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Abstract

Understanding mathematical proof remains a persistent challenge among students in mathematics
education programs, particularly in developing both conceptual reasoning and confidence in proof-
based tasks. Despite its importance in teacher preparation, limited studies in the local context have
examined proof comprehension using an integrated cognitive and affective perspective. This study
investigated the level of mathematical proof comprehension among Tertiary Mathematics education
students and examined differences based on year level and academic background using a convergent
parallel mixed-methods design. Quantitative findings revealed that students demonstrated a moderate
level of proof comprehension, with variations observed across year levels but not across academic
backgrounds. Qualitative results revealed key themes in students’ lived experiences, including
frustration, anxiety, confusion, self-doubt, and feelings of inadequacy, alongside the development
of determination and a growth mindset as adaptive responses to difficulty. Students also employed
coping strategies such as strategic learning approaches and effective study strategies, including
breaking down proofs, repeated practice, and seeking peer support to enhance understanding. The
integration of findings indicates that proof comprehension is influenced by the interaction of cognitive,
affective, and strategic factors, underscoring the need for structured instructional support and learner-
centered approaches in proof-based learning. These findings provide practical insights for improving
instruction in teacher education programs.
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INTRODUCTION

Mathematical proof comprehension is a fundamental component of advanced mathematics
learning, particularly for students in teacher education programs. However, empirical evidence
indicates that many undergraduate students experience difficulty in understanding proofs. For
instance, Moral and Filiz (2023) found that pre-service mathematics teachers frequently demonstrate
difficulties in evaluating the correctness of theorems and proofs, often relying on rote procedures
rather than a deep understanding of proof structures. Meanwhile, Selden and Selden (2015) found
that students often struggle to accurately validate and evaluate proofs despite repeated exposure.
These findings highlight persistent gaps in students’ deep understanding of mathematical proofs.

While exposure to mathematical proofs is a central component of higher-level mathematics
instruction, it does not necessarily lead to meaningful understanding. Many students struggle to
recognize the structure, purpose, and logical progression of proofs, often focusing on procedural
steps rather than underlying concepts (Laugwitz et al., 2025). This difficulty is further compounded
by instructional practices that emphasize rapid content delivery with limited conceptual scaffolding,
which may hinder students’ ability to internalize proof ideas (Neuhaus & Rach, 2019). Consequently,
students tend to rely on memorization instead of engaging in deeper reasoning and justification,
limiting their development of genuine proof comprehension.

Beyond cognitive challenges, affective factors also influence students’ engagement with proofs.
Learners frequently experience anxiety, frustration, and lack of confidence when dealing with proof-
based tasks, which may reduce motivation and persistence (Rosenroth et al., 2023). These emotional
responses can lead to avoidance behaviors and negatively affect learning outcomes. However, some
students demonstrate adaptive responses, such as persistence and the development of a growth
mindset, which support continued engagement and improvement in proof comprehension.

Despite extensive international literature, empirical studies on mathematical proof comprehension
within Philippine teacher education institutions remain limited. Existing research in the local context
often focuses on quantitative performance measures, offering minimal insight into students’ lived
experiences and emotional responses. This gap highlights the need for a more comprehensive
approach that integrates both cognitive and affective dimensions of proof comprehension.

Anchored on this gap, the present study employed a convergent parallel mixed-methods design
to examine the mathematical proof comprehension of tertiary Mathematics education students.
Specifically, it aimed to determine the level of proof comprehension, examine differences based on
selected profile variables such as year level and academic background, and explore students’ lived
experiences and coping strategies in understanding mathematical proofs. By integrating quantitative
and qualitative findings, the study provides a more holistic understanding of how tertiary mathematics
education students engage with proof-based learning and offers insights for improving instructional
practices in mathematics education.

Research Questions and Significance of the Study

This study aimed to examine the mathematical proof comprehension of tertiary Mathematics
education students using a convergent parallel mixed-methods approach. Specifically, it sought to
answer the following research questions:

1. What is the profile of the respondents?
2. What is the level of mathematical proof comprehension among tertiary Mathematics students?
3. Is there a significant difference in the mathematical proof comprehension of students when
grouped according to:
3.1 Senior High School (SHS) strand; and
3.2 Year level?
4. What are the lived experiences of tertiary Mathematics students who encounter difficulties in
comprehending mathematical proofs?
5. How do students cope with the challenges they experience in understanding mathematical

proofs?
| 105 |
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6. To what extent do the quantitative findings corroborate the qualitative results?

