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This study aims to develop a theory to understand how students cultivate and
apply resilience in solving mathematical problems. Specifically, it integrates
cognitive, emotional, and social dimensions of resilience to create a holistic
framework. Using a deductive theory development approach, the study starts
with an existing theory, formulates hypotheses, and tests them through data
collection and analysis. Seven axioms were formulated leading to three
propositions: i) students with higher levels of mathematics resilience will
demonstrate greater persistence and effort when faced with challenging
mathematical problems; ii) psychological, cognitive and social factors are
influential to a student’s resilience in solving mathematical problems; and
iii) developing a growth attitude, fostering a supportive learning environment,
and providing appropriate teacher scaffolding can help all to build
mathematical resilience and problem-solving success. From these
propositions, the three-dimensional resilience theory in mathematical problem

theory solving is formulated. This theory recognizes the interplay of psychological,
social, and cognitive factors. Future research could focus on testing it in various
educational settings, such as different grade levels, cultural contexts, or
educational systems, to assess its generalizability and robustness.
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1. INTRODUCTION

In the filed of education, academic resilience emerges as a vital factor in the journey of the student. It
represents their ability to confront academic setbacks, manage anxiety, and withstand the pressures of their
studies. In the present classrooms and broader communities, students struggle with a lot of challenges, and
without appropriate support, these issues can lead to pressure and stress. If left unaddressed, these pressures
can manifest as poor academic performance and an increased risk of dropping out [1]. The significance of
academic resilience per se, becomes even more apparent in the face of extreme conditions, such as those posed
by the COVID-19 pandemic [2]. Hence, developing coping strategies that help students succeed academically
during such challenging times is the core of academic resilience.

In the context of mathematics, despite being a crucial subject that is essential for success in many
different fields, still, many students struggle; and even those who do well may experience setbacks from time
to time. This is evident in the 2018 programme for international student assessment or Programme for
International Student Assessment (PISA) result of which Filipino students ranked second-lowest among the 79
participating countries, indicating a low level of students’ mathematical problem-solving skills [3]. One factor
that can help students overcome these challenges is mathematical resilience. Research has shown that
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mathematical resilience is positively associated with mathematical achievement and other aspects of life [4].
This is the key in developing coping strategies that will help achieve academic success during the pandemic
[2]. This is probably due to the fact that resilient students are more likely to persevere during difficult situations
and ask for assistance when necessary. They are also more likely to have a positive attitude towards
mathematics, which can motivate them to learn and grow.

Furthermore, the core of mathematical resilience is in developing confidence in the face of uncertainty
and being able to study the intricacies of mathematics [5]. As a matter of fact, the majority of the literature
offers a thorough discussion of the idea of problem-solving resilience. It looks at the value of resilience in
overcoming obstacles and gives techniques for enhancing resilience in problem-solving processes. The study
of Allan et al. [6] supports the implementation of sufficiently challenging pedagogical strategies in higher
education. This shows that the needs of students and the dynamics of outdoor adventure programming are
compatible because these techniques did not make new members perceived vulnerability worse. This shows
that including difficult experiences in higher education settings might aid in developing resilience in problem-
solving.

The distinction between mathematical resilience and academic resilience, helps understand that
mathematical resilience is a specific construct that equips learners to engage with and master mathematics,
while academic resilience pertains to overcoming challenges in broader academic contexts. These strands come
together to create a literature of resilience in education, highlighting its varied importance in influencing the
process of learning [7]. Additionally, an individual’s capacity to overcome obstacles is influenced by a
multifaceted interaction of social support networks, environmental elements, and personality qualities. These
elements are shown through resilience and problem-solving abilities. More specifically, resilience is more
prevalent in gifted people with excellent problem-solving skills, but it may also be impacted by outside
influences. Hence, the idea of “learning to learn” is also a potent tool that improves problem-solving skills and
gives people the ability to actively govern their learning experiences. This body of knowledge collectively
provides valuable insights into the development of resilience in problem-solving, particularly in educational
settings.

While there are quite a number of theories and models on resilience (resilience theory, Richardson’s
meta-theory resilience and resiliency, individual differences model of resilience, Bronfenbrenner’s ecological
systems theory, compensatory model, protective factor model, challenge model of resiliency), mathematics
achievement of students has still not improved, particularly the twin goals of mathematics (critical thinking
and problem solving). It is in this premise that the researcher aims to develop a theory that is specific to problem
solving skills of the students. Furthermore, the implications of this study lie on research and practice. In
identifying the key components of mathematical resilience and understanding how it develops, the study will
help mathematics educators to develop more effective interventions for supporting students in developing this
trait, which in turn will lead to improved mathematical achievement for all students.

2. METHOD

This theory development study employed the deductive method of theory generating in its initial
phase. The researcher brainstormed with his mentor and research experts for initial ideas and studied the
literature available on the development of mathematics resilience in problem solving. Axioms relevant to
mathematics resilience were generated. Grouping these axioms together, propositions were crafted. Based from
these, the theory regarding the development of mathematics resilience was formulated.

