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Abstract
This paper reports on an investigation of mathematics anxiety (MA) among
40 Korean undergraduate students, using cognitive neuroscience. In Spring
2015, we collected data on correct response rates and reaction times from
computer-based activities related to quadratic functions. We also measured
brain response through event related potentials (ERP). Results demonstrate
that students with higher mathematics anxiety (HMA) took more time than
students with lower mathematics anxiety (LMA), both in translating equations to graphs and in translating graphs to equations. Moreover, based on
analysis of ERP, brain waves of the HMA group recorded higher amplitude.
In specific, both groups showed higher amplitude in translation from graphs
to equation than vice versa. Higher amplitudes indicate greater demands on
working memory, which we discuss in the concluding section, especially with
regard to MA.
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1. Introduction
The topic of mathematics anxiety (MA) in mathematics education has been of
great interest since [1] first developed the Mathematics Anxiety Rating Scale
(MARS), which made it possible to diagnose students’ MA. In Korea, issues in
the affective domain are receiving more and more attention, particularly in rela*First author.
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tion to building up positive dispositions toward mathematics. The mathematics
achievement of Korean students is top-ranked, but scores for positive affective
domains in mathematics—such as interest and confidence—are not higher than
the international average [2]. This result is not surprising because mathematics
education in Korea has focused on computational and procedural approaches
for rapid problem-solving responses, rather than creative approaches to problem
solving or the application of mathematics to meaningful situations [3]. Sustained
negative emotion toward mathematics is a prevalent phenomenon in Korean
schools [4].
MA has been difficult to analyze, but the advancement of tools in brain
science technology has made it possible to measure MA and its effects using
electroencephalography (EEG). EEG is the measurement of activity among populations of neurons firing across the cerebral cortex, and it has been used to
monitor different states of alertness or consciousness [5] [6]. We conducted a
study to find features of MA via brain-based measurement, in order to understand what happens in students’ brains while solving mathematics problems.
Results have implications for alleviating MA in mathematics education.
In order to investigate the relationship MA and EEG measures, we chose to
study students’ problem solving in the context of functions, as represented by
equations and graphs. Functions can be quite challenging, even for college students [7] [8]. We studied task responses from two groups of college students:
students with lower MA (LMA) and students with higher MA (HMA). Within
that setting, we posed the following research questions:
1) Was there a difference between the percentages of correct responses (PCR)
across the two groups, LMA and HMA?
2) Was there a difference between the reaction times (RT) across the two
groups, LMA and HMA?
3) What differences in functional thinking were evident from EEG measures
across the two groups, HMA and LMA?
4) What differences in functional thinking were evident from EEG measures
across the two types of tasks: the graph-to-equation tasks and the equation-to-graph task?

2. Theoretical Framework
2.1. Mathematics Anxiety
Researchers define MA as personal feeling of fear, helplessness, and emotional
instability during mathematical problem solving [9] [10] [11]. Recently, anxiety
has become such a common feeling that we might consider its absence as a
maladjustment [12]. MA is related to all domains of mathematics: functions,
geometry, analytics, algebra etc.
Since [1] developed the original MARS instrument, MA instruments have become more specific and numerous, to measure students’ MA with consideration
of complex factors, including learning strategies and environment. For example,
DOI: 10.4236/jbbs.2019.95017
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[13] added a Test Anxiety (TA) factor to MARS; [2] and [14] revised the instrument to work with Korean students.
Specifically, [2] examined MA using 65 items, based on the four areas of [14]:
the nature of mathematics, learning strategies, test performance, and
environment—all related to Korean education. In Korea, most students take
private lessons on mathematics to improve their learning ability, so Ko and Yi
specified MA related to learning strategies and environments that were not included in previous instruments. Ko and Yi referred to this revised instrument as
the Mathematics Anxiety Scale for Students (MASS).