This study contributes to mathematics education by providing empirical evidence on the cognitive
and emotional dimensions of mathematical proof comprehension among tertiary Mathematics
students. The findings offer practical insights for students and mathematics teachers by identifying
common challenges, coping strategies, and year-level differences that can inform more responsive
and supportive instructional practices. At the institutional level, the results may guide curriculum
planning and the development of targeted interventions to strengthen proof-based instruction
in teacher education programs. Moreover, this study adds to the limited local literature on proof
comprehension by employing a mixed-methods approach, offering future researchers a context-
specific reference for investigating mathematical reasoning and instructional improvement in tertiary
education.

METHOD
Research Design

This study employed a convergent parallel mixed-methods research design to investigate
the mathematical proof comprehension of tertiary Mathematics education students. The mixed-
methods approach was selected to allow a comprehensive examination of proof comprehension by
integrating numerical trends with students’ experiential insights. According to Creswell and Plano
Clark (2011), convergent designs are appropriate when quantitative and qualitative data are collected
simultaneously and given equal importance to address a single research problem. In this study, the
quantitative component focused on determining the level of proof comprehension and identifying
differences across student profiles, while the qualitative component explored students’ experiences,
challenges, and perceptions related to understanding mathematical proofs.

Both quantitative and qualitative data were gathered during the same phase of the research and
analyzed independently using appropriate statistical and thematic procedures. The results from the
two data strands were then merged during the interpretation stage to identify points of convergence,
complementarity, or divergence. This integration strengthened the validity and credibility of the findings
through triangulation and provided a more holistic understanding of proof comprehension among pre-
service mathematics teachers. By employing a convergent parallel design, the study captured both
performance-based outcomes and affective dimensions of learning, which are essential in informing
instructional strategies and intervention development.

Research Locale and Respondents/Participants

The study was conducted in one of the public tertiary education institutions in the Province of
Davao de Oro, Philippines. The institution offers a Bachelor of Secondary Education program with
a specialization in Mathematics, where students are exposed to proof-based courses such as Logic
and Set Theory. This setting provided an appropriate context for examining students’ mathematical
proof comprehension within a teacher education program. For the quantitative component, 100
BSED Mathematics students from first year to third year were selected to assess their level of
mathematical proof comprehension. In the qualitative component, fourteen (14) students were
purposively chosen based on their demonstrated difficulties in understanding mathematical proofs,
with seven (7) participating in in-depth interviews and seven (7) in focus group discussions. This
combination of respondents and participants ensured that the study captured both general patterns
of proof comprehension and in-depth insights into students’ lived experiences, thereby supporting the
mixed-methods design of the research.

Research Instrument

Two instruments were used to collect quantitative and qualitative data. For the quantitative
component, a validated multiple-choice questionnaire on mathematical proof comprehension was
utilized to assess students’ understanding of direct proofs by mathematical induction. The instrument
measured key dimensions such as identification of given statements, logical sequencing, interpretation
of symbolic expressions, and evaluation of proof validity. Content validity was established through
expert review, and the instrument demonstrated acceptable internal consistency based on pilot
testing (Cronbach’s alpha = 0.763). The interpretation of students’ scores is presented in Table 1.
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Table 1. Table of Interpretation for Mathematical Proof Comprehension

Range of Means Descriptive Level Interpretation
0.00-3.33 Low Indicates limited level of understanding and performance
3.34 - 6.67 Moderate Indicates an average level of understanding and performance
6.68 — 10.00 High Indicates a high level of understanding and performance

For the qualitative component, a semi-structured interview guide was employed to explore
students’ lived experiences, emotional responses, and coping strategies in comprehending
mathematical proofs. The guide underwent expert validation and allowed flexibility for probing to
obtain in-depth responses. Together, these instruments ensured the systematic collection of both
reliable quantitative data and rich qualitative insights aligned with the objectives of the study.

Data Gathering Procedure

Prior to data collection, ethical clearance and necessary institutional approvals were secured.
Participants were informed of the purpose of the study, and informed consent was obtained to ensure
voluntary participation and confidentiality.

Data were collected concurrently in accordance with the convergent parallel mixed-methods
design. For the quantitative component, the proof comprehension questionnaire was administered
to the respondents during scheduled sessions with clear instructions provided. For the qualitative
component, selected participants took part in in-depth interviews and focus group discussions using
a semi-structured interview guide. With consent, the sessions were audio-recorded and subsequently
transcribed for analysis.