The second phase involved the validation of propositions. Two studies were conducted to validate the
three propositions on the theory developed. The first study is qualitative research utilizing multiple case method
to validate the proposition stating that students with higher levels of mathematics resilience will demonstrate
greater persistence and effort when faced with challenging problems. The second study is a mixed method
study particularly explanatory sequential design to validate proposition 2 and 3 of the developed theory.

This study utilized the deductive theory development approach. A few axioms simple, true statements
about how the world functions are the foundation of the deductive method. From the nature of the axioms, one
can infer an explanation of the phenomenon [8]. To produce the theory on students’ mathematical resilience in
a problem-solving setting, the deduction process was specifically carried out using the deductive axiomatic
technique.

The underlying presumptions are referred to as axioms, and the propositions are the results of these
axioms. These hypotheses are tested with particular data and the proper methods. The created theory must be
accepted when these premises are accepted [9]. Figure 1 illustrates the processes that the study took to generate
the theory, which are representative of Padua’s deductive axiomatic approach [10].

Choosing the relevant phenomenon was the first stage in developing a theory utilizing the deductive
axiomatic technique. The development of the theory will center around this stage, which is critical because it
could encompass a range of underlying concepts [11]. The phenomena could have its roots in the real world of
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affairs, in a theoretical field, or in a person’s experience or intuition [12]. In this study, the researcher decided
to explore on the phenomenal processes employed by students in dealing with challenging math problems.

Following the selection of the relevant phenomena, the next step is to read the numerous resources
that have been reviewed. This step gives the phenomena more emphasis and clarity. It also describes how each
study relates to the others being considered, puts each work in the perspective of how it helps comprehend the
research problem being researched, and suggests new ways to interpret previous research [13]. Expanding
knowledge base is the most important factor in the creation of theories since it helps to solidify the axioms and
propositions that describe reality. In this step, comprehensive literature was conducted to gather all the related
studies about the processes being utilized by students in dealing with mathematics problems.

STEPS IN THEORY DEVELOPMENT

CHOOSING THE PHENOMENON OF INTEREST
(20%)

O

READING THE LITERATURE
(20%)

&

BRAINSTORMING
(40%)

=

FORMULATING THE ASSUMPTIONS (AXIOMS) AND PROPOSITIONS
(10%)

&

THEORY CONSTRUCTION
(10%)

Figure 1. Deductive axiomatic approach in theory development

After reviewing the literature, the researcher gathered and examined the data to obtain different
perspectives on the phenomenon and investigate its features. These helped the researcher formulate pertinent
axioms for the phenomenon and make claims that made sense in light of the axioms. This stage facilitates the
consistency and cohesion of the data that will be used in the theory building process [14]. In this particular
step, the researcher together with his adviser exchanges ideas and brainstormed about the possible axioms
based on the gathered literature.

To develop axioms and propositions, the outcomes of the brainstorming sessions were gathered,
assessed, and blended together. The specification of axioms and propositions is an important step in the creation
of a theory. This paper, Amgoud and Ben-Naim [15] defines axioms as the basic theorems and assumptions
that underpin propositions, which are claims that follow from them. Some axioms and propositions must be
followed in order for theory to be formed. After careful examination, the researcher came up with seven axioms
and formulated three propositions.

The alignment of all premises to identify and conclude a theory is the last step in the deductive
axiomatic approach to theory development [16]. The theory must be articulated in terms of constructions,
propositions connecting those constructs, logical justifications for the statements, and presumptions defining
the theory’s parameters. Considering the generated axioms and propositions, the researcher formulated a theory
on the phenomenon about the processes on how do students deal with challenging problem solving in
mathematics.

3.  RESULTS AND DISCUSSION

Mathematics is the discipline that explores the logic governing shape, quantity, and arrangement. It
involves the pursuit of meaningful patterns and structures applicable to modeling and solving problems in
various areas of human inquiry. While its foundational knowledge originated from basic counting,
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measurement, and calculation, the comprehensive understanding of mathematics encompasses disciplinary
knowledge, including inquiry skills, conjecture, and proof, playing a vital role in the study and practical
application of the subject [17]. In addition, it also involves several other processes such as communicating,
connecting, reflecting, problem solving, representing, reasoning and proving, as well as selecting tools and
strategies. Thus, learners are able to develop the aforementioned processes through academic involvement
together with social-emotional learning skills, which will eventually develop their understanding of the content.

However, there are still many students who have not mastered the skill in mathematical
problem-solving despite numerous theories and models on resilience such as resilience theory, Richardson’s
meta-theory resilience and resiliency, the individual differences model of resilience, Bronfenbrenner’s
ecological systems theory, the compensatory model, the protective factor model, and the challenge model of
resiliency. This indicates that most students still struggle in connecting mathematics ideas while addressing
problems. This ongoing challenge highlights the need for a more focused approach. In response, this study
aims to develop a theory specifically tailored to enhance students’ problem-solving skills in mathematics.

