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Abstract: This study examined the Jordanian mathematics
results in the 2012 Programme for International Student
Assessment (PISA) with respect to gender differences. A total
of 7038 Jordanian students (51.4% males and 48.6% femal es)
took the PISA 2012 math test, where mathematics was the
major domain of assessment. Contrary to most PISA
countries, female students in Jordan  significantly
outperformed males on overall math literacy scale and on
amost all math literacy contents and processes subscales. The
largest differences were on the uncertainty and data and the
change and relationships content subscales, and on the
employing and the interpreting processes subscales. However,
no significant gender differences were found among Jordanian
students at level 3 and above of the six proficiency levels on
the combined mathematics scale, nor in the higher percentiles,
90" and 95" percentiles. Reasons for the differential gender
performance were speculated, and directions of future research
were proposed.
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Introduction

Gender gap in mathematics achievement has been
widely studied in the educational literature, especially in
the US and Europe, in the last few decades. However,
thisissue is still debatable and controversia. Typicaly,
gender differences in mathematics tend to appear in
high school (Hyde, Fennema, & Lamon, 1990), and are
likely to be associated with the underrepresentation of
women in careers in science, technology, mathematics,
and engineering (Else-Quest, Hyde, and Linn, 2010).

Numerous studies found little or no gender
differences in mathematics achievement and approved
the parity of boys and girls in math performance (Azar,
2010; Bevan, 2001; Else-Quest et a., 2010; Gallagher
& Kaufman, 2005; Guiso, Monte, Sapienza, & Zingales,
2008; Hyde, 2008; Hyde & Mertz, 2009; Hyde,
Lindberg, Linn, Ellis, and Williams, 2008; VanL euvan,
2004).
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On the other hand, severa studies confirmed the
existence of gender gap in math performance.
Particularly, in middle & high school, boys
outperformed girls on standardized tests of math
(Bevan, 2001; Close & Shiel, 2009; Gallagher &
Kaufman, 2005; Hyde and Mertz, 2009; Kyriakides &
Antoniou, 2009; Liu & Wilson, 2009; Machin &
Pekkarinen, 2008; Shafiq, 2011).

Besides the better performance of boys in
mathematics is the finding that boys considerably
outnumber girls at both the high and the low end of the
mathematics test score distributions (Gallagher &
Kaufman, 2005; Kyriakides & Antoniou, 2009). Several
studies (Bevan, 2001; Ellison & Swanson, 2010;
Hedges & Nowell, 1995; Hyde & Mertz, 2009; Niederle
& Vesterlund, 2010) reported that such gender gap in
math performance that favors boys over girls is most
noticed amongst the highest achievers, or at the right tail
of the distribution. Hyde and Mertz (2009) concluded
that the literature has shown that boys scored better than
girls above the 95" or the 99" percentile, but this gender
gap has significantly narrowed over time in the United
States and is not found in some ethnic groups and in
some nations.
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Many efforts have been made to determine and
explain the factors that are associated with math gender
differences. Liu and Wilson (2009) classified these
efforts into explanatory and exploratory investigations.
The explanatory approach tries to explain the existing
gender differences from the students side through
offering social, cultural, and psychological models to
explain such differences. Whereas, the exploratory
investigation examines the reasons from the assessment
side by examining the item characterisitics that are
related to differential gender performance. One of the
main item-realted factors that has been identified to
influence the pattern and magnitude of gender
differences is the different cognitive domains measured
by math tests. Exploring gender differences across these
domains helps in checking if gender effects emerged to
any degree in one content area of mathematics rather
than another.

Numerous studies had shown inconsistency of
gender differences across different math contents and
domains. Males dominated females in spatia ability
(which is related to geometry) that requires
understanding the properties of objects, their relative
positions, and the relationships between actual shapes
and their visual representations (Gierl, Bisanz, Bisanz,
& Boughton, 2003; Halpern, 1997; Liu & Wilson, 2009,
Voyer, Voyer, & Bryden, 1995). Males, aso, performed
better on items that assess reasoning and problem-
solving abilities. On the other hand, females have been
reported to perform better than males on tasks involving
representation of quantities, and tasks involving
computational skills (Doolittle & Cleary, 1987;
Gallagher et a., 2000; Friedman, 1996; Marshall &
Smith, 1987). Females have also outperformed males on
items purely presented by formulas or equations, while
males performed better on word problems involving the
application of theory (Gallagher, 1992; Innabi &
Dodeen, 2006).