Data Analysis
The collected data were analyzed using appropriate quantitative and qualitative techniques
aligned with the study objectives.

Quantitative data were analyzed using descriptive and nonparametric statistical techniques due
to non-normal distribution. Weighted mean and standard deviation were used to describe the level
of mathematical proof comprehension. The Kruskal-Wallis test was applied to determine significant
differences across year levels, while the Chi-square test was used to examine differences based on
academic background. A significance level of 0.05 was adopted.

Qualitative data from interviews and focus group discussions were analyzed using thematic
analysis, which involved coding, categorization, and identification of recurring themes related to
students’ experiences and coping strategies. The quantitative and qualitative findings were then
integrated during the interpretation phase to identify convergence and complementarity.

Ethical Considerations

This study was conducted in accordance with established ethical standards for educational
research. Ethical clearance was obtained from the Davao de Oro State College Research Ethics
Committee prior to data collection. Participation was voluntary, and informed consent was secured
from all respondents. Confidentiality and anonymity were ensured throughout the study.

RESULTS AND DISCUSSION
Demographic Profile of the Respondents

The demographic profile describes the distribution of respondents based on selected background
variables, specifically year level and Senior High School (SHS) strand. These variables provide
contextual information that may influence students’ mathematical proof comprehension and help in
interpreting variations in performance. Table 2 presents the demographic profile of the respondents.
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Table 2. Demographic Profile of Respondents (N = 100)

Variable Category F %
Year Level 1st Year 20 20
2nd Year 44 44

3rd Year 36 36

Total 100 100

SHS Strand STEM 22 22
ABM 29 29

GAS 23 23

HUMSS 11 11

TVL 15 15

Total 100 100

The results show that most respondents were second-year students (44%), followed by third-
year (36%) and first-year students (20%), indicating that the sample is largely composed of learners
with moderate exposure to tertiary mathematics. In terms of SHS strand, the largest proportion of
respondents graduated from ABM (29%), followed by GAS (23%) and STEM (22%), while fewer
completed HUMSS (11%) and TVL (15%). This distribution suggests that respondents come from
diverse academic backgrounds, with a notable representation from non-STEM strands.

The variation in academic background implies differences in prior exposure to mathematical
concepts, which may influence students’ initial readiness for proof-based learning. However, Lestyanto
et al. (2022) found that proof comprehension is influenced by both internal and external factors,
including content knowledge, experience with proof tasks, teaching strategies, textbook language,
and algebraic skills. The study further emphasizes the need to strengthen conceptual understanding
alongside procedural knowledge, highlighting the importance of structured instructional support in
teacher education programs.

Status of Students’ Mathematical Proof Comprehension

Mathematical proof comprehension refers to students’ ability to understand, interpret, and
evaluate the logical structure and validity of mathematical arguments. It involves recognizing
relationships between statements, interpreting symbolic expressions, and following the sequence of
reasoning within a proof. Table 3 presents the level of students’ mathematical proof comprehension.

Table 3. Level of Students’ Mathematical Proof Comprehension
Variable Mean SD Description
Mathematical Proof Comprehension 5.67 1.91 Moderate

The results indicate that students demonstrated a moderate level of proof comprehension (M =
5.67, SD = 1.91), suggesting an average level of understanding and performance. This implies that
while students possess foundational knowledge, they still encounter difficulties in comprehending
mathematical proofs, with variability indicating differences in understanding. Although normality tests
indicated non-normal distribution, the use of mean and standard deviation is justified by the near-
normal distribution reflected in acceptable skewness (0.15) and kurtosis (—0.28) values.

This level of performance is consistent with findings from recent studies on proof comprehension
among pre-service teachers. Mohamad Waluyo and Vidakovich (2021) reported that students
obtained scores ranging from 49% to 54%, indicating a moderate level of comprehension with only
slight improvement across year levels, suggesting that understanding often remains at a developing
stage. Similarly, difficulties in proof comprehension persist in tertiary education due to multiple
factors, including prior mathematical experience, conceptual understanding, instructional strategies,
and clarity of learning materials (Lestyanto et al., 2022). Students’ performance in proof-related
tasks is also influenced by psychological and instructional factors (Sabanal et al., 2024), as well as
challenges in transitioning to the abstract and formal nature of tertiary mathematics, which require
improved scaffolding and instructional support (Laugwitz et al., 2025). Moreover, foundational gaps
in mathematical knowledge, including proof skills, continue to contribute to students’ difficulties,
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emphasizing the need to strengthen conceptual understanding within the curriculum (Saha et al.,
2024).

