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Abstract

According to the results of previous research, math anxiety is an important
determinant of lower math achievement among high school students. Although
math anxiety affects both genders, some findings indicate that girls are more prone
to its manifestation, but do not explain how the contribution of different math
anxiety dimensions to the math achievement depends on the interaction of students’
gender and manifestations of math motivation. The aim of this research was to
examine the moderation effect of gender in the relation between math anxiety
and math achievement mediated by math motivation in high school students. The
sample consisted of 514 high school students (45.3 % male), aged 15 to 19, from
Serbia. The instruments used in the research were the Math Anxiety Questionnaire
and Students Motivation to Learn Mathematics Scale, while math achievement was
measured with the average grade in mathematics at the end of the first term and at
the end of the school year. The results of the moderated mediation analysis pointed
out a negative contribution of math anxiety to achievement in both genders, with
full mediation of satisfaction among boys, and partial mediation of satisfaction
and usefulness among girls. Based on the analysis of the obtained results, it can be
concluded that it is necessary to apply different motivating strategies in order to
overcome math anxiety, which depends on students’ gender.

Key words: gender differences; high school; math achievement; math anxiety; math
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Introduction

Math anxiety is defined as a negative behavioural response during contact with math
content, and represents a risk factor for lower math achievement on all educational
levels (Ashcraft, 2002; Ma & Xu, 2004; Maloney & Beilock, 2012; Ramirez et al., 2013).
This type of anxiety is manifested regardless of the math skills level (Prevatt et al.,
2010; Wu et al., 2012; Tsui & Mazzocco, 2007) and can already be detected at early
elementary school age (Jameson 2013; Milovanovi¢, 2018; Milovanovi¢ & Branovacki,
2020; Ramirez et al., 2013). It also has the characteristics of a construct which is stable
throughout time (Cargnelutti et al., 2016; Ma & Xu, 2004). The effect of this type of
anxiety on math achievement grows with age and peaks in high school (Hembree,
1990; Townsend & Wilton, 2003); certain authors claim that math anxiety is present
in 6-30 % of high school students (Ashcraft, 2002; Chinn, 2009; Johnston-Wilder et
al.,2014). Although, some research results imply that high school boys achieve higher
grades in math than girls (e.g. Hedges & Nowell, 1995; Hyde, Fennema & Lamon,
1990), and girls feel higher levels of anxiety in regards to math competencies (Else-
Quest et al., 2010; Primi et al, 2014). The results of some contemporary meta-analytic
studies suggested smaller effects of gender differences on math performances (Hyde,
Lindberg et al., 2008; Lindberg et al., 2010; Voyer & Voyer, 2014). If we add some
conclusions about gender differences in math motivation in favour of high school
boys (Samuelsson & Samuelsson, 2016; Skaalvik & Skaalvik, 2004), these findings could
open new questions about connective mechanisms between the dimensions of math
anxiety, math motivation and math achievement, depending on the students' gender.

Math Anxiety: A Short Definition

Math anxiety is defined as a negative behavioural reaction in situations which include
the expression of math learning abilities or the evaluation of math knowledge, during
which it causes stress, discomfort and avoidance (Ashcraft, 2002; Ma & Xu, 2004). It
affects children and adults in daily as well as in academic situations (Richardson &
Suinn, 1972). In his meta-analysis, Hembree (Hembree, 1990) claimed that math anxiety
could exist in behaviour regardless of test anxiety or anxiety in general; results of some
research in the field of neuroscience support this claim (see Lyons & Beilock, 2012;
Mattarella-Micke et al., 2011). Despite speculations about hereditary and environmental
(Hart et al., 2009; Kovas et al., 2005; Wang et al., 2014), as well as neural (Young et al.,
2012) correlates of math anxiety, the specific cause of its development, after 70 years
of research, still remains an open question of scientific discussion (Geist, 2010).

The results in most studies of math anxiety have shown the importance of the
interaction of cognition and emotion for its development (Prevatt et al., 2010; Putwain
et al., 2010). The cognitive component of math anxiety refers to worrying about
achievement in math and about the consequences of underachieving (Wigfield &
Mecce, 1988), because of attention hyper-tenacity which the individual focuses toward
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ruminating thoughts in these situations. Ruminations about math competency causes
a decrease in productivity and working memory capacity, consequently resulting in
failing to solve math tasks. The affective component of math anxiety refers to the
emotional and physiological discomfort and tension in situations of learning math
content or in situations of math knowledge evaluation (Wigfield & Mecce, 1988). It
most commonly manifests as general physiological body tension or via individual
physiological symptoms. Even though the manifestation of math anxiety can be
described as a dominantly cognitive or emotional response during contact with
math content, an interaction of these factors could usually be detected. Results of
some research also point to this conclusion, supporting the claim that math anxiety
dimensions are in moderate or high positive correlation (Milovanovi¢ & Kodzopelji¢,
2018; Wigfield & Meece, 1988).

The affective and cognitive component of math anxiety contribute negatively to math
achievement on all educational levels (e.g. Hembre, 1990; Ma & Hu, 2004; Wu et al.,
2014), but the affective component has a somewhat stronger effect during high school
(Ho et al,, 2000; Wigfield & Meece, 1998). When discussing the strength of relation
between math anxiety and math achievement, research suggests that this correlation
could be described in terms of low to moderate correlation coefficients (Ho et al.,
2000; Ma, 1999). Even though specific causes of math anxiety cannot be determined
with certainty (Geist, 2010), high school students consider gender and gender related
differences as the most common causes (Arambasi¢ et al., 2005; Beilock et al., 2011;
Steffens & Jelenec, 2011).

Relations of Math Anxiety, Math Achievement and Math Motivation

Previous research of relations between math anxiety and math achievement resulted
in the formation of three groups of general theories. According to the Deficit Theory
(Hembree, 1990; Tobias, 1986), low academic abilities cause a high level of anxiety. Math
anxiety could be caused by a history of failure in solving math problems. This theory
finds its application in research of students with developmental problems or problems
with studying (Passolunghi, 2011; Rubinsten & Tannock, 2010), which decreases the
possibility of generalization to students of typical development. On the other hand,
the Theory of Cognitive Interference postulates the viewpoint that a high level of
anxiety results in unsuccessful problem solving. According to this theory, math anxiety,
mediated by working memory, interferes with the abilities to solve math problems,
which results in low math achievement or avoidance of math content (Ashcraft &
Krause, 2007; Morsanyi et al., 2014). By redirecting attention from solving a math
problem to ruminating thoughts about the inadequacy of one’s own competency, the
student most often fails to solve the task. Regardless of the development of reciprocal
models as well, researches mostly support the Theory of Cognitive Interference, due
to a small number of findings of experimental and longitudinal studies which would
support the reciprocal models or the Deficit theory.
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Motivation for learning math is defined as investment in solving math problems,
positive evaluation of math abilities and math in general, as well as the degree of success
in solving math problems (Gottfried et al.,2007). Previous studies on high school students
had shown that math anxious students manifested lower motivation for learning math
(Hembree, 1990; Zakaria & Nordin, 2008), more negative attitudes towards math, and
greater avoidance of math in context of choosing the future profession (Ashcraft, 2002;
Hembree, 1990). High school students who have positive attitudes towards math are
inclined to seek help in solving tasks, to test a large number of solving strategies, and
to invest in solving more complex mathematical tasks (Wigfield, Eccles & Rodriguez,
1998). Bearing in mind the results of the previous research, it seems that the motivation
for learning math is partly a consequence of the students' math anxiety, but at the same
time it represents an important determinant of math achievement, which confirms its
mediating character (Hong et al., 2005). Modern prevention programs recommend
motivating students in order to improve mathematical achievement (e.g. Jitendra
et al., 2016), so it is clear that motivation for learning math deserves an important
place in research of the relationship between math anxiety and math achievement.
Given the tendency of students to express the lowest motivation for learning math at
high school (Wigfield, Eccles, Yoon et al., 1997), the examination of these relations in
high school students seems important for future educational outcomes in the field of
mathematics. Some students may even profit motivationally from math anxiety, whereas
others are handicapped (Pekrun, Frenzel et al., 2007). According to Wang, Shakeshaft
et al. (2018), who found eight distinct profiles of high school students characterized
by various combinations of dimensions of math anxiety and math motivation, there is
a need for more examination of the complexity in the emotion-motivation interplay
in math learning. Wang, Lukowski et al. (2015) concluded that adolescents who had
low math motivation showed a negative association between math anxiety and math
performance at all levels of math achievement. Influence of math anxiety grows and
peaks in high school (Hembree, 1990), when students tend to learn math merely for
school marks, evaluate mathematics as less fun (Middleton & Spanias, 1999) and less
important (Wigfield, Eccles, Yoon et al., 1997), and have a lack of motivation in learning
math (Bencéek & Mareni¢, 2006), which additionally contributes to the importance
of current research of the mediating role of math motivation in the relation between
math anxiety and math achievement.

