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AN INVESTIGATION INTO RELATIONSHIPS BETWEEN ALTERNATIVE
ASSESSMENT AND PRE-SERVICE ELEMENTARY TEACHERS’
BELIEFS ABOUT MATHEMATICS
David Charles Coffey, Ph.D.

Western Michigan University, 2000

The purpose of this study was to examine how including alternative
assessments in a reform-based mathematics course affects pre-service teachers’
mathematical beliefs. A single section of a mathematics course designed for
elementary education majors that employed three different alternative assessments
was the setting for the study.

A pre- and post-belief survey completed by students enrolled in the section
under study represented the first level of data collection and analysis. The results of
the pre-belief survey guided the selection of seven informants from the section and
provided belief statements for the informants to verify during subsequent interviews.
Based on the data from these interviews, it was determined that all but one of the
informants believed mathematics to be a pre-existing set of facts and procedures that
are passed along by some mathematical authority. Moreover, all the informants
reported that they believed assessing in mathematics meant giving a paper-and-pencil
test. Further data collection methods, including a card sort of assessment practices
and perusing classroom vignettes, and subsequent analysis identified each informant’s

previous mathematical experiences as traditional, especially regarding assessment.
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A comparison of the pre- _and post-belief surveys indicated that the alternative
assessments had indeed affected the mathematical beliefs of almost 50% of the
students so that they now held more productive mathematical beliefs. During the
final informant interviews, however, it became evident that apparent shifts in beliefs
were not as profound as indicated by the comparison. Although all seven informants
had become more aware that tests represent only one of many ways to assess students
in mathematics, most of the informants clung to their original beliefs about the nature
of mathematics. The two informants who exhibited more productive beliefs credited

the alternative assessments as the most influential factor from the course under study.
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CHAPTER

INTRODUCTION

Background

I used to think that maths teachers were all teaching the same subject, some
doing it better than others. [ now believe that there are two effectively
different subjects being taught under the same name, ‘mathematics’. (Skemp,
1978, p. 11)

The ‘two different subjects’ are often evident in pre-service teachers’ and
reform-minded mathematics educators’ differing views regarding the nature of
mathematics. A review of the research in mathematics education (e.g., Brown &
Borko, 1992; Dossey, 1992; Thompson, 1992) indicates that because of traditional
educational experiences most pre-service teachers perceive mathematics to be a static
discipline. Often referred to as absolutism (Ernest, 1991), this position focuses on
content because mathematical knowledge is thought to be a set of unchanging truths
that exists separate from human experience. From this standpoint, mathematics
teaching typically relies on passing along the content from teacher to student through
the use of demonstration lectures followed by structured practice (Schoenfeld, 1992).
The National Council of Teachers of Mathematics (NCTM) calis for reforms in
mathematics education that represent a dramatically different perspective of
mathematics and mathematics instruction (McLeod, 1994; NCTM, 1989, 1991,

1995); a perspective that stresses mathematical process as well as mathematical
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product (Schoenfeld, 1992). Courses taught from this perspective usually encourage
students to learn mathematics by thinking and reasoning while engaging in non-
routine problem solving situations. Students are expected to be active participants in
constructing their own mathematical knowledge, an expectation many pre-service
teachers find difficult to accept (Raymond & Santos, 1995). In order for these future
teachers to effectively embrace the NCTM’s vision, they must begin to view
mathematics from a fallibilist position (Thompson, 1992). According to Ernest
(1991), fallibilism holds that “mathematical truth is corrigible, and can never be
regarded as being above revision and correction” (p. 3), which is in direct opposition
to the absolutist view.

In an effort to challenge pre-service teachers’ absolutist view, many
mathematics educators are designing content and method courses to model a more
fallibilist approach to mathematics. Unfortunately, research into the mathematical
beliefs of pre-service teachers has shown that simply modeling change may not be
sufficient since certain beliefs prove extremely resistant to reformers’ modification
efforts (McDiarmid, 1990; Pajares, 1992). The problem may be that to date much of
this research has focused on addressing mathematical beliefs through changes to the
content and instruction in mathematics education courses but not through changes in
assessment practices (Bell, 1995).

Using traditional testing methods based on an absolutist view of mathematics
conveys conflicting messages to students being taught from a fallibilist perspective

(Emenacker, 1994). “As the curriculum changes, so must the tests. Tests also must
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change because they are one way of communicating what is important for students to
know... In this way tests can effect change” (NCTM, 1989, pp. 189-190).
Assessments developed from a fallibilist perspective engage students in mathematical
tasks that require them to construct and apply mathematical concepts in relatively

new ways (NCTM, 1996). Such forms of assessment have the potential to challenge
students to rethink their absolutist views towards mathematics in ways that shifts in
content and instruction have not since their views are being challenged by the piece of
the educational system many students value most — grades (Lester & Kroll, 1991;
Oaks, 1987; L. Wilson, 1994a). Hence, the goal of this study is to examine how
including alternative assessment techniques in a reform-based mathematics course

affects pre-service teachers’ mathematical views.

Significance of the Research

Much is made of the absolutist-fallibilist distinction because, as is shown
subsequently, the choice of which of these two perspectives is adopted is
perhaps the most important epistemological factor underlying the teaching of
mathematics. (Emest, 1991, p. 3)

Because studies support the premise that teachers’ mathematical beliefs
influence their classroom instruction (Ball, 1990; Baroody & Ginsburg, 1990;
Dossey, 1992; Middleton, 1999; Thompson, 1992), it is essential for mathematics
educators to challenge pre-service teachers’ absolutist view of mathematics.
Otherwise the discontinuity between the absolutist view prevalent in today’s schools
and the fallibilist view supported by the NCTM will surely persist. Identifying

experiences that can help pre-service teachers develop a more fallibilist approach to
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mathematics is an important topic for research in mathematics education (Brown &
Borko, 1992; McLeod, 1994; Thompson, 1992). Yet there is little research on the
role assessment plays in the development and reinforcement of students’ beliefs in
mathematics (Bell, 1995).

There does exist, however, a great deal of speculation regarding assessments’
role in the rise of an absolutist mathematical view. For example, Borasi (1990)
suggests “[w]e should not be surprised at mathematics students’ overwhelming
concern with product and answers when the most important measure of academic
success is given by the score received on standardized multiple-choice tests taken
under considerable time pressures” (p. 177). While statements such as this may
sound reasonable, it is important that studies like the one described here attempt to
provide formal research into the complex relationships between assessments and

beliefs in mathematics.
Research Questions

Research on attitudes towards mathematics has looked at many aspects of the
teaching process, but it falls short of investigating the impact assessment has
upon these critical aspects of mathematical development (Bell, 1995, p. 11).

The central question addressed by this study is the following: What are the
relationships between alternative assessment practices in a reform-based probability
and statistics course for pre-service elementary teachers and their beliefs about what it

means to learn and do mathematics?
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Specific questions addressed in this research are:

1. What past experiences have pre-service elementary teachers had relative
to learning and assessment in mathematics?

2. How do students explain the relationship between their experiences in
learning mathematics, with a focus on assessments, and their beliefs about the nature
of mathematics?

3. Prior to their completing a sequence of alternative assessments, what are
pre-service elementary teachers’ beliefs about what it means to assess a student’s
mathematical understanding?

4. Does experience with a sequence of alternative assessments affect
students’ perceptions about what it means to assess mathematical understanding? If
so, how and why?

5. After completing a course using a sequence of alternative assessments, do
students report any changes in their mathematical beliefs? If so, to what do they

ascribe the changes?

Brief Overview of the Study’s Methodology and the Dissertation’s Organization

Assessing beliefs is a difficult task since beliefs are often held without
teachers being conscious of having explicit knowledge of their own beliefs.
Any attempt to uncover how teachers think will necessarily rely on inferences
from indirect tasks, and some may provide more meaningful data than
others... (Jacobs, Yoshida, Stigler, & Fernandez, 1997, p. 8)

As the research questions suggest, the focus of this study was on

understanding the relationships between assessment experiences in mathematics and
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the development of mathematical beliefs from the individual’s perspective. A variety
of methods were used to gather data on students’ mathematical beliefs and on any
impact a course using non-traditional forms of assessment had on those beliefs. Data
sources included a pre- and post-survey used to determine student mathematical self-
perception and mathematical beliefs, interviews addressing student mathematical
beliefs and assessment experiences in mathematics, and artifacts, including student
work, from the course. As data accumulated, a procedure similar to Glaser and
Strauss’s (1967) Constant Comparative Method aided in uncovering similarities and
differences among participants’ responses. During this analysis, themes emerged that
helped to direct the collection of subsequent information and in the development of
theories grounded in the data.

Thus, the organization of the study reflects the organization of this
dissertation. Previous research and theoretical essays addressing beliefs and
assessment aided in the developing the framework for the data gathering and analysis.
The ideas and results from this research literature are discussed in depth in the next
chapter. Details of the methods used in gathering and analyzing the data from this
study are provided in Chapter III. In Chapter IV, the findings from the study are
supplied so that they might be scrutinized. Finally, conclusions from this research,
the study’s limitations, and the implications of the findings, including suggestions for

further research, are discussed in Chapter V.
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Closing Comments

More than a decade has passed since the publication of NCTM’s (1989)
Curriculum and Evaluation Standards for School Mathematics. Since then much has
been made of the attempts to change the way mathematics is presented in schools so
that it is more representative of the fallibilist perspective. The NCTM literature
contains numerous examples of shifts in mathematics curriculum, instruction, and
assessment that reflect the reform movement. While there is considerable formal
research on how altering the curriculum and/or instruction affects students’ beliefs,
little is known about how changing assessment impacts those same beliefs. This
study provides some insight into this often overlooked area of research in

mathematics education.
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CHAPTER II

LITERATURE REVIEW

The intent of this chapter is to establish a theoretical framework for the study
and to review research findings relevant to the research questions. In the first section,
the theoretical framework is developed through an examination of the philosophy of
mathematics learning used in this study and a description of McEntire and Kitchens’
(1984) theory on beliefs. The second section details the literature on beliefs pertinent
to this study; a general definition of beliefs is provided along with an explanation of
their structure. Research on students’ beliefs about mathematics, the implications of
these beliefs, and the results of attempts to change pre-service teachers’ mathematical
beliefs are also discussed in the second section. The third section focuses on
mathematics assessment through a report on its history, current trends in mathematics
assessment, and research on the impact of assessments on students’ mathematical
beliefs. The final section summarizes the results of the literature discussed in this

chapter and explains how the present study contributes to the existing research.

Theoretical Framework

(Dt is important that researchers interested in examining teachers' beliefs
make explicit, to themselves and to others, the perspectives from which they
are approaching their work. (Thompson, 1992, p. 137)
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Philosophy of Mathematics Learning Employed in This Study

Dossey’s (1992) review of the research in mathematics education identifies
studies as reflecting either an external or an internal view of mathematics. Traditional
teaching methods, which reflect an external or absolutist view, presume that a student
enters the mathematics classroom as a blank slate, tabula rosa, to be filled with
mathematical truths (Schoenfeld, 1987a). Because researchers holding an external
view assume that mathematics consists of a fixed body of knowledge, they attempt to
determine how well students absorb and accumulate information. Researchers
studying mathematics education from an internal perspective maintain a more
fallibilist approach toward the development of mathematical knowledge. Rather than
studying how successful certain methods are at transmitting facts and procedures to a
group of students, researchers maintaining an internal view concentrate on
understanding the processes an individual uses in making sense of his or her
mathematical experiences (Dossey, 1992). Because this approach assumes each one
of us constructs unique interpretive frameworks of how the world works based on our
distinct experiences, it is known as constructivism. This is the philosophical
perspective employed in this study.