2.2. Working Memory
Working memory refers to an individual’s efforts to sequence multiple mental
activities or pieces of information, in ways that have not been automatized. In
the traditional model of [15], this system contains three components: the central
executive, a phonological loop, and a visuo-spatial sketchpad. The central executive distributes tasks to the other two components; the phonological loop handles verbal information, and the visuo-spatial sketchpad handles visual information and activities related to manipulating objects in space [16]. With regard to
mathematics, the visuo-spatial sketchpad is of particular interest because of its
close association with spatial reasoning.
Working memory is limited by the number of pieces of information or the
number of activities that it can maintain. With regard to mental activities, [17]
refer to this limitation as mental-attentional capacity, or M-capacity. This capacity to hold in mind a planned sequence of activities increases with age. Like
working memory in general, it has been associated with greater mathematical
ability [18].

2.3. Brain-Based Research
Advancement in cognitive science has introduced various brain imaging techniques. Such cognitive neuroscience techniques allow researchers to study brain
functioning associated with particular experiential phenomena [19]. For example, related research on mathematics anxiety has demonstrated that higher mathematics anxiety is associated with decreased activity in the intraparietal sulcus
and dorsolateral prefrontal cortex—brain regions typically associated with mathematical cognition in children [20] [21].
The researchers of [22] investigated MA during the execution of arithmetical
tasks. They used EEG technology to analyze peaks in event-related potentials
(ERP) among HMA participants and concluded that mathematics-anxious individuals experience difficulties in controlling for extraneous information. This
experiment illuminated EEG research by [23] who had argued that children with
HMA needed more time to solve addition tasks than children with LMA: “The
conscious experience of anxiety seems to compete with task complexity for the
limited resources of working memory” [23] [24].
The research [11] identified neurobiological mechanisms underlying matheDOI: 10.4236/jbbs.2019.95017
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matics anxiety using effective connectivity analysis, based on addition and subtraction problems. In a functional MRI study with 46 children (ages 7 to 9), they
found that mathematics anxiety was associated with hyperactivity of the right
amygdala regions that are important for processing negative emotions, as well as
with the reduced activity of the posterior parietal and dorsolateral prefrontal
cortex, which is involved in mathematical reasoning. Furthermore, effective
connectivity between the amygdala and ventromedial prefrontal cortex regions
that regulate negative emotions were elevated in children with HMA.

2.4. Brain Research on Students’ Understanding of Functions
In this study, we focus on mathematics anxiety in the context of solving mathematical problems related to functions, which play an important role in the development of algebraic reasoning. Reasoning with functions is one of the core
strands within algebraic reasoning, as identified by [25] and [26]. The research
[7] suggested the complexity of the function concept arises from its many representations (e.g., graphs, equations, and tables). In our study, we chose to focus
on the translation between graph and equation representations—a particularly
important concept in understanding functions [27]. As such, our study resembles two previous neuroscience studies on students’ understanding of functions
[8] and [28], though neither of them considered the effects of MA.
The research [8] classified functions tasks into four formats: graph-to-graph,
equation-to-equation, graph-to-equation and equation-to-graph. They used
these formats for both linear and quadratic functions, generating a total of eight
kinds of tasks for the ten students in their study—college students in New Zealand. In addition to measuring reaction times and accuracy, they measured neural activity within the neocortex of the brain through use of functional magnetic
resonance imaging (fMRI). Essentially, fMRI measures neural activity by way of
blood flow to areas within the brain.
The researchers found a significant increase in reaction time and a significant
decrease in accuracy for the two cross-representation formats (graph-to-equation
and equation-to-graph) when compared to the two same-representation formats. However, there were no such differences when comparing the two
cross-representation formats, nor when comparing the two same-representation
formats. Surprisingly, participants responded more accurately to tasks involving
quadratic equations than to tasks involving linear equations. In a follow-up interview, all participants reported that, in general, they solved tasks in the
cross-representation format by focusing on key features, such as intercept and
slope.
Regarding neural activity, the researchers found, “parietal areas previously
associated with number and arithmetic (the intraparietal sulcus and the posterior superior parietal lobule) were involved in the processing of mathematical
functions in both graphical and algebraic formats” (p. 615) in [8]. These brain
regions were even more active during cross-representations format tasks. The
authors concluded that the overall neural activity during the tasks suggests “inDOI: 10.4236/jbbs.2019.95017
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volvement of spatial and working verbal memory in the translation of functions”
(p. 615) in [8].
The research [28] conducted a similar study, but with high school students in
Israel. The students were divided into four groups: students identified as gifted
who excelled in mathematics (G-EM), students identified as gifted who did not
excel as mathematics (G-NEM), students not identified as gifted who excelled at
mathematics (NG-EM), and students not identified as gifted who did not excel
at mathematics (NG-NEM). Like [22], these researchers used EEG technology to
analyze peaks in ERPs. The functions tasks were similar to those used by [8].
Among the four groups of students, NG-EM students exhibited the strongest
ERPs and G-EM students exhibited the weakest ERPs. The researchers determined that the most prominent difference in brain activity between these two
groups of students occurred within the posterior-middle electrode site, which is
associated with working memory. From these results, the researchers conjectured that “problem-solving expertise developed by students without general
giftedness is achieved by means of high cognitive effort” (p. 690).

