed support for encouraging students 

�to do a little bit of figuring it out on their own� (Cathy, Interview 2).  Several of the 

preservice teachers strongly discouraged forcing students to use a particular rule or 

formula instead favoring the use of multiple solution strategies.  Additional ideas that the 

preservice teachers felt were important in teaching mathematics yet were not mentioned 

in the BAMIS statements were the use of manipulatives (Quinn, 1998), the importance of 
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mathematical discourse (Blanton, 2002; NCTM, 1991) and teaching for conceptual 

understanding (NCTM, 1991).   

A third one-way ANCOVA was used to examine the post-course differences 

between the two groups with regards to the learning of mathematics.  The results revealed 

significant differences between the post-test scores of the two groups on the MBS portion 

of the MMBQ at the .05 level with the Learning Cycles group scoring higher.  However, 

the changes in the scores of each group were small.  None of the items on this subscale 

had a post-test average score that was significantly higher than the pre-test average for 

either the Learning Cycles group or the comparison group.    

The preservice teachers did express some changes to their beliefs about the 

learning of math, however.  One particular idea, the belief about the importance of using 

cooperative work when learning math, was not represented on the MBS, but was 

frequently acknowledged as one of the best ways for students to learn math in the written 

and oral responses of the participants (Grouws & Cebulla, 2000; Johnson, Maruyama, 

Johnson, Nelson & Skon, 1981; Leonard, 2001; Linchevski & Kutscher, 1998).  Other 

ideas, such as the importance of identifying student misconceptions (Borasi, 1994), using 

visual and physical representations of the concepts (Ball, 1988a; Grouws & Cebulla, 

2000), and connecting the concepts to real-world applications (Grouws & Cebulla, 2000) 

have been found to be effective in the process of student learning.  These ideas were also 

mentioned by the preservice teachers but were not part of the MBS statements.   

It is interesting to note that the preservice teachers� beliefs about the nature and 

teaching of math as measured on the MMBQ changed much more than their beliefs about 

the learning of mathematics.  In the Learning Cycles group, the average score on the 
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BAMS portion of the MMBQ increased 13.5% from pre-test to post-test.  The average 

score on the BAMIS portion increased 10.9% during the same time frame.  Yet the 

average score on the MBS portion increased only 5.5%.  (Note:  Average increases 

ranged from 4.4% to 6.6% in the comparison group).  This is surprising given that some 

researchers have found that it is easier to influence preservice teachers� beliefs about the 

learning of mathematics most likely due to the fact that they lack direct experience that 

would allow them to develop beliefs in this area (Pulver, 1997).  This study does not lend 

support to this finding. 

This leads one to question why the preservice teachers in the Learning Cycles 

group experienced substantially larger changes to their beliefs about the nature and 

teaching of math than were recorded with regards to their beliefs about learning math.  

Certainly the instrument used to measure these beliefs must be challenged.  First, only six 

items were used to measure beliefs about learning math, and one of these items did not 

correlate with the other items.  These statements dealt primarily with whether young 

children need help solving mathematics problems or whether they can figure them out on 

their own.  While this is an important aspect of the learning process, it is far from 

thorough in addressing all aspects of learning.  These statements tend to focus on the role 

of the learner in the mathematics classroom and do not focus on the process of coming to 

know.  Only Statement 42, the one item that did not correlate with the other 5 items, 

actually referred to the process in which students engage as they come to make sense of 

mathematical content.  Absent are statements about construction of knowledge and the 

development of conceptual understanding as opposed to rote learning.  Additionally, 

things that may help students as they develop that understanding such as the use of 
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cooperative learning groups and the use of manipulatives and visual or physical models 

were missing from the statements provided.  It is possible that the lack of substantial 

change is due to the fact these aspects were not represented on the instrument.  Using a 

different instrument may have shown larger increases. 

Another possible explanation is that something about the course or the practicum 

experience did not allow or encourage the preservice teachers to reflect on the learning 

process (Ebby, 2000; Sherin, 2002).  As described by Fosnot and Perry (2005), 

knowledge construction is encouraged when learners are encouraged to generate and test 

hypotheses, when they experience disequilibrium as they encounter problem situations, 

and when they engage in reflective abstraction.  Unfortunately, many of the preservice 

teachers in the study were deprived of these opportunities as they were placed in science-

only classrooms for their Math/Science practicum.  As a result, they only observed 

science lessons taught by experienced teachers and were not provided opportunities to 

observe the teaching of mathematics.  Each preservice teacher had the opportunity to 

teach one to two math lessons and observe their peers do the same.  It was only during 

these lessons that the preservice teachers were able to engage with students in the 

learning of mathematics.  Given that the lessons were written and taught by individuals 

with limited experience, it is quite likely that the preservice teachers did not get out of 

these experiences all that they should have and, as a result, were not able to construct 

many important and powerful theories of mathematics learning.   

During the Learning Cycles course, opportunities were provided to watch students 

as they engaged in the learning process through the use of educational videos.  

Additionally, student work was examined and analyzed to hypothesize about both the 



 243

understandings and misconceptions held by the students.  However, perhaps these 

experiences were not enough for the preservice teachers to gain insight into the learning 

process.  The preservice teachers were able to reflect on their own learning experiences 

and through this, several of the case study teachers were able to develop theories about 

how students learn.  Unfortunately, opportunities to watch students transition from a state 

of not understanding a particular concept to understanding that concept were lacking.  

Perhaps this type of experience is more powerful and without it, only minor changes to 

beliefs about learning mathematics were realized.       

Research on changing beliefs has shown that several common factors are present 

in courses that have been successful in producing change.  Beswick (2006) found that 

these courses often included:  

• having preservice teachers actually engage in doing mathematics 
• increasing student awareness of and encouraging reflection on the students own 

beliefs 
• encouraging reflection on their practice teaching  
• the use of collaborative group work, and  
• providing alternate models for mathematics teaching (p. 37). 

 
All of these factors were used in the Learning Cycles course to varying degrees.  

Preservice teachers engaged in doing mathematics for at least one class period at the 

beginning of each of the three units.  These tasks involved the development of conceptual 

understanding of the topics, and instruction during this time encouraged the preservice 

teachers to rethink their ideas about what it means to engage in mathematical activity.  

Journal writing was used to encourage the preservice teachers to examine their beliefs as 

they participated not only in the course but also as they worked with children in their 

practicum experience.  All of the preservice teachers in the Learning Cycles group were 
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asked to reflect on their teaching after they presented a mini-lesson to an individual in a 

one-on-one setting.  The case study participants had the opportunity to reflect on the math 

lesson they taught to their practicum students after they were observed and interviewed 

by the researcher.  Cooperative learning groups were used extensively, and the teaching 

models used during the solution of mathematical tasks such as the use of mathematical 

discourse, high press for justification and conceptual investigations into mathematics 

topics represented a departure from the preservice teachers� past experiences as learners 

of math.   

Some of these factors were cited by the case study participants in the Learning 

Cycles group as being beneficial in promoting a change in their beliefs.  Several of the 

case study participants described the importance of group work and getting to talk to their 

peers as they engaged in problem solving tasks as an important factor in their changing 

beliefs, supporting the findings of several researchers (Emenaker, 1996; Hart, 2002; 

Schram et al., 1988; Steele, 1994).  The process of engaging in mathematical tasks which 

encouraged sense-making and the development of conceptual understanding also had a 

role in the changing beliefs of the case study participants and serves to support the 

research findings of Emenaker (1996), Grouws and Cebulla (2000), Schram et al. (1988) 

and Steele (1994).  

However, other factors were also cited by the case study participants as being 

important in changing their beliefs about the nature, teaching and learning of 

mathematics that were not mentioned by Beswick (2006) but that appear elsewhere in the 

literature on changing preservice teachers� beliefs.  First, Cathy described the important 

role that the use of manipulatives and visual and physical models played in changing her 
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beliefs about how students learn mathematics (Steele, 1994).  Second, both Barb and 

Elizabeth cited the use of videos showing students engaging in mathematical tasks and 

samples of student work as being beneficial in changing their beliefs about how students 

learn math (Lampert & Ball, 1998; Wilson, 2006; Yoon, Pedretti & Pedretti, 2006).  

Third, Michael and Cathy both cited the readings about and the use of mathematical 

discourse in changing their beliefs about the teaching and learning of mathematics 

(Blanton, 2002).   

In spite of changes in the preservice teachers� professed beliefs about the teaching 

and learning of mathematics, observations of each of the five case study participants 

teaching a lesson in the elementary classroom of their Math/Science practicum showed 

some inconsistencies between their beliefs and practices.  While elements of the lesson 

supported their claims about the importance of the use of manipulatives and group work 

in the teaching and learning process, most other aspects of the lessons were highly 

traditional.  Research has shown that beliefs and practice are not always consistent 

(Kesler, 1985, as cited in Thompson, 1992; Raymond, 1993, 1997; Sullivan, 1989) and 

that practice tends to be more traditional than expressed beliefs (Brendefur, 1999; Kesler, 

1985, as cited in Thompson, 1992; Pulver, 1997; Raymond, 1993, 1997).  While changes 

to the preservice teachers� beliefs were observed in both the differences between their 

pre-test and post-test scores and in their oral and written responses to questions about 

their beliefs, the lack of consistency between their beliefs and practice could indicate that 

their beliefs were not strongly held, that circumstances prevented them from teaching in a 

way that was more consistent with their professed beliefs, or that they lacked experience 

to teach in a way that was consistent with those beliefs (Thompson, 1992). 
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The work of Ajzen and Fishbein (Ajzen & Fishbein, 1980; Fishbein & Ajzen, 

1975) indicates that the best predictor of whether an individual will engage in a behavior 

is that individual�s attitudes toward the behavior and his or her perception of the social 

pressures upon them �to perform or not perform the behavior in question� (Ajzen & 

Fishbein, 1980, p.6).  These attitudes and perceptions are in turn influenced by the 

individual�s beliefs that the behavior will lead to particular outcomes and the evaluations 

of those outcomes and the individual�s beliefs about whether others think he or she 

should or should not perform the behavior (Ajzen & Fishbein).   

