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Abstract

This work builds upon previous research involving individuals’ attitude
toward mathematics and their achievement in mathematics. We focus on two
important components of attitude toward mathematics, namely mathematics test
anxiety and numerical anxiety, and their relationship with pre-service
elementary teachers' mathematical content knowledge for teaching, which is a
distinct construct within achievement in mathematics. The findings of this study
are that mathematics test anxiety has a significant correlation with mathematical
knowledge for teaching, while the correlation between numerical anxiety and
mathematical knowledge for teaching is much lower.

Introduction

Understanding the relationship between the affective and cognitive
domains of mathematics education is one important direction toward the
improvement of mathematics education. The area of the affective domain that
we are concerned about in this study is mathematics anxiety. Mathematics
anxiety is “feelings of tension and anxiety that interfere with the manipulation of
numbers and the solving of mathematical problems in a wide variety of ordinary
life and academic settings” (Richardson & Suinn, 1972). Since this mathematics
anxiety causes students to have difficulty learning and applying mathematical
concepts, a great deal of research appeared in this area following the initial work
of Richardson and Suinn (1972) and the publication of the book Overcoming
Math Anxiety by Sheila Tobias (1978).

The mathematics anxiety of current and prospective elementary
teachers and its effect on student learning is one specific area of study related to
mathematics anxiety that received a great deal of attention during this period.
Some of the research focuses on the extent of mathematics anxiety of
prospective elementary teachers. Kelly and Tomhave (1985) found using the
MARS instrument that “elementary education majors scored higher on the
MARS than any of the other groups except those in the math anxious workshop”
(p. 52). On the other hand Becker (1986), using the Fennema-Sherman
Mathematics Attitude Scales concluded, “it seems inappropriate to classify this
sample of prospective elementary school teachers as having an alarming degree
of mathematics anxiety” (p. 51). Other research focused on the transmission of
the teacher's mathematics anxiety to the students with similar mixed results
(Bulmahn & Young, 1982; Kelly & Tomhave, 1985; Larson, 1983; Martinez,
1987; R. J. Sovchik, 1996; R. Sovchik, Meconi, & Steiner, 1981; Wood, 1988).
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Another focus of research surrounding mathematics anxiety, or an
individual's attitude toward mathematics, is its relationship with the individual's
mathematics content knowledge or achievement in mathematics. Various
research studies involving participants in grades K-12 have shown conflicting
results with regard to the relationship between mathematics anxiety and
mathematics achievement with correlation ranging from below 0.25 to above
0.40 (Ma & Kishor, 1997, p. 27). In their meta-analysis regarding this
relationship, Ma and Kishor (1997) found the overall mean effect size was 0.12,
which they describe as statistically significant but not strong.

Unfortunately, no such study exists about this relationship among
elementary teachers. This is unfortunate since many faculty members consider
reducing mathematics anxiety as an important component in the preparation of
elementary teachers. This study begins to fill in the gap in the research in order
for college faculty members to make informed decisions regarding the goals of
mathematics courses for elementary teachers.

Measurement of Mathematics Anxiety

The construct of mathematics anxiety is ambiguous due to a lack of
agreement among researchers over its conceptualization (J. Rounds & Hendel,
1980). In practicality, the various instruments designed to measure mathematics
anxiety influenced the development of the construct of mathematics anxiety
rather than the other direction. The two most prominent instruments currently in
use are the Mathematics Anxiety Rating Scale (MARS) developed by
Richardson and Suinn (1972), and its many shorter derivations (Alexander &
Martray, 1989; Plake & Parker, 1982; J. Rounds & Hendel, 1980; Suinn &
Winston, 2003), and the Mathematics Anxiety Scale (MAS) from the Fennema
and Sherman Mathematics Attitude Scales (Fennema & Sherman, 1976).

