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Abstract

The aim of this research was to measure anxiety toward mathematics on Jr. High School students from Tuxtepec,
Oaxaca, Mexico. It was utilized the Mufioz and Mato (2007) (Note 1) anxiety scale to analyze five dimensions of
anxiety, anxiety toward: evaluation, temporality, understanding problems, number operations and math situations
of real life. 509 questionnaires were random applied face to face to boys and girls students of all high school’s
degrees. The statistical procedure utilized was the factorial analysis with principal component extracted. Results
obtained allow us to know that variables related to the understanding of mathematical problems and evaluation
have the biggest contribution to explain variance of the phenomenon studied.
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1. Introduction
1.1 Statement of Problem

Main indicators of school performance in the European Union were obtained through two types of evaluations,
the PISA test (Program for International Student Assessment) and TIMSS test (International Study of Trends in
Mathematics and Science). Results of these tests allow us to see the concern because of the lack of progress in
many Europeans countries in such important discipline as mathematics, considered a key to achieve countries
development, which is evident in the Eurydice network’s report (2011) called “feaching of mathematics in
Europe, common challenges and national policies”, because one of the objectives for 2020 is that 15 years old
people with an insufficient level of competence in reading, math and science must be less than 15%.

TIMSS test for European countries focus on four levels and a maximum score of 625 points, with an average
score of 519 points. In 2011, this test’s result showed that countries like Australia, Italy, Spain and Poland were
below average (519 points), in total, 22 of 35 countries were below average. About levels, 19 countries were on
level three (54%), 14 countries were on level two, (40%) and only two countries were in the optimal level of one
(6%). In the last PISA test’s report (2012), countries from European Union were located below the average of the
Organization for Economic Cooperation and Development (OECD) with 489 points of 494, but countries like
Spain, Portugal and Italy had a score even below.

The Latin American countries, Chile and Mexico, members of the OECD, occupied the last places of the PISA
test (2012). Mexico in particular got a score of 413 points in mathematics, when the average score is 494.
Mexico presented a relapse respect the previous 2009 test when it gained 419 points in mathematics test.

In Mexico, there is a basic academic evaluation called ENLACE (National Assessment of Academic
Achievement in Schools). 78.1% of the secondary schools that were evaluated in 2013 got an "insufficient and
elemental" level, while only 21.9% were "good to excellent". In the state of Oaxaca, “good to excellent” level
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was reached only by 4.7% schools. This situation motivates the analysis that could explain why the level of
learning in mathematics is so low, especially in some regions of the southeast of Mexico, because there is
evidence that it is a global problem but the situation is more serious in some regions of the third world. In
addition, some variables have showed that the cause of the problem is not only cognitive, but there is an
important implication about emotional anxiety toward mathematics.

The EURYDICE network’s report (2011) try to explain the phenomenon of low performance in tests,
highlighting the concept "motivation" and distinguishing intrinsic motivation of extrinsic motivation (Deci &
Ryan, 1985). Intrinsic motivation leads to self-efficacy, which predicts the ability to succeed (Bandura, 1986),
and in the area of math, self-efficacy is a predictor of academic performance (Mousoulides & Phillippou, 2005;
Pintrich, 1999), in this way, motivation is related with student’s self-esteem, their stress and anxiety, among
other concepts (Lord et al., 2005). Therefore, in European Union, anxiety toward mathematics is part of the
context of a problem to be solved even in countries with yields above the levels of other countries, such as Latin
American countries.

In Mexico, the results of the tests ENLACE and PISA are indicators of the poor performance in core subjects
like Spanish and math, which puts on the political agenda the importance and relevance of this subjects,
especially mathematics in education. To find the cause of poor performance in mathematics has been a topic of
several researches, some studies reveal that the problem is emotional (Mandler, 1989), (Mc Leod & Adams,
1989); and other that it is attitudinal (Fennema & Sherman, 1976, 1978), (Whitley, 1979); (Garcia-Santillan,
Venegasy, & Escalera, 2013); (Escalera, Garcia-Santillany, & Venegas, 2013); (Garcia-Santillan et al., 2012).