Given the discussion thus far, it appears that males
have the advantage over females in overall mathematics
performance. The mgjority of past research revealed the
superiority of males in aimost al math contents and
domains, and across different percentiles on the math
test score distributions. To find out if the issue of gender
gap in math achievement is specific to a particular
country or if it isauniversal phenomenon, investigating
large-scale international studies, such as PISA, provides
researchers with a much broader base in which to
examine this issue. The Organization for Economic Co-
operation and Development (OECD) launched the PISA
in 1997 in response to the need for cross-nationaly
comparable evidence on student performance. The
assessment does not just ascertain whether students, at
age 15, can reproduce what they have learned, but also
intended to measure how well they are able to use their
knowledge and skillsin tasks and challenges likely to be
encountered in everyday life situations outside school.
The survey takes place every three years starting from
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2000. Each of these cycles looks in depth at a major
domain, to which two thirds of testing time is devoted;
the other two domains are assessed less thoroughly.
Major domains have been reading in 2000 and 2009,
mathematics in 2003 and science in 2006. In 2012, the
major domain was again mathematics (OECD, 2013a).

PISA 2012 M athematics Framewor k

In the PISA 2012 mathematics framework,
mathematics literacy was defined as “an individual’s
capacity to formulate, employ, and interpret
mathematics in a variety of contexts. It includes
reasoning mathematically and using mathematical
concepts, procedures, facts and tools to describe,
explain and predict phenomena. It assists individuals to
recognize the role that mathematics plays in the world
and to make the well-founded judgments and decisions
needed by constructive, engaged and reflective citizens’
(OECD, 20133, p. 28). This definition distinguishes
literacy from the ability to recall and understand math
knowledge based on school curriculum. Accordingly,
PISA 2012 (OECD, 2013a) designed tasks to assess the
following two aspects:

1- The mathematical processes that describe what
students do to connect the context of a problem
with mathematics and thus solve the problem.

2- The mathematical content that is targeted to use in

the assessment items.

The mathematical processes that students do in
order to solve the problem refer to an individual’'s
capacity to formulate situations mathematicaly, to
employ mathematical concepts, facts, procedures, and
reasoning, and to interpret, apply, and evaluate
mathematical outcomes.

The four areas of mathematical content that guided
the development of test items for PISA 2012 and
characterized the range of mathematical content that is
central to the discipline are: change and relationships,
which involves understanding basic types of changes
and relationships among objects or circumstances and
modeling them with appropriate functions and
equations; space and shape, which involves a range of
activities such as creating and reading maps,
transforming shapes with and without technology,
interpreting views of three-dimensional scenes from
various perspectives, and constructing representations of
shapes; quantity, which involves understanding
measurements, counts, magnitudes, units, relative size,
and numerical trends and patterns; and uncertainty and
data, which involves recognizing the place of variation
in processes, having a sense of the quantification of that
variation, and acknowledging uncertainty and error in
measurement.

The overall PISA mathematics scale was divided
into six levels of proficiency, each characterized by
different levels of skills and knowledge. Level 6 is the
most advanced and typically involves higher-level skills
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such as conceptualizing, generalizing, and modeling of
complex problem situations. Level 2 is considered the
baseline proficiency level, and level 1 is the least
advanced that involves lower-level skills such as
carrying out routine procedures, performing obvious
actions, and answering questions that are clearly
defined. There is dso a ‘below level 1' category for
students who did not demonstrate competencies
required by the easiest PISA tasks. Students assigned to
a particular level will be expected to possess the skills
required at the lower levels, and to complete some items
from the next higher level (OECD, 20134).

Gender Gap in PISA 2006 through 2012

In PISA 2006 and 2009 and on average, boys
performed better than girls in overall math performance
by approximately 12 score points. In PISA 2006 in
which science was the major domain of assessment,
girls significantly outperformed boys in mathematics in
only one out of 57 participating countries. Boys
performed significantly better than girls in 16 countries
(OECD, 2006). In PISA 2009 in which reading was the
major focus of assessment, boys performed significantly
better than girls in 35 out of 65 participated countries,
and girls did better than boys in only five countries
(OECD, 20094).