Difference in Mathematical Proof Comprehension of Tertiary Education Students in terms of
SHS Strand and Year Level.

Proof comprehension, when examined across profile variables such as SHS strand and year
level, provides insight into whether students’ background and academic progression influence their
ability to understand and construct proofs. Table 4 presents the differences in mathematical proof
comprehension when grouped according to these variables.

Table 4. Differences in Mathematical Proof Comprehension by Profile Variables

Variable Chi-square df p-value Remarks
SHS Strand 7.197 4 0.120 Not Significant
Year Level 42.209 2 < 0.001 Significant

These findings are consistent with recent studies on proof comprehension in tertiary education.
Waluyo and Vidakovich (2021) reported that first-year students obtained the lowest scores, with
significant improvement observed in higher year levels, although gains plateaued beyond the second
year. Similarly, studies on students’ perceptions of mathematical proof indicate that understanding
matures with increased exposure to proof-based instruction and adaptation to the formal nature of
higher mathematics (Laugwitz et al., 2025; Kinnear & Inglis, 2026). These results support the present
finding that proof comprehension improves as students progress academically.

However, evidence regarding prior academic background remains mixed. While the current study
found no significant difference based on SHS strand, Perez et al. (2024) reported that students from
STEM backgrounds outperformed those from other strands in general mathematics achievement,
suggesting that prior preparation may influence performance in some contexts. In contrast, studies
such as Mukuka and Tatira (2025) emphasize that difficulties in proof comprehension persist
regardless of background, particularly in more complex proof types. Overall, these findings suggest
that although prior academic preparation may contribute to mathematical performance, proof
comprehension is more consistently shaped by instructional exposure, cognitive engagement, and
experience with proof-based tasks in tertiary education.

Lived Experiences in Comprehending Mathematical Proofs

Students’ lived experiences in comprehending mathematical proofs provide insight into the
affective dimensions that accompany cognitive challenges in proof-based learning. Analysis
of interview and focus group data revealed several recurring themes that describe how students
experience and respond to difficulties in understanding proofs.

Figure 1 presents the emergent themes, namely: (1) struggling with frustration and anxiety,
(2) losing motivation and confidence, (3) confronting feelings of inadequacy, (4) questioning one’s
competence, (5) developing determination and a growth mindset, and (6) navigating confusion.

Struggling with Frustration and Anxiety

The students’ lived experiences in comprehending mathematical proofs were strongly
characterized by frustration and anxiety. Participants described emotional distress when they
encountered difficulty understanding proofs, particularly when confusion arose while following proof
steps or interpreting arguments. These emotional reactions often accompanied moments when
students were unable to make sense of the logical flow of proofs.
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Figure 1. Students’ Lived Experiences in Comprehending Mathematical Proofs

Participant 13 shared a common sentiment regarding the frustration experienced when
encountering complex mathematical proofs.

“...when | find proofs difficult to understand, | feel frustrated due to
their complexity.”—IDI 6

Similarly, Participant 10 reported confusion and frustration when dealing with proofs, particularly
because of their complexity.

“... l experience both confusion and frustration due to the complexity
of mathematical proofs.” —FGD 3

These findings are supported by existing literature indicating that students commonly experience
frustration and anxiety when engaging in proof-based tasks. Students often feel “stuck” when they
cannot identify logical connections between steps, leading to difficulty in reconstructing arguments
and understanding proof structure (Riegel, 2021). Similarly, studies report that students struggle to
grasp the overall coherence of proofs, resulting in confusion and anxiety when attempting to justify
their reasoning (Tapo & Rudhito, 2025; Weber, 2015).

Moreover, the nature of mathematical proof as a socially and academically defined standard
may intensify students’ anxiety, as expectations of rigor are not always explicit (Granville, 2023).
Negative emotional responses, including frustration and mental blockage, have also been shown
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to hinder engagement with abstract mathematical tasks, particularly when students draw from prior
negative learning experiences (Feraren et al., 2025). These findings highlight the need to address
both cognitive and affective factors in supporting students’ proof comprehension.

Losing Motivation and Confidence

Students’ difficulty in comprehending mathematical proofs was also associated with decreased
motivation and reduced confidence in learning mathematics. Participants described how repeated
struggles with understanding proofs gradually weakened their interest and enthusiasm for engaging
in proof-based tasks. As students encountered persistent confusion and difficulty, their confidence in
their mathematical abilities diminished, leading to reduced motivation to participate actively in proof-
related learning activities.

