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This paper explores research completed on preservice teachers’ attitudes toward mathematics. Our findings suggest that after implementing curricular changes in the areas of cooperative learning, writing, technology, and increased usage of hands-on teaching methods, we were able to positively impact preservice teachers’ attitudes. In addition, this paper is an investigation /discussion into best practices in conducting research on preservice teacher attitude.

As mathematics educators preparing students to teach mathematics, we have often thought that the beliefs, attitudes and experiences our students have had learning mathematics may have an impact on their learning and performance in mathematics, which ultimately may affect how they teach mathematics. Beliefs that students hold about mathematics and their abilities to perform mathematically are critical in the development of their responses in mathematical situations.  This discussion group provides a forum to share best practices in conducting research on attitudes and beliefs.
Affective variables related to the learning of mathematics play an important role in the development of preservice teachers. Throughout the process of learning mathematics, preservice teachers collect a wide range of experiences.  Both positive and negative, these experiences have led to the development of their beliefs and attitudes about mathematics.  Recent research has found that teachers’ beliefs about mathematics and the teaching of mathematics are significantly influenced by their mathematical experiences as a student (Brown & Borko, 1992; Brown, Cooney & Jones, 1990; Raymond, 1997).  Furthermore, research has found that success in solving mathematics problems is not based solely on one’s knowledge of mathematics.  It is also based on metacognitive processes related to mathematics strategy usage, the emotions an individual feels when doing a problem and the personal beliefs of one’s mathematical abilities (Garafalo & Lester, 1985; Schoenfeld, 1985; Mcleod, 1988). 

For the purposes of discussion, beliefs will be defined as the personal assumptions from which individuals make decisions about the actions they will undertake. This notion is consistent with research that indicates that actions are motivated by what individuals perceive are the outcomes of their actions (Kloosterman, 1996). Students, in the process of learning mathematics, experience both positive and negative emotions, which influence the development of their attitude towards mathematics as a whole. These beliefs about mathematics, about what they need it for, and how strong they are as mathematics students are related to learning and can significantly affect what students do in a mathematics classroom (Kloosterman, 1996). 

Teacher educators are charged with the daunting task of shaping and reshaping the attitudes, beliefs and content knowledge of preservice teachers.  Teacher education programs must sometimes help participants to deconstruct, and reconstruct their views on teaching and learning  (Brown & Borko, 1992; Wilson & Ball, 1996). It is important for mathematics to be learned in a supportive community of learners (Brown & Campione, 1994).  This environment can also provide an arena for discussion of these important affective issues.

The authors’ primary purpose of this research was to investigate the beliefs, attitudes and experiences that preservice teachers have had while learning mathematics.  This paper will describe 1) students’ perceived attitudes, beliefs and experiences related to teaching and learning mathematics 2) methodology we used to impact attitude of preservice teachers, and 3) future investigations for this research. 

Methodology

The first component of this research plan was completed by collecting data from preservice teachers, who planned to teach at either the elementary, middle, or secondary level, and were enrolled in a mathematics or mathematics education course required for students seeking teaching certification in their respective level.  Data were gathered in the form of written responses called “Mathematics Autobiographies” during the first week of the semester.  We requested that students respond in writing about any experience in mathematics that they felt contributed to their mathematical development. A total of seventy-two mathematics autobiographies were gathered from three different levels of college mathematics courses and two secondary mathematics education courses. In the second session of each of these courses students were asked to share with the class any experiences they were comfortable sharing, and then as a group we discussed the implications for mathematics instruction. 

After analyzing the previous data, we collected baseline quantitative and qualitative data (both pre and post) from forty- one preservice elementary teachers regarding their attitudes, beliefs, and experiences. This data was collected at the beginning of the first course (Number Systems) and at the end of the second course (Concepts in Mathematics, Probability, and Statistics). In addition, we gathered qualitative data about how these prospective teachers view themselves as mathematics students; and, their thoughts on their future usage of technology, writing, and cooperative learning in the teaching mathematics. 

Curricular modifications were made and implemented in the courses following baseline data collection. These changes include an increased emphasis on: 1) multiple concrete representations and appropriate conceptual models of mathematics, 2) cooperative learning and mathematical discourse, and 3) technology. 