According to the OECD (2013b), in PISA 2012 in
which mathematics was the major domain of assessment
and on average across OECD countries, boys performed
better than girls in mathematics by 11 score points.
Boys performed significantly better than girls in 37 out
of 65 countries. However, girls dignificantly
outperformed boys in only 5 countries. In many
countries the gender gap was narrowed since PISA 2003
because girls performance improved while boys
performance did not change. This could possibly signal
a trend reversal in the future (Quenzel & Hurrelmann,
2013).

Moreover and in almost all participating countries,
larger proportions of boys than girls scored at Level 5 or
6 (top performers) and at Level 4 of the defined
mathematics proficiency levels. The proportion of girls
was larger than the proportion of boys at proficiency
level 3 and below, except for nine countries where a
larger proportion of boys than girls performed below
level 2.

Regarding students performance on the process
subscales of formulating, employing, and interpreting,
and on the content subscales of change and
relationships, space and shape, quantity, and
uncertainty and data, the correlation between scores on
these subscales and overal mathematics scores was, in
general, high. This means that students tended to
perform as well on the mathematics subscales as they
did in mathematics overall. Therefore, boys did better
than girls on the three process subscales and on the four
content subscales.
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As for the four content subscales, boys performed
better than girls in amost all countries with the largest
average difference on the space and shape subscale and
the least average difference on the uncertainty and data
subscale. Moreover, boys did better than girls on ailmost
all processes subscales across almost all participating
countries. The widest gap among the three process
subscales was found in the formulating subscale, while
it was approximately equal for the other two subscales
(OECD, 2013b).

Aspects of the Educational System in Jordan

Formal education in Jordan takes place through
three cycles under the supervision of the Ministry of
Education (MOE). Pre-school cycle begins at age 4 and
continues for two years until age 6, where students enter
the second cycle of basic education that lasts for 10
years. Basic education is compulsory until the age of 16.
The last cycle of 2 years is the secondary education
cycle which consists of two streams, the comprehensive
secondary education stream and the applied secondary
education stream. At the end of the secondary school,
students sit for the general secondary education
certificate examination (or tawjihi) which is required for
admission to higher education (MOE, 2014).

According to the global gender gap index reported
by the World Economic Forum (2013), Jordan displayed
gender parity in education in enrollment rates at the
primary level. At the secondary and tertiary education,
enrollment rates of females are higher than those of
males. The enrollment rate in secondary education was
88% for females and 83% for males, and in tertiary
education was 41% for females and 35% for males.

The results of the national exam that was held in
2008 for the 10" graders in Jordan revealed that girls
performed significantly better than boys in mathematics
(MOE, 2008). Moreover, in the statistical annual report
prepared by the Ministry of Education (MOE, 2013),
girls performed better than boys on the tawjihi examin,
approximately, all streams for the years 2006 through
2013.

Statement of the Problem

There is no strong evidence that gender gap in
mathematics achievement is eliminated across all
nations. Gender differences were examined extensively
in USA, Europe, and industrialized countries, but very
few studies have been conducted in the Arab and
Muslim world, namely Jordan. Therefore, the present
study aimed at exploring the gender gap in mathematics
achievement among Jordanian students who participated
in PISA 2012, where mathematics was the mgor
domain of assessment.

This study was also motivated by two observations:
(a) the lack of published demonstrations of Jordanian
gender equality in international surveys such as PISA,
given that Jordan first participated in this survey in
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2006; and (b) it has been noted that females tended to
perform better on conventional mathematical items
related to textbook context, whereas males were better
in solving mathematical items which relate to actual life
or cannot be solved using familiar agorithms
(Gallagher & De Lisi, 1994; Harris & Carlton, 1993).
Therefore, females may be disadvantaged on large-scale
assessments because it is unlikely that these assessments
will closely resemble classroom assessments (Linn &
Hyde, 1989). However, according to the dtatistics
gathered by the MOE in Jordan it seems that the gender
gap in mathematics is reversed, in favor of the girls.
Therefore, it is important to further investigate this
gender gap in a non-curricullum based international
assessment to explore the magnitude and the direction
of the existing differences.