Participant 1 further elaborated that those emotional responses and mindset influenced motivation
and confidence when engaging with challenging mathematical tasks

“...when | approach mathematics with a positive and open mindset, |
feel more motivated to engage with challenging problems; however,
when | experience anxiety or frustration, my motivation decreases
and my confidence is negatively affected.”—FGD 1

In addition, Participant 12 noted that emotional experiences influenced motivation and confidence
in learning mathematics.

“... emotional responses significantly influence my motivation and
confidence in learning mathematics. Negative emotions, such as fear
and frustration, hinder my motivation and contribute to decreased
interest and self-doubt in the subject.”—FGD 5

These findings are supported by literature indicating that repeated difficulties in proof
comprehension can erode students’ confidence and motivation. Students who struggle to construct or
understand proofs often begin to doubt their mathematical ability, reducing their willingness to engage
in new tasks and leading to avoidance of proof-related activities (Bendol & Dalayap, 2025; Aguilar,
2021). Persistent challenges, coupled with anxiety and fear of failure, further weaken motivation,
particularly when students attribute difficulties to low ability rather than temporary setbacks (Panerio
& Delideli, 2025). These negative experiences may extend to broader attitudes toward mathematics,
reinforcing a cycle of low confidence, reduced persistence, and disengagement. Given that confidence
is a strong predictor of motivation and engagement, these findings underscore the importance of
instructional practices that build self-efficacy through supportive feedback, scaffolded learning, and
opportunities for success in proof-based tasks (Bendol & Dalayap, 2025).

Confronting Feelings of Inadequacy

Students’ experiences in comprehending mathematical proofs were also marked by feelings of
inadequacy, particularly in relation to their self-perception as learners of mathematics. Participants
described how persistent difficulty in understanding proofs led them to view themselves as incapable
of grasping mathematical concepts.

Participant 4 described how difficulty in understanding mathematical proofs led to feelings of
inadequacy and negative self-perceptions about personal ability in mathematics.

“...when | struggle to understand mathematical proofs, | tend to
perceive myself as lacking mathematical ability, which leads to
feelings of discouragement and frustration.” —FGD 4

Further, Participant 2 described how difficulty in comprehending mathematical proofs led to
feelings of inadequacy and a perceived inability to grasp mathematical concepts.
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“...difficulty in comprehending mathematical proofs is a significant
challenge, as | feel unable to fully grasp the concepts, prompting me
to seek guidance from my classmates.” —FGD 2

These findings are supported by recent literature indicating that persistent difficulties in
proof comprehension are often internalized as personal inadequacy. Students who struggle with
constructing and justifying proofs tend to interpret their difficulties as a lack of ability, leading to
decreased confidence, anxiety, and negative attitudes toward mathematics (Abd, Algani, 2024).
This perception is further reinforced when students compare themselves with peers or instructors,
amplifying feelings of inadequacy despite having the capacity to learn (Viholainen et al., 2019).
Difficulties in structuring proofs and providing logical justifications also contribute to the belief that
one lacks the “right” mathematical ability, resulting in avoidance and disengagement from proof-
related tasks (Mercado, 2025). Moreover, when proofs are perceived as complex or reserved for
highly capable individuals, students become reluctant to engage due to fear of failure or exposure
of their perceived limitations (Laugwitz et al., 2025). Broader evidence likewise shows that declining
mathematical performance is often interpreted as personal deficiency, which extends feelings
of inadequacy beyond proof comprehension and reduces students’ persistence in challenging
mathematical tasks (National Science Board [NSB], 2023).

Doubting One’s Ability and Self-worth

Students’ difficulty in comprehending mathematical proofs also resulted in shaken confidence
and self-worth, particularly in relation to their perceived ability to solve mathematical problems.
Participants described how repeated struggles with proofs led them to question their competence
and problem-solving skills.

Participant 1 described how persistent difficulty in comprehending mathematical proofs led
to shaken confidence and heightened self-worth, affecting both academic self-perception and
commitment to mathematics.

