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Research on the physiological effects of math anxiety is inconsistent. In this study, an electroen-
cephalograph (EEG) machine was used to measure the cortical activity of 6 volunteer
undergraduate students while each memorized and recalled lists of both scientific and common
mathematics words. A paired samples t-test showed that there was no significant difference in
average cortical activity between exposure to scientific math words and exposure to common math
words. The t-test did show that students who had high cortical activity when exposed to scientific
terms also had high cortical activity when exposed to common terms. Further research is needed to
clarify factors related to math anxiety.

Mathematical anxiety has been defined as negative attitudes,
tension, and fear associated with physiological arousal, including
fast heartbeat, and racing thoughts associated with mathematics
(Dew, Galassi, & Galassi, 1984). Although this phenomenon has
been the cause for concerns, websites, and books, many questions
still remain about the nature, source and effects of math anxiety.

Math anxiety has been examined from several angles. Many
studies concentrate on analyzing the relationship between other
types of anxiety and math anxiety. Some studies have focused on
finding what factors cause math anxiety. Other studies have
researched the effects of math anxiety on academics and physio-
logical arousal. Many studies have employed correlational
analysis, utilizing surveys to evaluate past experiences, opinions,
and cognitions of students and educators. Studies have shown a
correlation between math anxiety and test anxiety (Dew, Galassi,
& Galassi, 1984; Hunsley, 1987). Recent research has shown that
the type of anxiety is related to the type of performance task
(Hopko, Hunt, & Armento, 2005). They found that math anxiety
accounted for variation in addition tasks, whereas general test
anxiety had an effect on the Wechsler Adult Intelligence Scale. 

Within the realms of cognitive processes, the variables of
self-talk, appraisals, and expectations have been investigated
thoroughly. Math anxiety predicts self-doubts about performance,
negative appraisals of grades, higher ratings of exam importance,
and lower levels of satisfaction with performance (Hunsley,

1987). Studies have shown that regardless of how often students
insist on the existence of math anxiety and a lack of understand-
ing, scores show no differences in competence as a function of
math anxiety (Ashcraft, 2002; Dew, Galassi, & Galassi, 1984;
Hunsley, 1987). Students showed evidence of anxiety when
presented with number arithmetic problems, but showed no
differences on achievement tests. 

Other studies have tried to discover the possible causes of
mathematics anxiety. Past experiences with math have been used
to partially explain math anxiety (Ashcraft, 2002; Farrel, 2006;
Fiore, 1999). Some reports have found that lack of preparation or
the thought of lack of preparation can lead to anxiety when
presented with math tests (Hunsley, 1987). Research also shows
that situational factors associated with tests, including time limits
and being informed the exam is a measure of ability, can
contribute to higher levels of math anxiety (Dew, Galassi, &
Galassi, 1984). Studies note that other environmental factors such
as intimidating or humiliating educators may at least partially
contribute to math anxiety (Turner et al., 2002). 

While extensive studies have analyzed the relationship between
math anxiety and other factors, very few have tried to examine
the physiological effects of math anxiety. Dew, Galassi, and
Galassi (1984) found little relation between math anxiety and the
physiological measures of heart rate and skin conductance level,
but also acknowledged the difficulty of comparing physiological
measures to the well-established paper and pencil tests of math
anxiety.

However, some research has shown that participants have
slower reaction times for counting numerals than for counting
letters, especially when the participant has scored high on a Math
Anxiety Rating Scale (Hopko et al., 2002). This shows that the
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mere presence of numbers over letters can significantly impact a
subject’s physical response. 

The general consensus is that math anxiety exists; yet, there is
still a lack of true experiments and solid evidence as to what
behaviors math anxieties actually reinforce, and still debate over
whether or not math anxiety includes the common physical
symptoms of anxiety. In this experiment, we revisited the earlier
study of Dew, Galassi, and Galassi (1984) and measured the
physiological effects of math anxiety. Building off the work of
Hopko, McNeil, Gleason, and Rabalais (2002), we tried to
investigate the idea of mere exposure and sight of words as
a factor in math anxiety. Using an electroencephalograph
(EEG), we used cortical activity as a measure of anxiety. We
hypothesized that exposure to scientific mathematical terms
presented to students would generate higher physical anxiety
levels, displayed by greater cortical activity, than exposure to
common mathematical terms.

Method
Participants 

The study used a convenience sample of six student volunteers
enrolled as undergraduates at a public northeastern university. We
observed that there were three left-hand dominant participants
and three right-hand dominant participants. Two participants
were male and four were female. All were 18 years of age or
older.

Materials

The cortex is responsible for reasoning and abstract thought,
alertness, attentiveness, and remembering, which are qualities
commonly related to dealing with mathematics. Therefore, we
decided an EEG was appropriate for the measurement of math
anxiety. We used the BIOPAC system to administer EEG record-
ings. The EEG recordings required electrode gel and three vinyl
electrodes per participant. We followed procedures and precau-
tions consistent with the general BIOPAC system (Marieb, 2006). 

Procedure

Participants were shown four lists of words (See Appendix A).
Two lists (A1 and A2) were composed of scientific math terms.
The other two lists (B1 and B2) were composed of common or
less technical math terms. Each list had 9 terms on a single page. 