In the case of this study, while the objective was to change the participants� 

beliefs about the nature, teaching and learning of mathematics, the ultimate goal of this 

change was to encourage a change in the participants� teaching practices.  No explicit 

behavior change was predicted on the part of the preservice teachers during the semester 

of the study.  However, the long-term desired behavior was for the preservice teachers to 

adopt teaching methods that are consistent with the recommendations of the NCTM and 

others involved in the reform movement.  The study focused on, among other things, 

changing the preservice teachers� beliefs about the teaching and learning of mathematics 

to encourage them to see the positive outcomes of constructivist teaching methods.  

However, investigating other influences, such as the perceptions of the preservice 

teachers about whether their cooperating teacher and university supervisor were 

pressuring them to teach in a different manner, went beyond the scope of the current 

research.   

It has been widely acknowledged that the cooperating teachers in an individual�s 

practicum experiences and student teaching have a great impact on the individual�s 
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beliefs and practices (Brown & Borko, 1992; Frykholm, 1996, 1999; Vacc & Bright, 

1999; Zeichner & Gore, 1990).   As such, the cooperating teachers of the preservice 

teachers in this study necessarily impacted the results in some way.  Some of these ways 

were made explicit by the case study participants� written and oral responses to prompts 

or questions.  For example, Elizabeth, whose pre-course beliefs about the teaching of 

mathematics were somewhat non-traditional, expressed strong disagreement with the 

traditional methods used by her cooperating teacher.  While the experience seemed to 

strengthen her beliefs about how not to teach, it also left her without a good model for the 

way she wanted to teach.   

Other ways in which cooperating teachers impacted the preservice teachers were 

more subtle or went unnoticed.  Several of the preservice teachers in the Learning Cycles 

course, in private dialogues with the teacher-researcher, expressed their anxiety over how 

they would be evaluated by their cooperating teacher and university supervisor if the 

activities they chose to do with the students caused the class to appear too unruly.  As a 

result, they favored lessons where hands-on activities were used but they were still 

clearly in charge. 

Clearly, then, limiting the influence that the cooperating teacher plays would 

provide a better gauge of the impact that the Learning Cycle design had on the beliefs of 

the preservice teachers.  Certainly selecting cooperating teachers whose beliefs are more 

aligned with the philosophy of the NCTM or the university�s teacher preparation program 

would limit this potentially negative influence.  However, this is not always possible 

since cooperating teachers are often volunteers.  Several researchers have examined this 

issue in an attempt to limit differences between cooperating teachers and to provide an 
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experience that is more philosophically consistent with the teacher preparation program.  

Lampert and Ball (1998) discuss the benefits of using multimedia to encourage preservice 

teachers to form and test conjectures about the teaching and learning of mathematics.  

Wilson (2006) found that the use of modular media to change preservice teachers� beliefs 

about learning mathematics was effective.  While this type of technology is not widely 

available, its use appears promising.   

Other researchers (Ebby, 2000) have noted the importance of having preservice 

teachers engage in the practice of teaching while simultaneously learning about theory in 

order to encourage them to develop their own personal theories of teaching and learning.  

While the university involved in this study attempted to encourage this dual study of 

theory and practice during the semester of the preservice teachers� Math/Science 

practicum, scheduling conflicts at the placement schools left many of the preservice 

teachers in classrooms where they did not have the opportunity to observe mathematics 

being taught by experienced teachers.  For Elizabeth and Cathy, the two case study 

participants who did get to observe mathematics taught on a regular basis, the experience 

seemed to be beneficial.  Based on their journal writing and their responses to interview 

questions, these two preservice teachers developed far more theories about both the 

teaching and learning of math and teaching and learning in general than the other three 

case study participants, most of which were clearly attributable to their experiences in the 

practicum classroom.  One must question, then, whether the changes to the preservice 

teachers� beliefs would have been the same had they all been placed in classrooms where 

they were able to observe mathematics taught by an experienced teacher on a regular 

basis.   
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Another issue related to this study is the cultural differences between the 

preservice teachers and the elementary school students in their practicums.  Four of the 

five case study participants grew up and attended schools in suburban areas surrounding 

the urban area in which the practicum schools were located, and all of the preservice 

teachers in the study were Caucasian.  Yet all of the students in the practicum classrooms 

of the case study participants were African-American or Latina/o.  The preservice 

teachers, whether they were aware of it or not, had formed beliefs about the ability of the 

students, their motivation, and the support they received at home.  Whether these beliefs 

were formed before or during the practicum experience is unclear. 

How these beliefs impact the teaching and learning of mathematics becomes 

apparent when the preservice teachers� comments are examined.  Barb�s comments about 

the students� lack of motivation and their tendency to quit when the material gets hard 

along with Cathy�s statements about her role in teaching low-income students including 

�drilling need-to-know concepts� could indicate reduced expectations for these low-

income students.  As such, their teaching practices could support what Haberman (1991) 

refers to as the �pedagogy of poverty.�  He notes that this type of pedagogy, which 

includes among other things �giving information, asking questions, giving directions, 

making assignments, monitoring seatwork, reviewing assignments, giving tests, 

reviewing tests, assigning homework, reviewing homework, settling disputes, punishing 

non-compliance, marking papers and giving grades� (p. 290), often appeals to those �who 

have low expectations for minorities and the poor� (p. 291).  Haberman goes on to say: 

�People with limited vision frequently see value in limited and limiting forms of 
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pedagogy.  They believe that at-risk students are served best by a directive, controlling 

pedagogy� (p. 291).   

This thinking and its associated behaviors represent quite the opposite of what 

Ladson-Billings (1994) describes when discussing the behaviors associated with 

culturally relevant teaching which supports the belief that �poor and ethnically diverse 

students are capable learners� (Ladson-Billings, as cited in Leonard, p.42).  These 

behaviors are: 

• treat students as competent; 
• provide instructional �scaffolding� in order for students to move from what they 

know to what they need to know; 
• demonstrate instruction has high priority; 
• extend students� thinking and abilities; and  
• possess in-depth knowledge of both students and subject matter (Ladson-Billings, 

as cited in Leonard, 2008, p.42).     
 

Additionally, this type of pedagogy capitalizes on the culture of the students by using it in 

the learning process to encourage success. 

Cultural differences appeared to influence the preservice teachers in this study as 

evidenced by the written and oral responses of several of the case study participants as 

they commented on their beliefs about their students� lives both in and out of school.  

Their experiences in the classroom with their students, discussions with their cooperating 

teachers about their students, and their own cultural experiences led the preservice 

teachers to form beliefs about the students� motivation, willingness and ability to learn.  

Whether these beliefs were grounded in fact or opinion is undeterminable.  However, the 

preservice teachers� beliefs along with their knowledge of their students� cultures will 

impact the way they teach math and the expectations they have of their students� ability 

to learn math.  Hence it becomes important to consider how cultural differences impact 
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the formation of beliefs.  While the researcher is in no way suggesting that the preservice 

teachers should be placed in classrooms similar to their own cultural or prior learning 

experiences to minimize cultural differences, it seems certain that being in a teaching 

environment that differs in these aspects would play an important role in the formation of 

beliefs about the teaching and learning of mathematics and hence could play a role in this 

or future studies.  

Some studies about beliefs have found that the length of a study has an impact on 

the results that are gathered (Fennema et al., 1996; Swars et al., 2007).  This is a 

particular concern in studies about beliefs given that they are difficult to change and are 

generally firmly established by the time an individual reaches college (Pajares, 1992).  

The preservice teachers in this study were exposed to teaching methods, mathematical 

problem solving processes and learning environments that differed significantly from 

their prior experiences.  However, the exposure lasted for only fourteen weeks compared 

to at least fourteen years of traditional experiences in their pre- and early-college 

experiences.  This limited opportunity to challenge the preservice teachers� beliefs could 

not possibly undo all of their deeply-held pre-course beliefs about the nature, teaching 

and learning of math.  Therefore, it is very encouraging that changes in the preservice 

teachers� professed beliefs were observable in this short timeframe.  Longer exposure to 

the same methods, processes and environments has the potential to affect a greater 

change to the preservice teachers� beliefs and to make those beliefs more centrally held 

(Green, 1971; Rokeach, 1968).  Studies in which the Learning Cycles format is used over 

two or more semesters would indicate whether length of involvement impacted the 

results.  
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Attitudes and Beliefs 

The question of whether pre-course attitudes toward mathematics have an impact 

on the degree to which an individual�s beliefs about mathematics change was 

investigated.  Using only individuals in the Learning Cycles group, paired-sample 

correlation coefficients were computed between the scores on each of the four subscales 

on the ATMI and the difference between post-test and pre-test scores for each of the three 

subscales on the MMBQ.  All but one of the correlations were negative, but none were 

found to be significant indicating that for this group of individuals, attitudes toward 

mathematics were not a good predictor of the amount of change an individual 

experienced when participating in the Learning Cycles class.   

However, when pre-test scores on the three subscales of the MMBQ were 

correlated with the difference between pre-test and post-test scores on the same subscale, 

fairly strong negative correlations were found.  This result indicates that pre-test beliefs 

are a much better indicator of change than attitudes.  Individuals with low pre-test scores 

on a particular subscale were far more likely to experience large gains in that subscale 

than individuals with higher pre-test scores.  This is most likely due to the fact that 

individuals with higher scores, and hence with beliefs that are already more aligned with 

those of the reform movement, have less room to change than individuals whose beliefs 

are at greater odds with those of the reform movement. 