3. Methods
3.1. Participants
To achieve our research purpose, we recruited 47 college students enrolled in the
teacher education program of a private university located in Gyeonggi province,
in South Korea. They voluntarily applied for this study through an internet announcement on their department homepages. In the analysis of data, seven students were excluded because they responded inconsistently or missed to fill all
questions out.
The participants consisted of 20 students enrolled in the Department of Natural Science and 20 students enrolled in the Department of Humanities and Social Studies The researchers explained the entire process they were going to go
through, assuring that all participants were comfortable with wearing the EEG
cap. Participants turned in a consent form before the study, and after the study
they were given a gift certificate worth about five dollars.
Each participant completed the MASS survey before beginning the EEG study.
We revised words and phrases to make them more appropriate for college students, according to recommendations from educational psychologists and mathematics educators at the university where two of the researchers worked. The
version of the MASS survey we used consisted of 65 items, divided into four
main factors, with 12 sub factors [2]. Cronbach alpha values for the four factors
proved to be between 0.7 and 0.9.

3.2. College Students’ Performance on MASS
The average MASS score of the 40 students in our study was 2.99 points out of 5
possible points. Based on individual scores, students were divided into the lower
(LMA) and higher (HMA) mathematics anxiety groups (see Table 1). HumaniDOI: 10.4236/jbbs.2019.95017
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ties and social science students scored an average of 3.61, which was much higher than the scores of natural science students, which averaged 2.38. They scored
especially high in the category of “test performance” (4.05).
The number of students for the MA groups was presented as shown Table 1.
The average MASS score of the 40 students in our study was 2.99 points out of 5
possible points. Based on individual scores, students were divided into the lower
(LMA) and higher (HMA) mathematics anxiety groups (see Table 1). Humanities and social science students scored an average of 3.61, which was much higher than the scores of natural science students, which averaged 2.38. They scored
especially high in the category of “test performance, 4.05” (see Table 2).

3.3. Reaction Time
When an individual senses an external stimulus, this experience is assimilated to
the individual’s cognition by way of biological electrical signals within the central nervous system. After some degree of cognitive processing, the individual
may respond. The duration of time elapsed in this span is referred to as reaction
time. Reaction time may vary depending on the type of response and stimulus,
as well as individual characteristics.
Table 1. Composition of students.
HMA

LMA

Total

Natural Science

5

15

20

Humanities & Social Sciences

18

2

20

Total

23

17

40

Table 2. Students’ MASS scores.
Factor

Natural Science
(SD)

Humanities and
Social Sciences (SD)

Problem Solving (I-1)

2.38 (0.94)

3.65 (1.09)

Mathematical Representation (I-2)

2.3 (1.20)

3.35 (1.09)

Mathematical Communication (I-3)

2.17 (1.11)

3.23 (1.13)

Abstraction (I-4)

2.45 (1.16)

3.53 (1.24)

Learning Method and Experience
(II-1)

3.14 (1.25)

3.81 (1.05)

Self Control (II-2)

2.53 (1.14)

3.39 (1.29)

Motivation (II-3)

2.33 (1.13)

3.05 (1.43)

Performance (III-1)

2.22 (1.15)

4.05 (1.12)

Test (III-2)

2.3 (1.27)

4.05 (1.20)

Friends/Teachers (IV-1)

2.37 (1.08)

3.83 (1.22)

Teaching Method (IV-2)

2.18 (1.23)

3.63 (1.34)

Private Tutoring (IV-3)

2.13 (1.12)

3.74 (1.19)

Category

Nature of
Mathematics

Learning
Strategy

Test Performance

Environment
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In this study, the external stimulus was an equation or a graph presented
through a program called E-prime. An equation was shown, and the participant
identified a corresponding graph as correct or incorrect. Reaction time in this
situation refers to the amount of time it took until the participant reached his or
her own answer by pressing a key on a keyboard. In this experiment, reaction
times were collected by the E-prime program, and the unit of measurement was
milliseconds (ms).