In spite of this, students who have been able to make good mathematical connections show that they
have a good understanding of using various mathematical concepts and procedures and their relationships to
solve problems [18]. Hence, it was found out that, Math is a complex subject, learned hierarchically (Axiom
1). On a deeper sense, Ledesma and Linaugo [4] research in 2023 highlights the profound impact of resilience
not only on academic success but also on various facets of life. Resilient students not only have a better shot
at realizing their full potential academically but also tend to progress socially. This underscores the importance
of nurturing intellectual resilience as a strategy to promote equity within educational systems.

As a matter of fact, during the COVID-19 pandemic, educational dynamics shifted dramatically.
Murni and Juandi [19] stated that learning in tertiary schools is constrained and affects the competence of a
teacher and the blended learning model was one of the right solutions in the implementation of it. It was found
that the ability to use blended learning to improve literacy and mathematics resilience was shown to be 31%
and 59% higher, respectively. Furthermore, a study conducted among junior high school students indicates that
students’ mathematical resilience is directly proportional to their expression of mathematical ideas through
writing and orally. They are able to demonstrate, describe, and understand mathematical ideas [20].

In a study conducted by Zanthy ef al. [21], they highlight the transformative power of mathematical
resilience. It is a big deal in education because lots of students struggle with math. When a student has
mathematical resilience, it means they can boost their confidence. They believe that math is not something they
cannot conquer, even if it is tough at times. They stay confident, even when they face challenges, and keep
going until they succeed. They are also willing to help their friends or groups with what they know, and they
are open to receiving help and support if they need it.

Furthermore, those learners with higher level of thinking are also expected to be more hard working,
more persevere, and should have more self-control than others [22]. As a matter of fact, fear and anxiety are
typically avoided by students who exhibit self-control. Therefore, students are required to put forth a lot of
effort in learning mathematics in order for them to have mathematical resilience. In their study “Developing
mathematical resilience,” they have defined a construct mathematical resilience which they use to refer to a
constructive method of approaching mathematics that enables individuals to get past any emotional obstacles
that arise when learning the subject, including solving mathematical problems. This study confirms that,
Unmastered previous Math lessons hinders succeeding lessons and fuels anxiety (Axiom 2).

Moreover, empirical evidence indicates that while basic logical skills tend to develop spontaneously
in individuals, more intricate logical processes, which are inherently complex, do not naturally evolve and
necessitate deliberate and purposeful methodological intervention for their cultivation. This observation has
only recently begun to capture the attention of methodologists, predominantly among mathematics educators
at the secondary level. Simultaneously, numerous methodologists acknowledge that poor logical reasoning
exhibited by secondary students stems from the absence of systematic efforts directed towards nurturing logical
thinking during the formative years of primary education. Nonetheless, a comprehensive and well-elaborated
methodological framework, upon which primary school educators could rely for guidance, is currently lacking
[23]. Additionally, it appears that one-on-one settings are the most effective means of assisting struggling
students in their mathematical development [24]. Many effective learning hours are spent employing
non-curriculum-based teaching strategies that center on each student’s current achievement level rather than
the competencies that the curriculum expects them to have already attained.

Consequently, motivational factors play a significant role in shaping learning processes and can either
enhance or impede students’ academic performance. Particularly in the realm of mathematics, many students
exhibit feelings of insecurity when facing math exams or coursework in their everyday school experiences
[25]. When students encounter failure, their motivation to fully engage with learning tends to diminish, whereas
success tends to boost their motivation to delve deeper into the subject matter [26]. Therefore, for students
grappling with failure in mathematics, additional motivational factors could potentially counteract the natural
decline in motivation.
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In context, teaching that is, accessible, linked, inclusive, valuable, and engaging (ALIVE) means that
everyone is included, engaged and making links and connections [27]. Classrooms that allow students to
express their struggle and examine “wrong” answers are seen as opportunities to explore and serve to better
support and motivate students to persist [28]. This is mathematical resilience which means that students have
a positive mindset when they encounter challenges while learning math. When students have this positive
attitude, it motivates them to believe that they can learn math, even when it is tough. This belief leads to them
feeling confident in their ability to learn, even when math seems difficult. So, students with strong
mathematical resilience tend to enjoy learning math and feel comfortable with it. This positive attitude also has
a good impact on their thinking and learning processes [29].