To add to the ambiguity within the construct of mathematics anxiety,
several distinct factors have emerged through various factor analytic studies of
the most widely used instruments to measure mathematics anxiety. Kazelskis
(1998) found that among the RMARS (Alexander & Martray, 1989), the MAS
(Fennema & Sherman, 1976), and the MAQ (Wigfield & Meece, 1988) there are
six distinct factors. These factors of mathematics test anxiety, numerical anxiety,
negative affect toward mathematics, worry, positive affect toward mathematics,
and mathematics course anxiety had inter-factor correlations all below 0.500
with the numerical anxiety factor having the only correlation above 0.09 with
the mathematics course anxiety factor (Kazelskis, 1998). This is particularly
interesting since numerical anxiety fits best with the standard definitions of
mathematics anxiety.

The RMARS instrument contained the majority of the items loading in
the numerical anxiety factor (Kazelskis, 1998) which corroborates previous
studies showing the MARS has the two primary factors of mathematics test
anxiety and numerical anxiety (Alexander & Martray, 1989). Since numerical
anxiety most closely describes the original definition of mathematics anxiety,
our study uses the MARS 30-item (Suinn & Winston, 2003) developed by one
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of the original authors of the MARS as a shortened version of the MARS while
maintaining similar reliability levels and factors as the original.

Measurement of Mathematical Content Knowledge for Teaching

Shulman (1986) first discussed the construct of content knowledge for
teaching in regards to any subject area. This content knowledge for teaching that
he describes is that “the teacher need not only understand that something is so;
the teacher must further understand why it is so” (Shulman, 1986, p. 9).
Additionally, this content knowledge includes an understanding of “why a given
topic is particularly central to a discipline whereas another may be somewhat
peripheral” (Shulman, 1986, p. 9).

Ball (1991) and colleagues (Ball & Bass, 2000, 2003) further developed this
construct in the specific area of mathematics content knowledge for teaching at
the elementary school level. This mathematical knowledge for teaching involves
“being able to talk about mathematics, not just describing the steps for following
an algorithm, but also about the judgments made and the meanings and reasons
for certain relationships or procedures” (Ball, 1991).

In an effort to measure this mathematical content knowledge for teaching,
the Learning Mathematics for Teaching Project at the University of Michigan
developed a series of instruments in the specific areas of number and operation;
geometry; and patterns, functions, and algebra (Hill, Schilling, & Ball, 2004;
Hill & Ball, 2004; Hill, Rowan, & Ball, 2005). These three sub-constructs
within the construct of mathematical knowledge for teaching have been shown
as distinct constructs through factor analysis (Hill et al., 2004) and positively
predict student gains in mathematical achievement at a level similar to student
socio-economic status (Hill et al., 2005). In this study, we use the 2003 version
of the number and operation (CKT-M NO), geometry (CKT-M GEO), and
patterns, functions, and algebra (CKT-M PFA) as our measurement instruments.

Methodology

Participants; Over a period of two academic semesters, 261 pre-service teachers
enrolled in mathematics courses for elementary teachers at a large university in
the southeastern United States served as study subjects. The students enrolled in
these courses had already completed a traditional mathematics course, usually
college algebra, but had not yet completed many courses in education and had
limited exposure to the elementary classroom. Since these mathematics courses
are prerequisites for many of the education courses involved in the elementary
education major, nearly all of the participants were in their freshman or
sophomore year at the university.

The participants were 97% female and ranged in age from 19-35 with over
95% being under the age of 22. Additionally, 93% described themselves as
Caucasian/White, with 5% African American/Black, and the remaining 2% in
other categories.
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Instrumentation; Mathematics Anxiety Rating Scale (MARS 30-item):

The MARS 30-item is a shortened version of the original MARS
(Richardson & Suinn, 1972) and has a high reliability for internal consistency
(Cronback alpha of 0.97) and test-retest reliability (0.90 (p < 0.001)) (Suinn &
Winston, 2003). In the MARS 30-item, the subjects are asked to state how much
they are frightened by each of the 30 statements using 5-point Likert-type
responses.