Gender Differences in Math Anxiety, Achievement and Motivation
on the High School Stage

Traditionally, mathematics has long been viewed as a typically 'male' domain. Results
of older meta-analyses suggested that boys achieve better scores in math than girls
during high school (Hedges & Nowell, 1995; Hyde et al., 1990). More contemporary
meta-analyses dispute these traditional viewpoints, suggesting small or insignificant

178



Croatian Journal of Education, Vol.22; No.1/2020, pages: 175-206

gender differences in math abilities (Else-Quest et al., 2010; Lindberg et al., 2010; Voyer
& Voyer, 2014). Additionally, it would seem that during the last decade girls achieved
better grades in math than boys in both primary and secondary school (Brown &
Kanyongo, 2010; Jugovi¢ et al., 2012; Robinson & Lubienski, 2011; von Maurice et al.,
2014), which makes previous results questionable. This conclusion could also be applied
in the case of scores on individual tests and school grades till the end of high school
(Fryer & Levitt, 2010; Guiso et al., 2008; Kenney-Benson et al., 2006; Pope & Snydor,
2010; Puklek Lepuvscek et al., 2012). In various research on the high school stage girls
manifested lower performance-avoidance goals (Shim et al., 2008), more mastery in
learning math materials (Pekrun, Elliot & Maier, 2006), and greater involvement in
their own math schoolwork (Gherasim et al.,2013) in comparison to boys, which can
be connected with girls' better school marks in math. Still, there is a need for more
studies on gender differences in order to answer the questions about explaining gender
math gaps and mechanisms that are conducive to math performances.

Results of meta-analyses of gender differences in math anxiety (e.g. Else-Quest et
al., 2010; Hembree, 1990), and other studies (Devine et al., 2012; Hill et al., 2016; Jain
& Dowson, 2009; Luo et al., 2009; Sadikovi¢ et al., 2018), mostly suggest that female
gender was more prone to its manifestation during high school. Explanations of these
findings were based on the opinions that female students were more self-critical and
worried about their achievement, and had a lower math self-concept, which leads to
worry and consequently to negative emotional reactions concerning math achievement
(Goetz, Frenzel et al., 2008; Goetz, Bieg et al., 2013). Other authors had been focused
on the external and contextual causes of these differences, and considered less support
girls receive in studying math an explanation (Eccles, 2011), or the effect of prejudice of
math being a typically 'male' domain (Arambasic et al., 2005; Steffens & Jelenec, 2011).
The results of previous research (Bieg et al., 2014; Goetz et al., 2013) had suggested
that girls achieved higher results on scales of math anxiety as a state and a trait, and
that gender differences were least manifested when math anxiety was viewed as a
state. The mentioned conclusion could be explained with the fact that female gender
is more prone to anxiety in general (Chapman et al., 2007; Costa et al., 2001), while
the male gender manifests anxiety symptoms more as a consequence of situational
factors. In the period of adolescence, gender differences in math anxiety are more
based on the differences in self-perception of personal competencies and concern
about achievement (Egger et al., 2003; Osborne, 2001), which is more manifested
in female adolescents. It can be concluded that girls and boys express math anxiety
differently, and that certain gender differences are noticeable in the effects of math
related anxiety on math achievement, causing it to be lower.

Anxiety could also be seen as the variable that regulates the manifestation and
development of motivation (Catsambis, 1994; Hannula, 2012). By high school, girls
show less interest in math and report higher levels of math anxiety (Lupart et al., 2004;
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Skaalvik & Skaalvik, 2004). Gender related differences in motivation (i.e. expectancy
and value) in turn predict later differences in academic achievement (Leaper et al.,
2012). This suggests that gender differences in academic motivation may in part be
modified by differences in anxiety (Pajares & Valiante, 2002). Boys’ relationship with
math could be understood as if they have realized the necessity for 'knowing' and
'handling’ math in order to be able to work in professions which are seen as more 'male’
(Samuelsson & Samuelsson, 2016). According to National Science Foundation (2012),
boys are more likely to take physics and engineering in high school as an elective math-
courses in a lot of countries (e.g. France, Italy, Norway, Portugal, Sweden, Slovenia etc.).
Having in mind a slight increase of female participation in math-related high school
courses, but also math-related jobs (Beede et al., 2011; Noonan, 2017), there is need
for considering differences in student math motivation in the context of interaction
with gender and anxiety. Because various kinds of motivation might be important, and
various underlying factors could lead to similar patterns of results, studies of gender
differences in math achievement must be interpreted with caution, especially when they
are conducted in high schools where math is not main and central subject or course.

Research Goals

During high school, math anxiety represents a very important vulnerability factor
of math achievement. However, previous literature has provided somewhat conflicting
findings about the role of gender in relations between these variables. Keeping in mind
that gender stands out as one of the most dominant factors of math achievement,
and that there are gender differences in math anxiety, there is a need for analysing
the relations between math anxiety and math achievement in the context of gender
differences. Besides that, interaction of math anxiety and motivation improves prediction
of math behaviors and achievement, compared with either one alone (Lyons & Beilock,
2012; Wang et al., 2015).

Therefore, the aim of this research was to examine the relationship of math anxiety and
math achievement among high school students through the effects of math motivation
and a moderating effect of gender. These relations are not so straightforward, bearing
in mind the multidimensional nature of math anxiety and the mediating role of math
motivation. It can be expected that the negative affective dimension will have a higher
contribution in explaining math achievement than cognitive aspects of math anxiety.
Therefore, this study was aimed to examine the contribution of both dimensions of
math anxiety in predicting math achievement, depending on students' gender and
motivation. It is expected that both dimensions of math anxiety will have a negative
relation with mathematical achievement among girls. Boys are less concerned about
their achievement in the field of math, and they are not as prone as girls to anxiety as
a trait. With regard to the aforementioned, it is assumed that anxiety will completely
influence math achievement through negative impacts on math motivation among
boys, also partially and independently among girls.
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Methods

Participants and the Procedure

The participants were 514 high school students (45.3 % males) from grammar (45.7
%) and secondary vocational schools in Serbia. The age of the participants ranged from
15 to 19 years, with 32.9 % attending the second, 34 % attending the third, and 33.1
% attending the fourth grade. In order to explain the purpose of this study and ask for
help, researches made personal visits to school principals. Managements of all schools
approved the research. During a regular school class, trained students administered
the instruments to the participants. It was made sure that the chosen classes contained
a proportionately approximate number of male and female students from different
educational profiles and different grades. All participants were informed about the
purpose of the research and about ensuring data anonymity before administration.
Minors' parents have also signed an information consent before the administration
of the questionnaires.

Instruments and Measures

Math Anxiety Questionnaire (MAQ: Wigfield & Meece, 1988; for translated and
adapted version see: Milovanovi¢ & Kodzopelji¢, 2018) contains 11 items on a seven-
point Likert scale (from 1 - strongly disagree to 7 - strongly agree). MAQ consisted
of two subscales: Worry (a = .86) and Negative Affective Reactions (a = .85). Items
determining negative affective reactions measure negative emotional states during
math activities in school (Taking math tests scares me), and items focused on worry
measure students' concerns about their performance in mathematics (I am worried
about how well I am doing in math).

Student Motivation to Learn Mathematics (SMOT: Githua & Mwangi, 2003) is a
scale which is intended to measure different motivational factors of math learning
and consists of 28 items. The scale has already been adapted and evaluated for Serbian
students (Milovanovi¢, 2016). Answers to the items were given on a five-point Likert
scale (of 1 - I generally disagree, to 5 - I completely agree). The factor structure suggests
there are 4 main components of this scale: interest (I am highly motivated to learn
mathematics, a = .82), satisfaction (I am satisfied with the way I learn mathematics,
a = .83), demotivation (I rarely expect to perform well in mathematics-related subjects,
a =.79), and usefulness (Learning mathematics gives me opportunities for educational
advancement, a = .85).

Mathematics achievement is measured by math school grades which were collected
from school registries at the end of the school year. The overall math achievement
was calculated for each student by computing the average of his/her grades in math
at the half-term and at the end of the school year.
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Results
Correlations and Gender Differences
Gender differences in math achievement and negative affective reactions were

significant, while differences in worry were not (Table 1).

Table 1
Descriptive statistics, correlations and gender differences among variables

) Boys Girls
Math Negative (n=233) (n=281)
Achievement Worry  Affective t(513)
Reactions M sD M sD

Math
Achievement 1 3.13 0.94 3.50 0.80 -3.38**
Worry -.29%% 1 28.75 9.06 29.31 9.77 -0.68
Negative
Qg::;'(‘)’ﬁs -36%* 64 1 1703 622 1821 625 -1.97*
Interest A7%* - 17%* -40%* 10.27 4.68 10.20 481 0.17
Satisfaction 64*% -33%* -51%* 18.49 5.89 18.47 5.98 0.05
Demotivation -.30%* 36%* 56%* 21.67 6.95 22.11 7.22 -0.70
Usefulness 31 -11* -.33%* 26.05 7.79 25.12 7.87 1.33

Note. ** p < .01.* p <.05.

Girls scored higher on math achievement and also experienced more negative
emotional states during math activities in school than boys. Math achievement was
significantly and negatively correlated to both facets of math anxiety, while dimensions
of math anxiety were positively correlated with each other. Skewness and kurtosis
(respectively) for math achievement (-0.14, -1.08), worry (0.06, -0.96), and negative
affective reactions (0.24, -0.84), were in a satisfactory range of values, according to
Tabachnick & Fiddel (2013).

