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Abstract: We tested the mathematical literacy (ML) proficiency of 204 grade 10 “advanced track”
students in the United Arab Emirates (UAE) using 34 questions from the Programme for International
Student Assessment (PISA) 2012 released items. Using a quantitative descriptive approach, we
analyzed the performance of males (1 = 106) and females (1 = 98) on items spread across the four
content subdomains (quantity, space and shape, change and relationship, and uncertainty), the
processes of problem-solving (formulate, employ, reasoning, and interpret), and the four PISA
contexts (personal, occupational, societal, and scientific) across six PISA proficiency levels. The test
was formulated in three types of response format (multiple choice, closed- and open-ended). Results
showed that overall student performance was in the very low category. Female students outperformed
male students in all aspects of mathematical literacy. The highest percentage achieved in the modelling
process was in the interpreting and then employ and formulate tasks. Students performed almost
perfectly in problems that covered the uncertainty content area but fared poorly with problems
dealing with change and relationship. Students performed better on personal mathematical problems
than occupational, societal or scientific problems. These findings are important for UAE teachers
regarding direct application to classroom practice and for researchers and officials to shape future
research and recommendations for future new educational policies.

Keywords: mathematical literacy; problem-solving; reasoning; contextual problems; United Arab

Emirates

1. Introduction

We need to learn how to prepare our pupils for the future because of the rapid pace
at which things are changing around us. As a result, the UAE’s focus is on appropriate
and relevant educational goals, such as building a generation capable of tackling life’s
difficulties on a global scale, as stated in the National Agenda for UAE Vision (UAE 2021).

According to Gellert and Jablonka (2007), the “mathematization of society” necessitates
more than ever equipping students with the necessary mathematical knowledge and
skills to effectively participate in this “mathematized world” and comprehend real-life
quantitative challenges. Furthermore, the literature on mathematics education goals reflects
the growing use of practical mathematical knowledge of quantitative problems in daily
life. Participating in international studies, according to Hiebert and Stigler (2004), is an
effective way to compare student performance with those in other countries, and can
also help to improve mathematics instruction. This will assist governments in better
understanding other countries’ practices and how the effectiveness of their educational
systems can be improved.

In the UAE, students have performed poorly in mathematics in international studies
such as PISA (Programme for International Student Assessment). The results of past PISA
mathematical literacy test cycles showed that the UAE is on a “stable” path (OECD 2019). In
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2018, the UAE was rated 50th out of roughly 80 countries in mathematics, indicating a poor
performance despite an increase of about eight points over the 2015 cycle (OECD 2019).

There are six levels of proficiency in PISA, with level 1 being the lowest. Students with
a proficiency level of 2 or higher are considered by the OECD to have the requisite abilities
to succeed in a knowledge economy. Table 1 shows the percentages of low performers
(below level 2) and high achievers (levels 5 and 6) from the beginning of the UAE’s accession
to PISA in 2009 until 2018 (OECD 2019), noting that the results of the most recent PISA
2021/2022 have not yet been released.

Table 1. Percentage of low achievers and high achievers in mathematics in the UAE.

PISA 2009

PISA 2012 PISA 2015 PISA 2018

Below Level 2
51.3%

Level 5and 6
2.9%

Below Level 2 Level 5and 6 Below Level 2 Level 5and 6 Below Level 2 Level 5and 6
46.3% 3.5% 48.7% 3.7% 45.5% 5.4%

According to the PISA 2018 results, roughly 54% of UAE students achieved level 2 or
better in mathematics (OECD average: 76%), compared to 98% in Beijing, Shanghai, Jiangsu,
and Zhejiang (China), implying that nearly half of UAE students (46%) perform below
level 2 (at this level or below). These students can interpret and recognize how to depict
a simple scenario numerically without being given explicit instructions (OECD 2018b).
Only 5% of UAE pupils (OECD average: 11%) could solve problems at the two highest
levels of mathematics, compared to 44% in Beijing, Shanghai, Jiangsu, and Zhejiang (China)
and 37% in Singapore. Students regarded as gifted and capable in any country can model
mathematically difficult situations and apply problem-solving techniques successfully and
properly (OECD 2018b).