All these researches have a consensus about anxiety toward mathematics and the negative effect it has on
students. According to Akey, (2006), this anxiety and the incidence of attitudes in mathematical performance of
high school’s students have a positive correlation, and Auzmendi (1992) said that students learn better something
that produce them pleasure, therefore, a negative attitude is correlated with a low performance (Aliaga & Chest,
2000), and with high levels of anxiety (Magalhaes, 2007). Persons with strong anxiety drives are prompted by
habit to reenact their task-irrelevant behaviors that impair performance (Belbase, 2010). This problem derives in
various phenomenon, some as drastic as the evasion of subsequent courses of mathematics (Hancock, 2001)
because according to Watt (2000), the problem increase as much as students increase levels of studies. With the
above arguments it is necessary to propose the preliminary research question and objective:

What variables explain the level of anxiety toward mathematics in high school students from Tuxtepec, Oaxaca?

Therefore, the aim of this research is to measure anxiety toward mathematics on high school students from
Tuxtepec, Oaxaca, Mexico.

2. Review of the Literature

In the last two decades, there have been increases of publications that relate the affective dimension of the
individual (beliefs, attitudes, and emotions) and the teaching and learning mathematics process (Gairin, 1990;
Miranda, Fortes, & Gil, 1998; Mcleod, 1992, 1994; Schoenfeld, 1992; Gomez- Chacon, 1997, 1999, 2000).

Attitude toward mathematics has been a subject of researchers from many countries, and a significant majority
considers that affective in math’s teaching is a priority. This kind of ‘anxiety’ is first detected in the late 1950s.
Dreger and Aiken (1957); noticed undergraduate college students reacting emotionally to arithmetic and
mathematics (Karimi & Venkatesan, 2009). Watt (2000) obtained results which show that there is a relationship
between attitude and academic performance, and that this relationship is increasingly prevalent in a negative way,
by what to a higher level of education, the greater the negative attitude to the learning of mathematics. On the other
hand, it is important that students choose their career in function of his vocation and not by an appreciation that
have on a matter. Recent studies found that, as a student moves from elementary education to high school, their
attitude toward mathematics becomes more negative (Utsumi & Mendez, 2000).

A negative attitude toward mathematics may play an important role in the outcome that finally is reached (Polya,
1945). An example of this conclusion is given when students avoid taking math courses (Fennema & Sherman,
1976; Ho et al., 2000; Richardson & Suinn, 1972; Tobias & Weissbrod, 1980) and later, when students must choose
a university to study their career; their options are limited because they try to avoid courses that integrate
mathematics. These years are also recognized as a crucial period in the development of students’ mathematical
understanding: it is well known that rational number concepts, particularly fractions, present difficulties for many
middle school students and that students’ lack of competence with fractions is a major influence on their overall
mathematics competence (Siemon, Virgona, & Cornielle, 2001; in Jennison & Beswick, 2010).

Gender studies also provide important findings that should be considered in the analysis of anxiety toward
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mathematics. Investigations about elementary and secondary students, even about adults, shows that girls are more
susceptible to physical symptoms as: nerves, tension, discomfort (Wigfield & Mecce, 1988). Although Perina
(2002) questioned this claim arguing that women are more open to admit anxiety toward mathematics than men.

Piaget's theory stipulates that since its birth, a child builds knowledge by means of a dialectical process by
interaction with the surrounding world, but the numerical sense does not begin until the four or five years, however,
Gdansk (1954) with a new theory proclaims the existence of cognitive powers innate in the human brain. Then, the
learning of mathematics does not start as Piaget conceived, but through a bi-directional mechanism one aware and
the other unconscious. In the mind of the child encodes concepts through the language and memorization of
numerical algorithms and the unconscious, where there are the faculties’ photo-numerical, collects the first
numeric elementary knowledge.

If the theory of Dantzig (1954) is correct, it would explain why students lose motivation and mathematics for them
results difficult and tedious, since programs of study are based on abstract concepts and the memorization of tables,
in place of the use of graphics and construction of mental models (Dehaene, 1997).