In addition, the pre-test attitude scores on each of the four subscales and pre-test 

scores on each of the three beliefs subscales were correlated with each other.  The 

findings indicate that all correlations were positive and all but five were significant.  The 

correlations between beliefs about the nature of math and four of the five other subscales 
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were significant indicating that beliefs about the nature of mathematics are a fairly good 

predictor of beliefs about teaching math, mathematical self-confidence, value of 

mathematics, enjoyment of mathematics and motivation to do and do well in 

mathematics.  Beliefs about the teaching of mathematics correlated with beliefs about the 

nature and learning of mathematics, and all four attitudes subscales correlated with each 

other. 

Research on beliefs and attitudes support some of the findings of this study.  The 

work of DeBellis and Goldin (2006), Ernest (1989), and Hannula, Kaasila, Laine and 

Pehkonen (2005) suggests a relationship between attitudes and beliefs related to 

mathematics.  For example, Hannula et al. (2005) found that preservice teachers with 

negative attitudes towards mathematics also held negative beliefs about their ability to do 

mathematics.  This study also found a relationship between attitudes and beliefs; 

specifically, preservice teachers� pre-course attitudes were related to their pre-course 

beliefs about the nature, teaching and learning of mathematics.  However, no studies 

could be found indicating whether attitudes toward math serve as a good predictor of 

change in beliefs.  In the current research, there were no significant correlations when the 

scores on pre-course attitudes subscales were correlated with the difference between pre- 

and post-test scores on the three beliefs subscales.  

None of these analyses were performed for the preservice teachers in the 

comparison course.  While the researcher was interested in finding out about how 

attitudes influenced belief changes in the Learning Cycles course, it would have been 

interesting to see if one course was more effective at changing attitudes toward 

mathematics than the other.  While the preservice teachers in the Learning Cycles course 
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experienced a significant increase in their self-confidence scores, there is no way to 

attribute that to the Learning Cycles course.  Perhaps just participating in any math 

methods course and practicum is effective at increasing self-confidence.  Additionally, a 

goal of the comparison course was to encourage preservice teachers to enjoy 

mathematics.  Perhaps the format used in that course was more effective in promoting 

enjoyment than the Learning Cycles course. 

Limitations and Delimitations of the Study 

As in all studies, this research had several limitations.  First, the researcher served 

as the teacher of the Learning Cycles course.  While this can lead one to question whether 

the researcher was biased in reporting the results of the study, the researcher of the 

current study took several precautionary measures to assure that bias would be kept to a 

minimum in this study.  To ensure validity and reliability, multiple sources and types of 

data were used including surveys, preservice teacher journal entries, interviews, and 

observations.  To ensure that bias was kept in check, participants who supplied 

qualitative data read the analysis that was made of their progression through the course 

for accuracy.  Additionally, the teacher of the comparison course read the description of 

his course to ensure that the researcher portrayed it as it was actually taught.  Finally, an 

individual not associated with the research conducted interviews to prevent the 

participants from providing answers that they felt would be viewed favorably but were 

not representative of their true beliefs.  

Teacher experience was also a limitation in this study.  Both the instructor for the 

Learning Cycles course (the teacher-researcher) and the instructor for the comparison 

course were beginning teacher educators.  Individuals with more or less experience 



 255

teaching in an environment that engages preservice teachers in exploring mathematical 

problem situations, encourages and enables reflection on the part of the learner, examines 

student thinking, and engages preservice teachers in planning that encourages students� 

construction of mathematical concepts may experience different results.  

Another limitation in educational research that can affect the results of a study is 

differences between teachers.  While one treatment appears to be more effective, the 

differences could be attributable largely to differences in the implementation of the 

treatments.  In this study, two beginning teacher educators with limited teaching 

experience each taught one section of preservice teachers.  The teacher for the 

comparison course had a Bachelor�s degree in Mathematics and a Master�s degree in 

Secondary Education.  He also had 5 years of mathematics teaching experience with 4 ½ 

years teaching in both a private and a public high school and one semester at a university.  

The semester during which the study took place marked his first time teaching ME3141. 

The teacher of the Learning Cycles course, who was also the researcher of the 

study, was a doctoral candidate at the university at which the research was conducted, 

had a Master�s degree in mathematics from the same university, a Bachelor�s degree in 

secondary mathematics education, a Bachelor�s degree in mathematics and had 5 years of 

experience teaching mathematics at the undergraduate level.  Prior to the semester of the 

study, she taught the course ME3141: Teaching Math to Children: N-6 twice before.  The 

first time she taught the course, she taught it using another instructor�s syllabus and 

assignments.  The second time she taught the course, she taught it in a style similar to the 

Learning Cycles course.  The semester of the study marked the third time she taught the 

course, but only the second time she taught it using the Learning Cycles format.   
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In spite of similarities in their mathematics teaching experience and their limited 

experience teaching ME3141, the teacher variable in this study certainly gives rise to 

questions about the validity of the results.  Even though both teachers were beginners 

with regards to teacher education, the researcher taught the course twice before the 

teacher of the comparison course had a chance to teach it once.  Even if the first time she 

taught it was ignored because the format of that course was significantly different than 

the Learning Cycles format, having taught the course once before the teacher of the 

comparison course had the chance to teach it once is still significant with beginning 

teachers given the steep learning curve.   

Even beyond teaching experience, educational background and prior experiences 

can play a significant role in teacher effectiveness.  The researcher spent several years in 

the doctoral program completing coursework and doing dissertation research before the 

semester of the study.  This opportunity led her to develop theories about important 

factors in the mathematical preparation of elementary teachers and to develop models of 

good mathematics practice. While neither teacher had taught elementary school before 

the semester of the study, the researcher had three school-age children which allowed her 

to become more familiar with curriculum expectations at various elementary grades and 

to gain hands-on knowledge and experience about how children learn.  

Perhaps if the teacher for the comparison group had also taught the Learning 

Cycles course, no significant differences would have been found between the beliefs held 

by the two groups of preservice teachers at the end of the study.  Similarly, if the 

researcher had also taught the comparison group differences might have not been 

noticeable.  All the factors described above indicate significant bias toward the Learning 
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Cycle course, and as such, readers should judge the results with caution.  Future research 

must control for differences between teachers so that differences can be attributed more 

to differences in the courses rather than differences in the teachers. 

A common limitation in educational research is the process of selecting and 

grouping participants for experimentation.  As in many studies, the participants� 

placement was determined by the class in which they enrolled � the class that met 

Tuesday afternoons or the class that met Thursday evenings.  The course catalog made no 

distinction between the two sections and hence it would appear that selection was based 

on convenience of the meeting time rather than other more substantial factors.  To enroll 

in the course, all preservice teachers must have advanced to candidacy within the College 

of Education which, among other things, requires the completion of at least 48 semester 

hours with a minimum of 12 semester hours in education, completion of at least six 

semester hours of college level mathematics, a cumulative GPA of 3.0 and passing scores 

on the basic skills test of Praxis I.  In many respects, one would expect the two groups to 

be fairly similar on measures of pre-course beliefs.  However, the two groups differed 

significantly (p<.05) on all three beliefs subscales. 

Why these differences exist is puzzling.  During registration for the spring 2008 

semester, the Tuesday section of ME3141 filled much faster than the Thursday section, 

and the number of enrollees differed considerably.  Enrollment was capped at roughly 28 

students in each section, and while the Tuesday section reached that number, the 

Thursday section had 17 enrollees.  The preservice teachers� practicum was Tuesday 

morning and a Science Methods course was offered Tuesday evening.  Hence, one might 

speculate that the Tuesday class was more desirable because, when taken with the 
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Math/Science practicum in the morning and the Science Methods course in the evening, 

the preservice teachers took care of three of their classes in one day.   

One may wonder if those students who enrolled in the Thursday section actually 

wanted the Tuesday section but were too late, found the course closed and were forced to 

enroll in the Thursday section. In that event, the difference in scores could be attributed 

to the reasons for their late attempts to enroll.  Perhaps the students who took the 

Thursday class avoided signing up for the course because they dislike mathematics and 

were putting off signing up for as long as possible.  Perhaps the students who took the 

Thursday class had to wait to sign up because they had not yet passed the math 

component of the Praxis I exam indicating a weak mathematical background.  

However, not all preservice teachers in the Thursday section were there because 

there was no room left in the Tuesday section.  While there were still openings left in the 

Tuesday section, a sizeable portion of the total enrollees had already self-selected this 

section.  Thus, while lateness in enrolling may have been a factor for some of the 

preservice teachers in the Thursday section, it does not appear to be the reason for most.  

It is possible that the individuals who willingly signed up for the Thursday evening 

session had jobs or other obligations that conflicted with the Tuesday afternoon class.  

While this would explain why they did not sign up for the Tuesday class, it still does not 

explain the difference in pre-course beliefs.   

Even so, if delayed enrollment and its possible causes was a factor for a handful 

of particularly weak or anxious students, it could have pulled the average scores down 

fairly easily given the smaller size of the class.  These students could have impacted the 

average gains made by the class as a whole.  Thus, while it appears that the Learning 
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Cycles course was more effective at aligning the beliefs of the preservice teachers with 

the NCTM and others involved in the reform movement, initial differences could be 

masking a more serious issue.   

Although randomization is generally preferable in educational studies, in this type 

of situation it seems impossible given the self-selection of classes on college campuses.  

Investigating reasons behind the differences in pre-course beliefs could have helped to 

determine whether changed beliefs were a result of the course of enrollment or because of 

other factors.  Additionally, future research with groups of students having more similar 

pre-course beliefs would also help address this concern. 

 Another limitation to the study is that the data were collected during the second 

semester that the Learning Cycles format described above was used.  As with any pilot 

study, the Learning Cycles format still had �kinks� that needed to be worked out.  The 

data gathered could vary from that in subsequent teachings of the course due to practical 

alterations in the course that relate to what does and what does not work in the context of 

a combined mathematics content/methods class using Simon�s (1994) Learning Cycle 

design.  