3.4. Function Tasks
Tasks related to functions that fit the following format, with the following para-

meters: y = a ( x − p ) + q , =
a {1, −1} , p = 0 , q ={−2, −1, 0,1, 2} . The functions could appear as equations in the standard format, or as graphs. Partici2

pants had to determine whether a given equation fits the same function as a
given graph, or vice versa (see sample task in Figure 1). Each participant solved
a total of 20 graph-to-equation tasks and 20 equation-to-graph tasks.
The tasks were administered by the E-prime program in the following manner. The start of a new task was preceded by as asterisk (*), presented for 500 ms,
followed by a blank screen for 200 ms. Then the graph or equation was presented for 3300 ms, followed by a blank screen for 2000 ms. Finally, the alternate
format for the function (equation or graph) was presented for 3000 ms, followed
by a plus sign (+) for 500 ms, indicating the end of the task. There was a blank
screen for 500 ms between the presentation of tasks.

3.5. EEG Procedures
The researchers used a V-AMP amplifier (with electrodes and software) developed by Brain Vision. The electrode is composed of 16 channels, which can be
attached to the participant’s scalp underneath the cap. Professional Recorder
software was used as an analyzer. Because eye movement can affect EEG measures, we used the filtering function of the analyzer to remove unrelated signals.
EEG measurements were carried out in a quiet room where the subject’s body
movement was minimal. Interruptions in EEG generated by the influence of
electromagnetic waves of the PC and the monitor used to measure EEG were
reduced by allowing a distance of about 1.5 meters between the monitor and the
participant. The experiments were carried out using a shielding fiber. The researchers spent 10 minutes adjusting the electrodes for the participants to wear
the EEG sensor cap, and another 10 minutes stabilizing the EEG signals. When
brain waves were stable on the screen, participants were asked to raise their hand
to run the E-prime program and began executing the task.

4. Results
4.1. Research Question 1
We asked whether there was a difference between the percentages of correct
responses across the two groups (LMA and HMA). In the equation-to-graph
DOI: 10.4236/jbbs.2019.95017
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format, the average PCR of the HMA group was 93.044% (see Table 3). Collectively, these students responded incorrectly 32 out of 460 times. Among the 32
incorrect responses, they identified 10 matching equations as not matching the
graph and 22 non-matching equations as matching the graph. The average PCR
of the LMA group was 92.069%. Collectively, they responded incorrectly 27 out
of 340 times. Among the 27 incorrect responses, they identified 9 matching equations as not matching the graph and 18 non-matching equations as matching
the graph.
In the graph-to-equation format, the average PCR of the HMA group was
89.793%. Collectively, they responded incorrectly 47 out of 460 times. Among
the 47 incorrect responses, they identified 20 matching equations as not matching the graph and 27 non-matching equations as matching the graph. The average PCR of the LMA group was 90.699%. Collectively, they responded incorrectly 32 out of 340 times. Among the 32 incorrect responses, they identified 18
matching equations as not matching the graph and 14 non-matching equations
as matching the graph.
Since both anxiety groups responded differently to two different formats of
tasks, to see the effect of the percent of correct answers regarding the math anxiety groups, the two-way ANOVA in which the formats of tasks were the dependent variables, was used. Table 4 & Table 5 indicate that the PCA of functional tasks with two formats did not affect significantly because it assumed that
the anxiety groups were the undergraduate students enrolled in the college education. In Korea, entering the college education is highly competitive, compared
to other college levels. These students did not have any difficulty in solving the
problems of quadratic functions.