Indeed, growth mindset fosters mathematical resilience in problem-solving (axiom 3). As a matter of
fact, having a growth mindset can assist students in maintaining a consistent level of resilience when
encountering challenges in learning. In supportive environments with teachers and peers, students become
more engaged, form stronger connections, are less afraid of making mistakes, and exert greater effort [30]. For
instance, a large number of Manchester students in 2020 responded differently when faced with a difficult math
problem. Some disengaged from the learning process, while others saw it as a chance to improve. There are
various forms of disengagement, such as students putting their heads down or fidgeting with their supplies, and
some even become frustrated to the point of tears. These behaviors all lead to avoiding the work. These patterns
have been consistently observed over the past seven years and find them alarming. Students who avoid
challenges have difficulty mastering learning goals, likely due to low effort, lack of strategies, and motivation,
which hinders their progress. Additionally, students’ prior experiences with math shape their attitudes toward
the subject, influencing how much effort they put into solving challenging math problems [30].

This axiom underscores the fundamental role of one’s mindset in the realm of mathematical
problem-solving activities. Thus, it is a well-established fact that the mathematical resilience and a growth
mindset are related. As described by Dweck [31], growth mindset, is the conviction that one’s skills and
intellect can be enhanced by commitment, perseverance, and learning from mistakes. Conversely,
mathematical resilience is the capacity to persevere and adjust when faced with mathematical obstacles,
exhibiting a proactive and optimistic reaction to hurdles in problem-solving.

Based on these ideas, it can be concluded that there is a connection between having a growth mindset
and mathematical resilience. Dweck [31] has shown through various research that individuals with a growth
mindset are more likely to embrace challenges, persist in the midst of failure, and view effort as a path to
mastery. Consequently, in the field of mathematics, this way of thinking turns into a potent motivator for
fostering mathematical resilience. Pupils who think they can improve their mathematics skills are more likely
to approach challenging assignments with excitement because they view setbacks as chances to learn and
advance.

In the educational setting, teachers need to help learners develop a growth mentality. They have a
significant impact on how pupils view obstacles and failures. Strategies such as praising effort, providing
constructive feedback, and highlighting the process of problem-solving over mere outcomes contribute to the
cultivation of a growth mindset [32]. Outside the confines of traditional education, individuals with a growth
mindset are more adept at navigating the complex problem-solving environments characteristic of fields such
as mathematics, engineering, and technology. They can deal with adversities with a resilience. Thus,
a supportive learning environment nurtures mathematical resilience (axiom 4). This axiom encapsulates a
profound truth about the relationship between mindset and the ability to overcome mathematical challenges.
Hence, it can be established that there is essential connection between the classroom atmosphere and students’
ability to persevere through mathematical challenges.

When it comes to mathematics, a positive and encouraging atmosphere plays a crucial role in nurturing
mathematical resilience. In such an environment, students feel empowered to take risks, ask questions, and
explore mathematical concepts without fear of judgment. In view of this, a harmonious relationship between
teacher and students is also essential in developing mathematical resilience among students. It is when a trust
and positive connection between teacher and students is created that students will become more motivated and
will persevere through the challenges that come their way [33]. Indeed, a supportive learning environment also
encourages collaboration among students. Peer interactions foster a sense of community, allowing students to
share diverse perspectives, discuss problem-solving strategies, and learn from each other.

Furthermore, mathematical resilience plays a crucial role in problem solving process (axiom 5).
Assisting students in conquering challenges in solving math problems is what mathematical resilience is about.
In fact, students who have strong mathematical resilience skills not only understand the theory well but can
also adjust to any problems they encounter and interact with others while staying true to themselves [5]. For
example, the findings of a study conducted by Nelson and Powell [34] suggest that students facing challenges
in mathematics show improvement on mathematical assessments. However, despite this progress, their
performance remains below that of students who do not encounter math difficulties. The identification of math
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difficulty is closely linked to subsequent math performance, and this diagnosis tends to persist over time. In
summary, the literature highlights that students experiencing math difficulty tend to face ongoing challenges
in mathematics as they progress to later grades.

The term mathematical resilience is strongly connected to self-determination theory and appear to
provide a method to assist young individuals in learning mathematics. Mathematical resilience is described as
“Sustaining belief in one’s ability despite personal or social challenges to mathematical well-being” [22] and
was created as a practical concept to illustrate approaches that would foster a positive attitude of determination
and self-protection when students tackle mathematical concepts. True indeed that, fostering mathematical
problem-solving resilience encourage lifelong engagement with mathematics (axiom 6).

Although research by Oszwa [35] indicates that many children with math anxiety experience declining
math performance, there has been an overall increase in resilience among children and adolescents over the past
few decades. In the same way, it can be clearly stated that high math anxiety negatively impacts the mathematical
performance of individuals, particularly those with math learning difficulties. As a matter of fact, high levels of
math anxiety are associated with detrimental effects across various dimensions, notably impairing working
memory [36]. Furthermore, it was reported that the primary challenges in establishing mathematical connections
were a lack of comprehension and struggles in working with algebraic manipulations [37].