An additional constraint of this study is the instrument that was used to measure 

beliefs about the learning of mathematics.  The six-item subscale of the MMBQ 

contained items from the MBS instrument (Fennema, Carpenter & Loef, 1990) which 

were reported to measure beliefs about the learning of mathematics.  The items, however, 

appear to measure beliefs about the role of the learner in the mathematics classroom.  

Thus, while the post-test scores on this subscale were significantly higher for the 

Learning Cycles group when compared with the post-test scores of the comparison group, 
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these results need to be questioned.  The results of the qualitative analysis indicate that 

the case study participants� beliefs about the learning of mathematics appeared to change.  

However, the results of the quantitative analysis indicate that the degree of change in 

beliefs was minimal.  It is difficult to interpret the mixed findings of these results given 

that the items on the instrument do not measure beliefs about the process of learning 

mathematics.  Future studies should consider using an instrument that better addresses 

important aspects of student learning.       

Additionally, as most preservice teachers have not experienced mathematics 

learning in a student-centered classroom, there were certainly times of stress and 

frustration for the individuals in the Learning Cycles course as they attempted to meet 

new expectations.  This stress and frustration may have influence their responses to 

journal prompts, interviews and surveys.  In addition, the course required a lot of writing 

and reflection.  A lack of experience with or a dislike of writing and reflection may have 

had an effect on the quality and clarity of the responses given to the journal prompts.  

This could have altered the picture painted by the data collected. 

Each preservice teacher was in a practicum classroom with a cooperating teacher 

for the semester.  These cooperating teachers are usually selected because of their 

willingness to host a small group of preservice teachers for the semester, not because 

their beliefs about the nature, teaching and learning of mathematics are consistent with 

those of the reform movement.  As a result, many preservice teachers spent the semester 

in very traditional classroom settings where the portrayal of mathematics teaching and 

learning was opposite of what they experienced in the content/methods classroom.  This 
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may have, ultimately, affected the degree to which their beliefs about the nature, teaching 

and learning of mathematics aligned with the philosophy of the reform movement.   

Additionally, the practicum experience was designed to include opportunities for 

the preservice teachers to engage in the study of the teaching and learning of 

mathematics, but due to scheduling conflicts at the placement schools, many of the 

preservice teachers did not have this opportunity.  The researcher had been expecting that 

the preservice teachers would have more opportunities to interact with children as they 

learned mathematics and this ultimately effected the assignments given in the Learning 

Cycles course.  Perhaps if there had been more opportunities for the preservice teachers 

to experience first-hand the process of helping a child come to know mathematics 

concepts, the results of this study would have been different.    

A final constraint to the study is related to the number of participants involved.  

The researcher was limited by the number of students that enrolled in the two sections.  

Involving more sections of the course would have increased the number of participants, 

but it would have also introduced other uncontrollable, and hence undesirable, variables.  

For example, another section would have met on the main campus of the university 

which is in an urban area.  The undergraduates who attend this campus could be 

inherently different from those who attend classes at the suburban campus.  Additionally, 

several of the classes meeting at the main campus meet for one hour and twenty minutes 

twice a week instead of two hours and forty minutes one day a week as in the satellite 

campus.  A third teacher would have been involved in the teaching of the course, and that 

teacher would have had his or her own unique methods, activities and assignments that 

would have differed from both the Learning Cycles course and the comparison course.  
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Thus, restricting the number of participants limited the strength of the results, but it also 

limited the confounding variables.  

In addition to the limitations to this study mentioned above, a delimitation of this 

study must also be mentioned.  The Learning Cycles course and the comparison course 

were taught at a suburban satellite campus of a large, urban, mid-Atlantic university and 

involved a practicum experience requiring the preservice teachers participating in the 

study to spend approximately two hours a week observing and teaching mathematics 

and/or science in an urban elementary school whose population is predominantly 

minority students.  The results of this study can be generalized only to preservice teachers 

with similar characteristics and programs of study. 

Implications for Practice 

The implications of this research are that the Learning Cycles format as described 

in this study has some potential as a format that can be used in a combined 

content/methods course to change preservice teachers� beliefs about the nature, teaching 

and learning of mathematics so that they more closely align with the beliefs of NCTM 

and others in the reform movement.  Simon (1994) described and used the Learning 

Cycle framework and used it in the mathematical preparation of pre-service elementary 

school teachers with some success (Simon & Blume, 1993; Simon & Mazza, 1993).  

However, differences exist between the format of the courses in Simon�s work and the 

format of the course described in this research.  Simon�s use of the Learning Cycles 

framework was spread over two semester-long courses.  In the first course, a content 

course, preservice teachers investigated the first three cycles as they spent the semester 

engaged in mathematical problem solving related to multiplicative structures.  The 
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second course was a methods course dedicated to the study of student learning, 

instructional planning and teaching.  Here, preservice teachers investigated the last three 

cycles in the framework.  

The course in the current study differs in its combination of all six cycles into a 

single semester.  At the university in which this study took place, math content courses 

for elementary education majors are not offered.  Mathematics requirements are satisfied 

by completing six semester hours of college level math taught, for the most part, in a very 

traditional manner by professors in the mathematics department.  If preservice teachers at 

this university are to learn mathematics differently and to be provided with alternate 

models for teaching mathematics, it must be done in a math education course, specifically 

ME3141.  As with many other teacher preparation programs across the country, the two 

semester design was not available in this setting.   

Additionally, instead of focusing only on multiplicative structures, the course 

examined measurement, geometry and fractions, content areas which have been found to 

be both important to the study of the �gatekeeper� course, algebra (NMAP, 2008), and 

areas of weakness for U.S. students on international tests of achievement (Silver, 1998).  

While this format cut down on the amount of time spent on a given topic when compared 

with Simon�s research (Simon, 1995; Simon & Blume, 1994), it offered a significant 

increase in the amount of time spent on each topic when compared with courses such as 

the comparison course described in this study where many content areas were covered in 

14 weeks. 

The format of the Learning Cycles course described in this research in which 

three content areas were delved into deeply through six cycles was the interpretation of 
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the researcher.  The activities, mathematical tasks, readings, assignments and choices of 

video selections were chosen to be what she believed to be the best and most appropriate 

for her class at the time of the study.  However, new resources and technologies are 

constantly being introduced and old ones improved.  The use of multimedia appears to be 

especially promising in encouraging preservice teachers to develop theories about the 

teaching and learning of mathematics.  Modifications to the structure and elements could 

provide interesting comparisons in future research.     

Beliefs are notoriously complex and very difficult to change (Kagan, 1992b; 

Pajares, 1992).  They are rooted in experience and are well formed by the time a 

preservice teacher enters a methods course.  However, they are also related to practice 

and hence addressing them is important where teaching differently is a goal of teacher 

preparation.  The Learning Cycles course described in this study not only encouraged 

change in beliefs about the nature and teaching of mathematics in one group of preservice 

elementary school teachers, but it also proved to be more successful than a comparison 

course in doing so.  These results were confirmed in both quantitative and qualitative 

analyses.  The results are encouraging given that changes were realized in the fourteen 

week study.  Evidence exists that the longer the course of study, the greater the change in 

beliefs (e.g., Swars et al., 2007).  Future studies should consider using the format of the 

Learning Cycles course described in this research over two semesters to determine 

whether a greater degree of change is realized.   

While beliefs about learning mathematics did not change as much as one would 

expect, it is unclear whether this was due to the instrumentation, the placement of many 

of the preservice teachers in science-only classrooms during their Math/Science 
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practicum that was taken the same semester as the study, the activities of the Learning 

Cycles course, or some other factor.  By carefully accounting for these variables, future 

quantitative research may show that beliefs about learning can change as much or more 

than beliefs about the nature and teaching of math.  

The relationship between beliefs and behaviors, while mysterious and complex, is 

undeniable (Raymond, 1993).  Some research suggests that behavior is a result of beliefs 

(Raymond, Santos & Masingila, 1991, as cited in Emenaker, 1996); some suggests that 

beliefs are caused by behavior (Guskey, 1986); still others suggest that they share an 

interactive relationship (Benbow, 1995; Beswick, 2005; Cobb et al., 1991; Raymond, 

1993).  However, other factors such as social teaching norms, actual classroom teaching 

practices, and the immediate classroom situation, have been found to influence practices 

thus diluting the strength of the relationship between beliefs and practices (Raymond, 

1993).  Hence, while the Learning Cycles course was found to promote change in the 

preservice teachers� beliefs about the nature and teaching of mathematics, it is uncertain 

whether these new beliefs will be maintained through student teaching and into the first 

few years of teaching and whether they will translate into teaching practices that are 

consistent with those beliefs.  Future studies should consider how these beliefs change 

over time and whether they influence teaching practices.  

Conclusions 

The main goal of this study was to determine not only if the Learning Cycle 

format used in a one-semester combined content/methods course was effective at 

changing a group of preservice teachers� beliefs about the nature, teaching and learning 

of math, but also to determine whether it was more effective at doing so than another 
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content/methods course.  Both quantitative and qualitative analyses found changes to the 

beliefs about the nature and teaching of mathematics for the preservice teachers involved 

in the Learning Cycles group.  Moreover, the changes were significantly greater than the 

changes experienced by the individuals in the comparison group.  While the quantitative 

results show small but significant differences between the post-test scores of the two 

groups with regards to beliefs about the learning of mathematics, the qualitative analysis 

suggests that these beliefs did change for the case study participants. 