Aim of the Study.

The main aim of the present study was to examine
gender differences in Jordanian students' mathematics
literacy as measured by the PISA-2012 survey with
respect to their performance on (a) the overall PISA
mathematics scale; (b) the four content categories of
math literacy; and (c) the three processes that
characterized what students do.

Resear ch Questions.

More specifically, the present study tried to answer
the following research questions:

1) Are there any statistically gender differences in
PISA-2012 mathematics literacy among Jordanian
students with respect to the overall PISA math
scale?

Are there any dtatistically gender differences in
PISA-2012 mathematics literacy among Jordanian
students with respect to the distribution of scores
across different percentiles?

Are there any dtatistically gender differences in
PISA-2012 mathematics literacy among Jordanian
students with respect to the distribution of scores
across proficiency levels?

Are there any dtatistically gender differences in
PISA-2012 mathematics literacy among Jordanian
students with respect to the content categories of
math literacy?

Are there any datistically gender differences in
PISA-2012 mathematics literacy among Jordanian
students with respect to the various processes of
math literacy?

2)

3)

4)

5)

Significance of the Study

It is hoped that this study will contribute to the
literature on gender differences in math performance in
Jordan, which is not one of the top-performing countries
in PISA, given the improvements in the educational,
cultural, and socia conditions that girls and boys
encountered recently in Jordan. Moreover, the present
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study would provide researchers and policy makers with
important information about students' performance at
the end of the basic school where students choose to
either go to high school moving on the college track, or
to prepare for vocational training. Academic preparation
at this age can have a vigorous impact on the student’s
future educationa and professional ambitions and
attainment.

Definitions of Concepts

Mathematics Literacy: An individual’s capacity to
formulate, employ, and interpret mathematics in a
variety of contexts.

Mathematical Content: Refers to the four areas of
change and relationships, space and shape, quantity, and
uncertainty and data that guided the development of test
itemsfor PISA 2012.

Math Proficiency Levels: The six levels that
comprise the overall PISA math scale, and are
characterized by different levels of skills and
knowledge. These levels ranged from below level 1
category for students who did not demonstrate
competencies required by the easiest PISA tasks up to
level 6 which involves higher-level skills.

M ethod
Data

PISA items were arranged in nine clusters, with
each cluster representing 30 minutes of testing time.
Item clusters were placed in 13 test booklets according
to a rotated test design, with each form containing four
clusters of material from the mathematics, reading and
science domains. Each student does one form,
representing a total testing time of 120 minutes.
Therefore, not all students answered all questions in the
assessment.

A tota of 109 mathematics items were used in
PISA 2012. These items were distributed evenly across
the four content categories, such that each content
category represented by, approximately, 25% of score
points. The distribution of math items across the three
mathematical processes was different. About 50% of the
items were assigned for the process employing, and 25%
for each one of the other two processes.

Target Population and Sample

The target population of PISA in each country
consisted of al 15year-old students attending
educational institutions in grades 7 and higher. In each
country, the sample of students was chosen using a two-
stage stratified sampling procedure. The first stage
consisted of sampling individual schools that had 15-
year-old students. A minimum of 150 schools were
selected in each country. The second stage of the
sampling process involved sampling students within
sampled schools. Once schools were selected, a list of
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each school’s 15-year-old students was prepared, and
then 35 students were selected with equal probability
(OECD, 2009b). In Jordan, a total of 7038 students
(51.4% boys and 48.6% girls) took the PISA 2012 math
test.

Analysis

For item calibration and ability estimation, PISA
used the multidimensiona random coefficients
multinomial logit model (Adams, Wilson, & Wang,
1997), which is a generalization of the Rasch model.
This model can deal with both dichotomously and
polytomously scored items. In PISA, each student takes
only a portion of the entire test, therefore this model
computes their achievement scores based only on the
questions they receive. These achievement scores are
then rescaled to have an overall mean of 500 and a
standard deviation of 100 across participants in all
OECD countries. International surveys such as PISA
report students performance through plausible values,
which are random draws from the marginal posterior of
the latent distribution for each student. A set of five
plausible values are drawn for each student for each
scale or subscale. Population statistics should be
estimated using each plausible value separately. The
reported population statistic is then the average of each
plausible value statistic (OECD, 2009b).