Piaget, whose ideas were a precursor to constructivism, saw intelligence and
knowledge as biological functions whose development could be explained and
mapped for each individual (von Glasersfeld, 1990; Schoenfeld, 1987a, 1992). Thus,

constructivism stands in opposition to the absolutist presumption that knowledge is a
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pre-existing set of truths. Instead, the constructivist views knowledge as the result of
each individual making sense of his or her own personal experiences (Confrey, 1990;
Jaworski, 1998; MSEB, 1994; Romberg, 1992; Steffe, 1990). Students do not simply

receive knowledge as it is given, but interpret it based on mental frameworks

constructed during prior experience (Romberg & Carpenter, 1986; Schoenfeld, 1992).

The interaction between existing ideas and new experiences is a continuous
and complicated process, with learning occurring whenever a new experience forces
adaptations to an individual's existing mental schema (Steffe, 1990; Teppo, 1998).
The constructivism model, therefore, is a philosophical position of knowledge
development, where learning is characterized as a cognitive cycle consisting of
equilibrium, experience, disequilibrium, consideration, assimilation or rejection, and
a return to equilibrium. Whether new experiences fit into the existing structure
(assimilation) or not (rejection), the mind’s final state after the experience is
dependent on the individual’s initial cognitive constructions (Janvier, 1992; Romberg
& Wilson, 1995).

Learning is not a solely individual endeavor, however. Individuals also
develop mathematical meanings through interaction and discourse with their teachers
and peers. At times, the teachers must intervene and help learners to negotiate
passage toward socially accepted knowledge. Constructivism does not deny the role
social interaction plays in the construction of knowledge (Cobb & Yackel, 1996; von
Glasersfeld 1992). Interactions with other people constitute a large portion of each

person's experience, and these interactions influence which behaviors, concepts, and
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theories are considered reasonable. The extent to which a student learns from another

person during an activity, though, is still dependent on past experiences in similar
social situations. “Consequently, individual learners construct unique and
idiosyncratic personal knowledge even when exposed to identical stimuli” (Ernest,
1998, p. 29). Hence, social interaction does have an affect on what a child learns, but
it is not the sole determining factor.

Along with knowledge, beliefs also appear to be the result of an intricate
process involving both cognitive and social factors (Cooney, Shealy & Arvold, 1998;
Pajares, 1992; Schoenfeld, 1988b, 1992). People are continuously constructing their
own personal perceptions of the world surrounding them rooted in their experiences,
including their interactions with other people. Sometimes their view matches the
perceptions of others, but not always. In fact, the picture they see may be quite
different — the result of a steady diet of alternative experiences (Schoenfeld, 1987a;
Shaw, 1989). A succinct explanation of how experiences impact the development of
an individual’s beliefs and the implications of these beliefs is proposed in McEntire

and Kitchens’ (1984) Theory of Axioms.

McEntire and Kitchens’ Theory of Axioms

As the literature on constructivism suggests, an intricate relationship exists
between an individual’s experiences and the mental frameworks a person constructs
as he or she makes sense of these experiences (Schoenfeld, 1988a). According to

McEntire and Kitchens’ (1984) work, beliefs are also constructed from experiences.
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12
Their theory provides a simplified snapshot of the construction process by

concentrating on how experiences lead to the development of beliefs (axioms) that
then affect behavior (Kitchens & Hollar, 1995).

McEntire and Kitchens describe axioms as assumptions about the world or the
self that a person believes to be true. They identify two distinct types of axioms. The
first type, WORLD axioms, defines the person's basic perception about what exists
outside the individual. These form a person’s views about his or her environment and
other people. Beliefs that ‘people only care about themselves’ or that ‘math is just a
collection of boring facts’ are examples of WORLD axioms. The [ AM axioms, on
the other hand, define the basic assumptions an individual has about self, such as ‘I
am not good at math’ or ‘I am a good dancer’.

A person’s WORLD and I AM axioms are adopted when the mind is most
open to new experiences. As a person interacts with other people and the
environment, the individual develops a sense of the world and his or her place in it.
Accepting what is seen or heard as the truth amounts to affirming the experience.
Much like the constructivist position, this affirmation process is a personal act. As a
person makes sense of his or her experiences, positive or negative, the individual
develops beliefs about self and surroundings. Schoenfeld (1987a) offers an excellent
scenario that demonstrates this phenomenon.

Suppose that during your entire academic career, every mathematics problem

that you were asked was in fact a straightforward exercise designed to test

your mastery of a small piece of subject matter. You were expected to solve
such problems in just a few minutes: If you did not, it meant that you had not

understood the material and the material should be explained to you. Suppose
in addition that this scheme was reinforced in class: Problems were expected
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to be solved rapidly, and teachers gave you the solutions if you did not
produce the answers quickly. Having had this experience over and over again,
you might eventually codify it as the following (implicit) rule: When you
understand the subject matter, any problem can be solved in 5 minutes or less.

(p-27)
Hence, based on this experience the student may construct a counterproductive

WORLD axiom — “If a math problem cannot be solved quickly, then give up.”

Once fixed in the student's mind, this type of counterproductive belief can
have disastrous results because beliefs are the primary force in influencing a person’s
behavior and have a dramatic affect on learning. The student who believes that
mathematics problems should be solved quickly or abandoned acts in such a way as
to demonstrate that this belief is true, thus reinforcing it (Pajares, 1992). In order for
success to occur, more productive beliefs must replace the counterproductive ones.

Unfortunately, Pajares’ (1992) review of educational research on beliefs found
that long-held beliefs based on early experiences are among the most difficult to
replace. “[T]he earlier a belief is incorporated into the belief structure, the more
difficult it is to alter, for these beliefs subsequently affect perception and strongly
influence the processing of new information” (p. 317). After years of viewing the
world through certain beliefs, an individual will often ignore or distort contrary
evidence in an effort to maintain their position (Wideen, Mayer-Smith, & Moon,
1998). Thus, beliefs can even affect an individual’s actions when encountering
experiences that might have the potential to alter the beliefs.

McEntire and Kitchens’ theory attempts to explain how these early

experiences are used in the development of a person’s beliefs, and how beliefs affect
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an individual’s actions in future situations. The experience-belief-action chain is
essential to this study and referred to throughout this dissertation. Beliefs, the central

portion of this chain, are discussed in the next section.

Beliefs

Once the student has sufficient evidence that he can’t do math (from failed
tests, negative chalk board experiences, peer success, teacher or parent
judgement) the conscious mind induces the axiom, “I am not good at math” or
I have no ability in math” (McEntire & Kitchens, 1984, pp. 141 - 142).

A student constructs beliefs about mathematics based on experiences with the
subject (Cobb, Wood, & Yackel, 1990), and these mathematical beliefs, in turn, affect
how the student acts during future encounters with mathematics (Pajares, 1992). The
focus of this portion of the literature review is on the pivotal piece in this relationship
— beliefs. A general discussion on beliefs and belief systems introduces this topic and
is followed by an examination of the current research regarding mathematical beliefs,

their implications, and recent attempts to alter them.

Beliefs and Belief Systems

Beliefs are sometimes incorrectly identified as knowledge or attitudes. The
confusion probably results from the fact that beliefs fall somewhere between
cognition and affect (Schoenfeld, 1985). Cirulis (1991) distinguishes between beliefs
and attitudes by explaining that attitudes are more emotional in nature, while beliefs

represent a more cognitive state of mind. Although beliefs and knowledge are both
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cognitive functions, Thompson (1992) suggests that a distinctive trait of knowledge is
that it

must meet criteria involving cannons of evidence. Beliefs, on the other hand,
are often held or justified for reasons that do not meet those criteria, and, thus,
are characterized by a lack of agreement over how they are to be evaluated or
judged. (p. 130)
Therefore, for the purpose of this study, beliefs are cognitive structures that: (a) result
from a process of organizing and interpreting past experiences, (b) exist somewhere
between feelings and knowledge, and (c) do not require a consensus for acceptance.
The complex structure depicting the way in which beliefs are held and how
they relate to one another is referred to as a belief system. Green’s (1971) description
of this system is one of the most widely accepted (see Cirulis, 1991; Cooney et al.,
1998; Emenaker, 1994; Thompson, 1992):
First there is the quasi-logical relationship between beliefs. They are primary
or derivative. Secondly, there are relations between beliefs having to do with
their spatial order or their psychological strength. They are central or
peripheral. But there is a third dimension. Beliefs are held in clusters, as it
were, more or less in isolation from other clusters and protected from any
relationship with other sets of beliefs. Each of these characteristics of belief

systems has to do not with the content of our beliefs, but with the way we hold
them. (Green, 1971, pp. 47-48)

The quasi-logical relationship asserts that some beliefs are connected in what
resembles a causal relationship with the primary belief representing the cause and the
derivative belief the effect (Thompson, 1992). For example, a student that holds the
primary belief that all mathematics is a connected body of absolute facts may develop
the derivative belief that doing mathematics means memorizing a collection of

definitions, theorems and algorithms. Although a belief is never held in complete
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isolation from other beliefs, the very nature of beliefs ensures that these relationships

are unstable and unpredictable. Given a different set of circumstances the ‘cause’ in
the above relationship most likely will result in a significantly altered ‘effect’.

The second dimension in Green’s description represents the conviction with
which beliefs are held. Peripheral beliefs, as the name suggests, are near the edges of
a belief system and are more susceptible to modification. The central beliefs, on the
other hand, are at the core of a person's system of beliefs and therefore, are the
toughest to examine and change (Pajares, 1992). Again, the context dictates the
position of the belief in this relationship (Cooney et al., 1998). Using the example
from before, the derivative belief about memorization in mathematics may be central
to the student when facing the prospect of being tested, thus pushing to the periphery
the belief that any connections exist among the mathematical concepts being
assessed.

The final dimension of Green’s beliefs system contends that while beliefs are
never held in isolation from each other, it is possible for ‘clusters’ of beliefs to exist
nearly independent of one another. The separation existing among belief clusters
explains why a person’s beliefs may appear inconsistent to an outside observer
(Cirulis, 1991; Thompson, 1992). Shaw’s (1989) study of three middle school
teachers’ mathematical beliefs provides a prime example of this clustering since these
teachers held two distinct sets of beliefs regarding mathematics. One cluster
contained their ideal vision of mathematics while the other cluster of beliefs

addressed the actual way mathematics was taught in their classrooms. Two of the
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three teachers exhibited a tremendous discrepancy between these two clusters of
which they were completely unaware. While they ideally believed that mathematics
teaching should stress deep understanding and connections, they taught for
memorization of isolated skills. When this disparity was drawn to their attention,
they expressed discomfort that their belief clusters were so different. Fortunately,
“[t]his uneasiness not only caused more stress for them, but motivated them to try
new ideas and approaches in teaching mathematics ... they had a potential to change”
(p. 223). Thus, beliefs may be altered if the individual holding them can recognize
the inconsistencies.

The revision of long held beliefs, however, is uncommon,; this is another
distinction between beliefs and knowledge. Although both are cognitive in nature
and result from experience, knowledge tends to grow with subsequent experiences
while beliefs are inclined to remain static (Pajares, 1992). As a result, mathematics
educators’ attempts to challenge pre-service teachers’ counterproductive beliefs
stemming from an absolutist view have met considerable resistance. The
identification of some of the most damaging of these beliefs, their affect on how
students interact with mathematics, and educators’ attempts to replace these beliefs

with productive beliefs reflecting a fallibilist view follow.

Mathematical Beliefs

People’s beliefs about the nature of mathematics are well documented in the

research literature (Borasi, 1990; Frank, 1988; Garofalo, 1989; McLeod, 1992;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

17



Schoenfeld, 1988a, 1992). These studies report that the mathematical beliefs held by
a majority of students and teachers represent a narrow and static view of the subject,
typically associated with absolutism and traditional school mathematics (Dossey,
1992; Raymond & Santos, 1995). Three of the most dominant mathematical beliefs
found in the research literature concern perseverance, confidence, and predictability
in mathematics. These three areas are the focus of this study.