The Learning Cycles course, which was based on Simon�s (1994) Learning 

Cycles for the mathematical preparation of preservice elementary teachers was designed 

to challenge preservice teachers about what it means to engage in mathematical activity, 

to encourage a more conceptual understanding of mathematics, to examine teaching 

practices that promote student learning, and to consider how students come to a deeper 

understanding of mathematical content.  The preservice teachers investigated 

measurement, geometry and fractions through the use of six learning cycles.  These 

cycles encouraged the development of mathematical knowledge, knowledge about 

mathematics as a discipline, theories of learning math, an understanding of students� 

learning, and exploration of instructional planning and teaching.   

The preservice teachers in this group engaged in mathematical tasks where the 

focus was on sense-making, conceptual understanding and the development of an 

understanding of what it means to engage in mathematical activity.  Student work and 

videos of students engaged in learning mathematics were used to encourage the 

development of theories about how students learn and what misconceptions they had 

when learning about measurement, geometry and fractions.  Lessons were planned both 
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individually and in small groups, and opportunities were provided to teach mini-lessons 

in measurement and geometry and to reflect on the experience.  Throughout the course, 

mathematical discourse was used to bring the solution process to the forefront and to 

encourage the preservice teachers to come to the realization that mathematics can be 

viewed in many different ways.  

The study of beliefs in mathematics education has become an important topic 

given its link to practice.  Efforts to change beliefs held by preservice teachers have been 

mixed (Simon & Brobeck, 1993; Simon & Mazza, 1993) and as a result, research 

continues to investigate ways to produce the desired beliefs and practices.  This study 

adds to the body of literature in this field by both supporting the findings of other 

researchers and providing an alternate model for the mathematical preparation of 

elementary teachers that has been found to produce some of the desired beliefs.  While 

the conclusions of this research are limited by the constraints of the study, the promise of 

the Learning Cycles format as a tool for changing preservice teachers� beliefs has been 

demonstrated. 

In summary, changing preservice teachers� beliefs about the nature, teaching and 

learning of math along with a model designed to change them was chosen for the topic of 

this study because of its importance to many central issues in mathematics teaching and 

learning.  The complex, interactive relationship between beliefs and practice has been 

noted by many (Cobb et al., 1991; Raymond, 1993) and as such, changing beliefs to 

encourage teaching that reflects best practices is essential.  With that in mind, future 

research should continue to investigate ways to change preservice teachers� beliefs and 

how those beliefs are linked to practice.   
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Recommendations 

Based on the material that has been presented in this study, the researcher makes 

several recommendations for those pursuing further study in changing beliefs about the 

nature, teaching and learning of mathematics using the Learning Cycles format.  These 

recommendations are: 

1. The study should be replicated using a larger sample of preservice teachers.   

2. Given that beliefs are very difficult to change, more than one semester of 

instruction using similar methodologies could encourage more changes and 

beliefs that are more deeply held.  Hence, this study should be replicated over a 

longer period of time. 

3. Future studies should use different instruments to measure beliefs about the 

nature, teaching and learning of mathematics to determine whether the instrument 

used has a similar impact on the results of the study.  

4. Replicating the study using a single teacher to teach both groups of students 

would help reduce the teacher variable and is strongly recommended.  Teacher 

experience should be taken into account. 

5. The use of multimedia could cut down on the effect of cooperating teachers who 

hold traditional beliefs and could allow preservice teachers to investigate student 

learning in a more controlled environment.  Its use in future studies should be 

considered. 

6. Newly developed beliefs are less stable than older, more centrally held beliefs.  

For that reason, preservice teachers should be followed into their student teaching 
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and early teaching years to determine how stable these beliefs are and whether 

they act on them as they teach. 

7. The cultural backgrounds of both the preservice teachers and the students that 

they teach could influence the beliefs developed about the nature, teaching and 

learning of mathematics.  This study should be replicated in different locations 

and with different types of preservice teachers and students to determine what 

effect culture has on the development of beliefs. 

Enough evidence was presented in this study to suggest that future research 

should explore the potential of the Learning Cycles course in the mathematical 

preparation of preservice elementary school teachers.  While the results of this study are 

encouraging, they are limited in scope by the constraints described above.  More research 

must be done to validate the results and to determine what aspects of the course are 

essential in changing preservice teachers� beliefs.   
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CONSENT FORM 
 
PROJECT TITLE:  The effects of a math methods course involving learning cycles on preservice elementary 

teachers� beliefs about the nature, teaching and learning of mathematics 
 
INVESTIGATORS NAMES, DEPARTMENT, PHONE NUMBER:  IRB PROTOCOL # _________ 
Dr. Jacqueline Leonard, CITE Department (215) 204-8042 
Carol Taylor, CITE Department (610)361-8804 
 
TEMPLE UNIVERSITY IS NOT BEING COMPENSATED FOR PERFORMING THIS STUDY. 
 
You are being asked to participate in a research study that examines the beliefs that preservice elementary 
school teachers hold about the nature of mathematics, the nature of teaching mathematics and the process 
of learning mathematics.  This is an important area of study since beliefs strongly influence the way in 
which an individual teaches.  You have been chosen to participate in this study because you are a student 
enrolled in the mathematics methods course ME 3141, section 101.  The purpose of this study is to 
determine what effects, if any, this methods course has on your beliefs.   
 
For this research study, you will be asked to complete two surveys, one dealing with your beliefs about the 
nature of mathematics, the nature of teaching mathematics and the process of learning mathematics; and 
one about your attitudes toward mathematics.  These two surveys will be administered twice during the 
course of the semester, once at the beginning of the semester and once at the end.  Each survey should take 
approximately 10 minutes to complete.  Additionally, you may be asked to participate in three audiotaped 
interviews that further examine your beliefs.  Each interview is expected to last approximately one hour.  
 
Part of the course requirements call for journal writing and other written assignments.  Your responses to 
some of these journal prompts and written assignments will be used as part of the data analysis to provide 
evidence of your beliefs and/or how your beliefs have changed over the course of the semester.  By 
agreeing to participate in the research study, you are giving permission for the journal writing and other 
written assignments that you produce in this course to be used for the stated purpose.  Your anonymity will 
be maintained. 
 
In order to determine if certain factors influence your beliefs, several pieces of background information will 
be necessary including your cumulative GPA, SAT scores, and Praxis I scores.  By agreeing to participate 
in this study, you are agreeing to allow the researcher access to this information.  Your name will not be 
used when reporting this data. 
 
All documents and information pertaining to this research study will be kept confidential in accordance 
with all applicable federal, state, and local laws and regulations.  Data generated by this study may be 
reviewed by Temple University�s Institutional Review Board and the Office for Human Subjects 
Protections (OHRP) to assure proper conduct of the study and compliance with federal regulations.  The 
results of this study may be published.  If any data is published, you will not be identified by name. 
 
There are no costs associated with participation in this study beyond those required for enrollment in the 
course ME 141.  You will receive no compensation for participating in this study. 
 
 
 
 
 
 
 
 
Page 1      Initial _____________  Date ______________          
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Your participation in this study is entirely voluntary, and refusal to participate will involve no penalty or 
loss of benefits to you.  You may discontinue your participation at any time without penalty or loss of 
benefits.   
 
If you have any questions about your rights as a research subject, you may contact the Institutional Review 
Board Coordinator, Richard Throm, at (215) 707-8757. 
 
Do not sign this consent form unless you have had a chance to ask questions and have received satisfactory 
answers to all of your questions.  If you agree to participate in this study, you will receive a signed and 
dated copy of this consent form for your records. 
 
_____________________________________________________________________________ 
 
PROJECT TITLE:  The effects of a math methods course involving learning cycles on preservice elementary 
teachers� beliefs about the nature, teaching and learning of mathematics 
 
 
CONSENT 
 
I have read this consent form and the study has been explained to me.  All my questions about the study 
and my participation have been answered.  I freely consent to participate in this research study. 
 
I understand that if I wish further information regarding my rights as a research subject, I may contact 
Richard Throm, Program Manager & Coordinator at Office of the Vice President for Research of Temple 
University by phoning (215) 707-8757. 
 
By signing this consent form I have not waived any of the legal rights that I otherwise would have as a 
subject in a research study. 
 
 
____________________________________________ 
Subject Name (please print) 
 
 
____________________________________________  _____________ 
Signature of Subject      Date 
 
 
____________________________________________  _____________ 
Signature of Person Conducting Informed Consent   Date 
Discussion 
 
 
____________________________________________  _____________ 
Signature of Principal Investigator     Date 
 
 
 
 
 
 
 
 
Page 2  
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Permission to Audiotape 
 
Investigators Names, Department, Phone Number:                                                
Dr. Jacqueline Leonard, CITE Department, (215) 204-8042 
Carol Taylor, CITE Department,  
Project Title: The effects of a math methods course involving learning cycles on preservice 

elementary teachers� beliefs about the nature, teaching and learning of mathematics                                    
                                                      
I give Dr. Jacqueline Leonard and Carol Taylor permission to audiotape me.  This audiotape will 
be used only for the following purposes: 
 
EDUCATION 
 
The audiotape may be shared with professionals outside of Temple University for educational 
purposes.  At no time will my name be used. 
 
RESEARCH 
 
This audiotape will be used as a part of a research project at Temple University.  I have already 
given written consent for my participation in this research project.  At no time will my name be 
used. 
 
I agree to be audiotaped during the time period January 22, 2008 to May 17, 2008.  The 
audiotapes will be used from May 17, 2008 to December 31, 2008.  Data will be stored for three 
(3) years after completion of the study.   
 
I understand that I can withdraw my permission at any time.  Upon my request, the audiotape(s) 
will no longer be used.  This will not affect my care or relationship with Dr. Jacqueline Leonard, 
Carol Taylor, or Temple University in any way. 
 