Lastly, effective teacher scaffolding can promote mathematical resilience, especially in problem-
solving (axiom 7). Teachers can provide support to help students overcome difficulties, foster a positive culture
of learning and collaboration in the classroom to help students develop a favorable attitude towards learning
math. Hence, it is crucial to examine the challenges students encounter when making connections in math
problem solving. When offering choices, teachers must carefully balance providing enough challenge to
energize students without causing fear or anxiety. Additionally, collaboration can help students meet challenges
more effectively [22].

It is important to note that autonomy can be hindered in many learning situations when instructors
emphasize control, push information onto disengaged students, dismiss student perspectives, or try to dictate
student thoughts and behaviors. Controlling teaching can lead to frustration of needs [38]. According to
Cousins et al. [39] students may experience autonomy-suppressing conditions when faced with pressure tactics
like punishment, shouting, or phrases such as “you have to.” These tactics also work against the needs for
relatedness and competence. In a controlling environment, students seldom have the chance to independently
solve problems or develop their own solutions, which is regarded as essential by Ryan and Deci [40] for the
development of students’ competence needs.

The succeeding paragraphs are generation of propositions from axioms which signifies a process of
logical deduction and theoretical development within the study. It reflects the construction of knowledge, the
formalization of assumptions, and the establishment of testable claims that contribute to the overall
understanding of the research area. This process is crucial for theoretical development within a study. It allows
researchers to build a coherent theoretical structure where each proposition is a piece of the larger theoretical
puzzle.

3.1. Proposition 1: students with higher levels of mathematics resilience will demonstrate greater
persistence and effort when faced with challenging mathematical problems

Proposition 1 is anchored on the following axioms: mathematical resilience plays a crucial role in
problem solving process (axiom 5); and fostering mathematical problem-solving resilience encourage lifelong
engagement with mathematics (axiom 6). This is supported by Ishak ef al. [41] which claims that resilience
entails more than simply recovering from setbacks; it involves actively embracing challenges. As a result,
resilient students are more inclined to persist through difficult problems. In developing mathematical resilience
among students, it can lead to a lifelong interest in mathematics, making it an internal factor in students that
plays a crucial role in dealing with learning mathematics.

In addition, according to Cheung [42], students with strong mathematical resilience are more likely
to support the success of the mathematics learning process, even in challenging situations. This resilience helps
them overcome difficulties in solving mathematical problems and adapt to various challenges while
maintaining their identity. Windle [43] noted that mathematical resilience shares characteristics with constructs
like self-efficacy, optimism, motivation, and confidence. Additionally, Agustin ef al. [44] added that fostering
intrinsic motivation in students, closely linked to mathematical resilience, can lead to a lifelong interest in
mathematics.

Resilience, as it appears, thrives in those who possess self-confidence, tenacity, curiosity, and
problem-solving skills. These traits empower individuals to navigate difficult situations successfully. Gifted
individuals with advanced problem-solving abilities, logical and critical thinking, and a sensitivity to ethical
issues are particularly resilient. However, it’s essential to recognize that not all gifted students possess strong
problem-solving skills, and the growth of resilience in this group can be limited by factors like parental
autonomy or a lack of supportive conditions.
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Further evidence of the connection between resilience and problem-solving abilities is provided,
especially when it comes to learners’ use of mathematics to solve problems [45]. Their results emphasize the
value of resilience in educational environments by showing that people with high resilience are better able to
handle obstacles and unfavorable situations related to problem-solving.

3.2. Proposition 2: psychological, cognitive and social factors are influential to a student’s resilience in
solving mathematical problems

Based on these axioms, the second proposition is made: math is a complicated topic that is learnt
hierarchically (axiom 1); math lessons that are not mastered prevent students from learning subsequent lessons
and increase anxiety (axiom 2); and mathematical resilience is fostered by a supportive learning environment
(axiom 4). This proposition is supported by Attami ef al. [45] who found out that individuals who previously
avoided mathematics can transform into individuals who are inquisitive and more attuned to their emotions;
they cultivate an inner sense of control and establish a supportive social circle by learning to ask for and provide
assistance. This is supported by Simacon and Veloria [46] who concluded that higher mathematical resilience
is associated with a more positive attitude towards problem-solving. Szabo et al. [47] also clarified that
fundamental logical-mathematical intelligence emerges as a person concentrates on the mathematical patterns,
symmetry, logic, and beauty to resolve, create, and simulate everyday issues and activities. Additionally, they
noted that instructing mathematical issue solving fosters skills required in the 21st century and, consequently,
the ability to solve real-life problems.

Furthermore, students who are strong in mathematics study the subject well. Specifically, they will
anticipate that doing math in a new scenario will be challenging at first, but they will have techniques or ways
to get past the initial “cannot do it” reaction [48]. Conversely, socio-emotional factors encompass a wide variety
of aspects, such as relationships with peers, high parental expectations, teacher attention, and kindness.
Permatasari et al. [49] conducted a study examining the impact of perceived social support from peers, family,
and educators on the development of academic resilience in the context of online learning during the
COVID-19 pandemic. The research included 291 participants from Politeknik Ilmu Pelayaran in Makassar city,
chosen through accidental sampling. The results show that perceived social support significantly contributes
to enhancing academic resilience, explaining 71.8% of the variance. Family support was found to be the most
influential element at 71.8%, followed by teacher support at 16.6%, and peer support at 12.8%. The study
highlights how individuals’ perceptions of support from peers, family, and teachers are crucial in providing
assistance and care during academic challenges, thus promoting greater academic resilience.