However, the UAE still has far to go to meet its National Agenda target of ranking
among the top 20 countries in the PISA (UAE 2021). The PISA is particularly important
since it is a competency-based assessment with a widely acknowledged framework for
assessing and comparing student success regularly across countries. Given that UAE
students’ skills are mostly at lower levels (OECD 2018b, 2019), greater efforts are needed
to help them build higher-order thinking skills. High-achieving students are of particular
importance since they are expected to lead the country in international competition. The
first step in assisting pupils development of higher-order thinking skills is to assess their
current level of competence. As a result, the purpose of this study is to describe the current
condition of students” mathematical literacy, with a particular focus on the PISA in terms
of content, process, and context. This will help inform future decisions and preparations
for the PISA future cycle. Furthermore, this research is particularly significant because it
aligns with the UAE’s National Agenda aims (OECD 2014).

2. Research Questions

The purpose of this study is to describe the mathematical literacy skills of the UAE’s
students. Therefore, to fulfill this purpose, we sought to answer the following questions:

(a) Whatis the level of the UAE’s students” mathematical literacy?
(b) Is there a significant difference between male and female students’ mathematical
literacy?

3. Literature Review
3.1. Mathematical Literacy Framework in the PISA

“An individual’s capacity to reason mathematically and to formulate, utilize, and
interpret mathematics to solve issues in a range of real-world contexts” is characterized as
mathematical literacy (ML) in the PISA. It consists of concepts, methods, data, and tools
that can be used to describe, explain, and forecast occurrences. It helps people understand
the role of mathematics in the world, enabling them to make the well-informed judgments
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and decisions that constructive, engaged, and thoughtful 21st century citizens require
(OECD 2018a). The ML of the PISA 2021 framework is depicted in Figure 1.
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- Scientific
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+ Critical Thinking * Information Use
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Figure 1. ML of PISA2021 framework (OECD 2018a).

This definition implies that the PISA is more focused on real-world applications of
mathematical knowledge in various circumstances and that explicit mathematical problems
are unlikely to be included in the assessment. As a result, rather than focusing on whether
students have mastered a specific math topic, the PISA evaluation largely focuses on
contextual questions that demonstrate what students can perform depending on what they
have learned in school and on students” mathematical reasoning (Novita and Putra 2016;
OECD 2018a). The focus of contextual problems is on real-world issues that occur outside
of the realm of pure mathematics (Reinke 2019).

Real-world challenge context issues in the PISA can be classified based on their
context or mathematics content into four categories: personal, societal, occupational, and
scientific. Personal context refers to the challenges that an individual may face; societal
context refers to the community in which an individual lives, whether local, national, or
global; occupational context refers to work situations, and scientific context refers to how
mathematics is applied in the world (OECD 2013).

The nature of the mathematical phenomenon, which is based on four mathematical
content categories dubbed “overarching notions,” can be described in addition to the
problem’s context (OECD 2013). This contrasts with the content approach that many people
are familiar with in terms of mathematics education and school curricula. However, the
overarching concepts collectively cover a range of mathematical topics that students are
likely to encounter. According to the OECD (2013), mathematical content categories include
change and relationship, in which students can model change and relationships using
appropriate functions and equations; space and shape, in which students understand
perspective, create and read maps, and manipulate 3D objects; quantity, in which 15-year-
olds can understand multiple representations of numbers, participate in mental arithmetic,
use estimation, and assess the reasonableness of results; and incomplete understanding, in
which students can understand multiple representations
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3.2. Processes Involved in Mathematical Modeling Cycle

The OECD considers mathematical modeling to be a cornerstone of the PISA frame-
work for mathematics, where it is included in the concept of mathematical literacy, which
looks at the ability to cope with real-life situations. In several stages, students use math-
ematics and mathematics tools to address contextual problems. Mathematical modeling,
according to Stacey and Turner (2015), consists of three steps: formulating, solving, and
interpreting. With respect to these processes, the teacher’s main job is to guide pupils from
real-life circumstances to the application of relevant mathematics. As shown in Figure 2,
these procedures are important components of mathematical modeling and mathematical
literacy, as defined for the 2012 cycle (OECD 2013).

Problem Mathematical
in context problem

Evaluate w
_ Results Interpret Mathematical
in context results

Figure 2. The mathematical modeling cycle of the PISA 2012 framework.