Attitude, as psychological predisposition of a behavior translates loss of motivation into an unfavorable disposition
toward mathematics; on the other hand, when there is high level of motivation the provision is favorable. Recent
studies (Escalera, Garcia-Santillan, & Venegas, 2014) show that in attitude of students toward statistics there are
two factors that explain the phenomenon; the first one with three favorable indicators (utility, anxiety, confidence)
and the second one with two unfavorable indicators (anxiety and motivation). In their findings, these authors refers
that students see the usefulness of statistics in the professional field, which makes them to like the topic, which in
turn generates confidence to learn what in theory translates into motivation.

The measurement of this attitude requires defining concepts that will make up the items and determine their
dimensions. Among the pioneering designs, is the numeric anxiety scale designed by Dreger and Aiken, (1957),
the scale of assessment of mathematics anxiety, (MARS-The Mathematics Anxiety Rating Scale), designed by
Richardson and Suinn (1972), the scale to measure attitudes of mathematical designed by Fennema and Sherman,
(1976), the scale anxiety toward mathematics of Sandman (1980) and the questionnaire of mathematical anxiety of
Wigfield and Meece, (1988) and most recently, the scale to measure math anxiety in students of secondary
compulsory education, designed by Mufioz and Mato (2007).

The questionnaire of Mufioz and Mato, with overall reliability o = 0.9504 consists of 24 Likert items integrated by
five factors: Anxiety toward evaluation (ANSIEVAL), Anxiety toward temporality (ANSIETEM), Anxiety toward
understanding of mathematical problems (ANSIECOM), Anxiety toward numbers and math operations
(ANSIENUM) and Anxiety when faced with situations real-life math (ANSISIMA). These authors took as
reference the Mathematics Anxiety Rating Scale (MARS) composed of 98 items and designed by Richardson and
Suinn (1972).

All these theoretical and empirical arguments lead us to the research question of the study: "RQ,: which is the set
of latent variables that explain student anxiety toward mathematics in Jr. High School students from Tuxtepec,
Oaxaca?" the objective is: O;: Identify latent variables that explain students’ anxiety toward mathematics. Thus,
we seek to test Hi: There are a set of latent variables or factors that explain students’ attitude toward
mathematics.

3. Methodology

This research is not experimental because variables were not manipulated, is transverse considering that data
obtained was performed in a single moment of the study. 509 students were surveyed in all three levels of study in
five secondary schools in Tuxtepec, Oaxaca, Mexico. The instrument used is the scale designed by Muiioz and
Mato (2007). This test was designed to measure math anxiety, therefore, it was proposed for this study. This
instrument integrates 24 indicators (items) that comprise five dimensions of anxiety: The factor "anxiety toward
evaluation" comprises 11 items, the factor "anxiety toward temporality” includes 4 items, the factor "anxiety
toward the understanding of mathematical problems" with 3 items, the factor "anxiety toward numbers and math
operations" which includes 3 items and the factor "math anxiety situations of real life" that includes 3 items."

Each dimension is detailed in the following Table 1.
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Table 1. Dimensions of anxiety toward mathematics scale

Code Dimensions Items

ANSIEVAL Anxiety toward evaluation 1,2,8,10,11,14,15,18,20,22,23
ANSIETEM Anxiety toward temporality 4,6,7,12

ANSIECOM Anxiety toward understanding mathematical problems 5,17,19

ANSIENUM Anxiety toward the number and operations 3,13,16

AMSISIMA Anxiety toward real life situations 9,21,24

Source: take it from Mufioz and Mato Scale (2007)

Values at likert scale means: 1 = nothing (SN) 2 = A few times (PV), 3 = Neutral (Neutral) 4 = Most times
(LMV), 5 = Always Much (SM).

Individual interviews were conducted with each participant prior to their daily classes. All statements were readied
to each participant to determine his perception about situations around math understanding as well as their feelings
“nervousness” about the topic. Statements were like “I feel nervous about math test” or “I feel nervous when I see
my math professor explaining a math problem”.

