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It is now ten years since Sheila I obias published her book, 
Overwming Math Anxiety. At the time of the book's 
release, the phrase ''math anxiety" had been taken up as a 
battle cry by the media as the reason and rationale fOr 
many of the problems that mathematics educatms faced 
So pervasive was the media attention, that math anxiety 
became one of the few mathematics education issues to 
appear as the focus of certain popular cartoon strips [see, 
for example, Larson, 1986] In spite of the fact that the 
popular press no longer appears to consider this issue a 
newsworthy one, the educational community is still very 
much interested in the topic It is precisely because the issue 
of mathematics anxiety is no longer clouded by the media 
attention previously given to it that an analytical look at 
what ten years of research on the subject has been able to 
find out is now possible 

The main goal of this paper is to try to synthesize what 
the research literature tells us about the importance of 
mathematics anxiety to elementary teachers at both the 
preservicc and the inservice levels It is not possible, how
ever, to restrict the discussion to this focus alone because 
the whole field of mathematics anxiety has other dimen
sions that affect how the research must be interpreted 
Consequently, the paper will consider five geneml areas of 
impmtance: 

A general overview of the problem of mathemat
ics anxiety, its definition, and the techniques that 
are used to measure it; 

2 A brief discussion of some of the gender related 
ISSUes; 

3 An analysis of the research dealing with the effect 
of mathematics anxiety on elementary teachers 
and their teaching performance; 

4 A brief look at some intervention strategies and 
treatments aimed at reducing mathematics anx
iety; and 

5 Conclusions and implications fm future research 
efforts 

Within the context of each of these five general areas, I will 
attempt to frame and then answer certain specific ques
tions that I feel to be important to an overall understanding 
of the topic, and to the development of a conceptual frame
work for the ideas considered in the paper 

Definition of the problem 
A number of interesting and important questions arise out 
of any attempt to define or measure mathematics anxiety: 
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What exactly is mathematics anxiety? Does it really exist 
separately from other kinds of anxiety? Is it a useful psy
chological construct? How accurate and/or reliable are the 
tools that are used to measure mathematics anxiety? None 
of these questions can be simply and unambiguously 
answered; however, any discussion should start with as 
clear a definition of the terms under scrutiny as possible 

Different writers give varying amounts of emphasis to 
certain of the components that appear in most definitions 
of mathematics anxiety Some scholars do not in any way 
link their definition to school mathematics but Iather use 
the term math anxiety to "describe the panic, helplessness, 
paralysis and mental disorganization that arises among 
some people when they are required to solve a mathemati
cal problem" [Hunt, 1985, p. 32] The words used here are 
very strong ones and serve to emphasize the belief that the 
emotions that dealing with mathematics can evoke can be 
so powerful that people will go to extreme lengths to avoid 
any encounter with mathematics at all Fm example, 
"[One] teacher in an adult group workshop reported that 
calculating the tip in a taxi was often so distressing that she 
preferred to walk, carrying heavy suitcases rather than 
experience such discomfort" [Donady and Tobias, 1977, p 
71] 

Although many other writers share the view that mathe
matics anxiety is a very intense and debilitating pheno
menon [Sherard, 1981], it is not always presented in quite 
such emotionally charged terms Earlier researchers in this 
field give a somewhat more pragmatic definition of mathe
matics anxiety In their view mathematics anxiety 
"involves feelings of tension and anxiety that interfere with 
the manzpulation ojnumhen and the wiving of mathematical 
problems in a wide variety of ordinmy life and academic 
5ituations" [Richardson and Suinn, 1972, p. 551, cited in 
Reyes, 1984, p. 565, emphasis added] This definition tends 
to fOcus on the actual effect of mathematics anxiety on 
mathematical performance rather than on the emotional 
impact that it may have on the individual. Furthermore, it 
avoids the troublesome tendency on the part of many of 
the writers in this field to equate math anxiety and math 
avoidance. It is clear from the literature that although these 
two concepts may be related they are, in fact, very distinct 
hom each other 

A further complication of the problem of finding a suita
ble definition fOr mathematics anxiety arises because some 
researchers do not specifically use the term at all but rather 
talk about anxiety that is experienced while doing mathe
matics [Fennema, 1979] It becomes a subtle but important 



question to decide whether mathematics anxiety describes, 
or is a fUnction of, some peculiar feature of the discipline of 
mathematics itself that produces a specific kind of anxiety 
that interferes with people's ability to perform mathemati
cal tasks, or rather, whether doing mathematics produces 
anxiety of a more general nature 