Table 1 also shows that all correlations between math motivation, math achievement
and math anxiety were significant. All correlations of the MAQ with the dimensions
of motivation were low to moderate and negative, except those with demotivation.
Correlations between math achievement and dimensions of math motivation were
moderate and positive, except in the case of demotivation, where the correlations
were negative. There were no detected gender differences on dimensions of math
motivation. Skewness and kurtosis for math motivation subscales were also in a
satisfactory range of values.

Table 2 shows correlation coefficients between math motivation, math achievement
and math anxiety, depending on students' gender. There was a similar path of relations
to those obtained on the whole sample (Table 1). Differences were detected in relation
between interest and worry among boys, as well as in relation between usefulness and
negative affective reactions, were these correlations hadn't been statistically significant.
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Due to different forms of relations between these constructs among genders, it can
be expected that math motivation could be a significantly distinguishing factor of
relations between math anxiety and math achievement among boys and girls.

Table 2
Relations of math motivation, math achievement and math anxiety in the gender context
Math Achievement Worry Neg%t;\;itiAgLesctlve
boys/girls boys/girls boys/girls

Interest 37%%/.45%* -.04/-.49%* -.30%%/-.26%*
Satisfaction 60**/.68** -22%%[-42%* -45%*/-56%*
Demotivation -.32%%/-45%* 57%%/.40%* 31%%/.65%*
Usefulness .32%%/.33%* -26%%/-17%* -.02/-.38**

Note. ** p < .01.

Path Analysis - Moderated Mediation

In order to test the moderated mediation effect of gender in relation between math
anxiety, math motivation and math achievement, structural model was conducted
through path analysis (Figure 1).

| Math Anxiety I =I Math Achievement |

Figure 1. Structural model of moderated mediation effect of gender in the relation
between math anxiety, math motivation and math achievement

This kind of model allows conclusions about relations of variables, depending
on the moderator level. Level of moderator could change relations between the
independent and mediator variable, as well as between the mediator and dependent
variable. There are two effects which can be observed in this kind of model: direct
effect of the independent variable and the total effect, which includes indirect
effects through mediation. Model evaluation was conducted based on the Akaike
Information Criterion (AIC: Akaike, 1973), Bayesian Information Criterion (BIC;
Schwarz, 1978), comparative fit index, and the Tucker-Lewis Index (CFI and TLI
- optimal values higher than .95, acceptable higher than .90), the root mean square
error of approximation (RMSEA - optimal values lower than .05, acceptable lower
than .08), and the quotient x2/df (recommended < 2) (Kline, 2010).
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| Worry | | Neg. Aff. Reactions I—
-.o 48+ ”
02 ’ 32
17 -25%* 247 - 15%*

Usefulness

| Demotivation | | Satisfaction |

13%*

—— -.02*%(.00) ; Math Achievement }(4 04*%(.00)

Figure 2. Structural model for boys

Notes. Residuals of variables were ommited in order to simplify the figure. Direct effects of independent variables
are presented in parentheses, while total effects are presented in front of parentheses. ** p < .01.

By testing different models of relations between gender, math motivation, math
achievement, and math anxiety, it was found that the model had good fit indices
(x*(140) = 271.03, CFI = .93, TLI = .92, RMSEA = .06, AIC = 99.95, BIC = 7001.5).

In the case of boys, Figure 2 shows negative affective reactions on math achievement
and a significant effect of worry. However, the direct effect of worry was insignificant.
Only satisfaction had a significant indirect effect on math achievement. It can be
concluded that both manifestations of math anxiety contribute to math achievement
indirectly, through negative impact on satisfaction.

| Worry | | Neg. Aff. Reactions I—
-.1** a7
~13% <= B
-.28%* -37%* -30%* -25%%
[ Demotivation | [ _Satisfaction
06** q4xx

——— -.05**(- OS*A Math Achievement }44-07** 03*%)

Figure 3. Structural model for girls

Notes. Residuals of variables were ommited in order to simplify the figure. Direct effects of independent variables
are presented in parentheses, while total effects are presented in front of parentheses. ** p < .01.

Figure 3 shows a significantly negative and direct overall effect of worry and
negative affective reactions on math achievement among girls. Both dimensions of
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math anxiety contribute independently and negatively to girls' math achievement,
but also indirectly thorugh the negative impact on satisfaction and usefulness. It
is clear that math anxiety plays an important role in math achievement in both
genders. This study has additionaly stressed the importance of partial mediation
role of math motivation in the group of girls, and full mediation role in the group
of boys.

Discussion and Conclusions

The goal of this research was to determine the moderating role of gender in relation
between dimensions of math anxiety and math achievement in high school students,
mediated by math motivation, as well as to examine the contributions of math anxiety
dimensions to math achievement. The research results suggested that negative affective
reactions and worry contribute significantly and negatively to math achievement in
both genders, but that math motivation had mediated those relations partly among
girls, but fully among boys.

The contribution of negative emotional reactions to math achievement has proven
to be significant in both genders. At the same time, this contribution was larger than
contribution of worry, which is in concurrence with results of previous research (Ho
et al., 2000; Wigfield & Meece, 1998). It seems that conceptual difference between
the cognitive and affective dimension of math anxiety consists in the fact that worry
manifests for a longer period of time prior to the test situation, while negative affective
reactions are most evidently manifested during knowledge evaluation situations (e.g.
When I am taking a math test, I usually feel nervous and uneasy or When the teacher asks
me math questions, I worry that I will do poorly). It’s possible that precisely this causes
a stronger effect of the affective component of math anxiety on math achievement,
in comparison to cognitive component.

Gender differences, first detected by t-test, were in favour of girls achieving higher
scores on the dimension of negative affective reactions, as well as in favour of them
having higher achievement in math. During the last few decades, it has been shown
that girls have better grades than boys in math during high school (Brown & Kanyongo,
2010; Robinson & Lubienski, 2011). The trend of decrease in traditional gender
differences could be spotted in the results of contemporary meta-analyses of gender
differences in math achievement during high school (e.g. Voyer & Voyer, 2014). A
stronger expression of negative emotional reactions in girls could be explained by gender
differences in manifesting anxiety, which is more strongly expressed in adolescence
girls (see Dowker et al., 2016). Emotionality is more expressed in girls, and girls are
more prone to express anxiety as a trait. Therefore, it would seem that this finding,
in combination with girls perceiving their math abilities as lower during high school
(Goetz, Frenzel et al., 2008; Goetz, Bieg et al., 2013), results in higher manifestation of
negative emotional and physiological symptoms in girls, especially during concrete
knowledge evaluation situations.
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The results of this research pointed out that math anxiety dimensions contribute
negatively to math achievement in both boys and girls, with twice as strong effect in the
case of girls. In general, it seems the main difference is that students of both genders
experience manifestations of anxiety on the physiological and emotional level, but
girls are more inclined to express them and worry openly, which further increases the
negative contribution to math achievement in the period of adolescence (Beilock et
al.,2011). As already mentioned, some students may have motivational benefit from
math anxiety, whereas others are handicapped (Pekrun et al., 2007). It seems that some
manifestations of math motivation undermines math anxiety effects in both genders.
Satisfaction, as a facet of motivation, refers to enjoyment and pleasure during the
process of learning math. It may be that students who are more intrinsically focused
on the math learning process than on the final math achievement are resistant to math
anxiety influences. This conclusion could especially be applied to the group of boys,
due to the fact that anxiety in girls also has independent and direct effects on math
achievement, regardless of motivation. Considering boys have more confidence in their
own math abilities (Goetz, Frenzel et al., 2008; Goetz, Bieg et al., 2013), it seems their
high motivation and satisfaction in learning math have a protective role in regards to
manifesting less worry and negative feelings about their math achievement. The most
obvious finding of this research, which confirms previous conclusions, is that worry
didn't play an important role in the interest of boys.

This study detected partial mediation by math motivation in the relationship between
math anxiety and math achievement in the group of girls. As in the group of boys, the
indirect effects of math anxiety ensued form satisfaction and usefulness. In previous
research of the high school stage, girls manifested lower performance-avoidance goals
(Shim et al., 2008), more mastery of learning math materials (Pekrun, Elliot & Meier,
2006), and greater involvement to their own math schoolwork (Gherasim et al., 2013),
which could lead to better achievement. Considering that this research is conducted in
Serbian high schools, where mathematics is not main and central subject, usefulness
may play an important role for girls in terms of better global achievement and later
opportunity for better higher education. It seems that perception of math’s usefulness
might play an important role as a manifestation of extrinsic motivation, which could
be connected with future educational or personal successes of girls. According to these
results, there is an implicit conclusion about different kinds of female students in the
context of math success: those who are motivated by math itself, and those who have
high motivation for achieving, but not specifially in the field of math. However, such
a claim requires further investigation. In addition to previous findings, it is also very
important to notice math anxiety in girls had also played an important independent
role in contibution to math achievement. Explanations of these findings could be
based on the opinion of Goetz et al. (2013) that female students are more worried
about their math achievement, which could be accelerated with negative emotional
reactions. Moreover, female gender is more prone to anxiety in general (Chapman
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et al., 2007; Costa et al., 2001); so it seems that math anxiety plays an important role
for girls in shaping achievement, regardless of motivation. If generalized anxiety had
been controlled in the actual sample, previous conclusions could be more applicable.
It has already been mentioned that girls perceive their mathematical abilities as lower
during high school education. This kind of self-handicapping evaluation of one’s own
efficacy in the area of math probably contributes to the manifestation of greater worry
and, partially, lower math motivation and achievement.