The first belief, perseverance, relates to the amount of time and effort exerted
when solving a mathematics problem. Many students argue that a problem in
mathematics should be solved quickly or not at all (McLeod, 1994; NCTM, 1998;
Spangler, 1992). “They believed that something was wrong either with themselves or
with the problem itself if a problem took ‘too long’ [more than five to ten minutes] to
solve” (Frank, 1988, p. 33). Thus, students are often willing to spend only a few
minutes working on a problem before dismissing it as impossible, even when the
problem might have been solved with a little more time (Schoenfeld, 1987b).

Students’ unwillingness to put persistent effort into solving a problem relates
directly to the second belief, confidence. In order for students to feel confident in
their ability to do hard mathematics, they must become comfortable exploring
different solution methods and validating their own answers (Ball, 1990). Oaks
(1987), however, found that students did not believe thinking on their own could
result in a mathematical solution. Typically, students believe that only extremely

intelligent and creative people can discover and develop important mathematics
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(Garofalo, 1989), and that ordinary people cannot expect to understand it, let alone
create it (Schoenfeld, 1992).

Students’ confidence is in their teachers, not in themselves. The research
shows that many mathematics students, including pre-service teachers, believe the
best way to learn mathematics is by passively absorbing the information as it is
presented (Borko, Eisenhart, Brown, Underhill, Jones, & Agard, 1992; Frank, 1988;
Garofalo, 1989; McDiarmid, 1990; Raymond & Santos, 1995). When middle school
students were asked to select from six cartoons the one that best represented an ideal
mathematics classroom, 65 of the 144 students were most comfortable with an image
of the teacher as ‘sage-on-the-stage’ (Fleener, Dupree, & Craven, 1997). In a similar
study, Fleener, Pourdavood, and Fry (1995) asked sixty-five pre-service elementary
teachers to write a metaphor describing the role of a mathematics teacher. Almost
half used a metaphor that implied a position of control and authority. A majority of
the students and the pre-service teachers in these two studies believed that unless the
teacher provided the proper facts, rules, and formulas for solving a problem, students
would be incapable of finding the proper solution.

Students usually do not believe that the teacher is the ultimate authority,
however. The teacher simply ‘passes on’ the pre-existing set of definitions and rules
that makes mathematics predictable (Bell, 1995; Cooney & Shealy, 1995; Oaks,
1987; Raymond & Santos, 1995). According to Garofalo’s (1989) findings,
secondary students commonly believe that “{a]imost all mathematics problems can be

solved by the direct application of the facts, rules, formulas, and procedures shown by
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the teacher or given in the textbook™ (p. 502). From this primary belief comes the

derivative belief that “[m]athematical thinking consists of being able to learn,
remember, and apply facts, rules, formulas, and procedures” (p. 503). Mathematics is
seen as predictable because solving a mathematics problem amounts to implementing
a pre-existing procedure to obtain the correct answer (Kloosterman & Stage, 1992;
McLeod, 1992).

These three categories of beliefs — perseverance, confidence, and
predictability — were used extensively in the collection and analysis of data for this
study. In each category, the beliefs of students participating in the research fell along
a continuum from ‘productive’ to ‘counterproductive’. Mathematics educators
contend that many productive beliefs reflect a fallibilist nature of mathematics
(McLeod, 1994; Thompson, 1992). If students are to be successful in true problem
solving situations in mathematics, then they must hc;ld beliefs that support
perseverance, self-confidence, and flexibility in thinking (Schoenfeld, 1992).
Consequently, the mathematical beliefs presented in this section are classified as
counterproductive because they interfere with the learning and teaching of
mathematics as suggested by the NCTM (Ball, 1990; Cirulis, 1991; McDiarmid,

1990).

Implications of Beliefs on Instruction and Learning

Research supports the McEntire and Kitchens’ (1984) presumption that the

best predictor of a person’s behavior is his or her beliefs (Borko et al., 1992; Hersch,
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1986; Pajares, 1992, 1993; Teppo, 1998). Both the teachers’ and students’ views of
mathematics play significant roles in determining what happens in the mathematics
classroom (Lubinski, 1994). Because most students and teachers hold
counterproductive beliefs based on an absolutist view of mathematics (Dossey, 1992;
Schoenfeld, 1992; Thompson, 1992), the effects of such beliefs are examined here.
These beliefs are counterproductive because mathematics education research
reports several negative consequences that emerge from beliefs based on an absolutist
view of mathematics. The first is that an absolutist view tends to ignore the
mathematical process and focuses on the result (Borasi, 1990). As a result, students
see it as a waste of time to delve into the details behind a problem because only the
answer matters; they fail to appreciate the struggle and creativity involved in the
achievement of certain mathematical results. A second consequence relates to
students’ belief that they learn mathematics best when they are absorbing the material
as it is presented to them. In Fleener, Dupree and Craven’s (1997) study, junior high
students described students’ role in the ideal mathematics classroom as, “listening and
learning” (p. 43) while the teacher’s role was, “To show what to do and how to do it”
(p- 43). Consequently, these students fell short of constructing any personal meaning
for the mathematics presented in class. A third consequence is that students with an
absolutist view typically focus on the memorization of facts rather than the
conceptual understanding of mathematical ideas (Oaks, 1987). Frank (1988) found
that when students encountered a problem that could not be solved by an algorithm

stored in their memory, they would either quit working on it or seek assistance from
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the teacher. These students failed to develop any confidence in their own ability to do
mathematics. Thus, these counterproductive beliefs resulting from the absolutist view
of mathematics described above are often responsible for increased anxiety and
limited success in school mathematics (Borasi, 1990; Oaks, 1987; Teppo, 1998).

Students’ expectations of what it means to learn mathematics can also have a
profound effect on how teachers present the material (Cooney, 1985; McLeod, 1994;
Philipp, Flores, Sowder, & Schappelle, 1994; Raymond, 1997; Shaw, 1989). An
excellent example of the power behind students’ expectations is demonstrated in
Foss’s (1997) study of an instructor in a mathematics methods course for pre-service
elementary teachers. While the methods instructor, Diane, felt she could model
teaching in a constructivist manner, her students’ expectations reflected a
counterproductive “belief that they are not learning unless they are being told what to
do” (p. 126) and caused her to rethink her methods. As Diane attempted to engage
her students in group activities requiring discourse and reflection, she became aware
of the lack of effort and interest displayed by a significant number of students.
Endeavoring to catch the attention of these students, she shifted into a more
authoritarian role. As Diane began to lecture with increasing regularity, her students
became more attentive. After a particular lecture one student observed, “It was
probably good for the class to get all that information because some have been saying
that they are not learning anything here” (pp. 121-122). Ultimately, the

counterproductive beliefs of the students won over Diane’s attempts to teach from a
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constructivist approach as she altgred her methods to appease the pre-service
teachers’ expectations about how mathematics should be taught.

The mathematical beliefs held by the elementary education majors in Diane’s
methods course are not unique, and once they become teachers their instruction often
cultivates an environment that proliferates their counterproductive beliefs (Ball,
1990). They see their students as repositories of knowledge and their role as teacher
as presenting the information in the most efficient and clear manner possible (Arvold,
1997; Borko et al., 1992; Cooney et al., 1998; Shaw, 1989; Thompson, 1992). Every
problem has an answer and a proper procedure for finding it (Ball, 1990; Brown &
Borko, 1992; Jacobs et al., 1997). Students are only responsible for accepting the
information and reproducing it on homework and tests as they demonstrate their
mathematical ability (Schoenfeld, 1988a). As students experience this type of
environment, the counterproductive beliefs are passed along, discouraging the
students from constructing an accurate picture of what it means to learn and do
mathematics. Therefore, it is imperative that mathematics educators attempt to

modify pre-service teachers’ beliefs to reflect a more fallibilist view of mathematics.

Attempts to Effect Change on Pre-service Teachers’ Mathematical Beliefs

The literature on mathematical beliefs presented thus far has highlighted three
important points. First, counterproductive mathematical beliefs permeate the belief
systems of most pre-service teachers. They tend to view mathematics as “absolute,

certain, and God-given” (Arvold, 1997, p. 466). Second, these beliefs influence how
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future teachers will represent mathematics, which in turn impacts how their students

will view mathematics. Unless pre-service teachers reconsider their
counterproductive beliefs, they find it difficult to implement reform ideas in their
teaching (Jacobs et al., 1997; Lubinski, 1994). Finally, because pre-service teachers’
mathematical beliefs often develop early in life and are constantly reinforced
throughout their schooling (Ball; 1990; Cirulis, 1991; Frank, 1988), these
counterproductive beliefs are among the most central and deeply held beliefs
regarding the nature of mathematics (Raymond, 1997). As a result, attempts to
replace pre-service teachers’ counterproductive beliefs with beliefs representing a
more fallibilist approach have faced substantial resistance (Pajares, 1992, 1993; Vacc
& Bright, 1999). Mathematics educators continue to try, however, as is evident in the
following examples from the recent research literature.

One approach, which focuses primarily on pre-service elementary teachers,
suggests increasing the number of mathematics courses elementary education majors
need to graduate. The rationale is that with greater content knowledge their
mathematical beliefs will become more enlightened. Researchers have concluded,
however, that this strategy alone is ineffective in altering pre-service elementary
teachers’ counterproductive beliefs. Ball (1990) points out that although mathematics
majors take significantly more mathematics than elementary majors, both tend to hold
a similar, rule-based view of mathematics. In fact, if the additional courses are taught
in the same fashion as those encountered previously, then the pre-service teachers’

beliefs will only be reinforced rather than challenged (Borko et al., 1992).
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Attempts to alter beliefs by simply talking about reform-minded methods or

watching classrooms taught using these approaches have proven similarly
unsuccessful. “These traditional programs which advocate progressive teaching
practices seem to us to be a classic case of ‘Do as I say, not as [ do’” (Wideen et al.,
1998, p. 160). Although students learned and could repeat the current reform
rhetoric, they often failed to internalize it (Bright & Vacc, 1994; Cirulis, 1991). Even
when pre-service teachers saw the methods successfully at work in the elementary
classroom, many of them protected their original beliefs by saying that the teacher
and students were exceptional in some way (McDiarmid, 1990). While the teacher in
McDiarmid’s study may have been remarkable compared to what these pre-service
teachers had experienced as elementary mathematics students, the students were not
atypical. These pre-service teachers’ vested interest in maintaining their prior beliefs
caused them to alter the experience to accommodate their own view of mathematics
and its instruction (Pajares, 1992). This is a prime example of why belief
modification can be so difficult to achieve.

Courses that directly engaged pre-service teachers with mathematics taught
from a constructivist perspective did have success in affecting change in
mathematical beliefs (Raymond & Santos, 1995), although some studies reported
only marginal shifts. Those resulting in the most significant belief alterations shared
several common factors: problem-solving activities, cooperative learning, reflective
writing, and incorporating research on children’s thinking and mathematical

understanding (Bright & Vacc, 1994; Emenaker, 1995). The combination of
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mathematics learning theory and actual reform methods in the mathematics education
classroom resulted in experiences that fostered productive beliefs (Vacc & Bright,
1999). “Working in groups allowed the students to see, firsthand, people taking
different approaches to the same problem” (Emenaker, 1994, p. 95), thus

discouraging students’ previous view of mathematics as predictable (Geskus, 1994;
Raymond & Santos, 1995). The group setting also encouraged students to become
more confident in their own mathematical ability, with one student noting that “in
this class, we have been forced to solve the problem on our own with a group. 1
realized that I don’t have to have the teacher tell me everything” (Raymond & Santos,
1995, p. 64). While this confidence seemed to improve at least one student’s
willingness to put more time into solving difficult problems — “I also don’t give up
on math problem so easily” (Raymond & Santos, 1995, p. 64), Emenaker (1994)
found that upon completion of the course under his study, students still felt that
mathematics problems should be solved quickly or abandoned as too hard. Therefore,
the results regarding perseverance in these studies appear inconclusive.