A problem in context is used to start the mathematical modeling cycle. To begin
solving the contextual problem, the person attempts to define the scenario mathematically
using the necessary mathematics found in the problem situation. To apply the mathematical
treatment, the problem solver converts the problem in context into a mathematical problem
at this point. Then, to generate mathematical findings and concepts, techniques, facts, and
tools are used. Mathematical thinking, manipulation, transformation, and computation
take place at this stage. The mathematical outcomes must then be interpreted as results
in context in terms of the original problem. In the real-world setting of the problem,
the problem solver must “understand, apply, and evaluate” the mathematical answer
(OECD 2013). Despite being an important part of the PISA notion of students as active
problem solvers, it is not always necessary to complete every stage of a modeling cycle,
especially in the context of an assessment (NCTM 2008). To be mathematically literate,
however, the definition of mathematical literacy (OECD 2018b) is not focused primarily
on problem-solving, as thinking is also at the core of the problem-solving cycle, as seen in
Figure 3.

Interpret
& evaluate

Reasoning

Figure 3. The mathematical modeling cycle of the PISA 2021 framework (OECD 2018a).
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According to the OECD (2018a, 2018b), mathematically literate students may use their
mathematical skills to derive the abstract mathematics of a contextual problem and then
mathematically formulate it using proper terminology; this transformation necessitates
the use of mathematics. The student must then solve the ensuing mathematical issue
using mathematical concepts, techniques, and procedures learned in school. Making the
right tool choice, on the other hand, may necessitate a strategic decision that also exhibits
mathematical understanding. The process of analyzing and comprehending a solution
within the context of the original real-world scenario also involves mathematical thinking
(OECD 2018a, 2018b).

There is a connection between mathematical reasoning and problem-solving in the
actual world. Furthermore, mathematical thinking is a technique of analyzing and inter-
preting the quantitative aspect of problem-solving that is best understood mathematically,
in addition to solving practical difficulties. As a result, mathematical literacy is considered
a composite of two interconnected characteristics of problem-solving and mathematical
reasoning, with mathematical reasoning at the center of the problem-solving process in the
PISA 2021 framework (OECD 2018b).

4. Methodology

In this descriptive study, survey research was combined with a quantitative descrip-
tive technique. This type of study is necessary determine the current level of students’
mathematical literacy skills when completing the PISA problems, before attempting to
understand why they are at this level. To achieve the study goal, test data were collected.
This type of data collection provides us with a wealth of information that we may use
in future studies. It is worth emphasizing that the United Arab Emirates University’s
institutional review board granted ethical approval for the study.

4.1. Participants

Since they met the PISA criteria, the population for this study was 10th-grade pupils
in the UAE. Students become eligible for the PISA test between the ages of 15 and 3 months
and 16 and 2 months (OECD 2004). Students are at the fourth and last stage of Piaget’s
stages of cognitive development, known as the formal operational stage, at the age of 15
(Gruber and Voneche 1977). Piaget stated that pupils at this age are cognitively capable of
thinking and solving problems that are congruent with the PISA test’s criteria. A consent
letter was issued to the parents of the pupils before the study’s implementation.

The convenience sampling approach was used. Students who excel in mathematics
and other areas choose the advanced track in the UAE school system. As a result, even
if not all students performed well in the study test, it stands to reason that these high-
achieving and exceptional children would be clustered in these classrooms. The implication
of these factors is that rigorous procedures to investigate student performance should be
followed. Consequently, the advanced stream beginning in grade 10 was deemed adequate
for the study’s goal of determining the level of mathematical modeling skills of the UAE’s
high achievers (and gifted, if any) in the PISA. The participants in this study included
204 students from four schools, with 19 (9%) being 14 years old, 144 (71%) being 15 years
old, and 40 (20%) being 16 years old. Furthermore, 106 (52%) of the participants were males,
whereas 98 (48%) were female. Table 2 shows the descriptive information.

Table 2. Distribution of Participants.