The study by Sarrionandia et al. [50] suggests that having high resilience is linked to showing fewer
signs of maladjustment, while low resilience is linked to impaired functioning. Resilience among young adults
and adolescents is inversely related to family-related stress. However, more research is necessary to
comprehend the protective influence of resilience on perceived stress in college students.

Building on these bases, Ahmed et al. [51] sought to investigate how individual psychological capital
resources, such as academic efficacy and resilience, influence the involvement of master’s students in the
Kingdom of Bahrain. The results, framed by conservation of resource theory, revealed a favorable association
between academic efficacy and resilience, as well as a positive link between teachers’ support and student
engagement. Furthermore, the research demonstrated a notable influence of teachers’ support in the correlation
between academic efficacy, resilience, and student engagement.

Moreover, Li et al. [52] found that resilience in learners is influenced by socio-affective,
socio-economic, and affective factors. Parents high expectations, peer relations, and teacher’s attention and
kindness are all defined by socio-economic factors. Socio-economic factors encompass elements such as the
financial support derived from parents’ educational background, economic status, and social class. Affective
factors include aspects like anxiety, self-belief, and motivation, among others. It’s important to note that these
factors can significantly impact students’ academic performance and guide policymakers in creating suitable
learning environments.

3.3. Proposition 3: developing a growth attitude, fostering a supportive learning environment, and
providing appropriate teacher scaffolding can help to build mathematical resilience and problem-
solving process

Proposition 3 is generated from the axioms: a growth mindset fosters mathematical resilience in
problem-solving (axiom 3); and effective teacher scaffolding can promote mathematical resilience, especially
in problem-solving (axiom 7). Indeed, students with strong mathematical resilience are more likely to put in
the necessary effort to solve problems in the field of mathematics. Mathematical resilience is an internal factor
in students that plays a crucial role in dealing with learning mathematics [44]. In relation to this,

Kooken et al. [53] posited that mathematical resilience is closely related to attitudes toward studying

mathematics and involves three correlated factors, namely: value, struggle, and confidence.
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Also, it enables students to face challenges and uncertainties in mathematics with a positive attitude
and adaptive strategies [45]. In fact, Rohmah et al. [54] have found a positive significant and relationship
between mathematical resilience and students’ mathematical problem-solving abilities. It was mentioned that
mathematical resilience is a non-intellectual attribute that students need in order to face anxiety, have
determination, perseverance, and confidence when tackling mathematical problems.

Clearly, different students have varying characteristics and attitudes towards overcoming challenges
in the mathematics learning process, known as mathematical resilience. This factor plays a role in supporting
student achievement and can be nurtured through different teaching approaches. Students with strong
mathematical resilience demonstrate adaptive attitudes, deal with uncertainty and challenging problems, and
solve problems with logical and flexible approaches.

A holistic view of mathematical resilience, as advocated by Ishak ez al. [41], portrays it as a
comprehensive approach that seeks to gather all the necessary support for effectively tackling mathematical
challenges. Although many people have to deal with mathematics till the completion of their education, many
people decide to put it off as soon as classes are over. Mathematical resilience encompasses elements such as
possessing a growth mindset, recognizing the personal significance of mathematics, understanding that
mathematics often involves grappling with difficulties, and being adept at seeking assistance when engaged in
mathematical learning.

Aside from that,-teachers can play a crucial role in developing mathematical resilience in students,
particularly in problem-solving. Scaffolding refers to the support provided by teachers to help students learn
and solve problems. Educators use dynamic, individual support to help students with their current performance.
This type of support can aid students in overcoming math problems and in developing a positive outlook on
learning math. Additionally, teachers can foster a positive learning environment and encourage collaboration,
while also valuing the challenges of math., and encourages discussion between students [44]. In this way,
teachers can use formative assessments and observations to understand students’ learning needs and spend
quality time with individual students to provide support [55].

Furthermore, when it comes to tackling academic tasks, academically resilient students believe in a
unique approach. They view the expression of their emotions not as a problem but as a potential part of the
solution. Fundamentally, they aim to perform at their highest level and participate actively in the school
environment. They make use of both contextual and emotional resources, including the support from their
teachers [56].

Thus, developing mathematical resilience can rapidly raise student achievement in mathematics, and
it is essential for teachers to instill this resilience in students to enhance their self-confidence to solve problems
in mathematics. Mathematical resilience is a vital aspect of the problem-solving process, as it enables students
to overcome challenges and uncertainties in mathematics with a positive attitude and adaptive strategies.
Developing mathematical resilience through various teaching practices can significantly improve students’
mathematical problem-solving abilities and overall achievement in the subject.