Although a majority of these studies observed change in the counterproductive
beliefs of pre-service teachers, the researchers were hesitant to describe the change as
permanent or substantial (Bright & Vacc, 1994; Raymond & Santos, 1995; Vacc &
Bright, 1999). Shifts in beliefs are sometimes the result of simply replacing one
authority with another, which means that these changes cannot be expected to last
(Oaks, 1987; Pajares, 1992). Furthermore, because of the clustering effect common

in belief systems (Green, 1971), teachers’ beliefs about mathematics and the teaching
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and learning of mathematics can be quite different from one another (Raymond,
1997; Shaw, 1989). For example, teachers may ideally espouse a fallibilist position
toward mathematics, but demonstrate through their instruction an actual view
supporting absolutism. This could explain why mathematics education programs
seem to have only a minor impact on future teachers’ instructional practice even
when mathematical beliefs appear to have been altered (Lubinski, Otto, Rich, &
Jaberg, 1995; Raymond, 1997; Wideen et al., 1998). The design of most of these
programs limits them to addressing pre-service teachers’ pedagogical beliefs, but not
their central mathematical beliefs (Raymond, 1997).

Much of the research on the development of mathematical beliefs and
mathematics educators’ attempts to change pre-service teachers’ counterproductive
beliefs presented thus far has concentrated on curriculum and instruction, while
leaving assessment practices relatively untouched. The fact that course assessments
do not always reflect the otherwise fallibilist nature of a program does not escape the
attention of study participants who frequently describe this discrepancy as confusing
and hypocritical (Emenaker, 1994; MAA, 1994; Raymond, 1997). It is clear that
students view assessment as a principal element in the educational system along with
the curriculum and instruction. The role of assessments in the development and

alteration of mathematical beliefs is the main focus of the next section.

Assessment

Examinations tell [students] our real aims, at least so they believe. ...[W]e
may completely sabotage our teaching by a final examination that asks for
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numbers to be put into memorized formulas. However loud our sermons,
however intriguing the experiments, students will judge by that examination -
and so will next year's students who hear about it. (Rogers, 1969, p. 956)

Depending on one’s position, assessments can represent either end of the
experiences-beliefs-actions chain (McEntire & Kitchens, 1984). Teachers’
assessments represent actions resulting from their beliefs. For students, assessments
are experiences that contribute to the development of their beliefs. The purpose of
this section is to examine the research on this relationship between assessment and
beliefs in mathematics from both standpoints — including mathematics educators’
exiguous attempts to use alternative assessments to challenge pre-service teachers’
absolutist beliefs. Before all this can be addressed, however, it is necessary to clarify

how assessment and other related terms are used within this study.

Understanding Assessment

There is general agreement that assessment is a pivotal activity in the
educational process (Crooks, 1988; Ernest, 1998; L. Wilson, 1993; Webb, 1992), yet
it is not always clear what is meant by assessment since it can mean different things
depending on use and context. Ordinarily, mathematics assessment refers to the
collection of data used to evaluate the effectiveness of a curriculum, guide teachers in
their instructional decision making, or determine students’ abilities (MSEB, 1991;
NCTM, 1995). Teachers choose from either informal or formal methods to
accomplish these tasks. Informal assessments usually coincide with instructional

evaluation (Clark, Clark & Lovitt, 1990) and have less influence on students’ grades
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(Clark, 1992; Long & Benson, 1998; L. Wilson, 1993). Formal assessment refers to
a more organized, scored event (Clark et al., 1990), which in mathematics has
commonly meant a paper-and-pencil test (Clarke, 1992; Long & Benson, 1998; L.
Wilson, 1993, 1996).

Formal assessments can be further broken down into internal and external
assessments. External assessments refer to mandated or externally developed tests
used by school districts to evaluate mathematics programs and provide information
about these programs to the public (MSEB, 1994). The Iowa Basic Skills Test,
California Achievement Test, and the competency tests required by some states are
all examples of externally developed tests (L. Wilson, 1993). Because teacher and
district evaluations are sometimes tied to external testing, this form of assessment can
encroach on teaching time and influence what and how teachers teach (Webb, 1992).
[t is not the chief influence, however, as students spend more classroom time engaged
in internal assessments than in external testing (Crooks, 1988; MSEB, 1994). Internal
assessments are the methods that individual teachers choose to use when determining
the mathematical abilities of the students in their classroom. In an effort to evaluate
students, a teacher may elect to create a new instrument or use a pre-existing one
(such as a publisher’s chapter test); in either case, the decision is usually very
personal and represents the information the teacher believes is critical to assess.

Whether teachers realize it or not, students discern what mathematics is
important to know and be able to do through these internal assessments (Clark et al.,

1990; Garfield, 1994; MSEB, 1994; Raymond, 1996; Webb, 1992). Because grades
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motivate many students, they come to value only those tasks they know will affect

their grades (Cohen & Fowler, 1998; Garofalo, 1989; Lester & Kroll, 1991; Long &
Benson, 1998; L. Wilson, 1993). In this way, students avoid all the assessment
confusion by concentrating only on formal, internal assessments (L. Wilson, 1993).
Therefore, for the purpose of this dissertation, assessment refers to student tasks
developed or chosen by the teacher that aid in determining a student’s grade for the
course.

Teachers have traditionally employed paper-and-pencil tests when assessing
students’ ability in mathematics (Crooks, 1988), but some educators argue that these
tests offer insufficient information about the students who take them (Garfield, 1993;
Raymond, 1996; Webb, 1992, 1993a). “Tasks that provide insight into student’s
understanding of mathematics are often of a different form from ones typically found
on tests” (Cooney, Badger, & Wilson, 1993, p. 245)... These tasks are customarily
referred to as alternative assessments, which include tests taken in a different format
such as in groups, or tasks such as journal writing, projects, demonstrations, or
portfolios (Cooney, Bell, Fischer-Cauble, & Sanchez, 1996; Lester & Kroll, 1991;
MAA, 1994; MSEB, 1991; NCTM, 1996). Another form of alternative assessment is
the use of authentic or ‘performance-based’ tasks. These realistic assignments are
perhaps the assessments that best approximate doing mathematics since they require
that students apply their learning in an authentic context (Garfield, 1994; Romberg &
Wilson, 1995; L. Wilson, 1993). Although authentic assessment tasks were used

extensively in my study, this is not to suggest that alternative assessment strategies
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are commonplace in present mathematics classrooms, as the research examined in the

next section demonstrates.

Current Trends in Mathematics Assessment — Assessment as Action

Recent research on mathematics assessments suggests that teachers still rely
heavily on traditional, paper-and-pencil tests to evaluate their students' mathematical
understanding (Dossey & Swafford, 1993; Raymond, 1996; Romberg, 1992; Senk,
Beckmann, & Thompson, 1997; Webb, 1992, 1993b). While teachers at the
clementary and middle school level are more likely to use diverse evaluation
techniques than their secondary counterparts, they still tend to rely more heavily on
tests when assessing mathematics than they do when assessing writing and speaking
(Cooney et al., 1996; Webb, 1992). Since assessment represents an action from the
teacher’s standpoint, the assessment choices a teacher makes reflects his or her view
of what constitutes knowing and doing mathematics (Dossey & Swafford, 1993;
McEntire & Kitchens, 1984; Wheeler, 1993).

At all educational levels, mathematics tests share several common
characteristics. A mathematics test is usually taken in a formal setting where a
student works individually on a set of questions under some strict time limitation
(Crook, 1988; L. Wilson, 1993). Although the types of questions on the tests may
vary widely, rarely are they set in a realistic context (Cooney et al., 1993; Senk et al.,
1997). Instead, the questions tend to reflect those done previously in class —

perfunctory and algorithmic in nature and only meant to assess students’ procedural
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knowledge (Cooney et. al, 1996; Dossey & Swafford, 1993; Garfield, 1993; Lajoie,
1995; Lambdin, 1993). The results from students’ tests are most often used to assign
grades and rank-order the students (Cooney et al., 1993; Wilcox & Lanier, 1999).

Inasmuch as most traditional mathematics tests emphasize finding the
percentage of answers a student got correct on problems that stress recognition and
recall, these tests fail to identify students’ strengths and weaknesses in areas that
require higher-ordered thinking. Senk, Beckmann, and Thompson’s (1997) research
found that open-ended questions requiring students’ rationale, justifications or
explanations were significantly lacking from most of the mathematics tests they
studied. For the most part, the questions on these tests required students to follow a
prescribed algorithm in an effort to obtain a single correct answer. Cooney, Badger,
and Wilson (1993) found this compatible with teachers’ view of mathematics “as
consisting primarily of a series of steps to be applied in isolated contexts” (p. 247).
The teachers in this study believed that assessing mathematical complexity was
simply a matter of developing a problem involving more and more steps, resulting in
tests that represented mathematics as a large collection of separate skills and
concepts. Thus, the effect of teachers’ mathematical beliefs on their actions is
evident in the types of test questions they choose to assess their students (M. Wilson,
1992).

It would be inaccurate, however, to assume that only teachers’ mathematical
beliefs determine their choice of assessment methods. Even though a teacher may

hold a fallibilist view of mathematics, beliefs about teaching and learning
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mathematics can also exert a sigqiﬁcant amount of influence on assessment choices
(Shaw, 1989). Some teachers believe that alternative assessments are more subjective
than tests and therefore less likely to be accepted by society (Cooney et al., 1996;
Cooney & Shealy, 1995; Crooks, 1988; Long & Benson, 1998; Wilcox & Lanier,
1999). Besides, they see assessments other than tests as too time consuming to
evaluate and difficult to record (Cooney et al., 1993; Cooney et al., 1996; Cooney &
Shealy, 1995; Lambdin, 1993; Senk et al., 1997). Many teachers are also
uncomfortable developing alternative forms of assessment due to the fact that they
feel ill-prepared to write good assessment instruments (Cooney et al., 1993; Crooks,
1988; Lambdin, 1993; Long & Benson, 1998; Senk et al., 1997).

One particularly strong teacher belief is that students will not be successful on
any type of assessment unless they are given ample opportunities to practice what is
being assessed (Crooks, 1988; Foss, 1997; Long & Benson, 1998). Typically, the
questions on a traditional mathematics test are taken directly from problems presented
during class or in the textbook allowing students to practice certain methods over and
over again (Cooney et al., 1996; Lambdin, 1993; Senk et al., 1997; L. Wilson, 1993).
The same ‘rehearsal’ strategy is commonly found when teachers attempt to use more
alternative methods. Long and Benson (1998) suggested that

[a]lthough this similarity might indicate alignment, the repetition led to a

reduced level of mathematical reasoning required each time a similar example

was solved... What started out as good thinking in instruction tended to be
reduced to recall in evaluation. (p. 505)

This lack of confidence in students’ ability to adapt to alternative assessment

strategies is also cited by teachers as a reason for choosing to avoid altogether
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incorporating alternative assessments in their mathematics classes (Cooney et al.,
1996; Crooks, 1988) or only using it informally (L. Wilson, 1993).

Students are often unaware of the factors that influence teachers’ assessment
decisions though, which means that what a student comes to believe as a result of a
heavy diet of paper-and-pencil tests may be quite different than what the teacher has
intended. The aim here is not to suggest that paper-and-pencil tests are completely
without merit and should be discontinued, only that the use of any single assessment
style presents a limited view of the nature of mathematics. Because alternative forms
of assessment are used relatively infrequently or have little impact on students’ grades
(Cooney et al., 1996; Senk et al., 1997; L. Wilson, 1993), one can safely assume that
tests embody nearly the entirety of a student’s assessment experiences in

mathematics.

Taking Tests — Assessment as Experience

In a summary of the research on assessment, Crooks (1988) reports that “[a]
substantial proportional of student time is involved in activities that are evaluated”
(p- 440). Due to their frequency and perceived importance, tests are among students’
most memorable experiences from mathematics classes (Clarke, 1992). Yet, teachers
often either ignore or fail to realize the extent to which these testing experiences
impact their students’ view of mathematics (Crooks, 1988; Raymond, 1996). While
teachers may intend for tests to define the mathematics skills they believe their

students need to know, students have difficulty separating skills in mathematics from
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beliefs about mathematics (Ma & Kishor, 1997). Hence, even when teachers try to

pass along productive beliefs to their students, their message may unwittingly get lost
in their choice of assessment.