Limitations of the Study, Further Recommendations and
Importance for Practice

It’s important to notice this research was realized with certain limitations. The main
limitation of the study is that math achievement wasn’t measured directly by evaluating
knowledge via standardized achievement tests, but by calculating an average math grade
based on individual grades taken from school registries. Even though the measure of
math achievement was shown to be a reliable measure by type of internal consistency,
future research of this type should include a more adequate and more reliable measure
of math achievement. Even though the sample was adequate in structure and size,
and the used instruments were reliable and valid, the conclusions about the identified
causal relationship between math anxiety, motivation and achievement cannot be
confirmed due to the correlational and transversal nature of the study. The realization
of alongitudinal study, the incorporation of remaining significant variables (math self-
concept, math self-efficacy) into the research, as well as promoting an international
character of the research would additionally contribute to a better understanding
of the topic. For more reliable conclusions, it would be good to control generalized
anxiety in further studies, but also to consider relations between math anxiety and
motivation by levels of math achievement. In this study, this was not feasible due to
small number of students who had poor math achievement.

As a general conclusion of the research, the author would state the finding that girls
in high school are more sensitive to the manifestation of anxiety than boys, as the
vulnerability is manifested on both cognitive and affective level. On the other hand, a
very important role of motivation is detected among boys. Being familiar with gender
differences in the context of overcoming certain educational themes and areas is a
very important instance for realizing prevention and intervention programs in schools,
with the goal of improving educational outcomes. Considering the difference in math
anxiety in relation to dispositional factors such as gender, prevention and intervention,
programs of overcoming math anxiety should be designed taking into consideration
these specificities. In regards to that, programs that a school psychologist would realize
with the students should include activities directed not only at overcoming symptoms
of anxiety through increased motivation for both genders, but also at interventions
focused especially on reducing math anxiety in girls.
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Matematicka anksioznost,
matematicko postignuce i
motivacija za ucenje matematike
u srednjoj skoli: ucinci spola

Sazetak

Prema rezultatima prethodnih istraZivanja, matematicka anksioznost je vazna
odrednica niZeg postignuca iz matematike medu srednjoskolcima. Iako matematicka
anksioznost utjece na oba spola, neki nalazi govore da su djevojke sklonije njezinom
pokazivanju, ali ne objasnjavaju kako doprinos razlicitih dimenzija anksioznosti
ovisi o interakciji spola ucenika i manifestacija motivacije za ucenje matematike.
Cilj ovoga istrazivanja bio je ispitati ucinak spola izmedu matematicke anksioznosti
i matematickoga postignuca posredovanih motivacijom za ucenje matematike kod
srednjoskolaca. Uzorak je cinilo 514 srednjoskolaca iz Srbije (45,3 % ucenika),
u dobi od 15 do 19 godina. Instrumenti koji su koristeni u istrazZivanju bili su
Upitnik matematicke anksioznosti i Liestvica motivacije za ucenje matematike,
dok je matematicko postignuce mjereno kao prosjek ocjena iz matematike na
kraju prvog polugodista i na kraju skolske godine. Rezultati moderirane analize
medijacije ukazali su na negativan doprinos matematicke anksioznosti postignucu
kod oba spola, uz potpuno posredovanje zadovoljstva kod ucenika i djelomicnim
posredovanjem zadovoljstva i korisnosti kod ucenica. Na temelju analize dobivenih
rezultata moZe se zakljuciti da je nuzno primijeniti razlicite strategije motivacije
za prevladavanje matematicke anksioznosti, sto ovisi o spolu ucenika.

Kljucne rijeci: matematicka anksioznost, matematicko postignuce, motivacija za
ucenje matematike, spolne razlike, srednja skola

Uvod

Matematicka anksioznost definirana je kao negativan bihevioralni odgovor tijekom
kontakta s matematickim sadrZajem i predstavlja ¢imbenik rizika za nize matematicko
postignuce na svim obrazovnim razinama (Ashcraft, 2002; Ma i Xu, 2004; Maloney i
Beilock, 2012; Ramirez, Gunderson, Levine, i Beilock, 2013). Ova vrsta anksioznosti
ocituje se bez obzira na razinu matematickih vjestina (Prevatt, Welles, Li i Proctor,
2010; Wu, Barth, Amin, Malcarne i Menon, 2012; Tsui i Mazzocco, 2007) i moze
se otkriti ve¢ na pocetku osnovnoskolske dobi (Jameson, 2013; Milovanovi¢, 2018;

195



Milovanovié: Math Anxiety, Math Achievement and Math Motivation in High School Students: Gender Effects

Milovanovi¢ i Branovacki, 2020; Ramirez i sur., 2013). Takoder, ova vrsta anksioznosti
ima karakteristike konstrukta koji je stabilan u vremenu (Cargnelutti, Tomasetto i
Passolunghi, 2016; Ma i Xu, 2004). Njezin uc¢inak na matemati¢ko postignuce raste
s godinama, ima vrhunac u srednjoj $koli (Hembree, 1990; Townsend i Wilton,
2003), a neki autori tvrde da je prisutna u 6 - 30 % srednjoskolaca (Ashcraft, 2002;
Chinn, 2009; Johnston-Wilder, Brindley i Dent, 2014). Iako neki rezultati istrazivanja
pokazuju da tijekom srednje $kole mladiéi postizu vise ocjene iz matematike u
odnosu na djevojke (npr. Hedges i Nowell, 1995; Hyde, Fennema i Lamon, 1990), a
djevojke osjecaju visu razinu anksioznosti u odnosu na matematicke kompetencije
(Else-Quest, Hyde i Linn 2010; Primi, Busdraghi, Tommasetto, Morsanyi i Chiesi,
2014), rezultati suvremenih metaanaliti¢kih studija upu¢uju na manje u¢inke rodnih
razlika u matematickim performansama (Hyde, Lindberg, Linn, Ellis i Williams, 2008;
Lindberg, Hyde i Petersen, 2010; Voyer i Voyer, 2014). Ako dodamo neke zakljucke o
rodnim razlikama u motivaciji za u¢enje matematike u korist mladic¢a (Samuelsson i
Samuelsson, 2016; Skaalvik i Skaalvik, 2004), ovi bi nalazi mogli otvoriti nova pitanja
o mehanizmima povezanosti izmedu dimenzija matematicke anksioznosti, motivacije
za udenje matematike i matematickoga postignuca ovisno o spolu ucenika.

Matematicka anksioznost: kratko definiranje

Matematicka anksioznost definirana je kao negativno emocionalno reagiranje u
situacijama koje uklju¢uju izraZavanje matematickih sposobnosti, u¢enje matematike ili
ocjenjivanje matematickih znanja tijekom kojih nastaje stres, nelagoda i izbjegavajuce
ponasanje (Ashcraft, 2002; Ma i Xu, 2004). Ova vrsta anksioznosti utjece na djecu i
odrasle, u svakodnevnim i akademskim situacijama (Richardson i Suinn, 1972). U
svojoj metaanalizi Hembree (Hembree, 1990) je utvrdio da matematicka anksioznost
moze postojati u ponasanju bez obzira na ispitnu i generaliziranu anksioznost, a
rezultati nekih istrazivanja u podruéju neuroznanosti podupiru ovu tvrdnju (vidjeti
Lyons i Beilock, 2012; Mattarella-Micke, Mateo, Kozak, Foster i Beliock, 2011). Unato¢
nagadanjima o nasljednim i vanjskim (Hart, Petrill, Thompson i Plomin, 2009; Kovas,
Harlaar, Petrill, i Plomin, 2005; Wang i sur., 2014), kao i neuralnim (Deheane, Piazza,
Pinel i Cohen , 2003; Young, Wu i Menon, 2012) korelatima matematic¢ke anksioznosti,
specifi¢ni uzrok njezina razvoja, nakon 70 godina istrazivanja i dalje ostaje otvoreno
pitanje znanstvene rasprave (Geist, 2010).