If the second view is accepted then the fOcus should be 
on the societal, educational or environmental factors that 
lead an individual to perceive mathematics in an anxiety 
producing fashion .. If, on the other hand, the former view is 
accepted, the emphasis will center on the intrinsic features 
of mathematics that cause it to produce such feelings I 
would suggest that there is a significant difference between 
a condition that causes a person to avoid at all costs the 
small amount of mathematics required to check a bill in a 
restaurant and a condition that causes someone to become 
concerned when they cannot get a particularly difficult 
problem on a college level mathematics examination 
Unfortunately, the uneasiness felt in situations even as 
diverse as these is often claimed to be a result of mathemat
ics anxiety 

This discussion of the way that the term mathematics 
anxiety is used is, in my view, an important indicator of 
some of the problems that arise when dealing with this 
notion The ambiguity and lack of consistency with which 
people use the expression further exacerbate the difficulty 
of deciding how to measure it or what it is that is actually to 
be measured In spite of the difficulty of definition, a 
number of psychometric methods have been developed 
that purport to measure mathematics anxiety (at least as 
defined 01 understood by the person designing the instru
ment) A number of significant facts arise out of a study of 
some of the scales that have been developed to assess 
mathematics anxiety, facts that will illuminate the earlier 
questions about the definition and existence of a construct 
that could justifiably be called math anxiety 

Measurement of math anxiety 
Although research on the measurement of what was 
denoted "number anxiety" was done in the mid 1950's 
[Dreger & Aiken, 1957] the first comprehensive scale 
designed specifically to measure math anxiety was deve
loped by Richardson and Suinn [ 1972] The Mathematics 
Anxiety Rating Scale (MARS) consists of a total of 98 
items and the respondents are required to answer various 
questions dealing with situations in which mathematics is 
prevalent Based on their responses on this likert-type 
scale, a score that is claimed to reflect the degree to which 
that particular individual is affected by mathematics anx
iety is produced A variety of other tests have also been 
devised [Fennema and Sherman, 1976; Sandman, 1980], 
however, psychometric data on the reliability and validity 
of these scales is not so widely available as it is for the 
MARS Consequently, much ofthe discussion that follows 
will be related to the MARS because of its wide use in the 
research. 

A crucial question that can be asked about any scale that 
is designed to measure attitudes or other difficult to define 
quantities is: What does it really measure? In attempting to 

answer this question, psychologists have cast a significant 
amount of light on the previous questions that were dis
cussed with relation to the definition of mathematics anx
iety. Rounds and Hendel [1980] attempted to establish the 
dimensionality of mathematics anxiety They administered 
the MARS to a population of 350 college females and then 
performed a variety of statistical procedures on the data A 
factor analysis of the responses led them to conclude that 
there are in fact two dimensions that are measured by this 
scale. One factor that referred to anxiety caused by the 
actual doing of mathematics they named Numerical Anx
iety, while another factor that contained items referring to 
writing mathematics tests or taking mathematics courses 
they termed Mathematics Test Anxiety .. Fmthermore, a 
correlation between the subscale derived hom those items 
that claimed to measure Mathematics Test Anxiety and 
overall test anxiety (using the Suinn Test Anxiety Behavim 
Scale) showed a strong positive correlation (r = 0.75) 

Further analysis led the authors to conclude that the 
participants in this study exhibited almost no anxiety with 
respect to the component identified as the Numerical Anx
iety measure but did demonstrate a fair amount of anxiety 
on the Mathematics Test Anxiety pmtion of the scale They 
concluded further that 

the domain of mathematics anxiety as measured by 
the MARS is best described not as anxiety about 
everyday numerical manipulation, but primarily as 
test anxiety and secondarily as anxiety associated 
with mathematics courses The most salient items for 
Factor 1 (Mathematics Test Anxiety) involved antici
pation, completion and receiving the results of 
mathematics tests [Rounds and Hendel, 1980, p 
145] 