The use of the traditional paper-and-pencil test to determine how well students
know the material presented in class is based on a behaviorist theory of learning and
an essentialist view of knowledge (Romberg, 1992; M. Wilson, 1992; L. Wilson,
1994b), thus encouraging students to embrace the counterproductive mathematical
beliefs presented earlier. For instance, requiring students to identify and reproduce
recently furnished information under a strict time restraint may reinforce inaccurate
beliefs regarding perseverance, confidence, and predictability. An excellent example
comes from Schoenfeld’s (1988a) description of a unit test given in a class he
observed which

contained 25 problems — giving students an a-verage of 2 minutes and 10

seconds to work on each problem. The teacher’s advice to the students

summed things up in a nutshell: “You’ll have to know all your constructions
cold so you don’t spend a lot of time thinking about them.” (p. 159)

The timed arithmetic tests that measure elementary students’ computational ability
offers another example of a commonly used assessment that rewards speed and
accuracy in remembering pre-existing facts (Bell, 1995). The message students
receive seems quite clear — mathematics means determining a quick, mechanical
response from a memorized method developed by some mathematical authority (Bell,
1995; Clarke et al., 1990; Hancock & Kilpatrick, 1993). Thus, “there are dangers to

the narrow assessments of competency that are currently employed” (Schoenfeld,
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1988a, p. 146) because they fail to represent the true complexity of mathematics

(Galbraith, 1993; Izard, 1993; Wheeler, 1993).

Instead, traditional mathematics tests reflect counterproductive beliefs by
rewarding students for successfully memorizing and efficiently duplicating
disconnected skills. Students believe that when they get the right answers then they
have learned a great deal of important mathematics (Frank, 1988; Izard, 1993), when
all they can truly claim is that their answers matched those on the key. Sometimes it
is just a matter of luck, as when students haphazardly stumble upon a correct solution
even though their methods are flawed (Schoenfeld, 1988b). A more likely scenario is
that the students have memorized the steps for a particular procedure in order to pass
a test yet lack the most basic understanding behind it (Bell, 1995; Borko et al, 1992;
Clarke, 1992). Ball (1990) reports that although a group of pre-service elementary
teachers knew the rule for dividing fractions well enough to sufficiently pass their
mathematics tests, they had learned it without understanding how division of fractions
is connected to the larger concept of division. “To allow them, and ourselves to
believe that they understand the mathematics [in these cases] is deceptive and
fraudulent” (Romberg, 1992, p. 46).

Attempts to implement alternative assessments in an effort to expose students
to more diverse and authentic mathematical experiences and thereby challenge their
absolutist views have proven generally unsuccessful. It appears that the primary
reason behind this lack of success stems from the fact that the alternative tasks are

commonly assessed informally due to the teachers’ doubts described previously (L.
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Wilson, 1993). Students believe that any mathematics material left ungraded is not
worth knowing or doing (Crooks, 1988; Frank, 1988; Garofalo, 1989; Senk et al.,
1997; L. Wilson, 1994a). Long and Benson’s (1998) observation of a class found that
“when graded assignments consistently did not require students to explain why a
process worked or why the knowledge was useful, they tended to pay less attention to
such discussions during instruction” (p. 506). These students were unwilling to put
their energies into activities such as conjecturing and exploring which were not
graded, and therefore, presumably not valued.

L. D. Wilson (1993) reports similar results in a study of a high school
mathematics teacher attempting to implement aiternative assessment methods such as
reflective writing and group work. Many of the mathematics problems students were
asked to write about were conceptual in nature, but few students did any of the
writing since it was rarely collected and graded. Instead they concentrated on quizzes
and tests that were comprised of almost entirely procedural questions yet had clear
grades affixed. When Wilson asked seven students from the class if they were ever
expected to do any sort of writing in the class, not one of them said yes. They did
remember writing they had done in another mathematics course though, because that
writing had been graded. The students were also unenthusiastic about the teacher’s
attempts to promote mathematical discourse through teaching pairs because these
episodes involved informal assessments. Since all the student work that was graded
was done individually, the students learned that the work done in pairs was fine, but

less important than the tests they took individually. While this teacher’s efforts to
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present a more complete picture of mathematics were laudable, they proved
ineffective as long as she tried to communicate the picture using informal
assessments.

Once increased value is attached to assessment methods which engage
students in alternative tasks that embrace problem solving, reasoning,
communications, and making connections, then perhaps students will view
mathematics “as a dynamic set of interconnected, humanly constructed ideas”
(Romberg & Wilson, 1995, p. 4). To date, research related to the effect alternative
assessments might have on mathematical beliefs is meager (Bell, 1995; Crooks, 1988;
Webb, 1992). In particular, assessments have played only a minimal role in aiding
mathematics educators’ attempts to challenge pre-service teachers’ counterproductive

beliefs.

Alternative Assessment in the Mathematics Education Classroom

The research on alternative assessments used in the mathematics education
classroom suggests that the inclusion of alternative assessments in a mathematics
education course often results from a desire to address pre-service teachers’ beliefs
about assessment, not mathematics. It has been determined that direct exposure of
pre-service and in-service teachers to alternative assessment methods can alter their
traditional view of mathematics assessment to the point that most of these teachers
became more comfortable with using alternative forms of assessment (Barnes &

Barnes, 1993; Cooney & Shealy, 1995, Raymond, 1996). Unfortunately, research on
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using alternative assessments to affect change in pre-service teachers’ mathematical

beliefs is far less definitive.

Alternative assessment typically plays a supporting role in these studies — a
single part in an all out effort to embody reform ideas in a mathematics education
classroom. Research from Raymond and Santos (1995) provides a good example.
They found that “a course emphasizing alternative assessment practices, problem
solving, cooperative work, and student reflection™ (p. 61) was capable of challenging
pre-service teachers’ counterproductive beliefs, but it was unclear to what extent the
course’s alternative assessments contributed to the challenge. Barnett (1996)
suggests that it is important to understand exactly what aspects of a course
encourages pre-service teachers to rethink their beliefs about the nature of
mathematics because such knowledge can help in designing effective professional
development experiences for future teachers.

Bell’s (1995) research was one of the first to scrutinize the exact nature of the
relationship between assessments and mathematical beliefs. Although her study
focused primarily on how assessments impact students’ attitude toward mathematics,
she also discovered that “students who were required to take exams viewed the
learning of mathematics more as a memorization process whereas the portfolio group
was more prone to view the learning of mathematics through the understanding of the
underlying concepts” (p. 32). With this result, evidence finally existed regarding

assessments’ impact on mathematical beliefs.
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The research presented in this section has demonstrated that the majority of
current assessment techniques reflect an absolutist vision of mathematics and
identified the potential these tests have for shaping students’ counterproductive
mathematical beliefs. Unless mathematics assessments shift to represent a more
fallibilist view of mathematics, the message sent by reform efforts in curriculum and
instruction will be contradicted by the values traditional paper-and-pencil tests
communicate (Graber, 1996; MSEB, 1994). If students believe that the results from
an assessment are important, then their actions are guided by this perceived
importance. Thus, it is critical to develop assessments that reward and encourage

productive mathematical beliefs.

Summary

The root of the problem is that we do not know very much about the origin of
preservice elementary education students’ beliefs, how they are supported
through experiences, or how to convert existing beliefs to new beliefs.
(Geskus, 1994, p. 14)

Currently, many teachers believe that mathematics is limited to a
conglomeration of undeniable facts and formulas and, through their actions, pass
along this view to their students. As a result, students encounter experiences
(typically associated with the traditional mathematics classroom) which cultivate
counterproductive mathematical beliefs that can impede their development in the
subject. Thus far, mathematics educators’ attempts to interrupt this absolutist cycle
have met with varying levels of success. Their plan has been to challenge pre-service

teachers’ narrow mathematical views through a constructivist philosophy of learning
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that provides experiences that represent the fallibilist nature of mathematics. This
typically has meant shifts in the curriculum and in instruction. Although assessment
has been called “an instrument of reform” (Cooney et al., p. 239), changes in how
mathematics is being assessed are uncommon. Traditional paper-and-pencil tests that
reflect the absolutist view remain the assessment of choice in mathematics, possibly
sabotaging educators’ otherwise reform-minded efforts. In this way, assessment may
serve as an impediment rather than an instrument of reform.

As this chapter has shown, the role assessment plays in the development of
students’ mathematical beliefs is often written about, but without much formal
research for support. The goal of this study is to address this deficiency by obtaining
a better understanding of the relationship that exists between assessments and beliefs
in mathematics. These results will aid mathematics educators as they choose the
assessments they will use in courses designed to challenge pre-service elementary
teachers’ counterproductive mathematical beliefs. The methods used in this study to

obtain data on this relationship are defined in the next chapter.
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CHAPTER 111

METHODOLOGY

During the1998 Fall semester, thirty-two students attending a large mid-
western research university were offered the opportunity to participate in an
investigative study into the relationships between mathematical experiences and
beliefs. The students enrolled in a single section of an undergraduate mathematics
course for pre-service elementary teachers without prior knowledge of the research.
Seven students agreed to participate as informants for the research, which meant
being interviewed on five separate occasions and sharing copies of all of their graded
coursework. Their testimony would represent the majority of the data used in this
research.

Figure 1 provides a visual representation of the context and methodology of
the study. The figure also represents the framework of this chapter: a detailed
account of the research setting, a description of the interventions employed in the
course section under study, information regarding the study sample, and an
explanation of the methods used in the gathering and analysis of data. Many of the
decisions made when devising this research design were the result of findings from an
earlier pilot study. Therefore, in order to put this design in perspective, the chapter

begins with a brief examination of the relevant details from the pilot study.

42
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Figure 1. Context and Methodology of the Study.

Pilot Study

The pilot study began in the Fall 1997 semester, lasted a year, and was
separated into four phases. Each phase built upon results from antecedent phases in
an effort to determine appropriate methods for collecting data on the relationships
between pre-service teachers’ mathematical beliefs and assessment experiences.

Only the pertinent details are presented here.

During the first phase, [ observed a Probability and Statistics section led by
the instructor teaching the class for the final study. Besides determining that the
instructor’s methods and assessments reflected the vision of the NCTM, this pilot also
provided an opportunity to begin designing appropriate interview protocols and pilot

a quantitative belief instrument. Background information collected during interviews
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conducted with four students from this section provided the basis for a vignette
activity and two card sorts used in the final study. Regarding the belief instrument,
the original research plan was to administer a pre-existing, quantitative belief
inventory (see Kloosterman & Stage, 1992) at the beginning and the end of the course
to ascertain if there were any changes in students’ mathematical beliefs.
Unfortunately, this survey limited students to reacting to prewritten beliefs without
being able to explain their position. The personal nature of beliefs required an
instrument that allowed for varied responses and insight into students’ rationale if the
results were to be useful in addressing the research questions.

The second and third phases examined the effectiveness of the interview
protocols at identifying informants’ mathematical beliefs and determining their
reactions to alternative mathematics assessments. These were conducted during the
Winter and Spring semesters of 1998. Based on the results, it appeared that students’
perception of ability and effort in mathematics might relate to their beliefs about the
subject, which ultimately influenced the selection of students for the final study.