I understand that I will not be paid for being audiotaped or for the use of the audiotapes.  If I want 
more information about the audiotape(s), or if I have questions or concerns at any time, I can 
contact: 
 
Dr. Jacqueline Leonard    ________________________________ 
CITE Department/Ritter Hall 434   Subject�s Name (please print) 
1301 Cecil B. Moore Ave. 
Philadelphia, PA 19122    ________________________________ 
Office: 215-204-8042     Subject�s Signature 
 OR 
Carol Taylor     ________________________________ 
70 Mill Road      Date 
Thornton, PA 19373 
Home: 610-361-8804 
 
This form will be placed in my records and a copy will be kept by the person(s) named above.  A 
copy will be given to me.  
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The Shapes Packet 
 
Directions:  Find the perimeter and area of each of the five shapes provided 
(four polygons and one non-polygon).  If you need to use any other formulas 
besides A=LxW or P=2L+2W (where L=the length of a rectangle and W=the 
width of that same rectangle) you must be able to justify WHY you used the 
formula and explain HOW the formula works.  Show your work!!  (Note: 
The work for this problem should go in the �Class work� section of your 
journal/notebook.  Please choose one shape in the packet and write up a 
formal explanation as to how you came up with the perimeter and area.)   
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Modified Mathematical Beliefs Questionnaire* 
 
Please circle the number which best describes your agreement with each statement:   
1 � Strongly disagree, 2 � Moderately disagree, 3 � Slightly disagree, 4 � Slightly agree, 
5 � Moderately agree, 6 � Strongly agree. 
 
     Strongly Disagree #------------------------$Strongly Agree 
1.  Solving a mathematics problem usually 

involves finding a rule or formula that 
applies. 

1 2 3 4 5 6 

2.  Students of all abilities should learn better 
when taught by guided discovery methods. 1 2 3 4 5 6 

3.  The main benefit from studying mathematics 
is developing the ability to follow directions. 1 2 3 4 5 6 

4.  The laws and rules of mathematics severely 
limit the manner in which problems can be 
solved. 

1 2 3 4 5 6 

5.  Students should be expected to use only those 
methods that their text or teacher uses. 1 2 3 4 5 6 

6.  The basic ingredient for success in 
mathematics is an inquiring nature. 1 2 3 4 5 6 

7.  Teachers must get students to wonder and 
explore even beyond usual patterns of 
operation in math. 

1 2 3 4 5 6 

8.  The teacher should consistently give 
assignments which require research and 
original thinking. 

1 2 3 4 5 6 

9.  In mathematics, perhaps more than in other 
fields, one can find set routines and 
procedures. 

1 2 3 4 5 6 

10.  The teacher should provide models for 
problem solving and expect students to 
imitate them. 

1 2 3 4 5 6 

11.  Mathematicians are hired mainly to make 
precise measurements and calculations for 
scientists. 

1 2 3 4 5 6 

12.  Discovery methods of teaching have limited 
value because students often get answers 
without knowing where they came from. 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

13.  There are several different but logically 
acceptable ways to define most terms in 
math. 

1 2 3 4 5 6 

14.  Math is an organized body of knowledge 
which stresses the use of formulas to solve 
problems. 

1 2 3 4 5 6 

15.  Most exercises assigned to students should be 
applications of a particular rule or formula. 1 2 3 4 5 6 
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16.  Mathematics is a rigid discipline which 
functions strictly according to inescapable 
laws. 

1 2 3 4 5 6 

17.  Each student should feel free to use any 
method for solving a problem that suits him 
or her best. 

1 2 3 4 5 6 

18.  Teachers should make assignments on just 
that which has been thoroughly discussed in 
class. 

1 2 3 4 5 6 

19.  There are often many different ways to solve 
a mathematics problem. 1 2 3 4 5 6 

20.  The language of math is so exact that there is 
no room for variety of expression. 1 2 3 4 5 6 

21.  The teacher should always work sample 
problems for students before making an 
assignment. 

1 2 3 4 5 6 

22.  Mathematics requires very much independent 
and original thinking. 1 2 3 4 5 6 

23.  Children should be encouraged to invent their 
own mathematical symbolism. 1 2 3 4 5 6 

24.  Each student should be encouraged to build 
on his own mathematical ideas, even if his 
attempts contain much trial and error. 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

25.  Many of the important functions of the 
mathematician are being taken over by 
computers. 

1 2 3 4 5 6 

26.  Teachers should provide class time for 
students to experiment with their own 
mathematical ideas. 

1 2 3 4 5 6 

27.  Discovery methods of teaching tend to 
frustrate many students who make too many 
errors before making any hoped for 
discovery. 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

28.  Trial and error and other seemingly 
haphazard methods are often necessary in 
mathematics. 

1 2 3 4 5 6 

29.  Teachers should spend most of each class 
period explaining how to work specific 
problems. 

1 2 3 4 5 6 

30.  Teachers should frequently insist that pupils 
find individual methods for solving 
problems. 

1 2 3 4 5 6 

31.  In mathematics, perhaps more than in other 
areas, one can display originality and 
ingenuity. 

1 2 3 4 5 6 

32.  Math has so many applications because its 
models can be interpreted in so many ways. 1 2 3 4 5 6 
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33.  The average mathematics student, with a little 
guidance, should be able to discover the 
basic ideas of mathematics for her or himself. 

1 2 3 4 5 6 

34.  In mathematics, there is usually just one 
proper way to do things. 1 2 3 4 5 6 

35.  There are several different but appropriate 
ways to organize the basic ideas in 
mathematics. 

1 2 3 4 5 6 

36.  Teachers must frequently give students 
assignments which require creative or 
investigative work. 

1 2 3 4 5 6 

37.  Studying mathematics helps to develop the 
ability to think more creatively. 1 2 3 4 5 6 

38. Discovery-type lessons have very limited 
value when you consider the time they take 
up. 

1 2 3 4 5 6 

39.  All students should be required to memorize 
the procedures that the text uses to solve 
problems. 

1 2 3 4 5 6 

40.  The field of math contains many of the finest 
and most elegant creations of the human 
mind. 

1 2 3 4 5 6 

 
For the next 6 items, use the following scale: 
 
1 � Strongly Disagree, 2 � Disagree, 3 � Undecided, 4 � Agree, 5 � Strongly Agree 
 
41.  Most young children have to be shown how 

to solve simple word problems. 1 2 3 4 5 

42.  Children should understand computational 
procedures before they master them. 1 2 3 4 5 

43.  Children learn math best by attending to the 
teacher�s explanation. 1 2 3 4 5 

44.  Most young children can figure out a way to 
solve many mathematics problems without 
any adult help. 

 
1 

 
2 

 
3 

 
4 

 
5 

45.  To be successful in mathematics, a child 
must be a good listener. 1 2 3 4 5 

46.  Children need explicit instruction on how to 
solve word problems. 1 2 3 4 5 

* Items 1-40 are taken from:  
Collier, C.P. (1972). Prospective elementary teachers� intensity and ambivalence of beliefs about 

mathematics and mathematics instruction.  Journal for Research in Mathematics Education, 3(3), 
155-163. 

Items 41-46 are taken from: 
Fennema, E., Carpenter, T., & Loef, M. (1990). Mathematics beliefs scales.  Madison, WI: University of 

Wisconsin, Madison 
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Weekly Journal Prompts 
 
Week 1:  

• What are your expectations for this course?  What do you hope to learn this 
semester? 

 
Week 2: 

• Thinking back on the experiences I have had this week in the practicum 
classroom and in ME 3141, how have my beliefs about the nature, teaching and 
learning of mathematics been affected? 

 
Week 3 

• Thinking back on the experiences I have had this week in the practicum 
classroom and in ME 3141, how have my beliefs about the nature, teaching and 
learning of mathematics been affected? 

 
Week 4 

• Thinking back on the experiences I have had this week in the practicum 
classroom and in ME 3141, how have my beliefs about the nature, teaching and 
learning of mathematics been affected? 

• In your own words, describe what you believe the teacher�s role is in the 
classroom, and what makes for an effective teacher. 

 
Week 5 

• Thinking back on the experiences I have had this week in the practicum 
classroom and in ME 3141, how have my beliefs about the nature, teaching and 
learning of mathematics been affected? 

• Which should come first - problem solving or skill development? Why?  How 
will my answer to this question affect the way I teach?  Am I ok with that? 

 
Week 6 

• Thinking back on the experiences I have had this week in the practicum 
classroom and in ME 3141, how have my beliefs about the nature, teaching and 
learning of mathematics been affected? 

• When I am asked to explain how I arrived at the answer to a math problem, I feel 
__________________.   When listen to someone explain how they arrived at an 
answer to a math problem, I feel _________________.  Why do I feel this way?  
How will this affect me when I teach? 

 
Week 7 

• Thinking back on the experiences I have had this week in the practicum 
classroom and in ME 3141, how have my beliefs about the nature, teaching and 
learning of mathematics been affected? 
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• The best description I can give of the reform movement in mathematics at this 
point in time is�  Some thing(s) I don�t yet understand about the reform 
movement in mathematics is (are)� 

 
Week 8 

• Thinking back on the experiences I have had this week in the practicum 
classroom and in ME 3141, how have my beliefs about the nature, teaching and 
learning of mathematics been affected? 

• Describe something about that you have experienced in ME3141 or during your 
observations/teachings in your practicum (math/science or special ed.) that has 
�stressed you out� about teaching math to children. Provide a description as to 
why you feel this way.  How do you think this anxiety can be relieved? 

 
Week 9 

• Thinking back on the experiences I have had this week in the practicum 
classroom and in ME 3141, how have my beliefs about the nature, teaching and 
learning of mathematics been affected? 

 
Week 10 

• Thinking back on the experiences I have had this week in the practicum 
classroom and in ME 3141, how have my beliefs about the nature, teaching and 
learning of mathematics been affected? 

• How will I know when a student really understands a topic that I have taught?  
What types of questions will I expect them to be able to answer to show that they 
really understand?  What might happen to show that they don�t fully understand? 
Will it depend on the topic? 