In the present study, math performance for boys
and girls was compared, in terms of overal math
achievement, content categories, and mathematical
processes. The five sets of plausible values were used to
indicate student math proficiency in each dimension.
Different SPSS macro programs provided by the PISA
2009 data analysis manual (OECD, 2009c) were used to
produce direct estimates of the mean gender difference

and the standard error of the difference, on the basis of
the plausible values. The SPSS macros on pages 247
and 285 of the manual were used to answer the first, the
fourth, and the fifth research questions. To answer the
second research question, the SPSS macro provided by
the data analysis manual on page 251 was used. Finaly,
the SPSS macro on page 257 was used to conduct the
necessary analysis for the third research question.

A z dtatistic, computed by dividing the mean
difference by the estimated standard error, was used to
indicate the satistical significance of the mean
difference for each comparison. A significant z value,
equal to or more extreme than £ 1.96, means that the
mean difference was significantly different from zero,
suggesting a gender performance difference among
PISA students.

Results and Discussion

Overall Gender Differences in PISA 2006 through
PISA 2012 Math Literacy

In PISA mathematics, Jordan has been placed
under the OECD country average in all three cycles. In
PISA 2012 with a mathematics mean score of 386 and a
standard error (SE) of 3.1 (Table 1), Jordan was
classified under the OECD average (OECD average
equals 494) and ranked 61 out of 65 participated
countries. Table 1 shows that girls performed
significantly better than boys by 21 score points which
equals about one-fourth of a national standard deviation
(national standard deviation = 78). However, no
statistically significant differences were found in
mathematics performance between Jordanian boys and
girlsin 2006 and in 2009.

Table 1: Mean scale scores of Jordanian students on PISA math literacy by gender and year

2006 2009 2012
Group Mean SE Mean SE Mean SE
All 384 3.3 387 3.7 386 31
Boys 381 53 386 51 375 54
Girls 388 39 387 52 396 31
Boys-Girls Difference -7 6.5 -1 7.1 -21* 6.3

Note. SE= Standard Error. * p < 0.05

One possible reason for this is that since PISA
2006, mathematics performance of boys worsened by 6
score points, while girls performance improved by 8
score points (see Table 1). This resulted in a widening
of the gender gap in mathematics performance to the
extent that the nonsignificant gender gap observed in
2006 and 2009 became statistically significant in 2012.
This resonates with the findings from various PISA
administrations across different OECD countries in that
girls performance has improved over time since 2006,
whereas boys performance remained unchanged
(OECD, 2013b). However, this finding does not agree
with Linn and Hyde (1989) in that females may be
disadvantaged on large-scale assessments. Also, it does
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not agree with (Gallagher & De Lisi, 1994; Harris &
Carlton, 1993) in that males are better in solving
mathematical items that relate to actual life.

Jordan is one of the few countries among PISA
participating countries in which girls performed
significantly better than boys in mathematics. Jordan
results in PISA resemble those in Trends in
International Mathematics and Science Study (TIMSS).
In 1999, the first time Jordan participated in TIMSS,
gender differences were small and not statistically
significant, even though the differences of 6 score
points were in favor of girls. This gender gap increased
in the subsequent cycles, 2003, 2007, and 2011. In each
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of these three cycles, girls significantly performed better
than boys with the widest gap of 28 score pointsin 2011
(TIMSS, 2012).

The findings of the present study in PISA 2006 and
2009 agree with the findings of previous studies in the
nonexistence of gender gap in math achievement (Azar,
2010; Bevan, 2001; Else-Quest €t al., 2010; Fennema et
al., 1998; Gallagher & Kaufman, 2005; Guiso et al.,
2008; Hyde, 2008; Hyde & Mertz, 2009; Hyde et al.,
2008; VanLeuvan, 2004). However, the findings of the
present study in PISA 2012 agrees with previous studies
(Bevan, 2001; Close & Shiel, 2009; Gallagher &
Kaufman, 2005; Hyde and Mertz, 2009; Kyriakides &
Antoniou, 2009; Liu & Wilson, 2009; Machin &
Pekkarinen, 2008; Shafig, 2011) in the existence of

gender gap in math performance, but they do not agree
with the prevalence of boys over girls.

