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This paper examines the relationship between mathematics anxiety and students’
performance, gender, length of the studies and postponed calculus courses in
scientific faculties. The data were collected from Calculus 2 students at the
Hashemite University during the academic Year 2015/2016. The student sample
consisted of 179 students with both genders. The instrument of the study was
Electromagnetics Mathematics Anxiety Rating Scale (EMARS), with subscales
(usefulness, confidence, fear of asking for help, persistency). The modified
EMARS instrument is a five-point Likert scale which consists of (15) items. To
analyze the data, the researchers found correlations, means, standard deviations, T-
value, and ANOVA. The results show that there was negative effect between
mathematics anxiety and mathematics performance, also there were no gender
differences in mathematics anxiety. In relation to length of the studies, faculty, and
postponement, the study found that mathematics anxiety scores were significantly
higher for seniors, information technology students, and for students that had
postponed their mathematics studies.
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INTRODUCTION

The increasingly students' achievement in mathematics, under preparedness for higher
education in related courses and career, and lack of interest in mathematics, have been
an international concern for many years (Bull, 2009; Gilham& Chu, 1995; Hodge, 2002,
Hourigan & O’Donoghue, 2007; Luk, 2005). In many domains, mathematics is
considered as an important service subject that provides, students with needed skill to
succeed in their studies (Metje et al., 2007). Even in cases where students by
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engineering, science and technology courses, generally may have the ability to study
mathematics and hold positive attitudes towards the subject. Research has shown that
many suffer anxiety in mathematics that limits their ability to engage with subject and
perform mathematical tasks (Ashcraft & Moore, 2009; Leppavirta, 2011;
Onwuegbuzie& Daley, 1999).

Mathematics anxiety is defined as a feeling of tension or fear that disrupts the
manipulation of numbers and the solving of mathematical problems negative attitudes
toward mathematics learning (Bessant, 1995; Richardson & Suinn, 1972; Tobias, 1994).
Also, Math anxiety defined as “feelings of fear and tension in anticipation of situations
demanding the application of mathematics knowledge” (Bruny¢ et al., 2013, p. 1). The
relationship between mathematical anxiety and achievement in mathematics is a
complex one.

CONTEXT AND REVIEW OF LITERATURE

Many studies have reported the negative effects of mathematics anxiety on students’
performance and achievement in mathematics (Artemenko, et al 2015; Ashcraft & Kirk,
2001; Ma, 1999; Ma &Xu, 2004; Woodard (2004)). The meta-analysis conducted by
Ma (1999) found that the relationship between mathematics anxiety and mathematics
achievement is significant and consistent across grade levels. What researchers are
uncertain is whether high anxiety is a cause of low mathematics achievement, or whether
high anxiety is an effect of low mathematics achievement. Ma and Xu (2004) found in
their longitudinal analysis among middle and high school students that prior low
mathematics achievement had a weak but significant relation to higher scores in
mathematics anxiety in later school life. In contrast, prior high mathematics anxiety was
not the cause of later low achievement in mathematics.

Prior research reveals that mathematics anxiety does not have a single cause, but is in
fact, the result of many different factors such as students’ competence beliefs, poor
study skills, rote learning without understanding, and teachers' attitude (Guita, & Tan,
2018; Norwood, 1994; Tariq & Durrani, 2011). However, some studies propose that the
principal cause of mathematics anxiety has been the teaching methodologies (Burns,
1998; Stuart, 2000; Greenwood, 1984). The traditional methods of teaching
mathematics in certain universities do not encourage reasoning and understanding,
rather emphasize heavily on standards of mathematical proof and procedural fluency.
Crawford et al. (1994) studied mathematics students at universities in Australia and their
study revealed that over 75% of students perceived of mathematics as a fragmented
body of knowledge, and learned it using a repetitive and surface approach. The study
conducted by Leppdvirta (2011) among engineering students found a significant decline
in procedural performance scores with increasing mathematics anxiety. The decline,
however, was less evident in test scores that measured students’ conceptual
understanding. In fact, highly math-anxious students performed better in the concept test
than did students with moderate mathematics anxiety.

The most pervasive consequence of mathematics anxiety is avoidance (Ashcraft, 2002).
High math-anxious students’ lesser mathematics abilities lead them to avoid
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mathematics-related tasks and consequently make them less competent in mathematics.
Recent studies on cognitive processing suggest that mathematics anxiety may result from
deficits in numerical processing and reduction of processing capacity in working
memory that compromise the development of higher-level mathematical skills
(Aschcraft, 2001; Maloney et al., 2011). In overall, mathematics anxiety has both
immediate cognitive and long-term educational consequences that need to be considered
when trying to reduce students’ mathematics anxiety and to increase their confidence
and persistency in mathematics.

