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Abstract

The present study examined the extent to which a secondary curriculum course on the
NCTM Sandards effects the mathematics teaching beliefs of pre-service teachers. The sample
consisted of 25 pre-service secondary mathematics teachers enrolled in a major research
university in the South. The Standards Beliefs Instrument (SBl) was used on a pretest and
posttest basis during a fifteen week course to measure pre-service teachers beliefs on teaching
mathematics in accordance with NCTM Sandards (1989). The results indicate a significant
difference (p < .05) in the pre-service teachers beliefs in agreeing with the NCTM Sandards.
Implications for research, theory, and practice are also examined.

Introduction

A changing, economicaly competitive world, predicated a need for reform in mathematics
education. Research conducted by the Board of Directors of the National Council of Teachers of
Mathematics (NCTM) in the mid 1980's indicated that the mathematics curricula for e ementary and
secondary schools in the United States was not sufficient. The NCTM Standards came about as an
extension of Americans responses to the demand for change. Hence, NCTM felt there was aneed for
standards to improve nationwide test scores in the area of mathematics. In 1989 the Nationd Council
of Teachers of Mathematics published, Curriculum and Evaluation Standards for School
Mathematics. The NCTM Standards was established as a broad framework to guide reform in school
mathematics (NCTM, 1989). Burns (1998) contends that two-thirds of Americans loathe or hate
mathematics. The TIMSS study had shown that American students as they continue on in age from
grades four to grade twelve are doing poorer in mathematics as compared to other students around the
world (Schmidt, 1998). It is thus important that math teachers are well prepared in teaching
mathematics in order that students are better prepared for the new millennium full of technology aswell
as to develop podgitive digpositions toward mathematics:  The NCTM's vison includes mathematics
teachers encouraging students, probing for idess, and carefully judging the maturity of a student's
thoughts and expressons (NCTM, 1989). The need for implementation of the standards is essentid,
since current teaching practices in mathematics classsooms often does not provide sufficient critica
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thought. Since teachers tend to teach the way they were taught, Sarason (1993) believes that any
reform in education must first begin with teacher training. Practicing mathematics teachers and pre-
service teachers, thus, need to be trained to implement these standards.  Furthermore, if schools are
going to improve the qudity of teaching mathematics, then the teachers themselves are going to need to
believe in these Standards. The purpose of this study was to
determine whether there will be a sgnificant difference between pretest and posttest scores on the
Standards  Belief Insrument (SBI) for pre-service mathematics teachers enrolled in a secondary
mathematics curriculum course (MA 306) a a university in the southeedt.

Recent research in mathematics education (Bush, Lamb, & Alsing, 1990; Fullan, 1983; Kesder,
1985; McGadliard, 1983; Silver, 1985; Thompson, 1984) indicates teaching behavior is profoundly or
subtly affected by teacher beliefs concerning mathematics. Thompson (1984) found that mathematics
teechers opinions, beliefs, and indinations swayed ther indructiond practicess Thus, many
inappropriate teaching methods could be attributed to teachers tenets about teaching (Ferrini-Mundy,
1986). The reaults of the present study can be used to help provide evidence regarding the potentia for
changing these bdliefs.

ol Defirii
For the purpose of this study, a belief was defined as, "a judgement of the credibility of a

conceptudization. Credibility of a conceptudization has to do with whether on accepts, rgjects, or
suspends judgement concerning a set of concepts and the interrelationships among these concepts’
(Reyes, 1987, p.10). The creators of the SBI used this same definition.

The following are consdered to be limitations to the study: (&) This Sudy is limited to pre-
service mathematics education mgors taking a pretest and posttest of the SBI at a universty in the
southeadt, thus may not be generdizable to other settings, (b) The relatively smdl sample sze could limit
the quantitative aspects of this study, and (c) The role of the ingtructor of the secondary
mathematics curriculum course might encourage normetive responses on the part of some participants,
which could limit the validity of the study, and (d) the SBI may not be sengitive enough to adequately
reflect change in the beliefs of pre-service teachers.