Rezultati u ve¢ini studija matematicke anksioznosti ukazali su na vaznost interakcije
kognicije i emocija za njezin razvoj (Prevatt i sur., 2010; Putwain, Connors i Symes,
2010). Kognitivna komponenta matematicke anksioznosti odnosi se na zabrinutost
zbog postignuca u matematici i posljedica podbacivanja (Wigfield i Mecce, 1988),
zbog hipertenaciteta paZnje koju pojedinac usredotocuje na ruminirajuée misli u tim
situacijama. Ruminacije o kompetenciji iz podru¢ja matematike utje¢u na smanjenje
produktivnosti radne memorije, §to rezultira neuspjehom u rjesavanju matematickih
zadataka. Afektivna komponenta matematicke anksioznosti odnosi se na emocionalnu
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i fiziologku nelagodu i napetost u situacijama ucenja matematickoga sadrzaja ili u
situacijama vrednovanja matematickoga znanja (Wigfield i Mecce, 1988). Najcesce se
manifestira kao op¢a fizioloska napetost tijela ili kroz pojedinacne fiziologke simptome.
Tako se manifestacija matematicke anksioznosti moze opisati kao dominantno kognitivni
ili emocionalni odgovor tijekom kontakta s matematickim sadrzajem, najcesce se moze
detektirati interakcija ovih ¢imbenika. Rezultati nekih istrazivanja takoder upuc¢uju na
ovaj zaklju¢ak, podupirudi tvrdnju da se dimenzije matematicke anksioznosti nalaze
u pozitivnom, umjerenom ili snaznom odnosu (Milovanovi¢ i KodZopelji¢, 2018;
Wigfield i Meece, 1988).

Afektivna i kognitivna komponenta matematicke anksioznosti negativno pridonose
matemati¢kom postignucu na svim obrazovnim razinama (npr. Hembre, 1990; Ma i
Hu, 2004; Wu i sur., 2014), ali afektivna komponenta ima nesto ja¢i ucinak tijekom
srednje Skole (Ho i sur., 2000; Wigfield i Meece, 1998). Kada se govori o jacini veze
izmedu matematicke anksioznosti i matematickoga postignuca, istrazivanja upucuju
na da bi se ta povezanost mogla opisati u rasponu od niskih do umjerenih koeficijenata
korelacije (Ho i sur., 2000; Ma, 1999). Iako se konkretni uzroci matematicke anksioznosti
ne mogu sa sigurno$¢u utvrditi (Geist, 2010), srednjoskolci smatraju spolne razlike
njenzim naj¢e$¢im uzrocima (Arambasic, Vlahovié-Stetié, i Severinac, 2005; Beilock,
Gunderson, Ramirez, i Levine, 2011; Steffens i Jelenec, 2011).

Odnosi matematicke anksioznosti, matematickoga postignuca
i motivacije za uc¢enje matematike

Prethodna istraZivanja odnosa matematicke anksioznosti i matematickih postignuéa
rezultirala su formiranjem tri skupine op¢ih teorija. Prema teoriji deficita (Hembree,
1990; Tobias, 1986), niske akademske sposobnosti izazivaju visoku razinu anksioznosti.
Matematicka anksioznost mogla bi stoga biti uzrokovana povije$¢u neuspjeha u
rjeSavanju matematickih problema. Ova teorija nalazi svoju primjenu u istraZivanjima
kod ucenika s potesko¢ama u razvoju ili problemima u ucenju (Passolunghi, 2011;
Rubinsten i Tannock, 2010), §to smanjuje mogu¢nost generaliziranja na ucenike
urednoga razvoja. S druge strane, teorija kognitivne interferencije postulira glediste da
visoka razina anksioznosti rezultira neuspje$nim rjeSavanjem problema. Prema ovoj
teoriji, matematicka anksioznost posredovana radnom memorijom, ometa sposobnost
rjeSavanja matematickih problema, $to rezultira niskim postignuc¢em iz matematike ili
izbjegavanjem matematickih sadrzaja (Ashcraft i Krause, 2007; Morsanyi, Busdraghi,
i Primi, 2014). Preusmjeravanjem pozornosti s rjeSavanja matematickoga problema
na vlastite misli o neadekvatnosti osobnih kompetencija, u¢enik naj¢e$ée ne uspijeva
rijesiti zadatak. Bez obzira na razvoj teorija uzajamnih utjecaja, istrazivanja uglavnom
podrzavaju teoriju kognitivne interferencije, zbog malog broja nalaza eksperimentalnih
i longitudinalnih studija koji bi podrzali recipro¢ne modele ili teoriju deficita.

Motivacija za u¢enje matematike definirana je kao ulaganje u rje$avanje matematickih
problema, pozitivno vrednovanje matematic¢kih sposobnosti i matematike opéenito,
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kao i stupanj uspje$noga rjeSavanja matematickih zadataka (Gottfried, Marcoulides,
Gottfried, Oliver i Guerin, 2007). Prethodna istrazivanja srednjoskolske populacije
pokazale su da ucenici koji su zabrinuti u vezi s matemati¢kim postignu¢ima pokazuju
nizu motivaciju za u¢enje matematike (Hembree, 1990; Zakaria i Nordin, 2008), negativniji
stav prema matematici i vele izbjegavanje matematike u kontekstu odabira budude
profesije (Ashcraft, 2002; Hembree, 1990). Srednjoskolski u¢enici koji imaju pozitivan
stav prema matematici skloni su traziti pomo¢ u rje$avanju zadataka, testiranju velikoga
broja strategija rjeSavanja matematickih problema i ulaganju u rje$avanje slozenijih
matematickih zadataka (Wigfield, Eccles, & Rodriguez, 1998). Imajuci u vidu rezultate
prethodnih istrazivanja, ¢ini se da je motivacija za u¢enje matematike dijelom posljedica
matematicke anksioznosti u¢enika, ali istovremeno predstavlja vaznu odrednicu u
postignucu iz matematike $to potvrduje njegov posrednicki karakter (Hong, O’Neal, i
Feldon, 2005). Suvremeni preventivni programi preporu¢uju motiviranje u¢enika radi
pobolj$anja matematickih postignuca (npr. Jitendra, Nelson, Pulles, Kiss i Houseworth,
2016), tako da je jasno da motivacija za u¢enje matematike zasluzuje vaZno mjesto u
istrazivanju odnosa izmedu matematicke anksioznosti i matematickoga postignuca.
S obzirom na sklonost u¢enika da pokazuju najnizu motivaciju za ucenje matematike
u srednjoj $koli (Wigfield i sur., 1997), ispitivanje tih odnosa u srednjoskolaca ¢ini se
vaznim za buduce obrazovne rezultate u podru¢ju matematike. Neki ucenici ¢ak mogu
motivacijski profitirati od matematicke anksioznosti, dok kod drugih anksioznost
djeluje demotiviraju¢e (Pekrun, Frenzel, Goetz i Perry, 2007). Prema Wangu i
suradnicima (Wang i sur., 2018), koji su pronasli 8 razlic¢itih profila srednjoskolaca
koji su karakterizirani razli¢itim kombinacijama dimenzija matematicke anksioznosti
i motivacije za ucenje matematike, potrebno je vise ispitati slozenost emocionalno-
motivacijske interakcije u u¢enju matematike. Wang i suradnici (2015) zakljuéili su da
je kod adolescenata koji su imali nisku motivaciju za u¢enje matematike, ustanovljena
negativna povezanost izmedu matematicke anksioznosti i matematickih performansi
na svim razinama matematickih postignuca. Utjecaj matematicke anksioznosti raste i
dostize vrhunac u srednjoj $koli (Hembree, 1990) kada ucenici teze uciti matematiku
samo zbog $kolskih ocjena, matematiku ocjenjuju kao manje zabavnu (Middleton i
Spanias, 1999) i manje vaznu (Wigfield i sur., 1997) i imaju nedostatak motivacije za
ucenje matematike (Bencek i Mareni¢, 2006), §to dodatno doprinosi vaznosti aktualnoga
istrazivanja posredni¢ke uloge motivacije za u¢enje matematike izmedu matematicke
anksioznosti i matemati¢koga postignuca.

Razlike izmedu spolova u matematickoj anksioznosti,
matematickom postignucu i motivaciji za u¢enje kod ucenika
srednjih skola

Tradicionalno se na matematiku gleda kao na tipi¢no ,,musko podruéje®. Rezultati
starijih metaanaliza sugeriraju da mladi¢i postizu bolje rezultate u matematici u
odnosu na djevojke tijekom srednje Skole (Hedges i Nowell, 1995; Hyde i sur., 1990),
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dok suvremene metaanalize osporavaju ta tradicionalna stajali$ta, upu¢ujuci na male
ili beznacajne rodne razlike u matematickim sposobnostima (Else-Quest i sur., 2010;
Lindberg i sur., 2010; Voyer i Voyer, 2014). Osim toga, ¢ini se da su djevojke tijekom
posljednjega desetljeca postizale bolje ocjene iz matematike od mladi¢a u osnovnoj i
srednjoj $koli (Brown i Kanyongo, 2010; Jugovi¢, Baranovi¢ i Marusi¢, 2012; Robinson
i Lubienski, 2011; von Maurice, Dérfler i Artelt, 2014), zbog ¢ega su prethodni rezultati
upitni. Ovaj se zakljucak moze primijeniti i u slu¢aju bodova na pojedina¢nim
testovima i $kolskim ocjenama na kraju srednje $kole (Fryer i Levitt, 2010; Guiso
i sur., 2008; Kenney-Benson, Pomerantz, Ryan i Patrick, 2006; Pope i Snydor, 2010;
Puklek Lepuvscek, Zupancic¢ i So¢an, 2012). U raznim istrazivanjima na na uzorku
srednjoskolske populacije, djevojke su, u usporedbi s mladi¢ima, pokazivale nizu
razinu izbjegavanja ucenja (Shim, Ryan i Anderson, 2008), vi$u razinu svladavanja
matematic¢kih materijala za u¢enje (Pekrun, Elliot i Maier, 2006) i ve¢u uklju¢enost u
rjeSavanje zadataka iz matematike (Gherasim, Butnaru i Maieran, 2013), $§to se moze
povezati s boljim ocjenama djevojaka. Ipak, potrebno je vi$e istrazivanja kako bi se
odgovorilo na pitanja 0 mehanizmima spolnih razlika u matematici koje pridonose
uspje$nom rjesavanju matematickih zadataka.