In addition, many studies have examined gender differences in mathematics
achievement (Dane, 2005; Peker, &Ertekin, 2011,Wahid,Yusof,&Nor, 2018). For
example, Dane (2005) conducted gender differences and faculty programs in
mathematics anxiety. The sample size was consisting of 221 males, and 142 female and
238 from education faculty and 125 sciences. The result showed no gender differences
and faculty type in relation to mathematics anxiety. Moreover, the lower mathematics
performance of science faculty leads to mathematics anxiety. Whereas, Wahid, Yusof &
Nor (2018) found female students were more anxious than male students.

The aim of this study is to investigate the relationship between undergraduates’
mathematics anxiety and mathematics performance. The key questions this study aims to
answer are: 1) What relationships, if any, exist between math anxiety and undergraduate
students’ performance? How are these constructs mediated by demographic
characteristics, such as gender, length of studies, and postponement of math courses? 2)
In what way, if any, does math anxiety vary across faculties?

METHOD
Participants

Participants were recruited from scientific faculties at the Hashemite University in
Jordan in the academic Year 2015/2016. The students (N=179) were enrolled in
Calculus 2 course and consisted of students from three different faculties: science
(n=79), engineering (n=62) and Prince Al-Hussein Abdallah Il for information
technology (n=38). The Calculus 2 course was chosen for this study because it is a
compulsory course for engineering, science, and information technology students.
Furthermore, Calculus 2 was also chosen in order to compare students’ prior math
performance in Calculus 1 course with math anxiety.

Almost fifty percent of the students (179 out of 355) participating in the course
completed the survey. The sample consisted of (4) classes with average (45) students in
each class. The reasons for attrition were that not all students enrolled in the course were
present that day when the survey was conducted or that not all students consented to be
part of the study. The participant age range was from 18-22, with the approximately
mean age of 20. The sample consisted of 100 males (56%) and 79 females (44%).
Slightly over half of the students (53%) were sophomores, 18% were freshmen, and
14% and 15% of the students were third- and fourth-year students, respectively.
Altogether 106 (59%) students had postponed their calculus courses, leaving less than
half of the sample (41%) containing students that were taking the courses in due time.
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The course expected to be taken is the second semester first year, but because the first
author conducted the questionnaire in the first semester, so we found the most
percentage of the students was in the second year. Moreover, freshmen were (18%), the
admission of those students was in the second semester in the academic year 2014/2015
and the first semester for 2015/2016 was considered the first year for them. In addition,
we found only 4 classes for the calculus 2 in the first semester, whereas there were
normally more than 10 classes in the second semester.

Measures

Electromagnetics Mathematics Anxiety Rating Scale (EMARS). The EMARS subscales
(usefulness, confidence, fear of asking for help, persistency) are established measures of
students’ perceived math anxiety when learning electromagnetics (Lappévirta, 2007;
Leppdvirta 2011). The original instrument has provided reliability evidence within
sample of engineering students. We utilized the EMARS scale with some minor
modifications for measuring math anxiety in the context of learning calculus. The
modified EMARS instrument is a five-point Likert scale which consists of (15) items.
Item responses are ranged from strongly agree (5) to strongly disagree (1). The scale
consists of four subscales: usefulness, persistency, fear of asking for help, and
confidence. The three-item usefulness subscale assessed students’ tendencies to see
learning calculus as useful and worthwhile for their engineering, science, and
information technology studies. Examples of usefulness items are “It is essential to
understand the Calculus courses so that | can keep up with my science or information
technology or engineering studies.” and “I will need the knowledge gained in the
calculus courses in the future”. The three-item persistency subscale evaluated students to
see learning mathematics as persistence and perseverance for their engineering, science,
and information technology studies. Examples of persistency items are “I try not to skip
the mathematics problems if they seem too difficult or too long for me” and “I do not get
easily frustrated, if [ don't right away find a solution to a mathematics problem.”

The four-item fear of asking for help subscale assessed students to see learning calculus
courses as avoid fear and anxiety of demanding for help for their engineering, science,
and information technology studies. Examples of fear of asking for help items are “It is
not difficult for me to ask for help when I don’t understand a certain mathematics
problem”, “I do not feel anxiety, when asking for help in mathematics activities.” and “If
I need assistance in solving mathematical problems, I don’t hesitate to ask for help from
other students or course instructors.”. Furthermore, the last subscale in the instrument is
confidence with four-items that measure students’ trends to realize learning mathematics
courses to increasing self-confidence and assurance. Examples for confidence items are
“Mathematics is my strong point”, “I feel my mathematics skills are sufficient for
science or information technology engineering studies.”, and “Mathematical
terminology is not strange for me, and | do not find it difficult to express mathematical
phenomena with formulas.”