Gender Differences at Different Percentiles on PISA
2012 Math Literacy

In the higher percentiles, 90™ and 95" percentiles,
Table 2 shows that Jordanian girls did not significantly
outperform Jordanian boys. However, girls significantly
did better than boys in the 75" percentile and below.
The pattern of gender differences in Jordanian students
performance across different percentiles can be seen
more clearly in Figure 1. At the higher levels, boys and
girls did not significantly differ, but the difference
increases with lowering ability, and becomes quite
distinct in the lowermost percentiles.

Table 2: Jordanian students' performance at different percentilesin PISA 2012 math literacy by gender

. Boys Girls .
Percentile Mean  SE Mean  SE Mean Difference
95" percentile 515 11.9 513 5.9 2
90" percentile 481 7.2 487 5.0 -6
75" percentile 427 6.3 442 4.1 - 15
50" percentile 371 4.9 394 34 - 23
25" percentile 320 5.0 348 2.9 - 28¢
10" percentile 273 5.9 308 33 - 36*
5" percentile 245 6.5 284 39 - 39*
Note. SE= Standard Error. * p < 0.05
600
500 -
400 -
g 300
A ——boys
200 —l—cirls
100 -
O T T T T T T 1
5 10 25 50 75 90 95

Percentile

Figure 1. Jordanian boys' and girls' performance at different percentilesin PISA 2012 math literacy

Even though this difference for Jordanian students
was not statistically significant, this finding, in part,
agrees with (Bevan, 2001; Ellison & Swanson, 2010;
Hedges & Nowell, 1995; Hyde & Mertz, 2009; Niederle
& Vesterlund, 2010) in that boys scored better than girls
above the 95"%. In addition, it agrees with previous

research (Gallagher & Kaufman, 2005; Kyriakides &
Antoniou, 2009) in that girls outhumbered boys at the
low end of the math score distribution. Moreover, this
finding agrees with Hyde and Mertz (2009) in that,
above the 95" percentile, gender gap is not found in
some nations.
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Gender Differences across Proficiency Levels on
PISA 2012 Math Literacy

According to Table 3, about two thirds of the
Jordanian students (72% of boys and 65% of girls)
scored below the baseline proficiency level, i.e., level 2.
Table 3 and Figure 2 show that there were no significant
gender differences among Jordanian students at level 3
and above of the six proficiency levels on the combined
mathematics scale. It is noteworthy that even though no
statistically significant differences were found between
boys and girls at level 4 and above, boys outnumbered
girlsin these higher levels. No girl scored at the highest
proficiency level. This is in line with the findings in
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large-scale surveys in that, in general, males are more
dominant at the high end of distributions of mathematics
achievements (Close & Shiel, 2009; Gallagher &
Kaufman, 2005; OECD, 2013b; Kyriakides &
Antoniou, 2009).

The percentages of Jordanian girls at levels 1 and 2
were statistically greater than the percentages of boys,
which agree with findings from other PISA participating
countries (OECD, 2013b). However, more boys were
found below level 1; around 43% of boys as compared
to around 30% of girls.

Table 3: Percentages of Jordanian students at each combined math proficiency level in PISA 2012 by gender

Level Boys Girls Boys-Girls Difference
% students  SE % students  SE % Difference  SED
<Level 1 43.3 2.6 29.9 1.7 13.4* 342
Level 1 29.2 1.2 34.9 1.2 -5.7* 1.73
Level 2 17.7 15 24.1 1.2 - 6.4* 1.92
Leve 3 7 0.9 9.2 1.1 -2.2 1.48
Level 4 19 0.5 1.8 0.6 0.1 0.80
Level 5 0.8 0.6 0.2 0.2 0.6 1.80
Level 6 0.2 0.2 0 0.2
Not. SED= Standard Error of the Difference, SE= Standard Error. * p < 0.05
50 -
40
[«¥]
28 30 -
|5
§ 20 mboys
Dgirls
10 -
0 ﬂ L . .
< Level Levell Level2 Level3 Leveld Level5 Level6

1

Proficiency Level
Figure 2. Percentages of Jordanian students at each combined math proficiency level in PISA 2012 by gender

For more investigation of the gender gap among
Jordanian students in PISA 2012, we now look at
gender differences when analyzed across the two
dimensions of the PISA 2012 mathematics framework,
i.e.,, mathematical content and mathematical processes.