Other studies [Alexander and Cobb, 1984; Plake and 
Parker, 1982; Brush, 1981] also examined the MARS and 
fOund that whatever it measured was also a two dimen
sional construct In every case, although the actual terms 
that were used to describe the two constructs varied, the 
notions of numerical functioning and mathematics evalua
tion were identified Although one recent study claims that 
mathematics anxiety is unidimensional [Frary and Ling, 
1983] the conclusion is rendered less compelling by the fact 
that the study was designed essentially to measure the 
attitude of the subjects to mathematics rather than specifi
cally to investigate mathematics anxiety 

Finally, a study that measured the physiological arousal 
state of subjects while doing mathematical tasks and writ
ing mathematics tests as measured by heart rate, galvanic 
skin and response and so on, found that "the math anxiety 
measures showed little relation to physiological measures 
and to avoidance behavior" [Galassi and Dew, 1984b, p. 
582] Such evidence casts some doubt at least on any kind 
of instrument that asks people to judge their own feelings 
of anxiety because the claim to be math anxious does not 
appear to match the physiology associated with anxiety 
This study is also interesting in the fact that it measures 
similar kinds of physiological factors as the earlier study by 
Dreger and Aiken [1957] Although these researchers 
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fOund that the galvanic skin response did undergo signifi
cant changes, these changes were only significant when 
persons that were considered to be number anxious were 
given an arithmetic task to do and informed that the pur
pose of the study was to see how good they were at 
arithmetic. 

All of the studies quoted in the preceding paragraphs 
refer to studies done by psychologists, not mathematics 
educators, and consequently, they do not make any 
attempt to interpret the results of the experiments in the 
context of learning or teaching mathematics. It seems 
clear, however, that there is a significant amount of doubt 
about whether mathematics anxiety as a separate construct 
does indeed exist. The evidence derived from the factor 
analytic studies clearly illustrates the tact that test anxiety is 
measured much more often by the MARS than anxiety 
associated with doing mathematics; furthermore, even the 
physiological studies show little relationship between 
stated anxiety about doing mathematical tasks and actual 
anxiety except when the subjects were told (or they inferred 
that) they were being evaluated Even if it is assumed that a 
construct called mathematics anxiety does exist, the evi
dence suggests that the measurement of such a consti uct is 
far from precise In fUct, there is no strong positive correla
tion between the MARS, Fennema and Sherman's Mathe
matics Anxiety Scale and Sandman's Anxiety Towards 
Mathematics Scale [Dew and Galassi, 1983a] 

The implications of this research are troublesome: If 
mathematics anxiety is not a construct separate and dis
tinct hom test anxiety, how can it be treated in a frame
work that does not include a component to address 
apprehensions about tests? Can people who are naturally 
disposed to be anxious ever be "cured" of such a condi
tion? I am not suggesting that nobody has an irrational fear 
of mathematics; certainly people have phobias about all 
sorts of things. However, to suggest that such a feeling is 
the norm for all people who get a high score on the MARS 
test, or some other comparable instrument, is misrepresent
ing the facts 

Gender-related issues 
It is because of these uncertainties about mathematics anx
iety and its measurement that much of the rhetoric about 
its role in the math avoidance behavior of females is partic
ularly misleading For example, when we see it suggested 
that the explanation of the fact that only 8% ofthe female 
first year class at Berkeley in 1972 had the prerequisities for 
any college level calculus or statistics course is that females 
exhibit a high degree of mathematics anxiety and conse
quently avoid mathematics, one has to wonder if, in fact, 
this is an adequate explanation of what is really going on 
[Betz, 1977] Such contentions about women having high 
levels of math anxiety also need to be evaluated in the light 
of other information. 

In a sampling of 1045 freshman, it was found that most 
students exhibited very low levels of mathematics anxiety 
and that there were no significant differences due to gender 
in either the sample as a whole or within the different 
courses in which these students were enrolled [Resnick, 
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Viehe and Segal, 1982] A study done by Butler and 
Austin-Martin [1981] attempted to find what first year 
female math anxious students had in common. After the 
project was finished all that they could conclude was that 
" math anxiety appears to be a construct that is not 
easily definable and that varies sufficiently with each indi
vidual that a set of common characteristics of high math 
anxious college freshmen women does not exist" [p 7] 
Coupled with these results is the fact that females are 
typically more ready to admit that they are anxious about 
things in general [Reyes, 1984] Evidence such as this 
makes it more and more difficult to accept as fact some of 
the "conventional wisdom" about mathematics anxiety 
being a female domain 