“...struggling with mathematical proofs has significantly undermined
my confidence, leading to intense self-doubt and causing me to
question my abilities and suitability as a mathematics student.”
—FGD 1

These findings are supported by recent literature indicating that difficulties in proof comprehension
often lead students to question their own competence. Students who repeatedly struggle with
proof construction and justification tend to attribute these challenges to a lack of ability, resulting
in heightened self-doubt even when they demonstrate partial understanding (Abd, Algani, 2024;
Mercado, 2025). This sense of inadequacy is further reinforced when students perceive proofs as
tasks suited only for more capable peers, leading them to question their place in mathematics-related
programs (Viholainen et al., 2019; Laugwitz et al., 2025). Moreover, broader educational evidence
suggests that declines in mathematical performance are frequently interpreted as indicators of low
personal competence, which can weaken students’ confidence and persistence in proof-heavy tasks
(NSB, 2023). These patterns highlight the need for instructional approaches that explicitly build
students’ confidence, normalize difficulty in proof learning, and reinforce the idea that competence in
mathematics develops through guided practice and sustained effort.

Developing Determination and a Growth Mindset

Despite the challenges encountered in comprehending mathematical proofs, some students
demonstrated determination and a growth mindset as adaptive responses to difficulty. Rather than
withdrawing from complex tasks, these students approached challenges as opportunities for learning
and improvement, showing persistence in understanding proofs. Their experiences reflect an active
effort to overcome confusion and frustration by maintaining focus, exerting effort, and adopting
positive learning dispositions toward proof-based tasks.




Edio, et al. DDOSC Multidisciplinary Research Journal

Participant 3 emphasized how emotional reactions to difficulty can inspire perseverance and
determination.

“Emotional responses to challenges in understanding mathematical
proofs can foster perseverance and determination, motivating me to
overcome these difficulties.—FGD 3

Similarly, Participant 6 explained that effort and persistence enabled continued engagement
despite difficulty.

“l respond by maintaining the belief that | can succeed through
sustained effort, continuing to work diligently to correctly execute
proofs and understand the underlying concepts.”—FGD 6

These findings are supported by recent literature indicating that determination and growth
mindset play a critical role in sustaining students’ engagement in proof-based learning. Students who
view challenges as opportunities for growth are more likely to persist despite difficulty, reinterpret
failure constructively, and remain engaged in abstract mathematical tasks (Riegel, 2021; Rattan et
al., 2022). Empirical studies further show that growth mindset, when combined with self-efficacy and
intrinsic motivation, enhances students’ willingness to exert effort, adapt strategies, and maintain
persistence in complex problem-solving contexts (Dong et al., 2023; Xu & Dieckmann, 2025). These
findings suggest that students’ ability to cope with frustration and develop determination is not merely
a personal trait but is supported by cognitive and motivational processes that enable sustained
engagement in proof-heavy mathematics.

Navigating Confusion

Proof comprehension emerged as a critical yet challenging skill for students, with confusion being
a common experience when engaging with mathematical proofs. Participants described difficulty
identifying the starting point of a proof, particularly the hypotheses, and following the logical flow
between successive steps. This lack of clear connections often led to feelings of being lost and
disoriented, making it difficult for students to grasp the overall argument of a proof. Such confusion
hindered students’ ability to meaningfully engage with proofs and contributed to frustration during the
learning process.

Participants described confusion as an immediate response when encountering difficulties in
comprehending mathematical proofs, often accompanied by frustration, worry, and self-doubt,
particularly when they could not follow the logical flow or determine how to proceed.

“...when | struggle to comprehend mathematical proofs, | feel
frustrated, confused, and experience self-doubt, particularly when |
compare my performance with others.”—FGD 4

“...when | encounter difficulties, | tend to feel worried and confused
about how to proceed.—FGD 2

Confusion in mathematical proof comprehension among tertiary education students commonly
arises from difficulties in following logical steps, identifying starting points, and connecting abstract
ideas, often leading to cognitive disorientation and challenges with symbolic representations (Laugwitz
et al., 2025; Lestyanto et al., 2022; Mutodi & Mosimege, 2021). While unresolved confusion can
hinder engagement and persistence in proof-based tasks, particularly in abstract domains, research
suggests that when appropriately scaffolded through instructional support and active learning
strategies, it can become a catalyst for deeper understanding and resilience (Zengilowski & Brown,
2025; Craig et al., 2019). These findings highlight the importance of transforming confusion into a
productive learning experience through targeted pedagogical interventions.
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Coping Strategies in Comprehending Mathematical Proof

Despite the challenges in comprehending mathematical proofs, students employed coping
strategies to manage the cognitive and emotional demands of proof-based learning. Qualitative
findings show that students actively addressed confusion, frustration, and self-doubt in order to
sustain engagement and improve their understanding of proofs.