Further research from frontier shows that while underprivileged adolescents frequently perform
poorly academically, others, referred to as “resilient students,” are able to overcome familial issues and attain
exceptional outcomes. In order to assist researchers and educators in guiding underprivileged pupils, this study
attempts to discover elements that can lessen the influence of family socioeconomic position on academic
attainment. Also, results of the study conducted by Bettinger et al. [57], present proof that students’ confidence
in their capacity to learn can anticipate their future determination. Moreover, it has been seen that these beliefs
are flexible, and that they have an impact on students who were previously poor achievers or had a fixed attitude
before the intervention.

The pupils’ subsequent performance on a real effort assignment that involved answering challenging
algebraic problems was significantly impacted by the treatment, on average. A growth attitude, according to
van Aalderen-Smeets et al. [58], may enable students to keep their resilience levels relatively steady in the face
of setbacks and learning challenges. Current research on interventions has indicated that using a growth mindset
intervention may enhance students’ self-efficacy [59], [60]. One college statistics course, for instance,
implemented a two-semester growth mindset-based intervention. After the intervention, students in that group
demonstrated higher confidence in math abilities compared to students in the control group [60].

Additionally, teacher scaffolding is essential for creating a supportive learning environment as well
as for guiding students, dissecting difficult problems into manageable steps, and providing constructive
criticism so that they can gain the confidence and skills needed to handle mathematical challenges on their
own. In fact, according to EI-Adl and Alkharusi [61] learning to learn is defined as having the ability to plan
one’s own learning experience, manage time and information efficiently, and actively participate in and endure
the learning process. This idea has a strong relationship to the self-regulated learning paradigm that emerged
in the 1980s. Regarding self-regulated learning, students take on the responsibility of monitoring and fine-
tuning their learning strategies. These monitoring activities encompass reviewing study content, assessing
learning challenges, gauging progress, and forecasting learning results.
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When teachers are knowledgeable about safeguarding in the context of learning math, and students
are able to recognize and communicate feelings of threat effectively, math teachers can promote risk-taking
and the development of new skills to handle challenges safely [62]. Hence, with the ability to face obstacles,
manage stress, and eventually succeed academically, children can be empowered by the idea of academic
resilience in this ever-changing educational environment. As numerous studies and viewpoints have
demonstrated, it goes well beyond scholastic success to encompass kids’ complete life development and their
ability to overcome extraordinary circumstances like the COVID-19 pandemic. The combination of techniques,
support networks, and academically resilient students’ distinct mindsets demonstrates a comprehensive
approach that not only promotes academic success but also develops resilient, well-rounded people who can
succeed in a variety of contexts.

3.4. Three-dimensional resilience theory in mathematical problem solving

The term mathematical resilience describes the capacity to persevere, adjust, and achieve in
mathematical endeavors despite obstacles and disappointments. According to the three-dimensional resilience
theory in mathematical problem solving, the development of cognitive, psychological, and social aspects is
necessary for resilience in problem resolution. More specifically, problem-solving and critical thinking abilities
are part of the cognitive component. This implies that a crucial component of resilience is the efficient
management of emotional reactions, which is facilitated by cognitive capacity. As it allows people to control
critical thinking and problem-solving abilities even in the face of risk factors, cognitive aspects are, in fact,
essential to the development of mathematical resilience.

As part of the cognitive aspect, critical thinking enhances innovation and adaptability by helping
individuals manage risks, develop fresh perspectives, and create effective solutions to complex problems. This
fosters resilience by promoting a growth mindset and comfort with change, both crucial for developing
resilience [63]. On the other hand, the psychological dimension includes lifelong involvement and a growth
mindset, which help individuals overcome emotional barriers in learning math. Math anxiety, a feeling of stress
and worry related to math, differs from cognitive deficits like dyscalculia and can negatively impact
performance [64], [65]. A growth mindset, associated with embracing challenges and persistence, is crucial for
developing resilience in mathematics [31]. Furthermore, encouraging a positive attitude toward math and
reducing severe math anxiety can improve academic performance by alleviating its detrimental effects on
working memory, particularly in students who struggle with math [66], [67].

Developing and maintaining mathematical resilience requires lifelong engagement with mathematics.
Fostering a growth mindset and positive attitude toward learning math from an early age can significantly
enhance resilience, leading to better learning outcomes. Sustaining this resilience involves a commitment to
engaging in mathematical activities throughout one’s academic and professional life [68]. Teachers play a key
role by providing regular opportunities for students to practice math, develop problem-solving skills, and
maintain a positive, flexible mindset. Addressing math anxiety through effective instruction such as cumulative
review, clear teaching, and strong conceptual foundations is crucial for improving performance.