Concrete Representations and Appropriate Models

Learners of mathematics who do not have exposure to concrete representations of mathematics may tend to view mathematics as a collection of abstract unconnected topics.  Through the use of manipulatives, preservice teachers are presented with a different view of mathematics.  Our sequence provides preservice teachers with the opportunity to investigate mathematics through the use of concrete, pictorial and symbolic representations.

Cooperative Learning and Mathematical Discourse

Mathematical discourse is one of the most important facets in preparing preservice teachers to teach mathematics.  Effective teachers not only need to understand the concepts thoroughly, they also need to be able to discuss the mathematics in a way that is understandable to elementary-age children.  Preservice teachers in our courses investigate mathematics daily, in a cooperative learning atmosphere that allows them to share their ideas with others as well as listen to different approaches used by their peers.  Journal assignments are integrated so that preservice teachers are able to work on expressing their thoughts in writing and emphasize the importance of communication in mathematics.

Technology

When including technology in a mathematics course, it is essential that one look at why and how technology is used.  One of the goals in our three-course sequence is to use technology in meaningful ways, as a means to develop a deep understanding of a topic, not just as a tool to avoid computation.  Technology is used as a tool to investigate concepts and real-world situations.

Data Analysis

Analysis was completed on all data collected. Quantitative data were analyzed by computing statistical means and qualitative data were analyzed by conducting a comparison across all participants and coded according to emerging themes (Miles & Huberman, 1994). 

Results

Mathematics Autobiography

Mathematics autobiographies were written by K-12 preservice teachers at the onset of this research study. Presented below is a summary of key findings.
The following were found to be important in students’ experiences learning mathematics: the role of the teacher; support and influence of family; challenge; issues of fear, failure and avoidance; learning strategies; and content issues.  All of these issues mentioned are in some fashion tied to one variable, the teacher.  Since the teacher generally guides classroom instruction, many of these issues focus on a teacher’s approach to classroom instruction.  

Typically preservice elementary teachers had more negative feelings, attitudes and less confidence toward learning mathematics.   They felt that mathematics “was just not their strong suit”, “was a horrible subject” and that they were “just plain stupid at math” and thus “hated math.” These students also expressed their fear of their current mathematics class. In addition, they experienced increased failure in their entire mathematical experience from kindergarten through college.  
Middle school preservice teachers felt some of the same anxiety as their elementary teacher counterparts.  However, this anxiety was mixed with enough successful experiences in mathematics to encourage a greater commitment to the teaching and learning of mathematics.  For the most part, their experiences in mathematics class were positive, although the love/hate relationship with mathematics was evident in their self reports: “As for my relationship with math today, I hesitate to call it dysfunctional, but it is definitely wrought with anxiety and at times exhilaration.”

High school preservice teachers’ memories of their mathematics classes were the least tainted by frustration and failure as depicted by this student, “I like to think I’ve always been good at math and never had to struggle.” They all spoke of influential teachers who helped them develop a love of math, teachers who also often singled them out and instilled a belief that they were talented in doing mathematics.  They had a desire to emulate the characteristics of this beloved teacher. Many spoke of great admiration for their parents’ understanding of mathematics and the help they received growing up which helped them learn mathematics. 

The major difference we found in each of these groups was in confidence level. It seems obvious that students who experience less failure would have more confidence in their abilities. The preservice elementary students generally reported more anxiety over learning mathematics.  They also spoke, as a group, of more failure and self-doubt toward their abilities to learn and do mathematics well than secondary preservice teachers. 

Attitude Data

As part of our ongoing research project, we chose to focus on preservice elementary teachers enrolled in the mathematics for elementary school teachers course. Quantitative data were collected from students at the beginning of the first course and at the end of the second course. A total of forty-one elementary preservice teachers who took both courses consecutively completed both pre-course and post-course instrumentation.   See Appendix A for the Instrumentation. 