Literature Review

Research on mathematics teachers beliefs on the use and need for the NCTM standards was
introduced by Zollman and Mason in 1992 after they designed and tested an instrument that they named
the Standards Bdliefs Instrument (SBI) (Zollman & Mason, 1992). Zollman and Mason developed the
SBI in order to test mathematics teachers attitudes towards teaching according to the 1989 NCTM's
Standards. The god of the SBI wasto develop an instrument that could be used to access the beliefs of
teachers about the NCTM Standards. Zollman and Mason (1992) suggest that their instrument is useful
inthisregard. The SBI was specificdly developed to measure mathematics teachers beliefs regarding
to the NCTM Standards. The SBI provides a myriad of implications for teaching mathematics. In
order to provide a basis for understanding the implications for teaching the NCTM Standards, research
related to mathematics teacher preparation, teacher beliefs, atitudes towards mathematics education,
and the implementation of the NCTM Standards have been included. Findly, Zollman and Mason
(1992) contend that an important relationship exists between the teacher's beliefs and the teacher's own
dyle of teeching. Therefore, a wide acceptance of the NCTM Standards could hinge on a teacher's
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beliefs.

Researchers continue to emphasize the need to reform teacher education to promote

a corresponding transformation in mathematics ingtruction in today's schools. Sarason (1993)
believesthat if one wants to change the education of students, one needs to first change the education of
teachers. Hence, it is necessary to prepare educators for whet life is like in classrooms, school, school
systems, and society. Sarason believes that in the case of reform, educators need to first focus on
preparing teachers differently. The NCTM Standards can act as agenesis for this preparation (NCTM,
1989). The pre-service and continuing education of teachers of mathematics should provide them with
opportunities to examine and revise their assumptions about how mathematics should be taught, and
how students learn mathematics (NCTM, 1989, 160). Thus, pre-service mathematics teachers need to
prepare for teaching towards the year 2000.
Gadanidis (1994) clams that teachers must have an understanding of the NCTM theory before they are
able to put theory into practice. This idea reflects the NCTM's Professional Standards for Teaching
Mathematics (1991), where it is dtated, "the find success for any teacher is the integration of theory
and practice."

O'Laughlin (1990) found that beginning teachers maintain definite beliefs in regards to knowing,
learning, and teaching, which usualy lead them to endorse didactic approaches with the teacher acting
as the primary conveyer of knowledge. A teachers beliefs about sudents abilities greetly influence the
decisons the teacher makes about the learning environment (Lubinski, 1994). Lubinski (1994) feds
that teachers who believe that the content of te mathematics in their classsoom is guided by the
textbook make different decisons than do teachers who believe that sudents interests and ability guide
the content of the mathematics. Research indicates that teachers' beliefs and teachers knowledge is
related to the indtructiond decisonrmaking process (Fennema & Franke, 1992; Parares, 1992
Thompson, 1992). Therefore, what a teacher believes about teaching and learning mathematics and
what a teacher knows about the content, methods, and materias available to teach mathematics,
influence the teechers indructiond decisons.

Research related to the issue of attitudes towards mathematics education is extensve. In
addition, the NCTM Standards recognize that mathematics has become extremely important in today's
world. One of the most important factors in developing students mathemetics ability is the attitude of
their teacher in the discipline (Meyer, 1980).

The knowledge of the students thinking is very important; teachers knowledge of mathematics
content and pedagogy is dso criticd to the culture of the learning environment.  Knowledge of the
content and pedagogy in conjunction with students thinking alows a teacher to design blueprints for
worthwhile mathematics tasks (Lubinski, 1994).

Research has shown that it is critical for secondary mathemeatics teachers to have strong
mathematical knowledge, a positive atitude toward mathematics and teaching, as well as an dignment
with proper pedagogica beliefs (Kerr & Lester, 1982; Meyer, 1980). It is believed that mathematics
education mgjors have not been exposed to enough dternative teaching methods to be capable of
teaching mathematics with an emphasis on meaning (Bal & Wilson, 1990). Ball (1990) discovered that
pre-service secondary mathematics teachers often lack sufficient mathematical understanding to teach
the subject effectively. Farrell and House (1994) believe that progpective mathematics teachers must
congruct knowledge about teaching, and in the process they frequently must recongtruct their
knowledge of mathematics. In 1991 the National Council of Teachers of Mahematics dong with the
Association for Supervison and Curriculum Development published, A Guide for Reviewing School
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Mathematics Programs in this document they clamed that in order to have high-qudity mathematics
programs, teachers of mathematics must be well prepared, process and demondtrate positive attitudes,
continue to grow professiondly, and be actively involved in educationd issues that affect the quality of
their sudents learning (NCTM & ASCD, 1991).