The modified EMARS scale was translated into Arabic language and pilot tested on a
sample of 55 students from the same population using 14 items. Then, the researchers
omitted and reworded some of items that caused misunderstanding for some of students.
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Other reasons for rewording and/or omission were level of difficulty, discrimination
being too low, and decrease in reliability. Based on specialists' advice, some items were
added or omitted to make a total of 15 items.

According to items code, the negative statements ranged from 5 to 1, and the positive
statements were reversed. Then, the researchers developed the scale to measure 4 factors.
These are: persistency which consists of 4 items with factor loading ranged
between .363 to .742; usefulness of calculus which consists of 3 items with factor
loading between .725 to .863; fear of asking for help which is made up of 4 items with
factor loading between .685 to .777; and confidence which includes 4 items with factor
loading between .503 to .764.

The reliability coefficient for the overall scale is 0.792, and the reliability coefficients
for each subscale are as follows: persistency: 0.526; usefulness of calculus: 0.705; fear
of asking for help: 0.706; and confidence: 0.563.

Study Design

This study links some aspects of student background that is gender, faculty type (science,
engineering, and information technology), length of studies (first, second, third, and
fourth year), and postponement math courses, with mathematics anxiety, prior math
performance, and GPA .1t is best illustrated in diagrammatic form in Figure 1.The figure
indicates the study hypothesizes that student background affect each the four aspects of
math anxiety. Finally, the figure also hypothesizes that each of the aspects of math
anxiety has an individual effect on GPA and calculus score 2.

Persistency
Gender J’
Usefulness
Faculty Type ‘l' GPA
‘ Fear of asking for Help -.
Length of the J, Calculus 2
studies -
Confidence
Postpone N
EMARS total

Figure 1
The Complete Model Showing Potential Links between the Background Variables Math
Anxiety, GPA, and Calculus 2
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Study Aims and Variables

This study aims to investigate the relationship between math anxiety and mathematics
performance. It is also aiming to examine any potential differences in math anxiety
according to gender, faculty type, length of the studies, and postponement math courses.

Study variables

This study includes independent and dependent variables: Independent variables are:
gender (Male or female), postponement math courses (yes, No), length of the studies
(first, second, third, and fourth year), scientific facilities (science, engineering, and
Prince Al-Hussein Abdallah 11 for information technology), and mathematics anxiety.

Dependent variables

Mathematics anxiety: the researchers considered math anxiety the overall student’s
anxiety instrument score

Prior math performance: the prior mathematics performance considered the student's
Calculus 1 score.

Students’ Performance (GPA): the researchers measured students’ performance as grade
point average (See Figure 1 above).

FINDINGS

What are the relationships between math anxiety subscales, students’ performance
(GPA), and prior math performance at AHU students?

As starting point, the relationship between mathematics anxiety subscales, students’
performance, and prior math performance (Calculus 1 score), were examined using
Pearson product —moment correlation coefficients. There was negative correlation
between Calculus 1 score, and GPA with mathematics anxiety subscales and EMARS
total. Whereas, there was positive correlation between GPA and calculus 1 score, and
within subscales. The coefficients are shown in Table 1.

Table 1
Correlation Coefficients o for EMARS Subscales, EMARS Total, Math Prior, and GPA
Confidence  Persistency Fear of Asking Usefulness EMARS  Math GPA

for Help Total prior
Confidence 1
Persistency .589** 1
Fear of Asking  .419** .398** 1
for Help
Usefulness .381** .363** 243** 1
EMARS Total  .772** T72%* 719** .697** 1
Math prior -.282** -.251** -157* -410** =397 1
GPA -.200** -.180* -.086 -.259** -261**  597** 1

*p<0.05. **p<0.01

Although all coefficients are statistically significant except GPA with fear of asking for
help, there is a remarkable difference between the levels of the correlations within the
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four individual subscales, which range from 0.243 to 0.589, with a mean of 0.399. The
level of correlation within the four subscales indicates a clear relationship, but also a
clear indication that each of these scales is measuring something mainly independent of
the other three scales. The correlations of the four scales with the total scores for
EMARS ranged from .697 to .772, with math prior and GPA ranged from -.086 to -.410,
with a mean of-0.288.