Future Teaching Methods

At the beginning of the semester, students were asked to respond to the following:  “Please describe how you would teach mathematics in an elementary classroom?” We found that responses to this question fell on a continuum, with one end of the continuum representing traditional teaching methods, the other end representing hands-on teaching methods, and the middle representing a group of preservice teachers that we consider to be emerging.  A total of thirty-nine participants responded to this question  (two left it blank); nine percent fell in the traditional category, thirty-seven percent were in the emerging category, and fifty four percent were in the hands-on category. After two semesters of Mathematics for elementary school teachers courses, Sixty-four percent of the teachers fell into the hands-on category, thirty-five in the emerging category and one percent in the traditional category.   We describe the characteristics of the three categories below. 

The “traditional” teacher is one who stated that their primary mode of teaching would be lecture. An emphasis was also placed on using a step-by-step, repetitive approach to teaching as opposed to a conceptually- based focus. One preservice teacher described their future classroom teaching in the following manner: “If I were to teach to an elementary classroom I would first lecture to the class, explaining the concepts, definitions, as well as going over previous problems on assignments, homework or quizzes.  Afterwards, I would have every student try out a few practice questions that they will be working on that day.”

The “emerging teacher” had many characteristics of a traditional teacher, yet also demonstrated a progression toward teaching in a conceptually-based manner. These individuals were more concerned with engaging their students in learning but they restricted the engagement to cooperative learning. They also placed some importance on representing material in a visual manner. One participant stated: “I would lecture in such a way that the students would be involved.  After lectures, I would have games with the new material so that the student get practice with it (math concepts) in a fun way.”

The “hands-on” teacher seems to be aware that students learn in a variety of ways, and that concrete representation is very important when first introducing a concept to students. These individuals focused on engaging their individual students in learning mathematics by using visuals, concrete manipulatives, and cooperative learning.  Note the sharp contrast to the traditional teacher who focused on one presentation to the group of students but did not emphasize student participation and engagement. One preservice teacher in the “hands on” category described her vision of teaching mathematics in the following manner: “Use simple concepts to make it fun; collaborative and hands-on activities to teach math. In groups, pairs, and as a whole, whatever it takes.”

Cooperative Learning

Preservice teachers were asked about their experiences learning mathematics cooperatively and if they would use group learning in their future teaching. Ninety-five percent of the preservice teachers responded that they enjoyed learning mathematics cooperatively while five percent reported that they did not.  An overwhelming ninety-five percent would teach their students using cooperative learning. Sixty-two percent said they had previously been involved in learning mathematics cooperatively, however, thirty-eight percent had not. 
Among the ninety-five who enjoyed working cooperatively, the motivation differed.  Some believe that cooperative learning sessions afforded them the opportunity to strengthen their understanding of mathematics by seeing other perspectives.  Others used cooperative learning simply as an opportunity to get help with their mathematics homework. 

Following completion of the two courses using cooperative learning techniques, all participants had experience with this method of teaching.  Preservice teachers then responded that ninety-nine percent of them would teach using cooperative learning, and one percent would not.
Writing in the Mathematics Classroom

Preservice teachers were asked about the role writing played in their learning of mathematics; if they had to explain their answers in writing in previous mathematics classes; and if they thought explaining their answers in writing would help them learn mathematics. 

Prior to taking both mathematics courses, eighty-three percent of the participants stated that writing had been a part of their experience of learning mathematics, seventeen percent did not.  Eighty-three percent thought explaining their answers in writing would help them learn mathematics, six percent did not and eleven percent were not sure. 

As with cooperative learning, the courses these participants engaged in for two semesters were taught with an emphasis on writing.  All participants had experience writing in the mathematics curriculum and ninety-four percent reported that they feel writing is important method of helping them learn mathematics.
Perceived athematical ability

We asked students to self report their mathematical abilities and whether they believed that a weak student could become a strong student.  The participants described themselves on a continuum from a weak to a strong mathematics student.  Seventy-four percent described themselves as weak students, twenty percent said they were average, and six percent said they viewed themselves as strong mathematics students. 

Overwhelmingly, ninety-nine percent of preservice teachers stated a weak student could become a strong student, one percent said no. Several factors mentioned that participants believed would contribute to the strengthening of a student include practice, studying hard, determination and encouragement from a good teacher or tutor.