The coping strategies identified in this study are organized into two major themes: Applying
Strategic Learning Approaches Strategic Learning (STLG), and Utilizing Effective Study Strategies,
and. These themes illustrate how students actively responded to challenges in proof comprehension
by regulating their learning processes and applying structured study approaches. These coping
strategies are further supported by students’ development of a growth mindset and persistence, which
enable them to sustain engagement and respond adaptively to challenges in proof comprehension.

Applying Strategic
Learning (STLG)

Students’ Coping Strategies in
Comprehending Mathematical
Proofs

Utilizing Effective Study
Strategies

Figure 2. Students’ Coping Strategies in Comprehending Mathematical Proofs

Applying Strategic Learning Approaches Strategic Learning

Students demonstrated strategic learning as a primary coping mechanism in comprehending
mathematical proofs. Participants emphasized taking deliberate control of their learning process by
planning, organizing study time, and approaching proofs systematically. Strategic learning allowed
students to actively manage the cognitive demands of proof comprehension rather than reacting
passively to difficulty.

Participants described applying strategic approaches to manage the complexity of mathematical
proofs, particularly by breaking proofs into smaller, more manageable steps and seeking support from
peers or instructors to gain different perspectives.

“...I approach proofs by breaking them into smaller, manageable
parts, focusing on understanding each step, and seeking support
from classmates or tutors to gain additional insights.—FGD 1

“...when proofs are challenging, | divide them into smaller steps,
seek help from peers or teachers, and practice similar problems to
improve understanding.”—IDI 2, 6

These findings are supported by literature indicating that strategic learning approaches enhance
students’ ability to manage the complexity of proof-based tasks. Breaking problems into smaller
steps, seeking peer support, and engaging in collaborative learning help reduce cognitive load and
improve understanding of abstract concepts (Klang et al., 2021). Similarly, explicit strategies for proof
comprehension, such as identifying key ideas, monitoring logical steps, and evaluating understanding,
enable students to process proofs more effectively rather than treating them as isolated procedures

(Weber & Mejia-Ramos, 2013).
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Moreover, metacognitive and self-regulated learning strategies, including self-explanation,
planning, and monitoring, have been shown to significantly improve students’ higher-order thinking
and proof comprehension by promoting deeper engagement with mathematical reasoning (Gao
et al.,, 2025; Sommerhoff et al., 2021; Hidayat et al., 2025). These strategies allow learners to
actively regulate their thinking, while self-regulation processes further support sustained effort and
adaptive learning behaviors in complex mathematical tasks (Aydan & Capa-Aydin, 2025). Overall,
these findings highlight that strategic learning is essential in helping students navigate the cognitive
demands of proof comprehension and develop more effective problem-solving skills.

Utilizing Effective Study Strategies

Students reported using repeated practice and systematic review as key strategies in
comprehending mathematical proofs. They emphasized revisiting proofs multiple times, clarifying
unclear steps, and organizing ideas through notes or summaries, which helped reinforce
understanding and improve their ability to engage with proof-based tasks.

Participants described using repeated practice and systematic review as key strategies to
strengthen their understanding of mathematical proofs.

“...understanding of mathematical proofs is strengthened through
repeated practice, reviewing proofs multiple times, revisiting unclear
sections, and organizing ideas through notes or summaries.”
—FGD 1, IDI 4

These findings are supported by research indicating that repeated practice and systematic review
are effective strategies for improving mathematical understanding, particularly in proof-based tasks.
Techniques such as spaced and interleaved practice enhance long-term retention and problem-
solving performance by encouraging retrieval and deeper processing of abstract concepts (Hartwig
& Rohrer, 2025). Similarly, guided note-taking and structured review support students in organizing
ideas, revisiting unclear steps, and reinforcing conceptual understanding, which are essential for
comprehending mathematical proofs (Feudel & Panse, 2022).

Moreover, broader evidence highlights that cognitive and metacognitive strategies—such as
summarizing, connecting prior knowledge, and reflective review—promote higher-order thinking
and sustained engagement in complex mathematical tasks (ldris et al., 2024). These strategies
enable students to consolidate learning through repeated exposure and active processing, thereby
strengthening their ability to understand and apply proof-based reasoning.

Data Integration of Salient Quantitative and Qualitative Findings

The integration of quantitative and qualitative findings provides a comprehensive understanding
of students’ mathematical proof comprehension, highlighting how cognitive, affective, and strategic
factors interact in shaping learning outcomes. This integrated perspective explains variations in
performance and students’ experiences in engaging with proof-based tasks. Table 5 presents the
integrated findings across key aspects of the study, combining statistical results with students’ lived
experiences and coping strategies.