The research that exigs on the implementation of the NCTM Standards is immense since its
publication in 1989. The NCTM Standards presents a picture of a classroom ingruction that differs
from present practice in secondary schools. The implementation of the Standards
involves a restructuring of mathematics indruction, which involves the implementation of the NCTM
Standards, for both pre-service and in-service mathematics teachers (Parker, 1991). One professor of
secondary mathematics education found that she needed to change her teaching pedagogy in order to
incorporate NCTM Standards. She found that even well prepared mathematics students experienced a
great ded of trauma as a result of learning mathematics in new ways. The professor modeled the
NCTM Sandards in her teaching. The activities included: cooperative problem solving with
manipulatives such as. geoboards, tangrams, dgebra tiles, technology, etc. (Farrdl & House, 1994).
Farrell and House (1994) contended that by teaching mathematics methods students by incorporating
the NCTM Standards hel ped the students learn mathematicsin a new way, thus acting as models for the
future mathematics educators to teach in asimilar fashion. Hence, for pre-service mathematics teachers
to incorporate the Standards, they must learn mathemeatics in a new manner in which they congtruct this
new knowledge, and are able to teach it in this way dso. The Standards document recommended a
departure from conventiona forms of ingruction and evauation, and recommended a more haoligtic
gpproach to conveying the content knowledge. Other researchers bdieve that there must be a link
between pedagogy and mathematics, and that during pre-service teacher training, the students must
have a hands-on gpproach in their math methods course in order to fully implement the Standards
(Cooney & Frid, 1992). Edgerton (1992) contends that after observing in-service teachers implement
the NCTM Standards, the task of achieving this effort is going to be grand. The implementation of the
Standards demands a greet ded of teacher training to fully incorporate the Standards in mathematics
classrooms, for now, the standards are dowly being fulfilled in a fragmented manner.

The review of literature has provided information concerning the attitudes, content knowledge,
pedagogy, beliefs, and preparation of pre-service teachers regarding the implementation of the NCTM
Standards. The research indicates that there exists a great body of knowledge in regards to how a
teachers beiefs, knowledge, and pedagogy affect the way in which one would actudly teach. The
NCTM Standards address the issues facing today's young people, and provide a way to make
mathematics more meaningful. They contend that the teacher must consider these issues. The new
generation of teachers can act as the Greek God of sending messages, Hermes, on what research has
shown to be a better gpproach to teaching mathematics. The present study attempted to add to this
body of knowledge by investigating the effect of a mathematics curriculum course on the pedagogica
beliefs, mathematica knowledge, mathematics teacher preparation, and implementation of the NCTM
Standards of pre-service secondary mathematics teachers.

M ethodology
The purpose of this sudy was to determine if a curriculum course could sgnificantly effect the
attitudes of pre-service teachers bdiefs regarding NCTM's Standards. This question will be answered
by comparing their pretest and posttest scores on the SBI.  This study is intended to help math
education educators, as well as anyone in the discipline to become aware of how a mathematics
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curriculum course on the NCTM standards can impact future teachers beliefs in teaching mathematics.
The reaults of the study will give mathematics education faculty insight into what needs to be emphasized
during their indruction.
Subjects

The subjects included twenty-five pre-service teachers enrolled in Curriculum in Secondary
Mathematics Education at a wiversty in the southeest.  The university used in the study is a mgor
public research universty with an enrollment of approximately 20,000 sudents. The university is in
Tuscdoosa, Alabama, which is located in West Alabama  The community has a population of
gpproximately 100,000 inhabitants. The class included seven maes and eighteen femaes. The subjects
ranged in age from 20 to 34, with the median age being 22 years old. All subjects in the study were
either ranked as juniors or senior a the wiversty.  Four of the twenty-five sudents had taken a
previous course with the same professor called Mahematics Methods in Secondary Education. All of
the subjects have previoudy taken mathematics courses above caculus level mathematics, as wdl as
severd education courses (Intro. to Ed., Maingtreaming and Ed. Foundations). The subjects were
unaware of the reasons for the study until al data was collected, they were then debriefed.

Indrument

The Standard's Bdlief Instrument (SBI) (Zollman & Mason, 1992) was used to assess the pre-
sarvice mathematics teachers beliefs towards the NCTM Standards on a pretest/posttest basis. The
SBI congsts of sixteen questions based on the NCTM Standards from the NCTM's publication
Curriculum and Evaluation Sandards for School Mathematics. A pretest and posttest measure
from the SBI was examined.