All subjects were tested individually. On arrival, participants
were informed of the nature of the experiment and participant
requirements. After an informed consent was read and signed,
participants read a page of instructions, which explained the
procedures and methods required for the EEG. Subjects were
allowed to ask questions and seek clarification. 

When the subject was ready to begin, we guided the proper
application of the three electrodes as explained in the BIOPAC
system (one on the earlobe and two behind the ear). The subjects
each sat in a chair at a table and were told to try to relax for the

duration of the experiment. Subjects were asked to place one
hand over the electrodes to help the electrodes maintain contact
with the scalp and skin. We faced the participants from behind the
computer screen displaying the individual program. Participants
were not permitted to see the computer screen that displayed their
measurements while the experiment was taking place. 

Once the EEG was connected to the participant, the subjects
were asked to physically relax to the best of their ability for five
minutes. They were informed that an EEG recording would take
place at some time during those five minutes. After two minutes,
an EEG recording was taken for 30 seconds. That recording
became the baseline to which all other averaged measures were
compared. 

After the baseline recordings were completed, we checked the
electrodes to ensure proper adhesion had taken place. Subjects
were instructed to limit movement and talking during the
recordings. Subjects were then instructed to close their eyes, and
a list was placed on the table in front of them. Instructions were
to keep their eyes closed until they were told to start. When told
to start, they were to open their eyes, and they would have thirty
seconds to memorize the list on the table in front of them. This
30-second period was recorded, and when told to stop, subjects
were to close their eyes. The list was removed, and a blank recall
sheet was placed in front of them. When told to start, subjects
were to open their eyes and begin recalling as many words as they
could by writing them down on the blank sheet. This 30-second
period was recorded, and when told to stop, subjects were to close
their eyes. Each of these sessions of memorizing and recalling
were recorded on the EEG. This resulted in nine 30-second
measures for each participant; one baseline measure, four
different memorizing measures, and four different recall meas-
ures. The same verbal instructions and tone of voice were used in
explaining and carrying-out this procedure to all six participants. 

To control for carry-over effects, the subjects were completely
counterbalanced as to which set of lists they received and
recalled first. Every participant was exposed to all four lists of
math terms, but every other participant was shown the A lists
first, followed by the B lists. The two lists of scientific and
common words were always presented to subjects in the same
order (A1 was always presented before A2, and B1 was always
presented before B2). This was done to assure that the order of
words within each list was not a confounding variable. 

After the electrodes were removed, the participant completed a
post-exam questionnaire. The questionnaire served as a way of
obtaining measures of overall experience with the project in
regards to comfort, clarity, stress, and difficulty. These measures
were not used in the analysis of the data. 

The means of each of the nine recordings were calculated for
every subject. Each mean was subtracted from the baseline mean
for the individual subject. The mean differences obtained from
the exposure (memorization and recall) to the technical words
were averaged into one “scientific words” statistic. The mean
differences obtained from the exposure to the common words
were averaged into one “common words” statistic. We combined
these two experiences of each participant to address the issue of
mere sight of math terms. We wanted to measure the different
levels of physical arousal elicited by the different types of terms
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not arousal associated with memorizing or recalling the terms.
For this reason, the physical measures for all experiences with
“scientific” math words were combined and the physical
measures for all experiences with “common” math words were
combined to create two complete “exposure” scores. 

Results

One subject’s EEG data was discarded due to inaccurate com-
puter saving. The average mean difference EEG recording from
each individual baseline measure for the scientific math words
exposure was -1.347 m V (S D = 2.48). The average mean
difference EEG recording from each baseline measure for the
common math words exposure was -1.605 mV (SD = 3.33). No
significant differences were found between the average cortical
activity of participants when exposed to technical math terms as
compared to common math terms, tdep(4) =. 435, p > .05. A
paired samples correlation showed that there was a strong posi-
tive correlation between cortical activity when exposed to techni-
cal math terms and cortical activity when exposed to common
math terms. The correlation coefficient of .937 showed that 87.8
% of the variance in cortical activity during exposure to scientif-
ic math words can be explained by the cortical activity during
exposure to common math words. 

Discussion

The results did not support our hypothesis. Like Dew, Galassi,
and Galassi (1984), we found no significant difference in cortical
activity between exposure to technical math terminology and
common math terminology. One limitation of our study was that
the technical math words may not have been intimidating enough.
However, we also wanted to avoid the possibility of long and
difficult math words introducing understanding as a confounding
variable. Another limitation due to time constraints and
equipment availability was the small sample size, which made for
a low powered test. Unfortunately, support for physical effects of
math anxiety is still inconsistent. Dew, Galassi, and Galassi found
no relationship between math anxiety and physiological arousal,
whereas more recent research has shown that math anxiety
increased reaction time when dealing with numerals (Hopko et
al., 2002). This issue of mathematics anxiety still requires
additional research to identify the relevant factors that may be
responsible for math anxiety.
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Appendix A

A 1

Convert

Percentage

Numerator

Denominator

29

Variable

Point



22 WORDING AND MATH ANXIETY

Intersection

Sum

A 2

Mean

Distribution

Probability

Perimeter

Polygon

Median

Sample

Remainder

Equation

B1

Change

Value

Bottom number

Top number

Problem

X

Dot

Common point

Twenty-nine

B2

Average

Numbers

Odds

Outside

Figure

Midpoint
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Left over
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