As in the pretest participants on the posttest described themselves on a continuum from a weak to a strong mathematics student.  Twenty-four percent described themselves as weak students, sixty-three percent said they were average, and thirteen percent said they viewed themselves as strong mathematics students. They all stated that a weak student could become a strong student. 
The Role of Technology

Information was also gathered about preservice teachers’ experience using technology in learning mathematics. And their responses to the following question, what role do you believe technology should play in the teaching and learning of mathematics?

Eighty-eight percent of our participants had previously used technology in learning mathematics, and twelve percent had not. The types of technology that were utilized were computers, graphing calculators, and non-graphing calculators. Preservice teachers were very specific about how technology should be used and the role it should play in teaching and learning mathematics. Most participants held a strong belief that calculators should not be used for basic math, that students should have a deep understanding of a concept before using the calculator. Overwhelmingly they were concerned with using technology without understanding; they did not want technology to be used as a crutch but as a learning tool.  
All participants were exposed and engaged in learning mathematics using technology in both of the courses.  Ninety-one percent of the participants viewed technology as an important component to teaching mathematics and eight percent believed that it was not a necessary component and should only be used minimally, especially in lower level mathematics such as elementary mathematics.
Quantitative Questionnaire on Attitudes

A Likert-scale questionnaire on attitudes and beliefs was administered at the beginning of the first course and end of the second course. The same forty-one participants from the qualitative instrument completed the quantitative instrument. See Appendix B for the instrument.  Although the instrument contains both positively-and-negatively- worded questions, responses were ordered so that a higher mean represents a more positive attitude.  Responses ranged from 1 to 5.

Data collected at the beginning of the first course suggest that the preservice teachers held a fairly neutral view on whether they liked mathematics and looked forward to taking more mathematics classes as well as whether they looked forward to teaching mathematics courses in the future.  Slightly more positive responses were reported on the use of technology, the use of manipulatives, and the belief that mathematical topics are connected.  Preservice teachers generally agreed that 1) understanding mathematics does not require special abilities, 2) technology is not only for slow learners, 3) investigating a problem is more important that getting the correct answer, 4) time spent thinking about mathematics is important, and 5) college mathematics courses are helpful for their future teaching of mathematics.  For each respondent, a composite mean was computed from all responses, representing an individual’s overall negative or positive attitude. They also believed that students must solve many problems following examples provided. The overall mean score for attitude was 3.57, representing a slight positive attitude toward mathematics.

Of the fourteen items, three resulted in statistically significant differences in mean values upon comparison of the questionnaires administered at the beginning and end of two mathematics courses.  Students had a more positive attitude towards taking more mathematics courses, liked mathematics more, and believed more strongly that mathematics topics were connected to each other. In addition, preservice teachers’ overall mean score on attitude increased significantly from 3.57 to 3.75. 
Discussion

Experts in attitudinal measurement warn of the difficulties of obtaining statistically significant differences in attitude over a relatively short time period, such as a ten-month period spanning two semesters.  Yet many of us would like to believe that our courses have some long-term effects in preservice teachers’ attitudes towards mathematics.  Our study has provided us with some hopeful results.   Recall that the quantitative instrument resulted in statistically significant differences in mean values for the following questions: I like mathematics, and I look forward to taking more mathematics classes. There was also a statistically significant difference on the item referring to the connectedness of mathematical topics. This significant difference indicates that students believe more strongly that mathematical topics are connected.  The overall mean score from the questionnaire increased significantly as well.  All of these significant differences suggest that students are having positive experiences in their mathematics for elementary teachers course sequence.  The qualitative results corroborate this statement.

According to our qualitative data on attitudes, we have discovered that preservice teachers, at the end of two mathematics courses, have a much greater tendency towards hands-on learning in their teaching of mathematics.  That can be interpreted as a positive reaction to the many experiences with hands-on learning provided in the preservice mathematics courses.  Furthermore, preservice teachers responded that they would use a greater variety of teaching methods in their mathematics classes that they will teach including cooperative learning, writing, and technology.  In addition, preservice teachers’ confidence in their mathematical abilities increased substantially. 