The MARS 30-item retains the two factors of mathematics test anxiety
and numerical anxiety from the original MARS by having 15 items that load
highly on the mathematics test anxiety factor and 15 items that load primarily
onto the numerical anxiety factor (Suinn & Winston, 2003). Some examples of
items designed to measure mathematics test anxiety include:

e  Thinking about an upcoming math test one hour before.

e  Studying for a math test.

e Taking the math section of a college entrance exam.
Some examples of items designed to measure numerical anxiety include:

e Dividing a five digit number by a two digit number in private with

pencil and paper.
e Having someone watch you as you total up a column of figures.
e Being given a set of multiplication problems to solve.

Using an exploratory factor analysis, the mathematics test anxiety
factor accounted for 59.2% of the variance (eigenvalue=13.02) and the
numerical anxiety factor accounted for 11.1% of the variance (eigenvalue=2.44)
(Suinn & Winston, 2003). This implies that the MARS 30-item primarily
measures mathematics test anxiety while also harvesting some information
about an individual’s numerical anxiety.

In order to capture the distinctive characteristics of each of these
factors, the MARS 30-item instrument was divided into two separate
instruments with the mathematics test anxiety instrument (MARS-MTA)
consisting of the first 15 items of the MARS 30-item and numerical anxiety
instrument (MARS-NA) consisting of the last 15 items. As separate instruments,
the MARS-MTA instrument has a reliability of 0.9642 (p < 0.005) while the
MARS-NA instrument has a reliability of 0.8892 (p < 0.005) with the graded
model of item response theory (Gleason, 2007). These reliability data imply that
by splitting the MARS 30-item into two different instruments, the two new
instruments have adequate reliability to give information about groups of
individuals, but may not be adequate to measure the mathematical anxiety of
individuals.

Content Knowledge for Teaching Mathematics Measure (CKT-M): The
Learning Mathematics for Teaching Project at the University of Michigan began
in 2001 to develop the Content Knowledge for Teaching Mathematics (CKT-M)
series of tests to measure the mathematical knowledge used in teaching
elementary mathematics (Hill et al., 2004). These tests consist of multiple-
choice questions designed to gain understanding of an individual's knowledge of
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mathematical content in the three areas of number and operations; geometry;
and patterns, functions, and algebra. To have a better idea of the type of items
included in these instruments, we include an example of an item in the area of
number and operation below.

Ms. Harris was working with her class on divisibility rules.
She told her class that a number is divisible by 4 if and only if
the last two digits of the number are divisible by 4. One of her
students asked her why the rule for 4 worked. She asked the
other students if they could come up with a reason, and several
possible reasons were proposed. Which of the following
statements comes closest to explaining the reason for the
divisibility rule for 4? (Mark ONE answer.)

a) Four is an even number, and odd numbers are not
divisible by even numbers.

b) The number 100 is divisible by 4 (and also 1000,
10,000, etc.).

c) Every other even number is divisible by 4, for
example, 24 and 28 but not 26.

d) It only works when the sum of the last two digits is
an even number.

The forms used for this study are Form B04 for Elementary Number
and Operations (CKT-M NO), Elementary Geometry (CKT-M Geo), and
Elementary Patterns, Functions, and Algebra (CKT-M PFA). The CKT-M NO
instrument has a reliability of 0.749, the CKT-M Geo has a reliability of 0.861,
and the CKT-M PFA has a reliability of 0.733 (Dean, Goffney, & Hill, 2005).
While these reliability numbers are not adequate for giving information at the
individual level, they are sufficient for attaining information for large group
sizes such as the one for this study.