Frequency Percentage %
Ace 14 19 9%
( egrs) 15 144 71%
Y 16 41 20%

Total 204 100%
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Table 2. Cont.
Frequency Percentage %
Gend Male 106 52%
ender Female 98 48%
Total 204 100%

4.2. The Study Instruments

This mathematical literacy test (MLT) was comprised of 34 PISA 2012 items available
from the OECD website, and these were compared to previous results (OECD 2004).
The mathematical problem items are grouped in a paragraph that describes a real-life
occurrence (OECD 2010a). Since it is dependable, effective, and facilitates strong and
scientific analysis, the multiple-choice exam is a crucial aspect of the PISA evaluation
(OECD 2020). Frequently, up to a third of the questions in the PISA assessment are open-
ended, requiring students to build an extended or short-answer response (OECD 2010b).
The MLT items were disseminated across all six competency levels of the three types of
response formats described in the 2012 PISA (multiple choice, closed- and open-ended
responses). The items were also spread throughout the four PISA contexts (personal, public,
educational /public, and scientific), as well as the four topic subdomains (quantity, space
and shape, change and relationships, and uncertainty and data). In addition to reasoning,
the three problem-solving procedures (formulate, employ, and interpret) were incorporated.
The intervention test’s mathematical problems principally sought to assess problem-solving
abilities in six competency levels presented in 26 problems (see Appendix A for sample
problems). Table 3 shows the distribution of test items.

Table 3. Distribution of MLT items.

Processes No. Contents No. Contexts No.
Formulate 8 Quantity 7 Personal 8
Employ 14 Space and shape 8 Occupational 4
Interpret 4 Change and relationship 7 Scientific 6
Uncertainty 4 Societal 8

Total 26 Total 26 Total 26

N.B. Reasoning was later added to the PISA 2021 framework of mathematical literacy.

Each question in the PISA was given a difficulty level. Raw test results were translated
to a score on the PISA scale using item response theory and these difficulty levels. In
mathematics, the PISA scale is divided into six mathematical literacies. As shown in
Table 4, the MLT items were distributed to cover all six competency levels of mathematical
problems.

Table 4. Distribution of MLT items by level of proficiency.

Level of Proficiency No. of Items Percentage %

Level 1 and below 4 15%
Level 2 3 12%

Level 3 7 27%

Level 4 5 19%

Level 5 4 15%

Level 6 3 12%

Total 26 100%

These proficiency levels detail what students normally know and can achieve at
different levels of proficiency. In our intervention, the children were divided into six levels,
with the first level consisting of students who could only complete simple activities and the
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sixth level of students who could answer complicated problems and had advanced thinking
skills. Since the questions in this study were chosen from PISA-released items, no reliability
or validity testing was conducted because the questions followed the PISA criteria and test
questions. According to the PISA (OECD 2010a, 2013), “They [the questions] also have
excellent measuring features, and place a focus on authenticity and educational validity”.
As a result, the PISA results have a remarkable level of validity and reliability.

4.3. Methods of Data Analysis

To address the research goal, descriptive statistics were used. Highest and lowest
scores, as well as means and standard deviations, were determined. The data were then
categorized according to the PISA standards for each domain. In addition, the percentage
of accurate answers for each item was calculated. The quantitative data on mean scores
were then translated into the five categories of students’ skills and normative standard
deviation (Ebel and Frisbie 1991), as shown in Table 5 (X is the ideal mean score, SDx is the
ideal standard deviation, and X is the students’ score).

Table 5. Criteria score ability mathematical problem-solving model students in PISA.

Score Interval Criterion
X > X + 1.5 SDx Very High
X +0.5SDx < X < X +1.5 SDx High
X — 0.5SDx < X < X + 0.5 SDx Average
X —15SDx <X < X — 0.5SDx Low
X <X —1.58Dx Very Low

By subtracting the highest ideal score from the lowest ideal score, the ideal score stan-
dard deviation (SDx) was determined as 1/6 times. Then, X was computed by multiplying
the greatest ideal score by the lowest ideal score 12 times. The ideal maximum score was
obtained when all questions were correctly answered, while the ideal lowest score was
obtained when none of the questions were successfully answered.

5. Findings
Descriptive Statistics

The optimum maximum score was 34, with a minimum score of 0 as the ideal. Table 6
shows the results of the data collection on students’ problem-solving abilities.

Table 6. Data description of student problem-solving skills.