The characteristics of this questionnaire are in concordance with the aim of this research due to the importance of
mathematics and the role that play on student's academic and professional performance. Hence, it becomes very
relevant to obtain prior information on this phenomenon in order to guide the learning objectives of subject content
of mathematics. Therefore, this questionnaire could be utilized so much: as an evaluation platform that allows
most effective decision-making, as a preventive measure to help specific treatments towards students or
instructional changes in the classroom, all this, with the intention to improve attitudes, emotions and fears to
activities related to math.

3.1 Statistical Procedure

For evaluation and interpretation of the data collected we follow the statistical procedure of multivariate factorial
analysis proposed by Garcia-Santillan, Escalera-Chévez and Venegas Martinez (2013). For this, we established
the following criterion: Statistical hypothesis: Ho: p=0 there is no correlation Hi: p#0 there is a correlation. The
statistical test is y2 and the Barlett’s test of sphericity KMO (Kaiser-Meyer-Olkin), and aditionally the value of
MSA (Measure sample adequacy) for each variable of model. This statistical is asymptotically distributed with
p(p-1)/2 freedom degrees, a significance level: a = 0.01, p<0.0/ or <0.05 load factorial of 0.70; and loads
increased to 0.55.

In order to measure data obtained, we follow the procedure proposed recently by Garcia-Santillan et al. (2013)
and obtains the following matrix (Table 2).

Table 2.

Students Variables

1 X11X12 ... Xlp
2 X21X22 ... X2p
509 Xnl Xn2 ... Xnp

With the above mentioned, now it shows the follow empirical result.
4. Data Analysis
4.1 Test Reliability

To analyze data obtained from the questionnaires, a reliability test was performed using Cronbach's alpha
coefficient (a). This coefficient is not a statistical test but is a coefficient of reliability of internal consistency
which takes values between 0 and 1, which verifies whether the information gathered is inadequate or defective
and could be lead to false conclusions otherwise be reliable and stable measurements may be made.

The closer it gets to 1, is better reliability, considering that starting from 0.80 is a very acceptable value. Thus,
the Cronbach's alpha can be set as a function of the number of items and the average of correlations among them
(Hair, 1999). Therefore, it allows us to check if the instrument is reliable by the following formula:
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o— _ N*r (1)
1+ (N=1)*r
Where:

N = Number of items (or latent variables), r = average correlation between the items.

The results of processed cases are shown in Table 3.

Table 3. Statistical reliability

Cronbach's Alpha N cases % Alpha

Cases Valid 509 100.0 a= 0,945

Excluding(a) 0 24 Items

Total 509 100.0

Grouped ANSIEVAL, ANSIETEM, ANSIECOM, ANSIENUM a= 0,834
ANSISIMA 5 Elements

a. List wise deletion based on all, variables in the procedure

Source: own

The result obtained from 0.945 (expanded) and 0.834 (grouped) is quite acceptable considering the criterion
AC >0.6 (Hair, 1998), thus, we can say that the instrument meets the characteristics of consistency and reliability
required for this case; indicating a high reliability of scale (Mufioz & Mato, 2007).

4.2 Data Analysis

The following histograms show the main characteristics about population of study, like: gender, and semester or
grade, and after this, we show the result from the factorial analysis with extracted components rotated.

Histogram of Gender Histogram of Degree
Spreadsheet1 por genero.sta 2v*509¢ Spreadsheet1 por genero.sta 2v*509¢
Gender = 509*1*normal(x, 1.4872, 0.5003) Degree = 509" 1* nomal (, 1.8939, 0.856)
55% = 280 4% — 240
51% 74 } % 260 43% - 220
47% - i 240 39% 200
43% / \ 220 35% 180
o / \ m o g om = o
2 /
3 aw /’/ \ 160 g 26% 140
% 28% / 140 S 24:/° 120
g 24% / 120 s 20% 100
& 20% / 100 o 16% 80
16% A\ 80 12% 60
12% 60 8% - ~. 40
8% 40 4% g Degree: D =0.2762, p <0.0100, Lilliefors-p <0.01; ~__ {2
o _ Gender: D =0.3477, p < 0.0100, Lilliefors-p < 0.91; . o o SW-W =0.766, p =0.0000 —]
i SW-W =0.6363, p = 0.0000 ~_ 0% 0
0% —0 First Second Third

Male Female
Degree

Figure 2. Grade

Gender

Figure 1. Gender

As a summary: we can see on the graphs that gender variable was equilibrated with 51% (male) and 49%
(female). About student’s degrees: 42% were in the first grade, 26% in second grade and the remaining 32% in
third year.