Data Collection; The data was collected from students enrolled in mathematics
courses specifically designed for pre-service teachers. The participants
completed the survey instruments during a regularly scheduled class time within
the first three weeks of classes during two subsequent semesters. They received
an adequate amount of time so that all participants were able to complete the
instruments within the class period. With this procedure, the sample size was
near the recommended sample size of 300 found by Ma and Kishor (1997, p.41)
to achieve the best measurement of correlation between attitude toward
mathematics and achievement in mathematics.

Results

Following the collection of the data, each participant received scores for the
following six categories:
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Mathematics Test Anxiety (MARS-MTA)

Numerical Anxiety (MARS-NA)

Number and Operations Content Knowledge (CKT-M NO)

Geometry Content Knowledge (CKT-M GEO)

Patterns, Functions, and Algebra Content Knowledge (CKT-M PFA)
The correlations between each of these scores were computed using two-

tailed Pearson correlation and are presented in Table I.

As expected, there is a strong correlation (0.441) between mathematics
test anxiety and numerical anxiety. Likewise, there are strong correlations
between the various types of mathematical knowledge for teaching. However,
these correlations are weak enough to imply that these are three distinct
constructs within the larger area of mathematical knowledge for teaching, which
matches previous findings (Hill et al., 2004).

Mathematics test anxiety correlated with the measured mathematical
knowledge for teaching to a much higher degree, approximately 1.5 times as
high, as numerical anxiety. This is likely due to mathematical knowledge for
teaching being measured by what many of the participants would call a
mathematics test. This result is particularly interesting in that mathematics test
anxiety is the dominant factor in the MARS instrument and many of its
derivations. Therefore, much of the correlations found between mathematics
anxiety and achievement in mathematics may be influenced by an individuals
test anxiety rather than mathematics anxiety.

An individual’s numerical anxiety does correlate with their
mathematical knowledge for teaching. These correlations are on the lower scale
of the ranges found by Ma and Kishor (1997) in the relationship between
attitude toward mathematics and achievement in mathematics. In particular, with
correlations below 0.20, this relationship is weak and may not have practical
significance in the behavioral sciences (Cohen & Cohen, 1983; Rosenthal &
Rubin, 1982).

Conclusions

These results that mathematics test anxiety is significantly correlated
with mathematical knowledge for teaching while numerical anxiety has a weak
correlation implies that when reporting results involving mathematics anxiety,
one should specifically identify the construct within mathematics anxiety that is
being measured. This is particularly important for studies involving pre-service
teachers, in that faculty members need to know what construct within
mathematics anxiety they need to address to improve the future teachers’ ability
to generate student success.

Since the correlation between mathematics test anxiety and
mathematical knowledge for teaching is significant, this might be one controlled
variable in studies involving mathematical knowledge for teaching. For
example, the relationship between a teacher’s mathematical knowledge for
teacher and the students’ knowledge growth might be stronger when the

Journal of Mathematical Sciences & mathematics Education, Vol. 3, No.1 44



researcher accounts for the effect of the teacher's mathematics test anxiety when
measuring his or her mathematical knowledge for teaching.

Finally, since the relationship between an individual's numerical

anxiety and mathematical knowledge for teaching is weak and that his or her
mathematical knowledge for teaching has a stronger implication toward student
achievement, perhaps we should focus more on improving an individual's
mathematical knowledge for teaching and less on mathematics anxiety and other
dispositions toward mathematics. However, before such a conclusion can be
made, there must be further research in this area.

Table |
Correlation Table

MARS-NA  CKT-M CKT-M CKT-M PFA

NO GEO
MARS-MTA 0.441** -0.254** - -0.246** -0.173**
Sig. (2-tailed) 0.000 0.000 0.000 0.005
MARS-NA -0.170**  -0.162** -0.137*
Sig. (2-tailed) 0.006 0.009 0.027
CKT-M NO 0.292** 0.231**
Sig. (2-tailed) 0.000 0.000
CKT-M GEO 0.462**
Sig. (2-tailed) 0.000
N=261

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

t Jim Gleason, Ph.D, The University of Alabama, Alabama, USA
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