The higher level of correlation between the four scales and the total for EMARS total is
to be expected, given that the score for each scale is included in the total score. However,
it was hypothesized that the different scales of math anxiety would be negatively related
to math prior and GPA to varying extents. In summary, the correlations indicate that,
when considered in isolation from each other, all four subscales were indirect
correlation for math prior, and GPA with Usefulness with math prior the most negativity
related and fear of asking for help with GPA the least related. The relationships with
math prior and GPA of the four scales considered jointly will be taken up subsequently.

Do male and female differ in mathematics anxiety?

The independent samples t-test calculated to determine gender differences in EMARS
subscales and in EMARS Total. The results showed that the mean score for EMARS
subscales was not statistically significant in three subscales and in EMARS total. Only
on fear of asking for help subscale males had more anxiety than females at o < .05.
Moreover, there were no gender differences in both GPA, and prior math performance.
All Means, SD, T-value, and probability for EMARS subscales and EMARS total can
be found in Table 2.

Table 2
Means (and Standard Deviations), and Gender Means for EMARS Subscales
Gender

Variable Male Female

M (SD) n=100 n=79 T (177)
EMARS subscales
Confidence 2.98 (0.75) 3.01(0.71) 2.95(0.79)  -0.560
Persistency 2.24 (0.68) 2.31(0.67) 2.14(0.69) -1.700
Fear of Asking for Help 2.33(0.81) 2.45(0.80) 2.19(0.80) -2.097*
Usefulness 2.45 (1.01) 2.38(0.91) 2.54(1.12) 1.038
EMARS Total 37.58 (8.57) 38.08 (8.13) 36.94(9.11)  0.886

Note. EMARS = Electromagnetics Mathematics Anxiety Rating Scale (5-point scale: 1=
no anxiety; 5= very high anxiety)

a 15-75 scale

*p<0.05.**p<0.01, ***p<0.001.

Avre there any differences between faculty type and math anxiety?

The information technology students seem to stand out from the results. They show to
have significantly more math anxiety compared to engineering and science students.
Also, there was faculty type difference in prior math performance favoring engineering
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faculty. Whereas, there was no faculty type difference in relation to GPA. All Means,
SD, F-value, and probability for EMARS subscales and EMARS total can be found in
Table 3. According to the homogeneity, the homogeneity of the mathematics anxiety
and faculty type through the Levene's test (.929, dfl=2, df2=176), the value of the
Levene's test is .397, which is not statistically significant. This means that there is
homogeneity in the data of the math anxiety variable and faculty type.

Table 3
Means (and Standard Deviations), and Faculty Group Means for EMARS subscales.
Faculty

Variable Engineering  Science  Information Technology

M (SD) n=6 n=79 n=38 F (2,176)
EMARS subscales
Confidence 2.98 (0.75) 2.87 (0.71) 2.91 (0.71) 3.32(0.75)  5.62**
Persistency 2.24 (0.68) 2.24 (0.61) 2.04(0.65) 2.63(0.70)  10.71**
Fear of Asking for Help 2.33 (0.81) 2.35(0.79) 2.14 (0.80) 270 (0.74)  6.49***
Usefulness 2.45 (1.01) 2.22 (0.87) 2.30(1.01) 3.18 (0.89) 14.38***
EMARS Total 37.58 (8.57) 36.53 (7.89) 35.27 (7.89) 44.11 (7.89) 16.94***

Avre there any differences between length of the studies and math anxiety?

One way ANOVA was conducted to examine length of the studies (academic year) with
math anxiety subscales and EMARS Total; the results showed that were significant
differences between length of the studies with all math anxiety scales and EMARS Total
at (o < .01). For the EMARS Total, F-value was 11.78, and length of the studies means
31.56, 36.57, 41.72, and 44.41 respectively from first to fourth year. In addition, there
were length of the studies differences in both GPA and prior mathematics performance
favoring first year. The overall means, length of the studies range, SD, F-value, and
probability can be found in Table in Table 4. According to the homogeneity test, the
homogeneity of the mathematics anxiety and the length of the studies through the
Levene's test (.592, df1=3, df2=175), the value of the Levene's test is 0.62, which is not
statistically significant. This means that there is homogeneity in the data of the math
anxiety variable and faculty type.

Table 4

Overall Means, Length of the Studies Range, SD, F-Value, and Probability
Scale Overall mean (SD) Length of the studies  F-value A
Confidence 2.98 (0.75) 2.38-3.36 11.78 .000
Persistency 2.24 (0.68) 1.92-2.38 9.93 .000
Fear of asking for 2.33(0.81) 2.09-2.70 4.34 .006
help
Usefulness 2.45 (1.01) 1.96 —2.76 11.77 .000
EMARS Total 37.58 (8.57) 31.56-44.41 16.94 .000

Avre there any differences between students who postpone math course in mathematics
anxiety and from those students who take core math courses from the first year?