To make sure that the procedure factorial analysis which was applied in this case is appropriate and that
contributes to explain the phenomenon of study, the Bartlett test of Sphericity with KMO, and the measure of
sample adequacy of each variable (MSA) was performed, with the aim to identify whether there is any
correlation among variables that are being studied and allow us justify the use of this technique.

We must remember that, Bartlett test of Sphericity is a statistic used to test the null hypothesis, which states that
the correlation matrix is an identity matrix, that presents a variation across 0 and 1, and small values demonstrate
that factor analysis is not appropriate because correlations between pairs of variables could not be explained by
other variables. If there were lack of strong correlations between variables the factorial model would not be
suitable, if the value in KMO is <0.5 (Garcia-Santillan, Venegas, & Escalera, 2013).
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Therefore, table 3 shows results of the Bartlett test of Sphericity, KMO, X°, with significance (p < 0.01).
Observed values X° (2036.245 with 10 df) shows that are high, the measure of sampling adequacy (overall)
KMO (0.883) is located in the rank of acceptance because, this should be higher than 0.5, indicating that the
variables are inter-correlated.

Table 4. Bartlett's test of sphericity

Measure of sampling adequacy Kaiser-Meyer-Olkin 0.883
Chi-square approximate 2036.245
Bartlett Test of Sphericity df 10
Sig. 0,000

Source: own.

Table 4 shows the values of correlations obtained from the variables studied, where it is possible to see that they
are all inter-correlated and correlation among variables presents high values (> 0.05) in all the cases, which leads
us to think that there is a concordance among the set of variables in the model, practice as well as statistics,
which means, that factorial analysis is appropriate.

Table 5. Correlation matrix

Variables ANSIEVAL ANSIETEM ANSIECOM ANSIENUM ANSISIMA
ANSIEVAL 1.000

ANSIETEM 0.800 1.000

ANSIECOM 0.758 0.722 1.000

ANSIENUM 0.814 0.770 0.773 1.000

AMSISIMA 0.589 0.629 0.689 0.625 1.000

Source: own. Determinant 0.018

Moreover the value of the determinant (0.018) is lower than 0.05 what also gives evidence of the presence of
significant correlations in the set of variables studied. With transformation of the correlation matrix determinants,
it was obtained Bartlett’s test of Sphericity as it was shown in table 3, and is given by the following equation (2):

dR =_ n-l-é(Zp#—S)ln‘R‘ =_ n-ﬂ jgllog(kj) o

Another difference is the measure of sampling adequacy (MSA). Values of table 5, reveals that each variable
exceeds the threshold value of 0.5, this indicate the strength of relationships among variables and therefore that
factorial analysis is appropriateness.

In the diagonal of anti-image correlation matrix, may be observed measures sampling adequacy for every
variable (MSA). To determine if the selected factorial model is appropriate to explain the information collected,
values in the diagonal of anti-image matrix should, have a value close to 1.00, hence, the correlation coefficients
anti-image that appear in diagonal, range from 0.856" to 0.901°, therefore, are significant and it is confirmed that
factorial analysis it is optimal to explain the phenomenon studied.

Table 6. Anti-image matrix

Variables ANSIEVAL ANSIETEM ANSIECOM ANSIENUM ANSISIMA
ANSIEVAL 0.856"

ANSIETEM -0.403 0.892*

ANSIECOM -0.242 -0.097 0.887*

ANSIENUM -0.389 -0.226 -0.288 0.884"

AMSISIMA -0.045 -0.195 -0.356 -0.098 0.901*

Source: own. a: measuring sampling adequacy
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Once that factorial analysis was determined as an appropriate technique to analyze data, we proceed to examine
factors and components; hence, table 6 shows the component matrix and communalities as well as eigenvalues,
whose explanatory power will explain the total variance.