Description Score
All Male Female
Mean 7.90 5.53 10.47
Standard Deviation 4.02 2.23 3.89
Maximum Score 20 11 20
Minimum Score 2 2 5
No. of Students 204 106 98

Table 6 shows that students’ skills in completing the PISA issues averaged 7.90 out of
34 points, with a standard deviation of 4.02. Furthermore, the male students” mean score
was 5.53, while the female students’ mean was 10.47. The female students had the highest
score, whereas the males’ highest score was 9 points lower than the females’. The male
students received the lowest grade as well. It is apparent that students’ abilities to solve the
PISA tasks were in the very low range. Table 7 shows the percentage of pupils according to
their classification score.
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Table 7. Classification of students’ categories.

Score Interval Criterion All Male Female
F Y% F % F %
X <255 Very High 0 0% 0 0% 0 0%
19.83 <X <255 High 2 1% 0 0% 2 2%
14.16 < X < 19.83 Average 14 7% 0 0% 14 14%
85 <X <14.16 Low 62 30% 12 11% 50 51%
X <85 Very Low 126 62% 94 89% 32 33%
204 100% 106 100% 98 100%
Table 7 reveals that none of the students scored in the very high category, and only two
out of two-hundred and four students (less than 1%) scored in the high group. Furthermore,
7% of students fell into the average category, 30% of students fell into the low category,
and 62% of students fell into the extremely poor category. This signifies that almost 90%
of the students had below-average grades. Male students’ results were surprisingly low
or very low, with the majority being extremely poor (89%). Only female pupils scored
in the 2% and 14% high and average groups, respectively. Furthermore, as indicated in
Table 8, student performance was evaluated using the PISA competence levels and the four
primary components of ML.
Table 8. Student performance in ML subdomains.
Domain Sub Domain (No. of Items) Average Standard Deviation Max. Score Category
Proficiency Levels Level 1 (4) 2.65 1.16 4 High
Level 2 (3) 1.58 0.95 3 Average
Level 3 (7) 1.84 1.37 6 Low
Level 4 (5) 0.46 0.74 3 V. Low
Level 5 (4) 0.21 0.53 3 V. Low
Level 6 (3) 0.06 0.31 2 V. Low
Content Quantity (7) 1.79 1.28 6 Low
Change and relationship (7) 1.02 0.91 4 V. Low
Space and shape (8) 1.30 1.07 4 V. Low
Uncertainty and data (4) 2.67 1.20 4 High
Process Formulation (8) 1.25 1.19 6 V. Low
Employing (14) 2.89 1.85 10 V. Low
Interpreting (4) 2.67 1.20 4 High
Reasoning (8) 1.11 0.97 4 V. Low
Context Personal (8) 2.54 1.39 6 Low
Occupational (4) 0.73 0.76 3 V. Low
Societal (8) 2.82 1.43 4 Low
Scientific (6) 0.71 0.97 6 V. Low

Table 8 shows that student performance in a few ML subdomains was adequate. In an-
swering level 1 and level 2 issues, student performance was high and average, respectively.
For the respective subdomains of uncertainty and data as well as interpret, the students
scored very well, but in the remaining subdomains performance was either poor or non-
existent. Furthermore, for each of the ML domains, the percentage of correct responses
was computed for all students, as well as for male and female students. Figure 4 shows the
percentage of correct responses for each competence level.

Figure 4 shows that level 1 problems were easiest for students (67%) (this is the
simplest competency level), followed by 53% for level 2 and 26% for level 3. On the other
hand, the children scored poorly at high proficiency levels, with a 9% accuracy rate for level
4 questions, 5% for level 5, and only 2% for level 6, the most challenging proficiency level.
This shows that pupils are comfortable addressing problems at the low levels of 1-3 but
struggle with higher-order thinking and reasoning problems at levels 4-6. Female pupils
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outperformed male students at all levels. Male pupils, interestingly, failed to solve any
problem from levels 5-6, which is concerning. The percentages of accurate responses for
content subdomains are shown in Figure 5.

Proficiency Levels
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Figure 4. Percentage of correct answers of ML proficiency levels.
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Figure 5. Percentage of correct answers of ML content domain.

Figure 5 shows that the percentage of accurate responses for uncertainty and data
was the highest at 67%, while the percentages for quantity, change and relationship, and
space and form were 26%, 15%, and 16%, respectively. Female students outperformed male
students in all four content subdomains, demonstrating the same pattern. Figure 6 depicts
the percentages of accurate answers according to the process domain.