The postpone mathematics courses (calculus 1 and calculus 2) mean scores on each of
the four subscales of math anxiety and the EMARS total scores were compared using t-
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tests. There was a significant postponing difference for all four subscales and EMARS
total scores at a <.0.001 The students who postpone math courses had significantly
higher anxiety scores than other students and for EMARS total as well. Moreover, there
were postponing differences in both GPA, and prior math performance favoring those
who did not postpone math courses. The mean scores and SD by postpone are shown in
Table 5.

Table 5
Means (and Standard Deviations), and Postpone (Yes, No) Means for EMARS
Subscales

Postponement
Variable Yes NO
M (SD) n=73 n=106 T (177)
EMARS subscales
Confidence 2.98 (0.75) 3.32(0.65) 2.75(0.73)  5.325***
Persistency 2.24 (0.68) 2.55 (0.71) 2.02 (0.57) 5.559%**
Fear of Asking for Help ~ 2.33 (0.81) 2.61(0.74) 2.15 (0.80) 3.899***
Usefulness 2.45 (1.01) 2.87 (0.92) 2.17 (.98) 4.900%**
EMARS Total 37.58 (8.57) 42.45 (7.30) 34.22 (7.75) 7.151%%*
Note. EMARS = Electromagnetics Mathematics Anxiety Rating Scale (5-point scale: 1=
no anxiety;
5= very high anxiety)
a 15-75 scale

*p<0.05.¥*p<0.01, ***p<0.001.
DISCUSSION AND CONCLUSION

The core finding of this study was that all four math anxiety subscales and EMARS total
had a negative correlation with math performance. This result was expected and
consistent with other previous studies (Ashcraft & Kirk, 2001; Daley, 1999; Ma, 1999;
Ma & Xu, 2004). The result agrees also with the study by (Hembree 1990; Hodge 2002)
who reported that high math anxiety associates with poor math performance and low
math self-efficacy. This result is due to math anxiety bothering and negatively effecting
on mathematics performance, and math anxiety as presence the cause of errors in ability
of students in doing mathematical tasks (Bull, 2009). Nevertheless, the students in this
study revealed a level of math anxiety that was related to math courses (i.e. calculus 1 &
2) and GPA.

The negative relation between anxiety and performance in mathematics reported in this
study indicate that math anxiety has knowledge and emotional sides. Helping students to
overcome the cognitive difficulties in learning mathematics, can have a role in reducing
math anxiety, which is supported by (Hunsley, 1987) study that conformed cognitive
aspect of learning mathematics associated with math anxiety.

In relation to gender differences in math anxiety, the results revealed that there were no
significant differences found. Although this result was inconsistent with (Ma, 1999,
Wahid, Yusof,& Nor, 2018)., it is consistence with other studies (Dane, 2005; Peker &
Ertekin, 2011). The mean scores for gender are not reflected to be a variable that is
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connected to mathematics anxiety. Furthermore, the faculty type, such as Information
Technology students, show to have significantly higher math anxiety scores compared to
engineering and science students. In addition, there was difference in prior math
performance favoring engineering faculty. This result attributed to the information
technology students to have high math anxiety due to mathematics learning difficulties,
which show on their low scores on calculus and GPA.

In regards to length of the studies, the results noted that there were differences in this
variable with math anxiety, fourth year students had high math anxiety scores and the
first-year students had the lowest. This result is expected, since the students who took
math courses in their year of graduation more likely to experience more math anxiety.
Finally, according to the postponed mathematics courses, the result showed that there
was a significant postponing difference for all four subscales and EMARS total scores.
The students who postpone math courses had significantly higher anxiety scores than
other students and for EMARS total as well. This result was expected due to most of
students who have math anxiety more likely to postpone math courses until the last years,
particularly Calculus 2. Moreover, postponed mathematics courses were related to the
length of the studies, the students who took postponed math course took these courses in
the third or fourth years, specifically Information Technology students and vice versa.

Mathematics is considered as an important subject for all educational levels including
university level. According to the poor mathematics performance, there is interaction for
many factors to cause math anxiety, which is interfering in mathematics performance.
Therefore, it is important to decrease math anxiety. Decreasing the anxiety is expected
to increase mathematics achievement through encouraging students to ask for help,
increase their confidence in dealing with mathematical problems, and improving
students’ persistency.
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