Gender Differences on Various Content Areas of
PISA 2012 Math Literacy

According to the results in Table 4, Jordanian girls
in PISA 2012 scored significantly higher than boys on
three content areas. change and relationships, space and
shape, and uncertainty and data. This was not the case
with other PISA participating countries where boys
dominated girls on the four content areas and were
ahead in performing space and shape tasks (OECD,
2103b).

Table 4: Mean scale scores of Jordanian students on PISA 2012 math literacy by gender and content

Boys Girls Boys-Girls Difference
content
Mean  SE Mean SE Mean Difference  SED
Change & Relationships 373 6.5 402 3.0 -29* 7.2
Space & Shape 377 5.3 393 32 -15* 6.3
Quantity 362 5.7 372 37 -10 6.9
Uncertainty & Data 378 5.6 409 32 -30* 6.5

Not. SED= Standard Error of the Difference, SE= Standard Error. * p < 0.05
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Gender differences on the change and
relationships subscale (29 scale points) and on the
uncertainty and data subscale (30 scale points) were
much larger than they were for the other two content
areas- space and shape (15 scale points) and quantity
(10 scale points). This finding differs from what was
reported in the majority of OECD countries where the
smallest gender difference was on the uncertainty and
data subscale. Moreover, this finding does not resonate
with previous research (Gierl, et al., 2003; Halpern,
1997; Liu & Wilson, 2009, Voyer, et a., 1995) in that
males tended to be superior in spatial ability. Outside of
class spatial activities such as playing computer games
and playing sports are correlated with spatial ability
(Nuttall, Casey, & Pezaris, 2005). Males tend to be
more involved in spatial activities as compared to girls.
However, Newcombe, Mathason, and Terlecki (2002)
found that after adequate training females performed
equally well on items measuring spatial ability. The
wide spread of computers and PC tablets in Jordan
inside and outside of class provided girls with more
opportunities to participate in spatial related activities,
which might be contributed to the narrowing of the

gender gap, or to the more extreme, the reversing of the
gender differencesin this ability to the favor of girls.

Table 4 shows that gender parity was achieved in
the quantity subscale. This finding does not agree with
the finding from previous research (Doolittle & Cleary,
1987; Gallagher et a., 2000; Friedman, 1996; Marshall
& Smith, 1987) in that females tended to outperform
males on items involving representation of quantities
and computational skills.

Gender Differences on Various Processes of PlISA
2012 Math Literacy

The results in Table 5 show that Jordanian girls
performed better than Jordanian boys on all processes.
The differences were statistically significant in favor of
girls for two processess employing and interpreting.
This finding does not agree with the findings in other
PISA participating countries where boys outperformed
girls on all three processes. In addition this finding does
not line with the finding in OECD countries in that the
widest gender gap on the three processes subscales was
found on the formulating subscale (OECD, 2013b).

Table 5: Mean scale scores of Jordanian students on PISA 2012 math literacy by gender and processes

Boys Girls Boys-girls Difference
Processes
Mean SE Mean SE Mean Difference SED
Formulating 387 5.8 393 3.1 -7 6.4
Employing 371 5.8 396 35 -25* 6.9
Interpreting 370 5.2 395 29 -25* 6.1

Not. SED= Standard Error of the Difference, SE= Standard Error. * p < 0.05

Jordanian students displayed comparable capacities
in formulating the situations presented in the items
mathematically, but the superiority of girls appeared in
employing mathematical concepts and in interpreting
the mathematical outcomes. This finding does not agree
with the findings in previous research (Gallagher, 1992;
Innabi & Dodeen, 2006) in that males tended to perform
better than females on word problems involving the
application of theory. The better performance of girlson
the two processes subscales employing and interpreting,
might be linked to the advantage of girls over boys on
items presented by formulas and equations (Gallagher,

1992; Innabi & Dodeen, 2006), and to the
outperformance of girls on items involving
computational skills (Doolittle & Cleary, 1987;

Gallagher et a., 2000; Friedman, 1996; Marshall &
Smith, 1987).