The pilot study’s final phase took place during the 1998 Summer semester and
involved testing a belief survey used by Cooney, Shealy, and Arvold (1998) and
Gober (1997). Pajares (1992) suggests using metaphors and/or similes to aid in
understanding pre-service teachers’ beliefs and a portion of this survey included
selecting the best and worst similes for teaching and learning mathematics and
supporting each choice. I adapted the simile section to my research by adding

metaphors for doing mathematics. When this modified version of the survey was
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piloted on a group of elementary and secondary pre-service teachers and their
mathematics instructors the results were promising. A few of the similes and
metaphors proved too obvious, however, consistently resulting in rationale lacking
depth. I replaced these with more neutral similes/metaphors suggested by members
of the pilot group. With the survey completed, I was now prepared to begin

researching the relationships between beliefs and experiences in mathematics.
The Setting

Geertz (1973) refers to contextual information as the ‘thick description’ of the
study inasmuch as a research report must include a significant amount of background
information if it is to furnish an accurate backdrop on which to examine the results.
In support of this thick description, Lincoln and Guba (1985) wrote:

(I]t is entirely reasonable to expect [a researc;her] to provide sufficient

information about the context in which an inquiry is carried out so that anyone

else interested in transferability has a base of information appropriate to the
judgement. (pp. 124-125)

The description provided in this section is separated into three increasingly smaller
groups representing the study’s setting — the university, the elementary education

program, and a specific mathematics course for elementary education majors.

The University

The study was conducted at a public, four-year university located in a large
mid-western city during the 1998 Fall semester. The university served approximately

27,000 students at the time of the study. Women represented 55% of the student
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populace, and 11% of the 27,000 students belonged to a minority race. Roughly

twenty-one thousand students, or 78%, were enrolled as undergraduates. These

percentages have remained consistent over recent years.

The Elementary Education Program

During the 1998 Fall semester, slightly under 2,000 undergraduate students
were identified as elementary education majors. As Table 1 demonstrates, this
population was roughly homogeneous. The typical pre-service elementary teacher

was white and female.

Table 1

1998 Elementary Education Majors Data

Total Students Percent of Total
Men 17.4%
Women 82.6%
Minorities 7.5%

The university’s elementary education program differs from many comparable
programs in that, with a few exceptions, all pre-service elementary teachers are
required to take four specific mathematics courses designed for elementary education
majors to earn their degree. The first three courses stress mathematical content and

each must be successfully completed with a grade of C or better before the fourth
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class, Methods in Elementary School Mathematics, can be taken. The first course,

Number Concepts, is a prerequisite for the other two content courses, Geometry and
Probability and Statistics, which may be taken in either order. Equivalents to the
Number Concepts and Geometry courses are offered at a local community college,
though no such credit is available for the Probability and Statistics course.
Therefore, the vast majority of all elementary education majors who graduate from
the university must pass through this particular mathematics content course. Herein
lies one of the reasons that the Probability and Statistics course was selected to be at

the center of this study.

The Focus Course

Probability and Statistics is a four-credit course that usually meets for an hour
and forty minutes twice a week. Six sections of the course are typically offered in the
Fall semester in an attempt to accommodate the large number of students. In the fall
of the study, 203 students completed this course, resulting in class sizes ranging from
32 to 36 students. (see Table 2 for complete statistics.)

Each section uses a text developed by mathematics educators from the
university specifically for the course. The book contains information, activities, and
exercises that attempt to reflect mathematics as problem solving, reasoning,
communication, and connections — as envisioned in the Curriculum and Evaluation
Standards (NCTM, 1989). Although some instructors use supplemental materials

from outside resources — Teaching Children Mathematics, Mathematics in the Middle
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Grades, Mathematics Teacher, the NCTM Addenda series, Qualitative Literacy, and
the Middle Grades Mathematics Project — the required text provides a complete
curricular framework for the course. It is separated into seven chapters with the first
four addressing the study of descriptive statistics and the last three focusing on
experimental and theoretical probability. From an instructional standpoint, the
textbook incorporates the use of technology as it applies to probability and statistics.
The text provides technical support and activities that employ the calculator in the
exploration of concepts behind statistical functions, how data is represented in

different graphs, and programs that examine simulations.

Table 2
Probability and Statistics Fall 1998 Enrollment Data

Section Enrollment Male Female White Minority
A 36 6 30 31 5
B 35 5 30 31 4
C 34 6 28 31 3
D 33 6 27 27 6
E 33 6 27 29 4
Study 32 9 23 27 5
Total (%5) 203 (100) 38 (19) 165 (81) 176 (87) 27 (13)
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Another instructional technique shared by each section of the focus course is

the participation of individuals in small groups. Students are customarily separated
into groups of three or four in which they are expected to communicate their methods,
solutions, and comprehension of the mathematics in the assignments and activities.
Several sections attempt to incorporate this idea of cooperative learning into selected
assessments as well. While this alternative assessment method is not common to all
six sections, it was a portion of the intervention employed in the section under study

[hereafter known as the study section].

The Intervention

The study section’s attempts to intervene in the elementary education
students’ mathematical view are separated into three parts: Class Routine, Instructor,
and Assessments. Class Routine begins by preparing a generalized picture of a
typical day in the study section. Next, Instructor profiles the study section’s teacher.

Finally, Assessments describes the alternative assessments used in the study section.
Class Routine

The study section incorporated several significant pedagogical shifts, moving
from traditional mathematics teaching toward alignment with the vision of the
Professional Standards for Teaching Mathematics NCTM, 1991). According to this
document, good mathematics instruction requires the implementation of worthwhile

mathematical tasks and increased involvement of students in classroom discourse.
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Although a typical class period followed the traditional agenda of reviewing
previously assigned work, introducing a new topic, and practicing this topic
(Raymond & Santos, 1995; Schoenfeld, 1992), the similarities ended there. The class
usually began with each group discussing amongst themselves problems that arose
from the previous day’s assignment. Next, a whole class discussion, led by one of the
students, addressed any problems that remained unresolved. Students either
volunteered or were selected to ‘become the teacher’ while the instructor took the
student’s place in his or her group. The ‘teacher’ was encouraged not to simply show
how to get the answer, but to engage the entire class in determining any appropriate
processes that would result in reasonable solutions. Once the problems from the
previous assignment had been addressed, the new topic was introduced, usually
through a small group exploration of mathematical ideas connected to some previous
learning. Finally, time permitting, students worked collaboratively on a new set of
problems. The instructor remained available to answer questions throughout the
entire process, but regularly she would take any questions and open them up to the
entire class. In this way, the teacher did not represent the study section’s sole

mathematical authority.
Instructor

The alignment of curriculum, instruction, and assessment in the mathematics
classroom is a central goal of the NCTM (1989, 1991, 1995) Standards documents.

In a constructivist classroom, the teacher plays an important role in this alignment,
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especially in the creation of an environment where assessment and instruction are

thoroughly integrated (L. Wilson, 1994b). Since this study was investigating the
effect combining alternative forms of assessment with reform-based curriculum and
instruction might have on beliefs, it was imperative to observe an instructor who was
willing to embrace just such an atmosphere.

The study section’s instructor, a professor of mathematics education at the
university, met this requirement. First, she was a co-author of the course text and
comfortable in its use. Second, as the description of the class routine suggests, she
took a non-traditional, student-centered approach to instruction. The final piece in
this curriculum-instruction-assessment alignment was her experience and enthusiasm
in using alternative assessment methods. She taught the university’s graduate course
on mathematics assessment, where her knowledge and interest in alternative forms of
assessment was evident.

As a result of the instructor, the study section was strikingly similar in
structure to the courses described in the literature review that were found to be
somewhat successful in challenging pre-service teachers’ absolutist view of
mathematics. In each course, students engaged in problem-solving activities in
cooperative groups. They engaged in reflective writing and delved into the current
research on students’ mathematical thinking. What distinguished the study section
from these previously researched courses was the instructor’s commitment to not only

align instruction and curriculum with reform views, but assessments as well.
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Assessments

Students’ final grades were based on their aggregate score on quizzes, a
comprehensive final exam, class participation, and three alternative assessment tasks.
Initially, quizzes were simply unannounced homework quizzes meant to hold the
students accountable for daily assignments. Later in the semester, the quizzes
introduced the students to the type of problems found on the final exam so they would
have some experience with the instructor’s testing style. The final exam, worth
approximately 30% of the total possible points available over the semester, was a
comprehensive paper-and-pencil test consisting primarily of problems requiring
students to demonstrate their understanding of probability and statistics. Students
took the final exam in a traditional testing environment as each student worked on the
test individually for a fixed period of time. Class participation scores depended on
attendance, preparation, involvement in class activities and discussions, and students’
willingness to lead a problem discussion. A written journal, collected on a weekly
basis but not graded, also figured into the participation score. Journal entries were
intended as a non-threatening method of communication between students and the
instructor through which students would respond to some prompt or share their
thoughts about the class activities, environment, or alternative assessments.

Although each alternative assessment addressed different topics within
probability and statistics (see Figure 2), they were all similar in structure. All were
authentic, which means the assessments engaged students in activities that teachers

and researchers actually perform in their work. Students were also encouraged to
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Assessment Task Chapters Topics Assessed
Interpreting Graphical Displays of Data*
Assessment Writing 1 Interpreting Tabular Displays of Data*
Pairs of students will Real Graphs and Picture Graphs
design assessment Bar Charts or Graphs
questions that could be Circle Graphs*
used to evaluate their Line Charts or Graphs
peer’s understanding of Selecting Appropriate Graphical Displays
the topics presented in Organizing Data
class. 2 Stem-and-Leaf Plots
Frequency Tables and Histograms*
Scatter Plots
The Concept of Mean*
Evaluating Responses 3 The Mean of a Frequency Distribution
In pairs, students will The Median of a Data Set*
create a key for a pre- Selecting a Measure of Central Tendency*
existing course exam. Range and Interquartile Range*
Individually, students will 4 Box Plots*
use their “pair” key to Mean Deviation
evaluate the answers from Standard Deviation*
an exam completed by an Applications of Standard Deviation
imaginary student. Normal Distributions
Monte Carlo Task 1-4 Designated by * above
Students will each receive Review
a problem that can be
solved using a simulation Likelihood of Events
model. Each student team 5 Randomness
will design a model, carry Probability Experiments
out a simulation, and Two Kinds of Probability
analyze the results. Geometric Probability
Problem Solving with Simulation
6 Using a Random Number Table
The Monte Carlo Procedure

Figure 2. The Study Section’s Alternative Assessments.

undertake each of the three tasks in pairs in an attempt to align the assessment

structure with the cooperative nature of the class, although some students did choose
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to work individually. Finally, each assessment required students to self-assess their

work, thereby reflecting on the activity and the quality of their product.

The first alternative assessment task, Assessment Writing, required students to
write test questions that would evaluate their peers’ understanding of the course
topics presented in Figure 2. (Appendix A includes the actual description of each task
and the accompanying rubric). Student pairs were given nearly a month to work on
the task including portions of two class periods. While pairs’ assessment items were
not actually administered to their peers, the items and accompanying solutions did
provide evidence of the students’ depth of understanding of the material.

Evaluating Responses, the second assessment, began by directing new student
pairs to create an answer key for a pre-existing Probability and Statistics exam
covering topics in descriptive statistics (see Figure 2). Again, the students worked on
their key during two class periods, but completed the majority of the task outside of
class. Having developed an exam key, students worked individually during one class
period on the evaluation of a fictional student’s exam answers (see Appendix A).
These answers represented typical student responses, right and wrong, found on past
exams covering the same material. Not only did the student evaluators have to
determine the correctness of each answer they also had to identify the thinking that
might have resulted in a mistake and how a mistake ought to affect an answer’s score.
To accomplish the scoring, students relied on the same rubric that the instructor used
to evaluate the students’ keys. Thus, Evaluating Responses allowed the instructor an

opportunity to assess students’ procedural understanding through the evaluation of the
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key and students’ conceptual understanding via their explanations of how they
evaluated the fictional student’s exam.

The third alternative assessment was a Monte Carlo Task based on several
simulation problems found in The Art and Techniques of Simulation (Gnanadesikan,
Schaffer, & Swift, 1987). As seen in Figure 2, this assessment evaluated probability
concepts along with previously assessed topics in statistics. Each student pair was
assigned one of seven situations that they were to solve by developing and
implementing a simulation model (see Appendix A for the situations). Using a
programmable calculator, students designed a program that would accurately
represent the model, carry out at least one hundred trials, and store the results of each
trial in a data list. Having carried out the simulation, students created a report
describing their solution plan, the results from carrying out their plan, and their
interpretation of the descriptive statistics. Within this report, they also visually
displayed their findings using graphical representations. Part of a class period was set
aside for the pairs to work on this assessment, but the majority of the project was
completed outside the class.