The truly unfortunate part of this linking of female math 
avoidance with mathematics anxiety is that the entire issue 
has become inextricably linked with the women's move
ment and equated with issues of equity of educational 
experience. The amount of rigorous examination of the 
entire problem in the early stages of discussion when 
"mathematics anxiety" became the root of all problems 
with mathematics education was very small As is often the 
case in society, the easy answer took precedence over the 
correct one, and people found it convenient to be able to 
blame the actual differences in women's mathematical 
behavior on anxiety Such a position also allowed 
reSearchers a rationale for not attempting to look for some 
of the other, more complex, societal reasons behind the 
math avoidance of females. It is only now that researchers 
are pursuing this issue with something resembling a scien
tific method, and the results, as we have seen, are certainly 
not as clear cut and simplistic as many of the earlier posi
tions taken by those who popularized the issue. 

To summarize this general introduction to the issue of 
mathematics anxiety, it can be stated that: 

Mathematics anxiety does not appear to be caused 
by the doing of mathematics but does appear to be 
strongly related to test anxiety 

2 It is not clear that the measurement of mathemat
ics anxiety by pencil and paper tests aCcurately 
matches the body's actual physiological responses 
to doing mathematics 

.3 Reports that women are more susceptible to the 
effects of mathematics anxiety are inconclusive 
and tenuous at best 

4 The true extent of the problem is very difficult to 
ascertain because of conflicting results in the 
experimental literature. 

5 The science of testing fOr mathematics anxiety is 
an imprecise one that still needs much refinement 
befOre confidence can be placed in the results 

Mathematics anxiety and elementary teachers 
After the discussion in the previous section about the 
inconclusive nature of the research on mathematics anxiety 
one might be tempted to wonder why it is necessary to 
proceed with the discussion about elementary teachers and 
how they are affected by mathematics anxiety. After all, 
why talk about a construct if it does not exist? Such a view 



would be simplistic, however, because regardless of 
whether mathematics anxiety is a useful construct in and of 
itself, or even if it is a reflection of some other deep-seated 
attitudes towards mathematics, people do have negative 
views about mathematics that are often reflected in feelings 
of uneasiness when they are required to operate mathemati
cally Furthermore, one could argue that when teaching 
mathematics the teacher is conHantly being evaluated, and 
this evaluative situation does lead to anxiety, especially in 
those individuals who are flagged as math anxious by the 
various scales 

There is good reason to believe, therefOre, that in spite of 
the inadequacies of the definition and measurement of 
mathematics anxiety, teachers who are rated as mathemat
ics anxious by the scales that are presently in use probably 
do harbour significant and potentially detrimental feelings 
towards mathematics, whatever the label we apply to those 
feelings For the purposes of the following discussion I will 
use the term math anxiety as a way of talking about the 
general lack of comfort that someone might experience 
when required to perform mathematically, and the ramifi
cations of such a disposition in an elementary teacher 
Once again a number of important questions are raised by 
this idea: Are elementary teachers as a group anxious 
about mathematics? Does this attitude affect their teaching 
methods and classroom performance? How are the stu
dent's attitudes towards mathematics shaped by the 
teacher's feelings? 

The research on the scope of the problem of math anx
iety in the elementary teaching population is very contra
dictory If we are to judge by the number of articles in the 
popular educational literature that deal with the problems 
of elementary teachers who are required to teach mathe
matics even though they are afraid or anxious about the 
subject, we would conclude that the problem is a large and 
significant one [Pearson, 1980; Burton, 1979; Kelly and 
Tomhave, 1985] However, many of the articles that one 
finds are based on the same studies and hence come to the 
same conclusions. The actual nature of the problem is 
much less clear 

Kelly and Tomhave [1985] tested a large group of college 
h"eshmen, including education majors, using the MARS. 
They found that the "elementary education majots scored 
higher (230.0) on the MARS than any of the other group 
except those in the math anxious workshop (321 6)" [p 
52]. They go further to conclude that "if the results of our 
study are representative of preservice teacher education, 
then women elementary school teachers, who constitute 
the majority of elementary school teachers, may be perpe
tuating math anxiety with young girls in their own class
rooms" [p. 52] 