Issues for Discussion

Overall, the data point to an improvement in attitude. Yet, we realize there are limitations to this study and that further research is needed.  For discussion, we would like to focus on several issues, related to the following questions. First, how do we as mathematics educators positively impact preservice teachers’ attitudes towards mathematics?  Secondly, how do attitudes affect both the teaching and learning of mathematics?  And lastly, what are best practices and research methods that can be used to effect greater visible change in attitudes and beliefs?

How Do We Positively Impact Preservice Teachers’ Attitudes Towards Mathematics?

Using Principles and Standards for Teaching Mathematics (National Council of Teachers of Mathematics [NCTM], 2000) and current research on best practices we designed our courses with a goal of developing a mathematical community of learners. The following sections describe techniques we have used to positively impact preservice teachers’ attitudes. 

Development of a Mathematical Community 

Mathematics autobiographies.  Mathematics autobiographies can be used to facilitate a positive classroom environment, one in which all students feel that their experiences and background are valued.  Sharing autobiographies in a classroom discussion can help students identify with others’ similar experiences as well as enlighten students on the diversity of student backgrounds.  For example, as our students shared their experiences, a common discussion that developed focused on difficulties learning mathematics.  The discussion progressed into exploring a variety of different learning strategies used to learn mathematics.  We have found that an important component of using mathematics autobiographies is having our students verbally share and discuss their experiences.  Shared experiences begin to develop commonalties such that they begin to connect to one another and often realize they are not alone with their feelings, beliefs, experiences, and approaches toward learning mathematics.  In addition, such discussions facilitate the development of a supportive mathematical community, one in which students can construct their own ideas, find their own representations, and connect mathematical ideas in their own ways while doing mathematics together.  Students can share their work in a comfortable atmosphere where discourse and collaboration are valued (Brown & Campione, 1994; Bruner, 1996).

Instructional strategies.  One premise is our research is the belief that engaging preservice teachers in mathematical investigations can bring about positive change in attitude.  This belief brings into question the whole issue of what it means to “do” mathematics.  A well-designed activity contains one or more of the following elements: 1) investigation of a mathematical concept; 2) cooperative learning; 3) connections to other mathematical concepts, other disciplines or real-world problems; and 4)-student discourse.  In each of our courses concrete representation of each concept being taught is utilized before moving to the pictorial and symbolic representation.  In addition, these concepts are investigated with technology when appropriate. Furthermore, preservice teachers investigate these topics through different lenses; first through the lens of a student an then through the lens of a elementary teacher.  With such an activity, the focus is on active learning rather than passive reception.  Furthermore, the emphasis is also removed from the rote repetition of procedures and is shifted towards grappling with major concepts of elementary mathematics.  It is the authors’ belief that these activities serve a great purpose in redefining what mathematics is for these preservice teachers and the different ways it can be learned. 

The strategies we implemented were based on National Standards (NCTM, 2000) and recent research. We are interested in making further curricular changes and pursing other means to impact attitude.

How Do Attitudes Affect Both the Teaching and Learning Of Mathematics?  

Since prior experiences appear to have shaped preservice teachers’ attitudes and self-efficacy about mathematics, it is important to consider how their experiences may affect their future teaching of mathematics.  Although our preservice teachers did not explicitly mention the impact their learning experiences might have on their future teaching, we believe there is an impact.   There seems to be a range in possibilities of how this might impact teaching.  There is the possibility that these students may teach just as they were taught.  Conversely, there is the possibility that preservice teachers, when taught using appropriate methodologies, may embrace these methods and utilize them in their own teaching.  The impact that a positive or negative experience learning mathematics has on future teaching is an area that needs to be explored further.  Without the opportunity to experiment with new methods of teaching and learning, to examine their own beliefs and knowledge (Kloosterman, Raymond, & Emenaker, 1996), teacher educators are likely to fall into past patterns of teaching and learning (Wilson & Ball, 1996).  

What are Best Practices and Research Methods that Can be Used to Effect Greater Visible Change in Attitudes and Beliefs?