Figure 6 shows that the percentages of accurate responses in three of the process
subdomains were both very close and low at 16%, 21%, and 14% for formulating, employing,
and reasoning, respectively; in contrast, the proportion of correct answers in the interpret
subdomain was 67%. The reasoning skill was moved to the core of the modeling cycle
in the ML 2021 framework and is included in the process domain. Both male and female
pupils continued to surpass their male counterparts. Figure 7 depicts the percentages of
correct responses for ML questions in the context domain.
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Figure 6. Percentage of correct answers of ML process domain.
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Figure 7. Percentage of correct ML answers for the context domain.

Surprisingly, for each of the four contexts, the percentage of correct responses was
less than 35%, although for the personal, vocational, scientific, and societal subdomains of
context these were 32%, 18%, 12%, and 35%, respectively. Female students continued to
outperform male students in the context domain, as in all preceding ML subdomains.

To have a better understanding of the differences in performance between male and
female students, an independent ¢-test was used to determine if there was a substantial
difference in MLT scores between male and female students. The ¢-test findings are provided
in Table 9 below.

Table 9. Comparison of male and female students’” performance in MLT.

Variable Male (n = 106) Female (n = 98) t Df P
M SD M SD
MLT results 5.53 2.32 10.47 3.89 11.109 202 0.00

Table 9 reveals a statistically significant difference in ML achievement between male
(M =5.53, SD = 2.32) and female (M = 10.47, SD = 3.89) students; ¢ (202) = 11.109. These
findings show that female students performed better on the MLT than male pupils.
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6. Discussion

The findings of this study revealed that there is a considerable disparity in achievement
between male and female students. Female pupils surpassed their male counterparts
in terms of ML. This is in line with the UAE’s PISA 2018 findings, which showed that
female students scored nine points higher than males. Male students in OECD countries,
on the other hand, scored five points higher than females (OECD 2019). The findings
of Edo et al. (2013) are comparable to those of this study concerning secondary school
students’ difficulty in solving PISA tasks at levels 5-6. Their findings demonstrated that
students struggled mathematically to formulate scenarios and assess the appropriateness
of a mathematical solution in the context of a real-world problem.

Despite problem-solving being only one of the process standards for the NCTM, it is a
critical component of understanding mathematics. Thus, understanding the strengths and
limitations of student thinking requires a close examination of their processes. For example,
the results of Dewantara et al. (2015) showed that students could produce and assess
PISA-like issues. The study focused on the three mathematical processes employed in the
modeling cycle: formulate, employ, and interpret. The findings revealed that students
performed better in interpreting problems than in employing and formulating. The findings
of our study are consistent with those of others (Dewantara et al. 2015; Edo et al. 2013;
Putri and Zulkardi 2020), in that interpretation tasks accounted for a higher percentage of
students” accomplishment than employing and formulating. Females surpassed males in
each of the modeling processes (formulate, utilize, and interpret) as well as the reasoning
that has been introduced to the PISA 2021 mathematical literacy framework; these findings
are consistent with the results of PISA 2018 for the UAE (OECD 2018a).

Change and relationship, space and forms, quantity, and uncertainty were the four key
curriculum areas in which the pupils were tested. The best performance was in problems
that covered the uncertainty content area, while the worst performance was for change
and relationship. Putri and Zulkardi (2020) conducted comparable studies on uncertainty
and data and found similar results. The four settings (personal, occupational, societal,
and scientific) represent the diverse variety of scenarios in which people can encounter
mathematical opportunities. In this study, students were most successful in dealing with
personal issues.

A closer examination of the findings revealed a concern: the majority of the pupils
failed the test (earning half of the total score), which is unsatisfactory. According to the
findings of Depaepe et al. (2010), some students merely select numbers from the text
and perform operations without understanding, and they continue to conceive of word
problems as an exercise without considering the real constraints. The “suspension of sense-
making,” or the mentality of seeking answers, is viewed as a severe obstacle in mathematics
teaching (Schoenfeld 1991, 1992). Furthermore, because they primarily try hardest at the
formal tests, the students’ scores may reflect the test culture that exists among them.