Figure 1. Sample task (graph-to-equation).
Table 3. PCR by the degree of MA in task formats.
Groups

HMA (%) Mean (SD)

LMA (%) Mean (SD)

equation to graph

93.044 (0.254)

92.069 (0.270)

graph to equation

89.793 (0.303)

90.699 (0.292)

Table 4. Between subjects factors.

MA
Task

DOI: 10.4236/jbbs.2019.95017
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Value Label

N

1

HMA

46

2

LMA

34

1

E to G

40

2

G to E

40
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Table 5. Tests of between subjects effects (PCR).
Dependent variable: PCR
Source

Type III Sum of Squares

df

Mean Square

F

Sig.

Corrected Model

106.573a

3

35.524

0.881

0.455

Intercept

647,901.841

1

647,901.841

16,073.678

0.000

MA

1.841

1

1.841

0.046

0.831

Task

93.481

1

93.481

2.319

0.132

MA * Task

3.481

1

3.481

0.086

0.770

Error

3063.427

76

40.308

Total

665,650.000

80

Corrected Total

3170.000

79

a. R Squared = 0.034 (Adjusted R Squared = −0.005).

4.2. Research Question 2
We asked whether there was a difference between the reaction times across the
two groups (LMA and HMA). In the equation-to-graph format, the average RT
of the HMA group was 1.567 seconds, and the average RT of the LMA group was
1.201 seconds. In the graph-to-equation format, the average RT of the HMA
group was 2.105 seconds, and the average RT of the LMA group was 1.576
seconds (see Table 6). Generally, the HMA group responded more slowly than
the LMA group.
Since the group of HMA took more time than the counterpart on both formats of tasks, to see the effect of the reaction time regarding the math anxiety
groups, the two-way ANOVA in which the formats of tasks were the dependent
variables, was used. Table 7 indicates that individual variables affected significantly with almost zero p-value, at p < 0.1. This concluded that the reaction time
was very important to say that the higher anxiety groups could take more time in
the tasks. This coincides with the results of the research by [8].

4.3. Research Question 3
We asked what differences in functional thinking were evident from EEG measurement1 across the two groups: HMA and LMA. In this study, we analyzed
P300—brain waves that correspond to frequencies between 200 and 400 milliseconds. P300 is considered to be an endogenous potential, as its occurrence links,
not to the physical attributes of a stimulus, but to a person’s reaction to it. More
specifically, the P300 is thought to reflect processes involved in stimulus evaluation or categorization. We observed EEG responses during two processes. In one
process, students saw an equation for a quadratic function first and memorized
it, then verified whether a graph matched the equation. We named this process
the equation-to-graph format, and we label it F format. The other process reverses the two representations, which we named the graph-to-equation format,
which we label G format.
Some like noises could not be perfectly controlled in the site for measuring brain waves.

1
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Table 6. RT by the degree of MA in task formats.
Groups

HMA (sec) Mean (SD)

LMA (sec) Mean (SD)

equation to graph

1.567 (0.471)

1.201 (0.518)

graph to equation

2.105 (0.815)

1.576 (0.632)

Table 7. Tests of between subjects effects (RT).
Dependent Variable: RT
Source

Type III Sum of Squares

df

Mean Square

F

Sig.

Corrected Model

8.538a

3

2.846

69.983

0.000

Intercept

202.985

1

202.985

4991.405

0.000

MA

4.010

1

4.010

98.603

0.000

Task

4.110

1

4.110

101.060

0.000

MA * Task

0.112

1

0.112

2.766

0.100

Error

3.091

76

0.041

Total

228.134

80

Corrected Total

11.629

79

a. R Squared = 0.734 (Adjusted R Squared = 0.724).

EEG measures in both the equation-to-graph format and the graph-to-equation
format demonstrate that the amplitudes for the HMA group were larger than
those of the LMA group. In the equation-to-graph format, the maximum amplitude of the LMA group was 28 μV and the maximum amplitude of HMA group
was 36 μV (see Figure 2). In the graph-to-equation format, the maximum amplitude of the LMA group was 35 μV and the maximum amplitude of the HMA
group was 42 μV (see Figure 3).