On any two of the three assessment tasks, students could correct their
mistakes, thereby improving their understanding as well as their score. Although a
small penalty, amounting to between 5% and 10% of the assessment grade,
accompanied these second chance attempts, many students took advantage of the
opportunity to resubmit their work or meet with the instructor to discuss their

mistakes. Not only did all of these assessments emphasize that mathematics is
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essentially a group endeavor, connected to real-life, and involves self-reflection, they

also modeled that mathematics is a process not simply a product.

The alignment between curriculum, instruction, and assessment within the
study section was complete. As a result, the pre-service teachers enrolled in this
section would encounter mathematics from a fallibilist perspective with a consistency
lacking in most earlier studies. The elementary education majors exposed to this

combination of interventions represented the study’s sample.
The Sample

The students enrolled in the study section, like those in the university’s
elementary education program as a whole, turned out to be a fairly homogeneous
group in terms of gender and race (see Table 3). Inclusion of this information is not
intended to suggest that the study section was representative of the university’s
population of elementary education majors, but to provide information that gives a
complete picture of the sample from the study. Out of these thirty-two students,
seven agreed to act as informants in this research.

My highest priority when selecting informants was that they would offer me
the best opportunity to learn the most about the research questions (Patton, 1990;
Stake, 1995). On the first day of class, I shared with the students in the study section
the goals of this research in an effort to generate enthusiasm for their participation as
informants (see Appendix C for the Oral Script). As an added incentive, I offered to

tutor students for their Probability and Statistics final if they agreed to take part in the
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study. The goal of this convenience sample was to recruit at least twelve students

who were willing to discuss candidly their views regarding the relationships between
assessments and beliefs in mathematics. From this pool of informants, a more

purposeful sample could be selected.

Table 3
Study Section Enrollment Data
Total Percent Percent of University Elementary
Students 32 of Class Education Majors
Men 9 28.1% 17.4%
Women 23 71.9% 82.6%
Minorities 5 15.6% 7.5%

A further consideration in this study were results from the research (Oaks,
1987) suggesting that students’ perception of ability and effort in mathematics are
related to their beliefs about the subject. For this study, students identified
themselves as fitting one of the following classifications: (a) students who did well in
mathematics and felt it came easy to them [Type I], (b) students who did well in
mathematics but really had to work at understanding it [Type II}, and (c) students
who had a hard time understanding mathematics and typically did poorly in the
subject [Type III]. Consequently, it was decided that the purposeful sample should

include six informants — two of each self-perception types.
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Initially, only six students‘ (all females) expressed interest in taking part in the
study. Fortunately, this group of possible informants included each of the three types:
one Type I, three Type IIs, and two Type IIIs. Having a single Type | informant
involved in the study was a concern, however. Therefore, in an attempt to recruit
another informant for this classification, I contacted students who identified
themselves as someone who found mathematics easy to understand and earned good
grades. Although many of these were males, they expressed disinterest or maintained
that they did not have the time. Another female student who fit into this classification
agreed to be an informant though, providing the study with at least two
representatives from each type.

Further information on each informant is presented in Chapter IV. These
detailed descriptions of each informant ought to assist the reader in linking informant
characteristics with the research findings. The methods used in the collection of the

data for this research are provided in the following section.

Data Collection

An important characteristic of research in mathematical beliefs is the use of a
variety of concrete practices when gathering data (Borasi, 1990; Pajares, 1992). For
this study, open-ended surveys, in-depth informant interviews, and artifacts from the
study section (including journals) were all tools employed to uncover students'
mathematical beliefs and related experiences. These instruments (surveys,

interviews, and artifacts) are the focus of this section on data collection.
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Survevs

Surveys provide an efficient method for obtaining large amounts of data from
respondents (Krathwohl, 1993). This study employed two versions of the modified
belief survey described earlier in the section on the pilot study. Students enrolled in
the study section completed the initial survey on their first day in class and the exit
survey during the final week of that same semester. These surveys were similar in
that both asked students to select similes reflecting their ideal vision of mathematics
teachers, students, and what it means to do mathematics. The most meaningful data,
however, resulted as students justified their choices. Analysis of these explanations
provided insight into the students’ mathematical beliefs. Where the two surveys
differed was in the remaining information each collected from the students.

The initial survey (see Appendix C) sought out data regarding students’ high
school and college mathematics course histories, where they attended high school and
their year of graduation (used to help match students’ initial and final surveys since
the final surveys were completed anonymously), and how they viewed themselves in
terms of their mathematical ability. Background questions required students to write
the appropriate information on the spaces provided, but the self-perception portion
was somewhat more complicated. Students reported their perception of their ability
in mathematics on a two-dimensional coordinate system (see Figure 3).

Students placed a symbol (dot, asterisk, stick-person, etc.) on the coordinate
system that corresponded to where they believed they were in regards to

mathematical effort and grades. The labels for these self-perception types (described
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in the previous section) reflected the corresponding quadrant in the coordinate system

shown in Figure 3. Thus, the upper-right quadrant symbolized Type I students, the
upper-left quadrant designated Type II students, and the lower-left quadrant stood for
Type III students. It was not expected that any students would place themselves in
the lower-right quadrant [Type V], students who found mathematics easy to
understand but typically earned poor grades, nor did any students in the sample do so.
Any students who placed themselves directly on one axis or the other would be
addressed on a case-by-case basis. The background data and mathematical self-
perceptions from this initial survey communicated the various course histories and

attitudes of possible interview informants.

I have had
good grades
in math
Type 11 Type
I have to Understanding
work hard to math comes
understand easy to me
math
Type I Type IV
I have had
poor grades
in math

Figure 3. Self-perception in Mathematics Graph From Initial Survey.

In order to gather evidence of any changes to the pre-service elementary

teachers’ beliefs over the fifteen week semester and possible reasons behind the
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changes, all of the study section students completed a second belief survey at the end

of the semester (see Appendix C). On the exit survey the portion asking for the
students’ course history in mathematics was replaced by a pair of questions that
attempted to ascertain what recent experiences the students felt might have shaped
their current view of mathematics. Students selected from a list of experiences, both
inside and outside the Probability and Statistics course, and were encouraged to add
any influential experiences that they felt were missing. Once these experiences had
been identified, students ordered from most to least significant the top six influential
experiences. This information aided in determining students’ perception of the
impact alternative assessments had on their current mathematical beliefs.

Responses to the prompts from these belief surveys provided a starting point
in the data collection process, but would not be sufficient in addressing the research
questions. Consequently, it was necessary to conduct interviews with informants who
could aid in the interpretation of this data and contribute further insights into the
relationships between mathematical beliefs and experiences. This interview process

is described next.

Interviews

Once an informant agreed to take part in the study, an interview schedule was
developed. Each informant participated in five interviews lasting from forty-five to
ninety minutes depending on the amount of information addressed. Spread

throughout the semester, the interviews coincided with the study section’s alternative
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assessment schedule (see Figure 4). I conducted the interviews in my office at the
university, with the exception of one set conducted at an informant’s place of
employment for her convenience. A structured plan developed for each interview
ensured that all of the issues relevant to the research questions would be investigated
(see Appendix C for each interview’s protocol). These plans consisted of open-ended
prompts meant to elicit detailed responses, while focusing the informants’ attention

on the objectives of the study.

Week of Course Assessment Interviews
1* _
2™ Interview
3 One
4" ' Interview Two
5" Assessment Writing -
[ B ~ Interview
7% . S Three
8F Evaluating Responses s
g% L Interview
10" R R Four
12%
13% T s
14" Monte Carlo Task
15" Final Exam Interview Five

Figure 4. Assessment and Interview Schedule for Study Section (Fall 1998).

Interview One

The first round of interviews took place during the second and third weeks of
the semester. The two main goals of this first interview were to investigate the

informants’ past experiences in mathematics classes, including assessment
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experiences, and to begin examining their beliefs about mathematics upon entering

the Probability and Statistics course. Data related to these objectives were gathered
as the informants responded to direct questioning and engaged in three structured
activities (see the Interview One Protocol in Appendix C).

The first activity required informants to read two vignettes describing a
typical day in two very different mathematics classes (see Appendix C). One
description provided a “traditional” view based on the research literature (Romberg,
1992) and findings from the pilot study. The other description was representative of
the reform-mathematics classroom discussed in the NCTM (1989, 1991, 1995)
Standards documents. As the informants read these vignettes they highlighted the
portions that resembled their own experiences in yellow and those most foreign to
their experiences in blue (color selection was arbitrary). Upon completion of this
task, informants discussed any experiences that were missing, thereby presenting a
comprehensive picture of each informant’s experiences in mathematics.

The next activity focused on assessments in the mathematics classroom and
involved sorting randomly arranged cards listing various assessment activities
reported in previous research (the assessment list is provided in Appendix C).
Informants separated the assessments into three piles labeled ‘a lot’, ‘sometimes’, and
‘never’ based on the frequency with which they had encountered each assessment
during their mathematics experiences. Upon completing this sort, informants
commented on the assessments in each set and discussed any assessment experiences

missing from the ‘sometimes’ or ‘a lot’ piles. Hence, the resulting data represented
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the entirety of assessment experiences that the informants recalled occurring during
previous mathematics courses.

The final activity also required the students to sort through pre-shuffled cards,
these containing various mathematical beliefs related to perseverance, confidence,
and predictability (see the belief statements in Appendix C). Some of the phrasing of
the belief statements came directly from students’ rationales on the initial survey,
while others related to prior research. Informants divided these statements into those
they could agree with and those that they could not. Again, once the sort was finished
the informant explained her reasoning behind the placement of each belief statement
card, thereby clarifying her perspective concerning the nature of mathematics.

In responding to the first interview’s prompts and activities, the informants
described their experiences in mathematics and their view of the subject upon
entering the Probability and Statistics course. These results provided information
used as baseline data throughout this study, including the next interview when

informants attempted to make connections between their beliefs and experiences.

Interview Two

After reviewing the transcripts from the first interviews, I adapted the plans
for the second set of interviews to reflect the data already collected (see the Interview
Two Protocol in Appendix C). The second interviews took place during the fourth
week of the semester in an effort to complete them before the students encountered

their first alternative assessment in the study section. This interview, and all the
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subsequent interviews, began by asking each informant to clarify statements made
during earlier interviews to ensure an accurate understanding of the data. The
remainder of interview two examined informants’ strongest beliefs about the nature
of mathematics and the experiences that they perceived as relating to these beliefs.

First, informants returned to a subset of the belief cards they sorted during the
first interview and chose the four they felt most strongly about either positively or
negatively. (In an attempt to avoid the selection of seemingly obvious statements, [
removed three belief cards that had been sorted identically by each informant — see
the belief statements in Appendix C.) Once the informants had selected four of the
remaining belief statements, they rewrote each so that they could strongly agree with
all of them. During this exercise, they also rewrote a statement regarding their beliefs
about their ability in mathematics - “I consider myself as {poor/average/good} in
mathematics.”

Upon the completion of this task, they learned of McEntire and Kitchen’s
(1984) theory that experiences lead to beliefs, which affect actions. They then shared
how long they had held each of the five rewritten beliefs and tried to pinpoint
possible experiences that might have contributed to the development of these beliefs.
Most of the informants found it difficult to think of more than one experience for
each belief so they took the rewritten belief cards with them and thought about other

related experiences for the next interview.
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Interview Three

The third interview was conducted after the class’s first alternative
assessment, during the sixth and seventh weeks of the semester. Besides examining
any belief-related experiences they had thought of since the last interview, this
interview focused on past and present assessment experiences in mathematics.
Informants talked about the Assessment Writing task (the first alternative assessment)
and compared it to past mathematics tests. Because tests figured so prominently in
the informants’ previous mathematics classes (a finding from the first interview), it
was important to gain a clearer picture of how the informants viewed these past
assessment experiences. The interview concluded with the assignment of another
belief instrument that asked them to place Xs along several continuums that would
represent what they believed to be true about mathematics and learning mathematics
(see Raymond, 1993). This instrument aided in the examination of relationships

between assessments and beliefs in the fourth interview.