Conclusions

Math and science skills are highly valued in the
economy, and math test scores were documented in the
literature to be good predictors of future income
(Grogger & Eide, 1995; Weinberger, 1999). Therefore,
awealth of research was done in the past few decades to
address the issue of gender parity in mathematics
performance. Even though gender gap in mathematics
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has diminished in recent years, males continued to
perform better than females in mathematics (OECD,
2013b).

The present study aimed to explore gender
differences among Jordanian students on PISA 2012
mathematics items. The findings of the present study
confirmed the existence of gender gap among Jordanian
students on the overall mathematics scale, even though
gender equity was achieved on the 2006 and 2009
administrations of PISA. The patterns of gender
differences on the overall math literacy scale and on the
content and processes subscales were different when
compared to those patterns found in previous research
or in most PISA-OECD countries. Girls outperformed
boys on overall math literacy and on amost all contents
of math literacy and processes subscales. The largest
differences were on the uncertainty and data and the
change and relationships content subscales, and on the
employing and the interpreting processes subscales.

These results revealed, on one hand, that Jordan’s
effective policies and practices in providing a learning
environment that benefited both genders equally had led
to narrowing the gender gap in math achievement.
These findings are linked to the dominance of girls over
boys in the enrollment rates in high and tertiary
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education and in performance on all national tests
conducted by the MOE in Jordan. On the other hand, the
results point to a growing problem for males in
mathematics. The substantial female advantage on PISA
2012 mathematics performance should raise attention
and discussion among researchers, educators, and policy
makers in Jordan. Stimulating interest and improving
the level of engagement of males in mathematics and
mathematics activities need to be a major policy
objective if greater gender parity in mathematics
performance is to be achieved. The existence of such
gender differences on the long run may lead to more
pronounced gender disparities in enrollment rates in
scientific mgjors in tertiary education, and later in their
educational and occupational careers raising further
guestions about how the gender gap can be reduced.
Therefore, this gender gap requires more attention to the
several factors associated with the underperformance of
boys in mathematics, such as learning behaviors,
motivation, attitudes toward mathematics, and teaching
practices.

Severa reasons for the existence of such gender
differences in math performance may be speculated. In
most PISA countries, males outperformed females on
overall math performance. PISA (2013 b) reported
several factors that might be considered possible
reasons for such disadvantage. Females consistently
report much lower interest in and enjoyment of
mathematics, lower self-related beliefs and much higher
levels of helplessness and stress in mathematics classes,
and negative  attitudes toward mathematics.
Accordingly, Jordanian males may be disadvantaged on
PISA 2012 in math performance due to any of these
factors. Males schools may be less effective in
promoting students motivation and interest in
mathematics as compared to girls' schools.

In terms of disciplinary climate, PISA (2013 b)
reported that principals identified student absenteeism
as the most frequent student-related obstacle to learning.
The next indicated obstacle to learning is disruptive
behavior, which is followed by students skipping
classes. From the students’ perspective, having noise
and disorder is the most frequently reported disciplinary
problem in their mathematics lessons. In Jordan, boys
classes may suffer to a greater extent from these
obstacles as compared to girls classes, which might be
one of the possible factors that led to the
underperformance of boys in mathematics.

Finally, Quenzel and Hurrelmann (2013) presented
two approaches to explain the growing gender gap in
education. The first approach focuses on the stimulating
forces that drive young women, and the second on the
inhibiting forces that obstruct young men. According to
the second approach, the vast dominance of female
educators and teachers in pre-school and elementary
school ingtitutions, which is the case in Jordan, may
have lead to greater girls motivation than boys. It isthe
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lack of male role-models for performance and socia
development and the structural disadvantage in the
school nurturing process that might lead to the relatively
poor performance of young men in Jordan.

The findings of the present study suggest three
issues for future research. First, it would be interesting
to explore gender differences in forthcoming
administrations of PISA to check the consistency of the
existing patterns of gender differences in PISA 2012.
Second, given that science is related to mathematics,
checking if girls also perform better in science would be
another interesting area in future research. Finaly, it
would be beneficia in future research to examine
different factors that could explain the existent gender
differences among Jordanian students in mathematics,
such as motivation, attitudes, anxiety, learning
strategies, interest and enjoyment of math, and self-
related beliefs.
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