 
Week 11 

• What do I think will be my most important role/duties as a mathematics teacher?  
Why? 

 
Week 12 

• How do students learn math?  How will this affect my teaching? 
 
Week 13 

• What are my beliefs about math?  (Not just do I like it or not, but more like is it 
easy or hard, is it a bunch of rules I have to memorize or something that makes 
sense, etc.)  How will this affect my teaching? 
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Table E.1. Pre-test Ranks and Averages on MMBQ for Learning Cycles and Comparison 
Groups 

Pre-Test 
Rank Statement 

Nature, 
Teaching 

or 
Learning 

Positively or 
Negatively 

Phrased 

Pre-Test 
Average 

1 5.    Students should be expected to use only those 
methods that their text or teacher uses Teaching Negative 1.88 

2 
39.  All students should be required to memorize 

the procedures that the text uses to solve 
problems. 

Teaching Negative 2.52 

3 20.  The language of math is so exact that there is 
no room for variety of expression. Nature Negative 2.69 

4 
44.  Most young children can figure out a way to 

solve many mathematics problems without 
any adult help. 

Learning Positive 2.31* 

5 
11.  Mathematicians are hired mainly to make 

precise measurements and calculations for 
scientists. 

Nature Negative 2.78 

6 
31.  In mathematics, perhaps more than in other 

areas, one can display originality and 
ingenuity. 

Nature Positive 2.88 

7 
38.  Discovery-type lessons have very limited 

value when you consider the time they take 
up.   

Teaching Negative 2.98 

8 34.  In mathematics, there is usually just one 
proper way to do things. Nature Negative 3.00 

9 23.  Children should be encouraged to invent their 
own mathematical symbolism. Teaching Positive 3.19 

10 
33.  The average mathematics student, with a little 

guidance, should be able to discover the basic 
ideas of mathematics for her or himself. 

Teaching Positive 3.24 

11 
4.   The laws and rules of mathematics severely 

limit the manner in which problems can be 
solved.   

Nature Negative 3.33 

12 22.  Mathematics requires very much independent 
and original thinking. Nature Positive 3.36 

13 30.  Teachers should frequently insist that pupils 
find individual methods for solving problems. Teaching Positive 3.36 

14 3.   The main benefit from studying mathematics 
is developing the ability to follow directions. Nature Negative 3.40 

15 
12.  Discovery methods of teaching have limited 

value because students often get answers 
without knowing where they came from. 

Teaching Negative 3.43 

16 37.  Studying mathematics helps to develop the 
ability to think more creatively. Nature Positive 3.61 

17 
16.  Mathematics is a rigid discipline which 

functions strictly according to inescapable 
laws. 

Nature Negative 3.67 

18 
32.  Math has so many applications because its 

models can be interpreted in so many 
different ways. 

Nature Positive 3.74 
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Table E.1. Continued  

Pre-Test 
Rank Statement 

Nature, 
Teaching 

or 
Learning 

Positively or 
Negatively 

Phrased 

Pre-Test 
Average 

19 6.   The basic ingredient for success in 
mathematics is an inquiring nature. Nature Positive 3.76 

20 43.  Children learn math best by attending to the 
teacher�s explanation. Learning Negative 3.19* 

21 45.  To be successful in mathematics, a child must 
be a good listener. Learning Negative 3.19* 

22 15.  Most exercises assigned to students should be 
applications of a particular rule or formula. Teaching Negative 3.86 

23 
29.  Teachers should spend most of each class 

period explaining how to work specific 
problems. 

Teaching Negative 3.88 

24 13.  There are several different but logically 
acceptable ways to define most terms in math. Nature Positive 3.90 

25 
8.   The teacher should consistently give 

assignments which require research and 
original thinking. 

Teaching Positive 3.95 

26 46.  Children need explicit instruction on how to 
solve word problems. Learning Negative 3.38* 

27 
40.  The field of mathematics contains many of the 

finest and most elegant creations of the 
human mind. 

Nature Positive 4.10 

28 
27.  Discovery methods of teaching tend to 

frustrate many students who make too many 
errors before making any hoped for discovery. 

Teaching Negative 4.12 

29 
36.  Teachers must frequently give students 

assignments which require creative or 
investigative work. 

Teaching Positive 4.12 

30 
18.  Teachers should make assignments on just 

that which has been thoroughly discussed in 
class. 

Teaching Negative 4.24 

31 
10.  The teacher should provide models for 

problem solving and expect students to 
imitate them. 

Teaching Negative 4.27 

32 2.   Students of all abilities should learn better 
when taught by guided discovery methods. Teaching Positive 4.29 

33 
35.  There are several different but appropriate 

ways to organize the basic ideas in 
mathematics. 

Nature Positive 4.29 

34 
26.  Teachers should provide class time for 

students to experiment with their own 
mathematical ideas. 

Teaching Positive 4.52 

35 
24.  Each student should be encouraged to build 

on his own mathematical ideas, even if his 
attempts contain much trial and error. 

Teaching Positive 4.57 

36 
14.  Math is an organized body of knowledge 

which stresses the use of formulas to solve 
problems. 

Nature Negative 4.61 
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Table E.1. Continued 

Pre-Test 
Rank Statement 

Nature, 
Teaching 

or 
Learning 

Positively or 
Negatively 

Phrased 

Pre-Test 
Average 

37 
17.  Each student should feel free to use any 

method for solving a problem that suits him or 
her best. 

Teaching Positive 4.75 

38 19.  There are often many different ways to solve a 
mathematics problem. Nature Positive 4.76 

39 28.  Trial and error and other seemingly haphazard 
methods are often necessary in mathematics. Nature Positive 4.76 

40 
9.   In mathematics, perhaps more than in other 

fields, one can find set routines and 
procedures. 

Nature Negative 4.78 

41 41.  Most young children have to be shown how to 
solve simple word problems. Learning Negative 4.02* 

42 
25.  Many of the important functions of the 

mathematician are being taken over by 
computers. 

Nature Negative 4.88 

43 42.  Children should understand computational 
procedures before they master them. Learning Positive 4.14*a 

44 1.   Solving a mathematics problem usually 
involves finding a rule or formula that applies. Nature Negative 5.05 

45 
7.   Teachers must get students to wonder and 

explore even beyond usual patterns of 
operation in math. 

Teaching Positive 5.05 

46 
21.  The teacher should always work sample 

problems for students before making an 
assignment. 

Teaching Negative 5.43 

* When ranking this item, the average was scaled to reflect the fact that it was rated on a five-point Likert scale, not 

six.  The average listed here is the true average.  The scaled average was found by multiplying the true average by
5
6 . 

a This item was not included in the description of items with the highest pre-test averages due to the fact that it was 
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Table E.2.  Post-test Ranks and Averages on MMBQ for Learning Cycles Group 
Pre-Test 
Rank: 

Learning 
Cycles 
Group 

Statement 

Nature, 
Teaching 

or 
Learning 

Positively or 
Negatively 

Phrased 

Post-
Test 

Average 

1 5.   Students should be expected to use only those 
methods that their text or teacher uses Teaching Negative 1.89 

2 34.  In mathematics, there is usually just one 
proper way to do things. Nature Negative 1.96 

3 
38.  Discovery-type lessons have very limited 

value when you consider the time they take 
up.   

Teaching Negative 2.07 

4 
39.  All students should be required to memorize 

the procedures that the text uses to solve 
problems. 

Teaching  Negative 2.26 

5 20.  The language of math is so exact that there is 
no room for variety of expression. Nature Negative 2.30 

6 
11.  Mathematicians are hired mainly to make 

precise measurements and calculations for 
scientists. 

Nature Negative 2.63 

7 
12.  Discovery methods of teaching have limited 

value because students often get answers 
without knowing where they came from. 

Teaching Negative 2.67 

8 
9.   In mathematics, perhaps more than in other 

fields, one can find set routines and 
procedures. 

Nature Negative 2.74 

9 
16.  Mathematics is a rigid discipline which 

functions strictly according to inescapable 
laws. 

Nature Negative 2.74 

10 15.  Most exercises assigned to students should be 
applications of a particular rule or formula. Teaching Negative 2.85 

11 3.   The main benefit from studying mathematics 
is developing the ability to follow directions.  Nature Negative 2.89 

12 
4.   The laws and rules of mathematics severely 

limit the manner in which problems can be 
solved.   

Nature Negative 2.96 

13 
29.  Teachers should spend most of each class 

period explaining how to work specific 
problems. 

Teaching Negative 3.07 

14 
10.  The teacher should provide models for 

problem solving and expect students to 
imitate them. 

Teaching  Negative 3.26 

15 43.  Children learn math best by attending to the 
teacher�s explanation. Learning Negative 2.74* 

16 
44.  Most young children can figure out a way to 

solve many mathematics problems without 
any adult help. 

Learning Positive 2.85* 

17 
14.  Math is an organized body of knowledge 

which stresses the use of formulas to solve 
problems. 

Nature Negative 3.50 
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Table F.2.  Continued 
Pre-Test 
Rank: 

Learning 
Cycles 
Group 

Statement 

Nature, 
Teaching 

or 
Learning 

Positively 
or 

Negatively 
Phrased 

Post-Test 
Average 

18 
27.  Discovery methods of teaching tend to 

frustrate many students who make too many 
errors before making any hoped for discovery. 

Teaching Negative 3.52 

19 45.  To be successful in mathematics, a child must 
be a good listener. Learning Negative 2.93* 

20 23.  Children should be encouraged to invent their 
own mathematical symbolism. Teaching Positive 3.54 

21 
31.  In mathematics, perhaps more than in other 

areas, one can display originality and 
ingenuity. 