7. Conclusions

The students” overall performance was in the very low category. In every area of
mathematical literacy, female students performed better than males. This gender gap is
consistent with the UAE’s 2018 results but contradicts the OECD results. The highest
percentage achieved in the modelling process was for tasks of interpreting, employing,
and formulating, respectively. The results showed students’ best performance was with
uncertainty content area problems, while it was worst for change and relationship problems.
Regarding the context of the mathematical problems, students were more successful in
solving the context of personal mathematical problems than in the context of occupational,
societal, or scientific problems.

8. Limitations

This study was conducted in Al Ain city and was limited to collecting students’
responses via survey. Students solved real-world math problems using previously released



Soc. Sci. 2023,12,33

12 of 14

PISA items. The study was also restricted to 10th graders as most 15-year-olds are in this
grade. In addition, the study was limited to the advanced track due to the study objective
of evaluating high achievers’ mathematical literacy.

Implications and Future Research

According to the findings of this study, our existing educational system is failing our
pupils in all facets of ML. One reason for the poor PISA scores is that pupils have not
been taught how to solve contextual problems (Novita and Putra 2016). Their assessment
should thus be rewritten to include comparable thinking. Furthermore, the poor level
of student performance may motivate teachers to focus on the quality and manner of
student evaluation. It is likely that the grade-level accomplishment test is too simple for
the student, with insufficient items of adequate complexity, and that the result does not
reflect their genuine level of knowledge (Rotigel and Fello 2004; Verschaffel et al. 2000).
Students’ grasp of formal mathematical concepts may derive from problem-solving ex-
perience or contextual problems that rely on settings outside of mathematics, according
to Freudenthal (1991). Teachers should place a greater emphasis on relating mathematics
to real-world problems because this improves students” comprehension and motivation
to learn mathematics (Freudenthal 1991). According to the findings of the OECD (2019),
pupils can only address problems that involve a low level of thinking and are limited to
knowledge and application. When mathematical thinking (reasoning) and problem-solving
are encouraged and enriched, this typically leads to the development of cognitive processes
usually associated with higher levels of chronological schooling (OECD 2010a). As a result,
providing an enrichment program for high achievers and even gifted children to ensure
that prospective students can engage in a high level of mathematical problem solving and
reasoning will help them enhance their mathematical level (Gainsburg 2008). This is of spe-
cial interest because UAE teachers are skeptical of the usefulness, if any, of gifted programs
in their schools (Jarrah and Almarashdi 2019). Students must also have a high degree of
enthusiasm, ability, and willingness to take on challenges to participate in the study of
science, technology, engineering, and mathematics (STEM) topics (Wang and Degol 2016).

The fundamental criteria for learning should be critical thinking, problem-solving,
and conceptual understanding. Furthermore, educational tactics such as problem-solving
processes and reasoning should be given more attention, with a focus on relating mathe-
matics to real-life situations. The PISA is a welcome intervention for both educators and
students in this regard, as it will not only make our education more relevant for today’s
world but will also better our future.

Finally, the results of this research provide novel and important insights about stu-
dents” ML skills in the UAE; therefore, a follow-up study was conducted. Specifically, a
proposed mathematics enrichment program was developed and administered with 10th
grade students. The results obtained from the follow-up research indicate that it is pos-
sible to improve students” ML through the implementation of mathematical enrichment
programs based on the PISA framework (Almarashdi and Jarrah 2022).
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Appendix A

Sample of mathematical literacy test problems specifying the problems’ proficiency
level, process, content, and context.

FERRIS WHEEL

A giant Ferris wheel is on the bank of a river. See the picture and diagram below.

150 m

Boarding platform
10 m

Bed of the river

The Ferris wheel has an external diameter of 140 m and its highest point is 150 m above the
bed of the river. It rotates in the direction shown by the arrows.

Question 1: FERRIS WHEEL (proficiency level: 4, process: employ, content: space and
shapes, context: societal)

The letter M in the diagram indicates the center of the wheel.
How many meters (m) above the bed of the river is point M?
Answer: ... ... .. i i e e e e e e

Question 2: FERRIS WHEEL (proficiency level: 3, process: formulate, content: space
and shapes, context: societal)

The Ferris wheel rotates at a constant speed. The wheel makes one full rotation in exactly
40 min.

John starts his ride on the Ferris wheel at the boarding point, P.

Where will John be after half an hour?

(A) AtR
(B) Between R and S
© AtS

(D)  Between S and P
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