Table 5. Integrated Findings

Aspect for Focal Quantitative Qualitative Nature of Data Axiological

Point Findings Findings Integration Implications

Overall Proof Moderate Confusion, Convergence: Instruction should

Comprehension level of proof frustration, and Moderate address both
comprehension difficulty following  performance reflects  reasoning skills and

logical flow

cognitive and
emotional barriers

affective support
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Table 5. Continued
Aspect for Focal Quantitative Qualitative Nature of Data Axiological
Point Findings Findings Integration Implications
SHS Strand No significant Struggles Complementarity: Provide equitable
difference across reported across Strand does not scaffolding for all
strands participants explain difficulty; learners
regardless of program-level factors
background are more salient
Year Level Significant Development of Expansion: Strengthen early-

Affective Factors

Coping Mechanisms

Instructional
Insights

difference; higher-
year students
performed better

Moderate
comprehension
with variability

Not directly
measured
quantitatively

coping strategies
and persistence
over time

Anxiety, self-
doubt, decreased
confidence

Strategic
learning, effective
study strategies,
growth mindset

Collaborative
learning, active
participation,
time planning,
personalized
study

Qualitative data
explain performance
gap through growth
and adaptation

Expansion:
Emotional factors
shape engagement
and comprehension

Complementarity:
Coping explains
sustained
engagement despite
difficulty

Developmental
Integration:
Student insights
inform instructional
refinement

year instructional
support

Foster confidence-
building and
emotion-aware
pedagogy

Integrate study
regulation and
mindset training into
curriculum

Promote interactive,
structured, and
learner-centered
approaches

The results indicate that students demonstrate a moderate level of proof comprehension, which
is closely associated with their experiences of confusion, frustration, and difficulty in following logical
structures. This suggests that performance is influenced not only by cognitive ability but also by
affective factors that shape students’ engagement with proofs. Furthermore, the lack of significant
differences across SHS strands implies that prior academic background has limited influence on proof
comprehension, whereas the significant differences across year levels indicate that understanding
improves with increased exposure, experience, and familiarity with proof-based tasks.

Qualitative findings further explain these results by showing that students develop coping strategies,
such as breaking down proofs, engaging in repeated practice, and seeking peer support, which help
them manage cognitive demands. These strategies are further supported by the development of a
growth mindset and persistence, which function as underlying mechanisms that sustain students’
engagement and enable them to apply coping strategies effectively in overcoming difficulties
in proof comprehension. This aligns with previous studies indicating that proof comprehension is
shaped more by instructional experiences and engagement rather than prior academic preparation
(Lestyanto et al., 2022; Waluyo & Vidakovich, 2021). Similarly, research highlights that cognitive and
affective factors jointly influence students’ understanding of proofs in higher education (Sabanal et
al., 2024; Laugwitz et al., 2025). However, some studies suggest that prior preparation may influence
general mathematics performance, indicating that its effect on proof comprehension may be indirect
or context-dependent.
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Overall, the integrated findings highlight that improving proof comprehension requires addressing
not only students’ reasoning skills but also their emotional experiences and strategic learning
behaviors. These results contribute to mathematics education by providing evidence that effective
instruction should incorporate structured support, explicit teaching of proof strategies, and learning
environments that foster confidence, persistence, and active engagement.

CONCLUSION

Mathematical proof comprehension among tertiary mathematics education students is shaped by
both cognitive and affective factors, reflecting the complexity of learning proof-based concepts. While
students demonstrate a foundational understanding, their ability to fully interpret and justify proofs
remains developing. The findings highlight that proof comprehension improves through sustained
engagement with proof-based instruction rather than prior academic background, emphasizing the
role of structured learning experiences within teacher education programs.

Moreover, students’ experiences of confusion, anxiety, and self-doubt, alongside their use of
strategic learning approaches and persistence, underscore the importance of addressing both
cognitive and emotional dimensions of learning. These insights suggest that effective instruction
should incorporate explicit teaching of proof structure, opportunities for collaborative learning, and
supportive classroom environments that promote confidence and resilience.

In light of these findings, mathematics educators are encouraged to provide targeted instructional
support, particularly in the early stages of proof-based learning, and to integrate strategies that foster
both conceptual understanding and positive learning dispositions. These findings further highlight
the role of growth mindset and persistence in sustaining students’ engagement and enabling them
to effectively navigate challenges in proof-based learning. Future research may further examine
the effectiveness of specific instructional interventions in enhancing students’ proof comprehension
across different levels of mathematics education.
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