Nature Positive 3.70 

22 22.  Mathematics requires very much independent 
and original thinking. Nature Positive 3.74 

23 46.  Children need explicit instruction on how to 
solve word problems. Learning Negative 3.15* 

24 
18.  Teachers should make assignments on just 

that which has been thoroughly discussed in 
class. 

Teaching Negative 3.80 

25 37.  Studying mathematics helps to develop the 
ability to think more creatively. Nature Positive 3.96 

26 1.   Solving a mathematics problem usually 
involves finding a rule or formula that applies. Nature Negative 4.00 

27 
25.  Many of the important functions of the 

mathematician are being taken over by 
computers. 

Nature Negative 4.00 

28 
33.  The average mathematics student, with a little 

guidance, should be able to discover the basic 
ideas of mathematics for her or himself. 

Teaching Positive 4.00 

29 
8.   The teacher should consistently give 

assignments which require research and 
original thinking. 

Teaching Positive 4.04 

30 30.  Teachers should frequently insist that pupils 
find individual methods for solving problems. Teaching Positive 4.06 

31 
32.  Math has so many applications because its 

models can be interpreted in so many different 
ways. 

Nature Positive 4.26 

32 
40.  The field of mathematics contains many of the 

finest and most elegant creations of the human 
mind. 

Nature Positive 4.26 

33 41.  Most young children have to be shown how to 
solve simple word problems. Learning Negative 3.56* 

34 
36.  Teachers must frequently give students 

assignments which require creative or 
investigative work. 

Teaching Positive 4.56 

35 6.   The basic ingredient for success in 
mathematics is an inquiring nature. Nature Positive 4.63 
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Table E.2.  Continued 
Pre-Test 
Rank: 

Learning 
Cycles 
Group 

Statement 

Nature, 
Teaching 

or 
Learning 

Positively or 
Negatively 

Phrased 

Post-
Test 

Average 

36 
21.  The teacher should always work sample 

problems for students before making an 
assignment. 

Teaching  Negative 4.63 

37 13.  There are several different but logically 
acceptable ways to define most terms in math. Nature Positive 4.67 

38 42.  Children should understand computational 
procedures before they master them. Learning Positive 4.00*a 

39 
35.  There are several different but appropriate 

ways to organize the basic ideas in 
mathematics. 

Nature Positive 4.82 

40 2.   Students of all abilities should learn better 
when taught by guided discovery methods. Teaching  Positive 4.85 

41 
24.  Each student should be encouraged to build 

on his own mathematical ideas, even if his 
attempts contain much trial and error. 

Teaching Positive 4.89 

42 
26.  Teachers should provide class time for 

students to experiment with their own 
mathematical ideas. 

Teaching Positive 4.89 

43 28.  Trial and error and other seemingly haphazard 
methods are often necessary in mathematics. Nature Positive 5.00 

44 
17.  Each student should feel free to use any 

method for solving a problem that suits him or 
her best. 

Teaching Positive 5.15 

45 19.  There are often many different ways to solve a 
mathematics problem. Nature Positive 5.15 

46 
7.   Teachers must get students to wonder and 

explore even beyond usual patterns of 
operation in math. 

Teaching Positive 5.26 

 
* When ranking this item, the average was scaled to reflect the fact that it was rated on a five-point Likert scale, not six.  

The average listed here is the true average.  The scaled average was found by multiplying the true average by
5
6 . 

a This item was not included in the description of items with the highest pre-test averages due to the fact that it was 
interpreted differently than the other items on the subscale by the preservice teachers in the study. 
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Table E.3.  Post-test Ranks and Averages on MMBQ for Comparison Group 
Post-Test 

Rank: 
Comparison 

Group 

Statement 

Nature, 
Teaching 

or 
Learning 

Positively or 
Negatively 

Phrased 

Post-
Test 

Average 

1 
31.  In mathematics, perhaps more than in other 

areas, one can display originality and 
ingenuity. 

Nature Positive 2.20 

2 20.  The language of math is so exact that there is 
no room for variety of expression. Nature Negative 2.53 

3 34.  In mathematics, there is usually just one 
proper way to do things.  Nature Negative 2.60 

4 
44.  Most young children can figure out a way to 

solve many mathematics problems without 
any adult help. 

Learning Positive 2.20* 

5 5.   Students should be expected to use only those 
methods that their text or teacher uses Teaching  Negative 2.73 

6 
11.  Mathematicians are hired mainly to make 

precise measurements and calculations for 
scientists. 

Nature Negative 2.73 

7 38.  Discovery-type lessons have very limited 
value when you consider the time they take up.  Teaching Negative 2.73 

8 
33.  The average mathematics student, with a little 

guidance, should be able to discover the basic 
ideas of mathematics for her or himself. 

Teaching  Positive 2.93 

9 
4.   The laws and rules of mathematics severely 

limit the manner in which problems can be 
solved.   

Nature Negative 3.00 

10 30.  Teachers should frequently insist that pupils 
find individual methods for solving problems. Teaching Positive 3.07 

11 
39.  All students should be required to memorize 

the procedures that the text uses to solve 
problems.  

Teaching  Negative 3.07 

12 23.  Children should be encouraged to invent their 
own mathematical symbolism.  Teaching Positive 3.20 

13 
12.  Discovery methods of teaching have limited 

value because students often get answers 
without knowing where they came from. 

Teaching Negative 3.33 

14 22.  Mathematics requires very much independent 
and original thinking. Nature  Positive 3.40 

15 
16.  Mathematics is a rigid discipline which 

functions strictly according to inescapable 
laws. 

Nature Negative 3.60 

16 
32.  Math has so many applications because its 

models can be interpreted in so many 
different ways. 

Nature Positive 3.73 

17 6.   The basic ingredient for success in 
mathematics is an inquiring nature. Nature Positive 3.79 

18 
35.  There are several different but appropriate 

ways to organize the basic ideas in 
mathematics. 

Nature Positive 3.80 

19 15.  Most exercises assigned to students should be 
applications of a particular rule or formula.  Teaching Negative 3.87 
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Table E.3.  Continued 
Post-Test 

Rank: 
Comparison 

Group 

Statement 

Nature, 
Teaching 

or 
Learning 

Positively or 
Negatively 

Phrased 

Post-
Test 

Average 

20 3.   The main benefit from studying mathematics 
is developing the ability to follow directions.  Nature Negative 3.93 

21 
10.  The teacher should provide models for 

problem solving and expect students to 
imitate them. 

Teaching  Negative 3.93 

22 
27.  Discovery methods of teaching tend to 

frustrate many students who make too many 
errors before making any hoped for discovery. 

Teaching  Negative 3.93 

23 37.  Studying mathematics helps to develop the 
ability to think more creatively. Nature Positive 3.93 

24 
40.  The field of mathematics contains many of the 

finest and most elegant creations of the 
human mind. 

Nature Positive 3.93 

25 43.  Children learn math best by attending to the 
teacher�s explanation. Learning Negative 3.33* 

26 
24.  Each student should be encouraged to build 

on his own mathematical ideas, even if his 
attempts contain much trial and error. 

Teaching  Positive 4.13 

27 
36.  Teachers must frequently give students 

assignments which require creative or 
investigative work. 

Teaching Positive 4.13 

28 
29.  Teachers should spend most of each class 

period explaining how to work specific 
problems. 

Teaching Negative 4.14 

29 45.  To be successful in mathematics, a child must 
be a good listener. Learning Negative 3.47* 

30 46.  Children need explicit instruction on how to 
solve word problems. Learning Negative 3.53* 

31 
8.   The teacher should consistently give 

assignments which require research and 
original thinking. 

Teaching Positive 4.27 

32 
14.  Math is an organized body of knowledge 

which stresses the use of formulas to solve 
problems. 

Nature Negative 4.33 

33 13.  There are several different but logically 
acceptable ways to define most terms in math. Nature Positive 4.36 

34 28.  Trial and error and other seemingly haphazard 
methods are often necessary in mathematics. Nature Positive 4.50 

35 
17.  Each student should feel free to use any 

method for solving a problem that suits him or 
her best. 

Teaching Positive 4.53 

36 19.  There are often many different ways to solve a 
mathematics problem. Nature  Positive 4.53 

37 
18.  Teachers should make assignments on just 

that which has been thoroughly discussed in 
class. 

Teaching Negative 4.64 
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Table E.3.  Continued 
Post-Test 

Rank: 
Comparison 

Group 

Statement 

Nature, 
Teaching 

or 
Learning 

Positively or 
Negatively 

Phrased 

Post-
Test 

Average 

38 
26.  Teachers should provide class time for 

students to experiment with their own 
mathematical ideas. 

Teaching Positive 4.67 

39 
7.   Teachers must get students to wonder and 

explore even beyond usual patterns of 
operation in math. 

Teaching  Positive 4.77 

40 2.   Students of all abilities should learn better 
when taught by guided discovery methods. Teaching  Positive 4.80 

41 
25.  Many of the important functions of the 

mathematician are being taken over by 
computers. 

Nature Negative 4.87 

42 
9.   In mathematics, perhaps more than in other 

fields, one can find set routines and 
procedures. 

Nature Negative 4.93 

43 1.   Solving a mathematics problem usually 
involves finding a rule or formula that applies. Nature Negative 4.97 

44 41.  Most young children have to be shown how to 
solve simple word problems. Learning Negative 4.27* 

45 42.  Children should understand computational 
procedures before they master them. Learning Positive 4.53*a 

46 
21.  The teacher should always work sample 

problems for students before making an 
assignment. 

Teaching Negative 5.67 

* When ranking this item, the average was scaled to reflect the fact that it was rated on a five-point Likert scale, not 

six.  The average listed here is the true average.  The scaled average was found by multiplying the true average by
5
6 . 

a This item was not included in the description of items with the highest post-test averages due to the fact 
that it was interpreted differently than the other items on the subscale by the preservice teachers in the 
study.  
 
 