The Standards Belief Instrument (SBI) was specificaly developed by Zollman and Mason to
measure teechers beliefs about the NCTM "Curriculum and Evaduation Standards' using items
representative of beliefs about the Standards.  The SBI conssts of sixteen questions regarding the
Standards.  Scores on this instrument will range from 0- 16 based on the agreement of subject response
and the NCTM Standards. Items for the SBI were chosen from severd levels of the Standards in
attempt to be representative of them. The Sixteen items of the SBI were either nearly direct quotes from
the Standards or an inverse of a direct quote from the Standards. Zollman and Mason provide aguide
in their atide, The Sandards Belief Instrument (SBl): Teachers Beliefs about the NCTM
Sandards, citing the pages in the "Standards Document™ from which each question was formulated.
The subjects, upon completing the posttest, were asked to complete a demographic/prior knowledge
questionnaire. This demographic questionnaire included information about sex, age, class rank, and four
guestions regarding the previous knowledge of the Standards that the student may have had. The
information from this questionnaire was used to ad in providing a quditative component to this study.
Taken together the qualitative and the quantitative data provide a better-rounded depiction of the effects
of a secondary mathematics curriculum course.

Implementation

The Standards Bdlief Instrument was administered on a pretest- posttest basis to the twenty-five
MA 306 students. A pretest was administered the first day of classes before any ingtruction on the
Standards took place and a posttest was administered during the last week of classes. The
adminigtrations of the SBI took place during class. Respondents were given as much time as needed to
complete the SBI. The students were given a separate demographic survey to fill out after the revised
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SBI. The scoring of the pretests and posttests from the subjects were done by hand.  The subjects
demographic and ther two scores were andyzed.  Along with the demographic information, the
subjects were aso asked some subjective types of questions related to the Standards. The questions
included are: () Have you heard of the NCTM Standards prior to this course? If so, in what context?,
(b) What, if any, other mathematics education courses have taught you about the NCTM Standards?,
(c) How do you fed this course has influenced you as a mathematics teacher when you have your own
classroom?; and (d) Include comments on the NCTM Standards, i.e. use of: 1. Cooperative Learning,
2. Manipulatives, 3. Technologicd Aids, 4. Problem Solving, and 5. Other:

1) ;

The MA 306 curriculum course met twice a week, for one-hour and fifteen- minutes for fifteen
weeks. The following include the ingtructors goa's and objectives for the course: (a) to understand the
causes of the present condition of mathematics education as identified by the NCTM in Curriculum
and Evaluation Standards for School Mathematics; (b) to understand the underpinnings of current
efforts to reform mathematics education; (c) to understand and anayze the mathematics curriculum of
the state of Alabama; (d) to describe the different types of learning experiences that must occur to
promote the development of mathematica learning in students k-12; (e) to identify and present
ingructional strategies appropriate for secondary mathemeatics, (f) to understand the role of problem
solving, manipulatives, technology, and, cooperative learning in the teaching of mathematics; (g) to plan
lessons using teaching dtrategies congstent with the recommendations of NCTM's Sandards; (h) to
communicate mathematics effectively, both in writing and ordly; (i) to understand a variety of means by
which mathematical understanding can be assessed; (j) to evaduatelreflect on the effectiveness of
curriculum and indruction in the mathematics dassroom; (K) to understand the teacher's role in the
mathematics dlassroom, including responshility to the diversity of students and their various learning
gyles, (I) and to develop an appreciation for the fidd of mathematics education, and to professond
responghbilities of the secondary school mathematics teacher. The sStructure of the class conssted of
active engagement on the part of the students, who, on adaily bass participated in avariety of activities,
which modedled NCTM's Standards. The students aso took part in meaningful discussons about
reactions to the various activities. Assgnments included: lesson planning, reflective writing, and a class
presentation. The course overal was an extremdy active, hands-on gpproach to teaching a secondary
meathematics curriculum course. The following is the description based on the undergraduate cata og:

Mathematics 306. Curriculum in Secondary Mathematics: Three credit hours.
Prerequisites. Admission to the Teacher Education Program in secondary
mathematics, BCT 300 (Intro. to Computers), and MA 227 (Caculus); or
permission of the ingtructor. Future secondary mathematics teachers

examine advanced concepts, structures, and procedures that comprise

secondary mathematics.

Results
The purpose of this study was to condder the effects of a secondary mathematics curriculum
course on the beiefs of the NCTM Standards of pre-service secondary mathemeatics teachers. In this
section the results of the atistica tests performed on the quantitative hypothesisis discussed. The use
of some quditative investigating will dso be consdered, in order to give a better-rounded depiction of
the effects of a secondary mathematics curriculum course.
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Research Hypothes's

Hypothesis It is hypothesized that there will be a sgnificant difference between the scores on
the SBI posttest compared to the pretest for the MA 306 Students after a fifteen week course entitled
curriculum in Secondary Mathemétics.