4.4. Research Question 4
We asked what differences in functional thinking were evident from EEG measures across the two types of tasks. Figure 4 shows that the difference between the
minima of F and G formats was 11 in the LMA group. Figure 5 shows that the
difference between the minima of F and G formats was 14 in the HMA group.
The amplitude of G format was larger than F format in both the LMA and HMA
groups.

5. Conclusions
MA has become a critical concern for the mathematics education community
worldwide (e.g., [9] and [11]). Neuroscience methods, such as EEG, have provided mathematics education researchers with opportunities to investigate the
effects of MA on mathematics performance (e.g., [22]). Our study contributes to
this growing research base, as well as the broader research literature on MA, by
identifying brain patterns associated with HMA as students solved tasks involving two representations of quadratic functions (graphs and equations).
DOI: 10.4236/jbbs.2019.95017
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Figure 2. EEG in F format tasks (black: HMA, red: LMA).

Figure 3. EEG in G format tasks (black: HMA, red: LMA).

Figure 4. Comparing F with G formats in LMA (black: F, red: G).

Figure 5. Comparing F with G formats in HMA (black: F, red: G).
DOI: 10.4236/jbbs.2019.95017
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In addition to increased reaction times, the effects of HMA were demonstrated in the form of heightened neural activity when solving functions tasks. The
research [22] found similarly heightened ERPs among young HMA students
when solving arithmetic tasks. They attributed the increased amplitudes to students’ difficulties in controlling for extraneous information. Collectively, these
results support [24] conclusion that MA places demands on working memory,
above and beyond the demands of the task itself.
Limitations in working memory are widely recognized. The research [17] offered M-capacity as a construct for modeling these limitations. Within this
model, students’ success on mathematical tasks depends on two factors: the cognitive demand of the task and the M-capacity of the student. If MA places additional demands on the working memory, HMA students will respond to tasks as
if they were less sophisticated. There are two cases to consider within the model:
either the additional demands cause the overall cognitive demand of the task to
exceed a student’s M-capacity, or not. In the first case, the student will fail at the
task; in the second case, the student will exhibit greater use of working memory.
In other words, demands of MA on limited working memory resources will
make students appear younger or weaker than their peers during performance
on mathematical tasks.
Comparing our results to those of [28], we find that HMA students performed
in ways that were similar to NG-EM students. They successfully completed the
functions tasks, but they took longer to respond and exhibited greater use of
working memory. In our study, we assessed MA rather than giftedness, but
HMA seemed to have the effect of making students appear less gifted, presumably because of the demands MA places on working memory. The research [11]
helps explain the neurological basis for these demands. Namely, additional cognitive resources are required to regulate negative emotions associated with mathematical performance.
The research [8] found that functions tasks involving cross-representation are
particularly demanding, but they found no differences in demand of accuracy
between the equation-to-graph and graph-to-equation formats. In contrast, we
found that the tasks in the graph-to-equation format were more cognitively demanding for our student population (as indicated by longer reaction times and
higher ERP amplitudes), across both groups of students (HMA and LMA). This
difference might be explained by the Korean curriculum, with which students
spend more time in translating of equations to graphs. Thus, familiarity with
tasks might play a role in the cognitive demand of the tasks.
HMA students can get caught in a vicious cycle of mathematical performance
where poor performance on either correction rate or reaction time leads to negative emotions that characterize HMA (see Figure 6). They use valuable working
memory resources managing their negative emotions during problem solving—negative emotions that are only heightened by time limits that they cannot
meet with limited resources. Thus, they perform poorly on new assessments, and
the cycle continues.
DOI: 10.4236/jbbs.2019.95017
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Figure 6. The vicious cycle of mathematics anxiety.

In line with previous research (e.g., [6]), we recommend that HMA students
(if not all students) be provided with ample time to solve mathematical tasks,
especially when the tasks are unfamiliar. Time pressure and negative emotions
associated with it can compete with working memory resources. By limiting time
on tasks, educators are essentially limiting opportunities for learning. Like the
NG-EM students in the study by [28], many HMA students can be successful on
tasks by taking advantage of extra time to work through the tasks with cognitive
demands. Moreover, some of these students could be just as talented as the
G-EM students, but cognitive resources appear to be sapped in controlling negative emotions associated with HMA.
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