Rezultati metaanaliza rodnih razlika u matematickoj anksioznosti (npr. Else-Quest
i sur., 2010; Hembree, 1990), ali i drugih studija (Devine, Fawcett, Sztics, i Dowker,
2012; Hill i sur., 2016; Jain & Dowson, 2009; Luo, Wang, i Luo, 2009; Sadikovi¢,
Milovanovi¢ i Oljaca, 2018) ve¢inom su upucivale na to da su djevojke sklonije
njezinom ocitovanju tijekom srednje $kole. Objasnjenja tih nalaza temeljila su se
na misljenju da su ucenice vise samokriti¢ne i zabrinute zbog postignuca i da imaju
niZe matematicko samopoimanje, $to vodi u zabrinutost i, prema tome, u negativne
emocionalne reakcije u vezi s matematickim postignu¢ima (Goetz, Frenzel, Hall i
Pekrun, 2008; Goetz, Bieg, Liidtke, Pekrun i Hall, 2013). Ostali su se autori usredoto¢ili
na vanjske i kontekstualne uzroke tih razlika te su kao objasnjenje razmatrali manju
potporu djevojkama u ucenju matematike (Eccles, 2011) ili u¢inak predrasuda prema
matematici kao ,,muskom podrudju® (Arambasic i sur., 2005; Steffens i Jelenec, 2011).
Rezultati prethodnih istrazivanja (Bieg, Goetz i Lipnevich, 2014; Goetz i sur., 2013)
pokazali su da djevojke postiZu vece rezultate na ljestvici matematicke anksioznosti kao
stanja i osobine, a da su se razlike u spolovima najmanje ocitovale kada se matematicka
anksioznost promatrala kao stanje. Spomenuti zaklju¢ak moze se objasniti ¢injenicom
da je Zenski spol opcenito skloniji anksioznosti (Chapman, Duberstein, S6rensen
i Lyness, 2007; Costa, Terracciano i McCrae, 2001), dok muski spol vise pokazuje
simptome anksioznosti kao posljedicu situacijskih faktora. U razdoblju adolescencije,
razlike u spolu u matematici viSe se zasnivaju na razlikama u samopercepciji osobnih
kompetencija i na brizi o postignu¢ima (Egger, Costello i Angold, 2003; Osborne, 2001),
§to se vi$e ocituje kod adolescentica. Moze se zakljuditi da djevojke i mladi¢i razli¢ito
izrazavaju matematicku anksioznost te da se mogu uvidjeti odredene spolne razlike
u konstelaciji efekata matematickih anksioznosti na nize postignuce iz matematike.
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Anksioznost se moZe promatrati i kao varijabla koja regulira o¢itovanje i razvoj
motivacije (Catsambis, 1994; Hannula, 2012). U srednjoj $koli djevojke pokazuju
manje interesa za matematiku i pokazuju vi$u razinu matematicke anksioznosti
(Lupart, Cannon i Telfer, 2004; Skaalvik i Skaalvik, 2004). Spolne razlike u motivaciji
(npr. ocekivanja, vrijednosti), zauzvrat, predvidaju kasnije razlike u akademskim
postignu¢ima (Leaper, Farkas i Spears Brown, 2012). Ovo sugerira da se razlike u
spolovima u akademskoj motivaciji mogu dijelom modificirati razlikama u anksioznosti
(Pajares i Valiante, 2002). Odnos mladi¢a prema matematici mogao bi se razmotriti
u kontekstu da mladi¢i imaju potrebu za ,,znanjem” i ,,rukovanjem” matematikom
kako bi mogli raditi u zanimanjima koja se smatraju vise ,,muskim” (Samuelsson i
Samuelsson, 2016). Prema Nacionalnoj zakladi za znanost (2012), mladiéi ¢es¢e pohadaju
fiziku i inZenjerstvo u srednjoj $koli kao izborni ,matematicki” predmet u mnogim
zemljama (npr. Francuska, Italija, Norveska, Portugal, Svedska, Slovenija itd.). Imajuci
u vidu lagani porast sudjelovanja djevojaka u srednjoskolskim te¢ajevima vezanim uz
matematiku, ali i u poslovima vezanih uz matematiku (Beede i sur., 2011; Noonan,
2017), potrebno je razmotriti razlike u motivaciji u¢enika za u¢enje matematike u
kontekstu interakcije spola i anksioznih tjeskoba. Budu¢i da bi razli¢ite vrste motivacije
mogle biti vazne te da bi razli¢iti temeljni ¢imbenici mogli dovesti do sli¢nih obrazaca
rezultata, studije rodnih razlika u matematickim postignu¢ima moraju se tumaciti s
oprezom, posebno ako se provode u srednjim $kolama u kojima matematika mozda
nije glavni i sredi$nji predmet.

Ciljevi istrazivanja

Tijekom srednje $kole matematicka anksioznost predstavlja vrlo vazan faktor slabijih
matematickih postignuca. No, prethodna literatura pruzila je donekle opre¢ne nalaze
o ulozi spola u odnosima tih varijabli. Imajuci na umu da se spol istice kao jedan od
najvaznijih ¢imbenika matematickoga postignuca i da u matematickoj anksioznosti
postoje spolne razlike, postoji potreba za detaljnijom analizom odnosa izmedu
anksioznosti i matemati¢koga postignuca u kontekstu spolnih razlika. Pored toga,
interakcija matematicke anksioznosti i motivacije za u¢enje poboljsavaju predvidanje
matemati¢koga ponasanja i postignuca u usporedbi s njihovim samostalnim utjecajima
(Lyons i Beilock, 2012; Wang i sur., 2015).

Stoga je cilj ovoga istrazivanja bio ispitati odnos matematicke anksioznosti i
matematickoga postignu¢a medu srednjoskolcima kroz u¢inke matematicke motivacije
i moderirajucega ucinka spola. Ti odnosi nisu tako jednostavni imajuci u vidu
viSedimenzionalnu prirodu matematicke anksioznosti i posrednic¢ku ulogu motivacije
za uenje matematike. MozZe se ocekivati da ¢e afektivna dimenzija imati ve¢i doprinos
u objasnjenju matematickoga postignuca od kognitivnih aspekata matematicke
anksioznosti. Stoga je cilj provedenoga istrazivanja ispitati doprinos obje dimenzije
matematicke anksioznosti u predvidanju postignuca iz matematike, ovisno o spolu
ucenika i motivaciji za ucenje. Ocekuje se da ¢e obje dimenzije matematicke anksioznosti
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imati negativan odnos s matematickim postignuc¢em kod djevojaka. Mladi¢i su manje
zabrinuti za svoja postignuca u podruéju matematike i nisu tako skloni anksioznosti
kao osobini u usporedbi s djevojkama. Zbog toga se pretpostavlja da ¢e anksioznost
u potpunosti doprinijeti matemati¢kim postignu¢ima kroz negativne utjecaje na
motivaciju za u¢enje matematike kod mladica, ali dijelom, neovisno, i kod djevojaka.

Metoda

Sudionici i procedura

U istrazivanju je sudjelovalo 514 srednjoskolaca (45,3 % muskoga spola) iz gimnazija
(45,7 %) i srednjih strukovnih $kola u Srbiji. Starost sudionika kretala se u rasponu od
15 do 19 godina. Ukupno je bilo 32,9 % ucenika drugog, 34 % trecegi33,1 % Cetvrtog
razreda. Kako bi se objasnila svrha ove studije i zatrazila suglasnost, obavljeni su osobni
posjeti ravnateljima $kola. Uprave svih $kola odobrile su istrazivanje. Tijekom redovne
Skolske nastave, educirani studenti distribuirali su instrumente sudionicima. Brinulo se
o tome da odabrani razredi imaju razmjerno priblizan broj u¢enika i uéenica razli¢itih
obrazovnih profila. Svi su sudionici bili upoznati sa svrhom istrazivanja i osiguravanjem
anonimnosti podataka prije primjene instrumenata. Roditelji maloljetnika takoder su
prije provodenja upitnika potpisali informativni pristanak za sudjelovanjem njihove
djece u istrazivanju.