A paired ttest was performed comparing the pretest (mean = 10.56) and posttest (mean =
12.24) scores on the SBI of the pre-service secondary mathematics teachers. Three subjects were
eliminated from the andysis due to invaid pretest scores or because of mortaity rate. The differencein
means was found to be satiticaly sgnificant, 1(24) = 4.30, p <.0002. Table 1 shows the percentage
of respondents who agreed with the NCTM Standard based on the SBI.

Question Subjects (N = 25)

# Pretest Podttest
1 84.0 92.0
2 100 100
3 96.0 100
4 100 100
5 100 100
6 100 100
7 84.0 96.0
8 44.0 40.0
9 16.0 16.0
10 28.0 56.0
11 40.0 60.0
12 16.0 8.0
13 80.0 96.0
14 20.0 68.0
15 96.0 100
16 52.0 92.0

As pat of this study, the subjects were dso asked to respond to a number of subjective
questions related to the course and the NCTM Standards. From the twenty-five subjects, roughly two-
third had been exposed to the NCTM Standards in other courses they had teken. The following are
some responses from the subjects regarding how the curriculum course in secondary mathematics has
influenced them: "It has made me more prepared and has given me many idess™; "It has changed my
image of theway | will teach."; "The course has caused me to be more cregtive in lesson development.”;
"I know about the manipulatives available to my students and how to use them to teach math
effectively.”; and lagtly, "[ The coursg] greatly influenced me; It has shown me fun, cregtive ways to teach
math." All subjects responded positively and expressed the importance of the use of: cooperative
learning, math manipulatives, technological ads, and problems solving, in a mathematics classroom.
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Implications

The objective of this sudy was to determine if a curriculum course could significantly
effect the attitudes of pre-service teachers beliefs regarding the NCTM's Standards. The results of this
study indicate that a curriculum course can have a significant impact on pre-service teachers regarding
their beiefs concerning the NCTM Standards. The genesis of successfully incorporating the NCTM
Standards may depend then on the type of pre-service teacher training that is provided. From theitem
andysis (Table 1) there are a great number of implications that can be inferred, items 9 and 12 are just
two of the four questions that focus on the NCTM Standards K-4, the low scores on these items may
imply that secondary mathematics students need to have more of a holigtic understanding of pre-
secondary mathematics. It is could be inferred that secondary methods courses need to focus on how a
dudent learns mathematics, therefore, the teacher would have a better understanding of the
mathematica stage. This study suggests a Significant increase in agreement between pre-service teacher
beliefs on teaching mathematics and the NCTM Standards.

It is suggested that further studies be conducted on in-service mathematics teachers to see if
there would be a dgnificant increase in teacher atitudes towards the NCTM Standards for this
population after training on the NCTM Standards.  Unfortunately, it is possible that a great number of
practicing in-service secondary mathematics teachers are currently unaware of the NCTM's 1989
Standards. The SBI may be used as an insrument to help in providing information to schools and
teachers asto the need in teacher training onthe NCTM Standards.  Overdl, the data from Table 1
shows that pre-service teachers beliefs can be changed if presented with the proper knowledge and
adeguate training. Therefore a pre-service curriculum in secondary school mathematics course that
imparts and modds the beliefs of the NCTM Standards can be vaduable in effectively transmitting the
objective of the Nationa Council of Teachers of Mathematics. Researchers need to further examine
factors such as pedagogica beliefs, content knowledge, and teacher preparation of both pre-service
and in-sarvice teachersin order to fully implement the NCTM Standards in a more widespread manner.
Such efforts should be beneficid to dl of our sudents and have a positive impact on the economic and
socia future of the United States.

Conclusion

The reaults of this study suggest that pre-service mathematics teachers are receptive to the
mathematical pedagogy recommended by the Nationa Council of Teachers of Mathematics. The
importance of modding and teaching about the NCTM Standards is crucid in dl mathematics methods
courses. With the advent of the new NCTM Standards that will be published in the Spring of 2000
(NCTM, 2000) math educators need to take alook at how what is done in a math methods class can
impact preservice teachers beliefs about what is done in the classroom with our K-12 students. The
results from this study may provide hope and encouragement for educators of mathematics methods
courses as they confront the chalenge of preparing pre-service teachers to amend mathematics
education in the next millennium.
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