Leaving aside the lack of conclusive evidence for the 
assertion that math anxiety is passed on by teachers to 
students, one could examine how representative these find
ings seem to be. Unfortunately, other studies of a similar 
nature give us a completely different picture. Becker [1986] 
used the Fennema-Sherman Mathematics Attitude Scales 
to investigate the general attitudes to mathematics of a 
group of college students, approximately half of whom 

were education majors. She concluded that "it seems inap
propriate to classify this sample of prospective elementary 
school teachers as having an alarming degree of mathemat
ics anxiety" [p. 51] A study with experienced elementary 
teachers showed that only 16% would be classified as math 
anxious [Widmer and Chavez, 1982] and that although 
there were some differences between women and men these 
differences were not statistically significant [Chavez and 
Widmer, 1982] 

An interesting follow up to the latter study was to select a 
subsample of twenty teachers and conduct in-depth inter
views with the respondents. The teachers who were anxious 
about mathematics, or alternatively had negative feelings 
about mathematics, could clearly link such feelings or atti
tudes to an idiosyncratic, negative experience with a partic
ular teacher in their own school careers. These findings 
confirm similar results for pre-service elementary teachers 
[Chapline, 1980a]. Typically these anecdotes involved an 
elementary teacher who embarrassed a student for not 
being able to compute accurately, often while at the black
board As difficult as it is to believe, some students actually 
claimed to have been called stupid in public by the teacher 
for being unable to do long division! It is hardly surprising 
that such behavior on the part of insensitive teachers would 
cause the development of poor attitudes towards mathe
matics (or any other subject for that matter). It is also 
interesting to note that many of these teachers took special 
pains to ensure that their students did not become math 
anxious. 

It is a matter of judgement as to whether the level of 
mathematics anxiety in the population of elementary 
school teachers of mathematics is higher or lower than in 
the population at large; however, in some sense this is not 
the issue If the scores on the MARS or some other scale ate 
approximately the same for elementary teachers as for the 
general public, but these levels indicate an overall tear of or 
distaste for mathematics, then there is still a problem 
Elementary teachers are charged with an extremely impor
tant role and that role is to engender an excitement for 
learning in all subject areas, including mathematics It is 
also true that 

[They] cannot be expected to generate enthusiasm 
and excitement for a subject for which they have fear 
and anxiety. If the cycle of mathophobia is to be 
broken, it must be broken in the teacher education 
institution The tears of both male and female 
teachers need attention. [Mihalko, 1978, p 36] 

Such a perspective implies that elementary teachers should 
have an attitude towards mathematics that is better than 
the attitude of the public at large and that they should feel 
more comfortable teaching mathematics than members of 
the general population would Depsite the fact that the 
research does not support the hypothesis that most elemen
tary teachers hate or fear mathematics, it does support the 
contention that a significant minority feels this way. What 
then can be done to improve this state of affairs? In the 
section that follows a number of intervention strategies are 
discussed along with the results that were achieved 
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Interventions 
Given the amount of attention that this issue received in 
the late 70's it is hardly surprising that a large number of 
research projects were set up to investigate ways of alleviat
ing the perceived problems of mathematics anxiety, partic
ularly in females Some of these projects were carried out as 
special programs separate from the regular teacher train
ing course [Troutman, 1978; Chapline, 1984] while others 
were conducted in the context of the teacher education 
program itself [Sovchik, Meconi and Steiner, 1981; Bat
tista, 1986]. In spite of the fact that methodological flaws 
can be found in the research design of some of them [Tittle, 
1981], the evidence that these special programs did, in fact, 
improve attitudes towards mathematics and lower mathe
matics anxiety ratings as measured by a variety of scales is 
very convmcmg 

What was it about these interventions that made such a 
big difference? In short the difference was that the students 
were well taught In all of the programs referred to, special 
care was taken to introduce material slowly, not to assume 
prim knowledge, to encourage the students to talk aloud 
about their thought processes, and so on It may seem 
simplistic to say that such programs are simply using good 
teaching techniques but the reality is that this is precisely 
the case 

An interesting bit of support for this conjecture comes 
from a study done by Singer [1986] where she looked atthe 
change in mathematics anxiety levels of teachers who were 
enrolled in several different computer courses. In the 
course where BASIC was studied, the level of mathematics 
anxiety actually increased as a result of taking the course 
while the classes who studied LOGO and PILOT showed 
no such increase It is easy to conclude that the kind of 
numerical work required in the BASIC course; the knowl
edge presumed by the instructor; and "'the presence of 
people in the class who overtly perfOrm some [mathemati
cal tasks] with ease convinces those who are having diffi
culty that it is useless to try" [p 43] Certainly this kind of 
class feeling was precisely the kind of atmosphere that 
these intervention programs were designed to avoid and, it 
appears, fOr good reason! 