In order to fully investigate teacher attitude, longitudinal studies need to be developed.  We are interested in the attitudes of those teachers currently teaching mathematics; specifically, their attitudes, beliefs, and experiences with regard to teaching and learning mathematics. We would like to investigate preservice teachers’ attitudes prior to their coursework and follow them through their first few years of teaching, measuring their attitude throughout this process.  This information could be helpful when developing courses for preservice teachers and inservice professional development throughout a teacher’s career.

Our data suggests preservice teachers’ views of mathematics as a connected body of knowledge increased.  As such we are interested in the possible connection between attitude and mathematical understanding.  Specifically, we are interested in assessing the knowledge base of both preservice and inservice mathematics teachers and how they view mathematics and the connections between certain topics. 
The onset of this study we began collecting data from 105 preservice teachers. At the end of the second semester, only forty-one students completed the second (required) course in a three-course sequence to prepare preservice teachers. The initial data we collected was different for 105 participants, versus data from the thirty-nine who completed the second course in the following semester. Of significance to the researchers are several questions: 1) do the preservice teachers with more positive attitudes take the courses sequentially? 2) Would the results be significantly different if taken after the third course in the sequence 3) what is the impact on attitude if all three courses are taken at once or if they are taken over a longer period of time? 4) What are the best practices for assessing change in preservice teachers’ attitudes’? 

Summary

As mathematics educators we believe it is essential for preservice teachers to have a positive attitude toward mathematics. Research supports our belief that future teachers need to have a positive view of themselves as mathematicians, and as competent future mathematics educators.  First we need to identify their attitudes and then work to provide positive experiences that will effectively impact their future teaching of mathematics. We also need to insure that throughout their teaching careers they maintain a positive view of themselves as mathematicians and as effective teachers of mathematics. Further research in this area needs to be completed to successfully achieve this goal and support our future mathematics educators.
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Appendix A: Qualitative Instrumentation

1. Please describe how you might teach mathematics in an elementary classroom (e.g., how would you instruct students, lecture, use cooperative learning, etc.).

2. Do you enjoy learning mathematics while working in groups? Would you teach your classes using group work? Have you previously been taught mathematics while learning in groups ?

3. What role, if any, has writing played in your past learning of mathematics? Have you had to explain your answers in writing in previous mathematics classes? Do you think explaining your answers in writing will help you learn mathematics? 

4. How would you describe your mathematical abilities? Explain.   Do you believe a weak student can become a strong student? Explain your answer. 

5. How much have you previously used technology in learning mathematics? What role do you believe technology should play in the teaching and learning of mathematics?

Appendix B: Quantitative Instrumentation

Below, there is a series of sentences.  Indicate in your bubble sheet the degree to which you agree or disagree 

with each sentence. There are no right or wrong answers.  The correct responses are those that reflect your

attitudes and beliefs . 

A Strongly Agree B Agree C Not sure D Disagree E Strongly Disagree

1. I am looking forward to taking more mathematics courses.

2. I enjoy learning how to use technologies ( e.g., calculators, computers, etc) in mathematics classes.

3. I like mathematics.

4. In grades K-9, truly understanding mathematics in schools requires special abilities that only some people possess. 

5. The use of technologies s ( e.g., calculators, computers, etc)  in mathematics is an aid primarily for slow learners.

6. Mathematics consists of unrelated topics ( e.g. algebra, arithmetic, calculus, and geometry).

7.To understand mathematics, students must solve many problems following examples provided.

8. Students should have experiences manipulating materials in the mathematics classroom before teachers introduce mathematics vocabulary.

9.Getting the correct answer to a problem in the mathematics classroom is more important than investigating the problem in a mathematical manner. 

10.Students should be given regular opportunities to think about what they have learned in the mathematics classroom.

11. Using technologies s ( e.g., calculators, computers, etc)  in mathematics lessons will improve students' understandings of mathematics.

12. I expect that the college mathematics courses I take will be helpful to me in teaching mathematics in elementary or middle school.

13. I want to learn to use  technologies s ( e.g., calculators, computers, etc)  to teach mathematics.

14. The idea of teaching mathematics scares me.
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