Instrumenti i mjere

Upitnik matematicke anksioznosti (MAQ: Wigfield i Meece, 1988; za prevedenu i
prilagodenu verziju vidi: Milovanovi¢ i KodzZopelji¢, 2018) sadrzi 11 Cestica koje se
ocjenjuju na Likertovoj skali od sedam bodova (od 1 - izrazito se ne slazem do 7 - u
potpunosti se slazem). MAQ se sastojao od dvije podskale: zabrinutost (a = .86) i negativne
afektivne reakcije (o = .85). Cestice koje su usredotocene na negativne afektivne reakcije,
mjere negativna emocionalna stanja tijekom matematickih aktivnosti u $koli (Testovi
iz matematike me plase), a Cestice usredotocene na brigu mjere zabrinutost ucenika o
njihovoj uspje$nosti u matematici (Brinem se za to koliko mi dobro ide matematika).

Ljestvica motivacije u¢enika za u¢enje matematike (SMOT: Gitno i Mwangi, 2003) je
ljestvica koja je namijenjena mjerenju razlicitih motivacijskih faktora ucenja matematike
i sastoji se od 28 Cestica. Ljestvica je ve¢ prilagodena i provjerena za srpske ucenike
(Milovanovi¢, 2016). Odgovori na ¢estice dani su na Likertovoj skali s pet bodova (od
1 - uglavnom se ne slazem, do 5 - u potpunosti se slazem). Faktorska struktura upucuje
na to da postoje 4 glavne komponente ove ljestvice: motivacija (Izrazito sam motiviran
za ucenje matematike, a = .82), zadovoljstvo (Zadovoljan sam nacinom na koji ucim
matematiku, a = .83), demotivacija (Rijetko ocekujem da cu biti uspjesan u predmetima
koji se ticu matematike, o = .79) i korisnost (Ucenje matematike pruza mi mogucnosti
za napredovanje u obrazovanju, a = .85).

Postignuce iz matematike mjerilo se ocjenama koje su prikupljene iz §kolskih
dnevnika na kraju $kolske godine. Ukupni matematicki uspjeh izracunao se za svakog
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ucenika ra¢unanjem prosjeka njegovih ocjena iz matematike na polugodistu i na kraju
$kolske godine.

Rezultati
Korelacije i spolne razlike

Razlike izmedu spolova u postignucu iz matematike i u negativnim afektivnim
reakcijama bile su znacajne, dok razlike u zabrinutosti nisu (tablica 1).

Tablica 1.

Djevojke su postigle vece matematicko postignuce i takoder su dozivjele vise
negativnih emocionalnih reakcija tijekom matematickih aktivnosti u $koli u usporedbi
s mladi¢ima. Matematicko postignude bilo je znacajno i negativno povezano s obje vrste
matematicke anksioznosti, dok su dimenzije matematicke anksioznosti bile medusobno
pozitivno povezane. Mjere zako$enosti i spljostenosti distribucije (respektivno) za
matematicko postignuce (-0.14, -1,08), brigu (0.06, -0.96) i negativne afektivne reakcije
(0.24, -0.84) bile su u zadovoljavaju¢em rasponu vrijednosti, prema preporukama
Tabachnick i Fiddel (2013).

Tablica 1 takoder pokazuje da su sve korelacije izmedu motivacije za u¢enje matematike,
matematickoga postignuca i matematicke anksioznosti bile znacajne. Sve korelacije
MAQ-a s dimenzijama motivacije bile su niske do umjerene i negativne, osim onih s
demotivacijom. Korelacije izmedu matematickoga postignuca i dimenzija matematicke
motivacije bile su umjerene i pozitivne, osim u slu¢aju demotivacije, gdje su korelacije
bile negativne. Nisu utvrdene spolne razlike u dimenzijama motivacije za uenje
matematike. Mjere zakoSenosti i spljostenosti distribucije za dimenzije motivacije za
ucenje matematike takoder su bile u zadovoljavaju¢em rasponu vrijednosti.

Tablica 2.

Tablica 2 prikazuje koeficijente korelacije izmedu motivacije za uéenje matematike,
matematickoga postignuca i matematicke anksioznosti ovisno o spolu uc¢enika. Utvrden
je slican odnos u usporedbi s odnosima koji su dobiveni na cijelom uzorku (tablica
1). Otkrivene su razlike izmedu motivacije i brige medu mladi¢ima, kao i u odnosu
korisnosti i negativnih afektivnih reakcija. Zbog razli¢itih odnosa tih konstrukcija
medu spolovima moze se oc¢ekivati da bi motivacija za uc¢enje matematike mogla biti
znacajan faktor koji razlikuje odnose izmedu matematicke anksioznosti i matematickih
postignuca kod mladica i djevojaka.

Analiza putanje - moderirana medijacija

Kako bi se testirao moderacijski uc¢enik spola u medijacijskom odnosu motivacije
za uenje matematike izmedu matematicke anksioznosti i matematic¢koga postignuca,
proveden je strukturni model analizom putanje (slika 1).

Slika 1.
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Ova vrsta modela omogucava donosenje zaklju¢aka o odnosima varijabli ovisno o
razini moderatora. Razina moderatora mogla bi promijeniti odnose izmedu neovisne
varijable i varijable medijatora, kao i izmedu varijable medijatora i ovisne varijable.
U ovom se modelu mogu primijetiti dva uc¢inka: izravni u¢inak neovisne varijable i
ukupni uc¢inak koji uklju¢uje posredne ucinke. Procjena modela provedena je na temelju
Akajkeova informacijskoga kriterija (AIC; Akaike, 1973.), Bayesova informacijskoga
kriterija (BIC; Schwarz, 1978.), komparativnoga indeksa fita i Tucker-Lewisova indeksa
(CFIiTLI - optimalne vrijednosti vece od .95, prihvatljiva ve¢a od .90), aproksimacije
korijenske srednje vrijednosti (RMSEA - optimalne vrijednosti niZe od .05, prihvatljive
nize od .08) i kvocijent x2/df (preporuceno <2) (Kline, 2010). Ispitivanjem razli¢itih
modela odnosa izmedu spola, motivacije za u¢enje matematike, matematickoga
postignuca i matematicke anksioznosti utvrdeno je da model imao dobre indekse fita
(x*(140) = 271.03, CFI = .93, TLI = .92, RMSEA = .06, AIC = 99.95, BIC = 7001.5).

Slika 2.

Slika 2 pokazuje da je u slu¢aju mladica bio zna¢ajan negativan ukupan, ali neznacajan
izravan ucinak brige i negativnih afektivnih reakcija na matematicko postignuce.
Samozadovoljstvo imalo je znacajan neizravan ucinak na matematicko postignuce.
Moze se zakljuliti da obje manifestacije matematicke anksioznosti neizravno pridonose
matematickim postignu¢ima, putem negativnoga utjecaja na zadovoljstvo tijekom
ucenja matematike.

Slika 3.

Slika 3 pokazuje da je doslo do znacajnoga i negativnog ukupnoga i izravnoga u¢inka
brige i negativnih afektivnih reakcija na matematicko postignuée kod djevojaka. Obje
dimenzije matematicke anksioznosti doprinose neovisno i negativno postignu¢ima
iz matematike, ali takoder posredno i negativno utje¢u na zadovoljstvo i korisnost.
Jasno je da matematicka anksioznost igra vaznu ulogu za matematicko postignuce
kod oba spola, ali ova je studija takoder oznacila vaznost djelomi¢ne medijacijske
uloge motivacije za ucenje matematike u skupini djevojaka, ali punu medijacijsku
ulogu u skupini mladi¢a.

Rasprava i zakljucci

Cilj ovoga istrazivanja bio je utvrditi moderiraju¢u ulogu spola u odnosu na
dimenzije matematicke anksioznosti i matematickih postignuéa kod srednjoskolaca,
posredovanih motivacijom za ucenje matematike, kao i ispitati doprinos dimenzija
matematicke anksioznosti postignu¢ima iz matematike. Rezultati istrazivanja pokazuju
da negativne afektivne reakcije i briga znacajno i negativno doprinose matematickom
postignuc¢u kod oba spola, ali da je motivacija za u¢enje matematike uz navedene odnose
djelomi¢no utjecala na dobivene rezultate kod djevojaka i u potpunosti kod mladica.

Doprinos negativnih emocionalnih reakcija matemati¢kim postignu¢ima pokazao
se znacajnim kod oba spola. U isto vrijeme, ovaj je doprinos bio ve¢i od doprinosa
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zabrinutosti, $to se podudara s rezultatima prethodnih istrazivanja (Ho i sur., 20005
Wigfield i Meece, 1998). Cini se da se konceptualna razlika izmedu kognitivne i
afektivne dimenzije matematicke anksioznosti sastoji u ¢injenici da se zabrinutost
olituje tijekom duZzega razdoblja prije ispitne situacije, dok se negativne afektivne
reakcije najocitije manifestiraju u situacijama evaluacije znanja (npr. Kad radim test
iz matematike, obicno se osjecam nervozno i nelagodno ili Kada mi nastavnik postavi
pitanja iz matematike, brinem se da ¢u lose raditi). Moguce je da zbog toga afektivna
komponenta matematicke anksioznosti ima jaci u¢inak na matematicko postignuce
u odnosu na kognitivohu komponentu.