The tmth of this interpretation is nicely emphasized in 
the words of one participant in a special anxiety-reducing 
program In her journal she wrote: 

I'm beginning to believe that if I had had understand
ing teachers, as I do now, honestly, then I would have 
no trouble with math as I do now I am beginning to 
believe that I have the ability to learn and understand 
math, if it ir taught to me with understanding and skill 
I'm not saying that I can learn very advanced math 
over night, but I think that I wouldn't be as fright
ened to try [Chapline, 1980b, emphasis added] 

It should be stated that this particular project consisted of 
people who were self-selected That is, participants realized 
that they had a problem with the way that they thought 
about mathematics and as prospective elementary teachers 
they ff:lt that they ought to try to do something about it 
How far such results can be generalized to other groups is a 
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little uncertain; however, in the other studies reported 
above, all of which had significant positive results in reduc
ing mathematics anxiety, the participants were simply ran
dom classes of preservice teachers 

In a different approach entirely, another group of 
researchers tried to help students to learn to manage the 
anxiety they felt about having to teach mathematics by 
having them learn to practice deep muscle-relaxation ther
apy [Olsen and Gillingham, 1980] The therapy did, in fact, 
work in the sense that it did lower the levels of perceived 
anxiety among the clients. This intervention, however, did 
not change the attitudes of the preservice teachers towards 
mathematics at all Those interventions that tried to help 
relieve the anxiety levels of preservice teachers by changing 
the way that the students perceived and learned mathemat
ics also had a significant effect on the attitudes of the 
students, even though this was not the primary function of 
the programs In this sense they could be judged to be more 
successful than those projects that simply taught stress 
management techniques 

Summary an conclusions 
Mathematics anxiety is a complex and elusive quantity that 
is difficult to define and even more difficult to measure. It is 
unclear whether it is possible to separate the ideas of gen
eral anxiety, mathematics anxiety and test anxiety in a 
meaningful way. Furthermore, the relationship of stated 
anxiety and attitude towards mathematics needs to be 
explored in much more detail in order that strategies to 
improve how people react to mathematics will provide a 
cure for the disease rather than a cure fm the symptoms 

A number of the questions that were posed as this discus
sion was developed remain unanswered Each of these 
provides a basis for further research endeavors in this area. 
For example, what is the interaction between teacher 
mathematics anxiety and student mathematics anxiety? I 
was unable to find this question addressed in any of the 
research studies that I read although a number of 
researchers said that it would be an important question to 
study. 

Is there a relationship between mathematics anxiety and 
the way that teachers teach? Claims that math anxious 
teachers are rule-bound and rote-oriented are common
place; but are such assertions, although plausible, necessar
ily true? I wonder if the knowledge base that elementary 
teachers bring to their teaching duties does not have even 
more of an impact than their claim to be math anxious. As 
a mathematics educator, I am more concerned by the fact 
that many beginning education students do not believe that 
elementary mathematics teachers have any need to know 
very much mathematics beyond the basic calculations than 
I am by the fact that some small percentage of these educa
tion students also claim to be math anxious [Bulmahn, 
1982] 

Clearly the study of human behavior, experience and 
emotion is a difficult and elusive process When one tries to 
link a construct called mathematics anxiety, which has so 
many other facets, to problems in mathematics education 
it is important to realize that although mathematics anx-



iety may be one reason for the less than ideal way that 
mathematics is often taught it must not be assumed to have 
more impact than presently available facts dictate 
Research must continue to attempt to illuminate all possi
ble avenues of helping children to learn mathematics, 
including the development of positive attitudes in teachers. 
It would be foolish to assume, however, that positive atti
tudes without a solid knowledge base will do the job; 
rather, teachers must be knowledgeable and enthusiastic 
about the subject that they are teaching. It is the develop
ment of teacher preparation p1ograms that will produce 
this kind of teacher that must be infOrmed by research 
efforts in mathematics education 
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