Table 7. Components matrix, communalities, eigenvalue and total variance

Component 1 Communalities

ANSIEVAL 0.905 0.818
ANSIETEM 0.893 0.798
ANSIECOM 0.897 0.805
ANSIENUM 0.909 0.826
AMSISIMA 0.793 0.629
Eigenvalue 3.876

Total Variance 0.77511=77.51%

Source: own

Based on the criterion of eigenvalue greater than 1 (3.876) the result suggests the presence of one factor (Figure
3), from whose explanatory power may explain the total variance in 77.51% of total variation on the data.

Furthermore, factorial weights obtained by the extraction of principal components method are shown in table 6.
The above corresponding to each factors that integrate one component, where we may see that all have a
factorial weight > 0.50, being ANSIENUM (0.909) the largest weight (anxiety towards numerical), followed by
ANSIEVAL (0.905) and less factorial weight, but always observing behavior >0.5 is ANSISIMA (0.793). And at
the side of the proportion of variance explained through the communalities, ANSIENUM (0.826) the highest
value, and at the opposite extreme or lesser value is ANSISIMA (0.629)

Grafico de sedimentacion

Autovalores
it

T r T T T
1 3 3 H H
Namero de componente

Figure 3. Scree plot

5. Conclusions

Education as all disciplines, need to sustain beliefs that are formed about a social phenomenon: Mathematics are
part of the science, are present in the engineering, in more advanced technologies such as space flight, in modern
medical techniques such as computed tomography, in meteorology, the financial studies and up to the art is
influenced by mathematics, since the famous numerical discovery of Pythagoras, in the musical harmony.

Statistics has shown the low performance of students in mathematics, i.e. the results obtained through
international programs such as PISA test, which reveals a problem of world court, which must be addressed by
Governments since all the edges. It is not possible make judgments that lead to attack the problem if prior does
not seek the truth through scientific research. As the seminal studies of Fennema and Sherman (1976) that
allowed them to discover that the problem of knowledge in mathematics does not have only a cognitive or
epistemological nature: it is undeniable that there are other factors such as the anxiety experienced by the person
and is needed be investigated from a variety of perspectives, which gives rise to a range of possibilities by the
qualities peculiar to the human being, as are its surroundings (everything around). The difference of gender, age,
culture, among other variables, gives to this phenomenon, a multi contextual nature, providing the researcher
infinite possibilities to deal with it.
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This research focuses in the subjective knowledge of the student, based on his belief, which is produced when
the subject is convinced that, what they think is true, it would be a mistake to think that the problem of math
anxiety it is purely cognitive (Pdlya, 1945), the reason is far from being omnipotent, it lacks creative capacity, it
must necessarily have the above information from the senses.

From the five variables that integrate the 24 items of the scale, we have that anxiety toward number operations,
anxiety toward evaluation and anxiety toward understanding mathematical problems showed the highest factorial
weight (0.909, 0.905 and 0.897 respectively) in the extracted component. With this consideration, it is possible to
affirm that these variables have the most important contribution to the variance of the phenomenon studied. Thus,
we may observe that anxiety reaches its highest level in high school students from Tuxtepec, Oaxaca when they
are evaluated, when they solve a numerical problem or when they need to understand with limited of time and
space a math operation. These situations have in common that student could feel “exhibit” during the process to
understand and solve a math problem, that is why it is possible that a student choose his career in order to avoid
math but doesn’t have the same fear to solve a number problem in real life.

This evidence might very well serve to the academic authorities in all Secondary School from Tuxtepec, Oaxaca,
México, with the aim of align efforts among: its subject content (curriculum), teaching-learning strategies
implemented in the educational process of mathematics teaching and teachers, who is the leading, and one of the
most important parts in the process.

Finally, these results encourage us to propose the development of positive attitudes in mathematics as a primary
objective in the process of teaching and learning in secondary schools in Tuxtepec, Oaxaca.
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