Spolne razlike isle su u korist djevojaka koje postizu bolje rezultate u dimenziji
negativnih afektivnih reakcija, kao i u korist toga da imaju vece postignuce u matematici
u usporedbi s mladi¢ima. Tijekom posljednjih nekoliko desetlje¢a pokazalo se da
djevojke tijekom srednje $kole imaju bolje ocjene iz matematike od mladi¢a (Brown &
Kanyongo, 2010; Robinson i Lubienski, 2011). Trend smanjenja tradicionalnih rodnih
razlika mogao bi se uociti u rezultatima suvremenih metaanaliza u matematickim
postignu¢ima tijekom srednje $kole (npr. Voyer i Voyer, 2014). Jaci izraz negativnih
emocionalnih reakcija kod djevojaka moZe se objasniti spolnim razlikama u o¢itovanju
anksioznosti, $to je snaZnije izrazeno kod djevojaka u adolescenciji (vidjeti Dowker,
Sarkar, i Looi, 2016). Emocionalnost je izrazenija kod djevojaka, a djevojke su
istovremeno sklonije izrazavati anksioznost kao osobinu. Stoga bi se ¢inilo da ovaj
nalaz, u kombinaciji s nalazom da djevojke svoje matematicke sposobnosti promatraju
kao nize izrazene tijekom srednje $kole (Goetz i sur., 2008; Goetz i sur., 2013.), rezultira
viSom manifestacijom negativnih emocionalnih i fiziologkih simptoma kod djevojaka,
posebno tijekom konkretnih situacija ocjenjivanja znanja.

Rezultati ovoga istrazivanja pokazali su da dimenzije matematicke anksioznosti
negativno doprinose matemati¢kim postignu¢ima i kod mladi¢a i kod djevojaka, s
dvostruko ja¢im uc¢inkom u slu¢aju djevojaka. Opcenito, ¢ini se da je glavna razlika
u tome $to ucenici oba spola dozivljavaju manifestacije anksioznosti na fizioloskoj i
emocionalnoj razini, ali su djevojke sklonije otvorenom izrazavanju brige, $to dodatno
povelava negativan doprinos matematickim postignu¢ima u tom razdoblju adolescencije
(Beilock i sur.,2011). Kao $to je ve¢ spomenuto, neki u¢enici mogu imati motivacijsku
korist od matematicke anksioznosti, dok drugi ne mogu (Pekrun i sur.,2007). Cini se
da neke manifestacije motivacije za uéenje matematike naru$avaju u¢inke matematicke
anksioznosti kod oba spola. Zadovoljstvo kao aspekt motivacije odnosi se na uZivanje
tijekom procesa ucenja matematike. Moze biti da su uenici koji su vi$e usredotoceni
na proces ucenja matematike nego na zavr$no matematicko postignuce, otporni na
utjecaj matematicke anksioznosti. Ovaj zaklju¢ak posebno se moze primijeniti na
skupinu mladica zbog ¢injenice da anksioznost kod djevojaka ima i neovisne, izravne
ucinke na matematicko postignuce, bez obzira na motivaciju. S obzirom da mladi¢i
imaju viSe povjerenja u vlastite matematicke sposobnosti (Goetz i sur., 2008; Goetz i
sur., 2013.), ¢ini se da njihova visoka motivacija i zadovoljstvo u u¢enju matematike
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imaju zastitnicku ulogu s obzirom na to da pokazuju manju zabrinutost i negativnih
osjecaja o svojem matematickom postignucu. Najocitiji nalaz ovoga istrazivanja, koji
potvrduje prethodne zakljucke, jest da zabrinutost nije igrala vaznu ulogu u slu¢aju
motivacije mladic¢a

Ovom studijom otkrivena je djelomi¢na medijacija motivacije za u¢enje matematike
u odnosu izmedu matematicke anksioznosti i matematickoga postignuca u skupini
djevojaka. Neizravni u¢inci matematicke anksioznosti postignuti su zadovoljstvom, kao
i u skupini mladica, i korisnosti. U prethodnim istraZivanjima na uzorku srednjoskolske
populacije djevojke su pokazale niZe izbjegavanje manifestacije performansi (Shim i
sur., 2008.), vi$u razinu svladavanja matematickih materijala za ucenje (Pekrun i sur.,
2006.) i ve¢u ukljucenost u kolske zadatke iz matematike (Gherasim i sur. ., 2013).
S obzirom na to da se ovo istrazivanje provodilo u srpskim srednjim $kolama u
kojima matematika nije uvijek glavni i sredi$nji predmet, korisnost moze imati vaznu
ulogu za mlade u smislu boljeg opéeg uspjeha i kasnije moguénosti za bolje visoko
obrazovanje. Cini se da bi percepcija korisnosti matematike mogla igrati vaznu ulogu
kao manifestacija vanjske motivacije koja bi se mogla povezati s budu¢im obrazovnim
ili osobnim uspjesima djevojaka. Prema tim rezultatima, moze se izvesti implicitni
zakljucak o razli¢itim u¢enicama u kontekstu uspjeha iz matematike: postoje u¢enice
koje motivira sama matematika i one koje imaju visoku motivaciju za postignuca, ali ne
specifi¢no u podruéju matematike. Medutim, takva tvrdnja zahtijeva daljnje istrazivanje.
Uz prethodne rezultate, vrlo je vazno primijetiti i da je matematicka anksioznost
kod djevojaka igrala i vaznu, neovisnu ulogu u postizanju matematickih postignuca.
Objasnjenja ovih nalaza mogla bi se temeljiti na migljenju Goetza i suradnika (2013)
da su ucenice vise zabrinute zbog svojega matematic¢kog postignuéa ¢emu pridonose
negativne emocionalne reakcije. Stovie, Zenski spol je skloniji anksioznosti opéenito
(Chapman i sur., 2007; Costa i sur., 2001), pa se ¢ini da matematic¢ka anksioznost
igra vaznu ulogu za djevojke u oblikovanju postignuca, bez obzira na motivaciju.
Da je generalizirana anksioznost bila kontrolirana u ovome istrazivanju, prethodni
sposobnosti percipiraju kao nize tijekom srednjoskolskoga obrazovanja. Ovakva
vrsta samohendikepirajuc¢ega ponasanja u kontekstu procjene vlastite u¢inkovitosti u
podruéju matematike, vjerojatno pridonosi iskazivanju vece anksioznosti i, djelomic¢no,
niZe motivacije i postignuca iz matematike.

Ogranicenja studije, daljnje preporuke i prakticni ucinak

Vazno je primijetiti da je ovo istrazivanje provedeno s odredenim ogranicenjima.
Glavno ogranicenje studije je da se matematicki uspjeh ne mjeri izravno vrednovanjem
znanja standardiziranim testom postignuca, ve¢ izra¢unavanjem prosjecne ocjene
iz matematike na temelju pojedina¢nih ocjena uzetih iz $kolskih dnevnika. Iako se
pokazalo da se mjera postignuca iz matematike moze smatrati pouzdanom mjerom,
buduca istrazivanja ove vrste trebala bi ukljucivati prikladniju mjeru matematickoga
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postignuca. Iako je uzorak bio odgovarajuce strukture i veli¢ine, a koristeni instrumenti
pouzdani i valjani, zakljuéci o utvrdenoj uzro¢no-posljedi¢noj vezi izmedu matematicke
anksioznosti, motivacije i postignu¢a ne mogu se potvrditi zbog korelacijske i
transverzalne prirode studije. Realizacija longitudinalne studije, ukljucivanje preostalih
znacajnih varijabli (matemati¢ko samopoimanje, matematicka samoucinkovitost)
u istrazivanje, kao i promicanje medunarodnoga karaktera istrazivanja, dodatno bi
pridonijeli boljem razumijevanju teme. Za pouzdanije zakljucke bilo bi dobro kontrolirati
generaliziranu anksioznost u daljnjim studijama, ali i uzeti u obzir odnose izmedu
matematicke anksioznosti i motivacije prema stupnjevima matematickih dostignuca.
U ovome istrazivanju to nije bilo izvedivo zbog malog broja u¢enika koji su imali losa
matematicka postignuca.

Kao opd¢i zakljucak istrazivanja, moze se navesti nalaz da su djevojke u srednjoj
$koli osjetljivije na manifestaciju anksioznosti od mladica, jer se ranjivost ocituje
i na kognitivnoj i na afektivnoj razini. S druge strane, detektirana je vrlo vazna
uloga motivacije. Poznavanje rodnih razlika u kontekstu promatranja odredenih
obrazovnih tema i podrucja vrlo je vazna instanca za realizaciju programa prevencije
i intervencija u $kolama s ciljem pobolj$anja obrazovnih rezultata. S obzirom na
razlike u matematickoj anksioznosti u odnosu na dispozicijske ¢imbenike kao $to je
spol, prevencija i intervencijski programi prevladavanja matematicke anksioznosti
trebaju biti osmisljeni uzimaju¢i u obzir ove specifi¢nosti. S tim u vezi, programi koje
bi provodio $kolski psiholog sa srednjoskolcima trebali bi sadrzavati aktivnosti koje
bi bile usmjerene na prevladavanje simptoma anksioznosti pove¢anom motivacijom
za oba spola, ali i na intervencije koje bi se mogle usredotociti posebno na smanjenje
matematicka anksioznost kod djevojaka.
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