Interview Four

After completing the second assessment task, Evaluating Responses,
informants returned to report on their responses to Raymond’s belief instrument; this
fourth interview was scheduled for the ninth and tenth weeks of the semester. They
also spent time comparing the study section’s first two alternative assessments to each
other and to the paper-and-pencil tests that they had taken in other mathematics

courses. The central focus of the interview, however, involved an activity related to
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McEntire and Kitchens’ (1984) theory on the relationship between experiences,

beliefs and actions.

In this activity, informants read a vignette describing a student preparing for
and taking a mathematics test (see the Mathematics Test Vignette in Appendix C) and
highlighted in yellow experiences that sounded familiar and blue those that were
foreign. The scenario reflected details from earlier interviews and served two
purposes: (1) confirmation that the informants’ experiences taking a test in
mathematics were clearly understood and (2) providing a context for the experience-
belief-action activity. Next, the informants discussed how the teacher in the
dramatization might view mathematics [beliefs] based on the characteristics of the
teacher’s test [action]. Finally, they went through the same process, but this time
from the perspective of a student taking the test. In this case, the test represented an
experience and the informants hypothesized about the beliefs a student might have
developed in this situation.

Using these theoretical relationships as a basis, the informants went on to
explored the role these types of testing experiences might have played in the
development of the beliefs they had rewritten during their second interview.
Consequently, this exploration resulted in a list of the possible causal relationships
between assessments and beliefs in mathematics as seen by the informants. During a
portion of the fifth interview, this list was used to determine if any consensus existed

among the informants regarding such relationships.
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Interview Five

All of the informants took the Probability and Statistics final exam before this
last interview, except for one who scheduled her interview earlier on the same day as
the final. Therefore, the informants had experienced all the study section’s
instructional sessions and alternative assessments prior to this fifth meeting. As in the
previous interviews, the informants spent time describing their perceptions of recent
experiences in the course, concentrating on those related to assessment. The main
purpose for interview five, however, was to examine certain themes that emerged
during previous interviews and determine to what extent the alternative assessments
used in the study section affected students’ mathematical beliefs.

The interview began by addressing the informant’s beliefs regarding
mathematics assessment in general. Each informant shared what she believed it
meant to assess someone’s ability in mathematics, how this view had changed over
the semester, and how the alternative assessments related to any change. It was
during this exchange that the informant discussed the study section’s assessments in
more detail, especially the last two — the Monte Carlo Task and the final exam.

Next, each informant documented any changes in her view of mathematics
since the semester started and the factors contributing to these alterations. This
involved three activities: (1) comparing rationale from the initial and exit belief
surveys, (2) another sorting of the belief cards in order to identify any shift in the
informant’s beliefs, and (3) a review of the rewritten belief statements to ascertain if

the informant still strongly agreed with every statement. In each activity, if there
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were any differences between the informant’s initial and exit beliefs, then she
discussed her new beliefs and explained what experiences from the semester
prompted such changes.

The final portion of the interview attempted to examine the validity of certain
hypotheses suggested in the research literature and resulting from the informants’
responses in earlier interviews. A list of nineteen statements regarding the
relationships between assessments and beliefs in mathematics was developed (see the
Relationship Confirmations in Appendix C). Informants chose to ‘strongly disagree’,
‘disagree’, ‘agree’, or ‘strongly agree’ with each statement based on the following
criteria. ‘Strongly disagree’ meant, “I have never held that belief. Therefore, I
cannot really answer this one because I have never feit that way.” ‘Disagree’ implied,
“Although I have held that belief, it arose from an experience other than the one
suggested here.” ‘Agree’ suggested, “I have held that belief and the experience
makes sense but it is not the first one to come to mind.” Finally, ‘strongly agree’
represented, “Yes, that connection between beliefs and experiences reflects my
reality.” Lincoln and Guba (1985) refer to this method as ‘member checking’ and
state that it “is the most crucial technique for establishing credibility” (p. 314). Upon
completion of this task, the informants explained the rationale for their position on
each summative statement. The results allowed me to evaluate how accurately my
interpretations of previous interview data reflected the perceptions of my informants,

which represented the culminating piece of the interviewing process.
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Final Comments on Inten(iews

In these five interviews, the informants provided the bulk of the information
used to address this study’s research questions (see Figure 5). The informants’ own
words would paint the picture depicting how they perceived the relationships between
their mathematics assessment experiences and their mathematical beliefs. Interviews
were not the sole data source, however. As was mentioned earlier, surveys
contributed a great deal of significant information and course artifacts, which will be

discussed next, helped to complete the picture.

Artifacts

Artifacts represent non-interactive data sources that aid researchers in their
attempts to make sense of a particular situation (Lincoln & Guba, 1985). In this
study, the artifacts were documents collected from two different sources — the
instructor and the informants.

The instructor contributed the Probability and Statistics textbook, copies of
course handouts, information cards completed by the students, and a copy of the final
exam. A description of the text is provided in an earlier section of this chapter (see
The Focus Course section). Course handouts included descriptions of the tasks and
the scoring rubrics (see Appendix A), daily agendas, and supplemental materials not
covered in the text. The information cards, which students filled out the first day of
class, contained personal information (phone number, address, and something unique

about the person), a list of mathematics courses taken by the student and subsequent
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grades, and the student’s attitude toward mathematics (drawn as a self-portrait). The

final grade sheet was a printout from a spreadsheet program that showed the
individual scores for each class assessment. While these documents did not
contribute directly to the results of this research, they did aid in developing a
backdrop for the data collected during the study.

Each of the informants provided copies of their completed assessment tasks
(Assessment Writing, Evaluating Responses, and the Monte Carlo Task) and their
course journal. Samples from the Assessment Writing project, in particular, assisted
in identifying what the informants thought a mathematics test ought to look like and
what they believed it meant to do mathematics. Journals, a weekly requirement for
the course, were comprised of students’ responses to the instructor’s prompts, which
usually involved questions related to issues raised in class, recent assignments, and
group interactions. On occasion, the prompts addressed students’ mathematical
beliefs or their thoughts about the study section’s alternative assessments. In those
cases, the journal entries represented information that could clarify and support data
gathered through other methods.

In this way, the artifacts provided evidence that either filled in the gaps or
triangulated with the data gathered from the surveys and interviews. The researcher
sifted through this amassed data in order to present a clearer picture of what a pre-
service elementary teacher thinks it means to do mathematics and how these beliefs
are related to assessment practices. Steps taken in the analysis of this data are

described in the following section.
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Data Analysis

In this research, data were analyzed using the constant comparative method
(Strauss, 1987) in an effort to uncover common themes related to the relationships
between assessment and beliefs in mathematics. In this method, data converges to
represent themes that emerge during the classification of important results found in
the data. Once identified, possible themes are shared with the informants in order to
confirm their validity. The entire analysis process, which took place in two separate
stages, followed this technique.

The first stage involved the initial collection of data. Upon completing a set
of interviews, the interview transcripts were examined in preparation for subsequent
interviews; this involved searching for commonalties across informants and
interviews and highlighting statements requiring clarity. Whenever an informant’s
comments required clarification, I attempted to use her words verbatim during the
next interview as a method of soliciting what she understood her statement to mean.
Here is an example of just such an exchange:

Interviewer: [W]e were talking about the fact that you’ve changed your
perspective. And I asked why and you said, “I think just
because of the way we were being forced to learn it here.”
How are you being forced to learn it here?

Informant:  They’re not giving us the answers or telling us how to do
things straightforward. They’re making us go through the
problem solving and thinking, sort of come up with the correct

answers and we have to argue with each other in class, not
looking to the teacher for a right or wrong response. (C2, 1)’

' (C2, 1) refers to informant Cynthia’s second interview, the 1% page of the transcript.
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This process allowed for greater gomprehension of the ideas informants were trying
to express through their responses without me guessing at their meanings.

As informants responded to the study’s prompts and activities, certain
statements seemed to imply possible responses to the research questions. Thorough
analysis of these statements led to speculative themes related to relationships between
assessment experiences and beliefs in mathematics. (Specific attention was given the
counterproductive beliefs concerning perseverance, confidence, and predictability in
mathematics described in Chapter I1.) In order to test these assumptions, they were
shared with all the participants using an informant’s direct quotes whenever possible
and reasonable modifications otherwise. Students’ rationales from the initial belief
survey incorporated into the belief statements used for Interview One’s second card
sort provide a prime example. In an attempt to explain why ‘inventor’ was the worst
simile for an ideal mathematics student, one informant wrote, “students should not be
inventing their own way of doing things” (WMSS, 1)*>. The subsequent belief card
read, “Students should not invent their own way of doing things in mathematics.”
Thus, it was possible to determine whether any of the other informants held this same
belief.

While some themes emerged quickly, so that the informants could attest to
their validity almost immediately (in the current or succeeding interview), other

themes required more time to uncover. For example, during the first set of interviews

2 (WMSS, 1) refers to the 1% student’s entry for worst mathematics student simile on
the initial belief interview (see Appendix D).
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several informants noted that the methods used in their mathematics courses for

elementary education majors were quite different from those they experienced in
earlier mathematics classrooms. In the next interview, an informant reported that she
strongly believed that:
At a young level, memorization is used for basic math skills — addition,
subtraction. As a student grows, how they solve the problem should be more

important than memorizing the answer. They should be able to explain the
problem and how they did it. (A2, 4)

She identified recent assessment experiences as the catalyst behind this belief.

Well, in [Number Concepts] you had to write down all your stuff and that was
more important in the grading process than if you got the right answer. How
you explained it and the steps you took, you had to write those all down. (A2,
6)
Data from subsequent interviews suggested that this movement from memorizing
answers to understanding the process paralleled many of the informants’ experiences

with assessments in mathematics.

(It was, “this is how you do it, these are the correct answers, 4 x 3 is 12,
that’s the answer. 4 x 4 is 16. Now memorize them and we’re gonna have a
test on them on Friday.” (C4, 15-16)

So I would say that probably would be the difference in elementary/middle
school and college level was more or less you already have the knowledge.
They just want you to apply it, but in elementary school, they have to teach it
to you first before you can apply it to something. (Ke3, 5)

Usually in high school, it was more computation but now I think I’m learning
more to write... (Lu3, 8)

Consequently, it appeared that some informants believed that students need to first
memorize facts in mathematics and then later understand how the facts work because
earlier timed tests required memorization while recent tests stressed understanding.

During the final interview, informants confirmed or refuted this theme and several
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other assumed connections developed over the course of the study. Based on their

reactions to these conjectures, the second stage of the data analysis began.

While the analysis of the interview transcripts was an on-going process, an
extensive analysis of all the data took place following the completion of the study.
Because the final interview attempted to bring closure to the research, much of the
data collected during these concluding conversations represented the most important
information gathered over the semester. Therefore, informants’ closing comments,
including their confirmation of, or opposition to, the developed themes were
scrutinized using all available data sources. For example, one informant disagreed
with the statement: “Grades are very important in math class. Therefore, my
assessment experiences have been some of the most influential in the creation of my
beliefs about mathematics.” An intensive examination of her journal entries and
previous interview transcripts aided in determining whether this position was
consistent throughout the study. Following this procedure for each informant allowed
for an evaluation of the dependability of an informant’s responses.

Having completed a thorough investigation into the validity of each theme, I
conducted an exhaustive search of all the collected data for any possible themes
overlooked in the initial phase of the analysis. Should new conjectures arise,
informants granted me permission to contact them in order to check the validity of
these new themes; this proved unnecessary however, because no new themes

emerged.
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