Social factors, on the other hand, including a supportive learning environment and effective teacher
scaffolding, are also essential for building mathematical resilience [69]. A positive learning atmosphere,
opportunities for collaboration, and access to educational resources help students persist through challenges.
Teacher scaffolding, such as breaking down complex problems and providing feedback, supports students’
learning [70]. Additionally, social elements like peer support and parental involvement contribute to resilience
by encouraging a positive attitude and boosting self-confidence. Together, teachers and parents can create a
supportive social environment that fosters the resilience needed for success in mathematics [63].

In summary, social elements like peer support, parental participation, an encouraging learning
environment, and efficient teacher scaffolding all have a big impact on how mathematical resilience develops.
While good teacher scaffolding helps students develop problem-solving abilities and boost their confidence in
their capacity to achieve, a supportive learning environment gives them the tools and support they need to
conquer challenges and persist in the presence of difficulties. Positive attitudes toward learning mathematics
and the formation of a growth mindset can also be facilitated by parental participation and peer support.
Teachers and parents may help children build the resilience necessary to overcome obstacles and succeed in
mathematics by creating a supportive social environment. It is clear then that the development of students’
mathematical resilience is not the result of a single component or dimension but rather the interaction and
interdependence of the cognitive, psychological, and social dimensions. Therefore, the more these aspects are
maintained, nurtured, or even improved, the more likely it is that a student will be resilient in mathematics.

While the study on the “development of three-dimensional resiliency theory in solving mathematical
problems” provides valuable insights into the factors that contribute to student resilience in mathematics, it is
important to recognize the limitations that may affect the scope and applicability of its findings. Understanding
these limitations helps in interpreting the results with caution and highlights areas for further research and
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refinement. The limitations include but not limited to: i) the strategies and interventions derived from the theory
may not be easily implemented in all educational environments due to constraints such as resource availability,
teacher training, or institutional support; ii) the effectiveness of applying the theory in practice might be
influenced by the readiness and willingness of both teachers and students to engage with new approaches to
resilience-building, which can vary widely; iii) the focus on cognitive, emotional, and social dimensions may
exclude other relevant factors that influence resilience, such as environmental or motivational aspects,
potentially limiting the comprehensiveness of the theory; and iv) the theory is specifically tailored to
mathematical problem-solving, which may limit its applicability to other academic subjects or types of learning
challenges.

Future research could focus on testing the three-dimensional resiliency theory in various educational
settings, such as different grade levels, cultural contexts, or educational systems, to assess its generalizability
and robustness. Moreover, researchers may explore the application of the theory in other disciplines beyond
mathematics, such as science, engineering, or language arts, to understand its broader applicability. Not only
that, the theory could also inform the development of curricula that integrate resilience-building activities
across cognitive, emotional, and social dimensions. This might include problem-based learning, collaborative
projects, and reflective exercises that encourage persistence and adaptability.

The findings of this study provide conclusive evidence that, the three-dimensional resilience theory
in mathematical problem-solving includes three primary elements that impact a person’s ability to overcome
obstacles when solving mathematical problems. These are cognitive, psychological, and social dimensions.
Critical thinking skills, growth mindsets, and a lifetime love of learning are crucial for resilience. Social factors
like supportive parents, competent educators, and secure learning settings also contribute to resilience. Math
anxiety, which can be multidimensional, can be addressed by understanding these interrelated factors. By
fostering cognitive skills, positive mindsets, and a supportive social environment, teachers can empower
students to succeed in mathematics.

Figure 2 illustrates the process of developing mathematical resilience in problem-solving,
encompassing three key dimensions: cognitive skills, psychological attitudes, and social interactions. Cognitive
skills involve a methodical approach to problem-solving, flexible thinking, and a strong grasp of fundamental
concepts, enabling individuals to navigate challenges. Psychological resilience is equally crucial, combining
self-confidence, a growth mindset, and self-awareness. Resilient problem solvers view challenges as
opportunities for growth and see mistakes as learning experiences, driven by perseverance and curiosity.
Finally, social interactions play a vital role in nurturing resilience, where collaboration, mentorship, and a
supportive learning environment foster growth and understanding through constructive feedback and shared
learning experiences.

The three dimensions (cognitive, psychological, and social) are represented by gears in different
colors. These gears, with the movement of the arrow, transfer motion or power from one dimension to the
other. For example, the cognitive dimension is geared toward social factors and vice versa. Their movement
will generate motion to the psychological factor as well showing their interconnectedness.

Resilience in
Mathematical
Problem-
Solving

Figure 2. Framework of three-dimensional resilience theory in mathematical problem-solving
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4. CONCLUSION

Mathematical resilience is not just having the courage to solve mathematical problems when presented
with them. It also involves developing the cognitive skills, cultivating psychological factors, and creating solid
social networks to meet the difficulties of mathematical problem-solving head-on. Through the cultivation of
these three aspects, mathematics may be transformed from a challenging obstacle into a place of discovery,
with resilience serving as the key to unlocking its infinite possibilities.
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