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ABSTRACT
Mathematics anxiety and limited understanding of fractions remain persistent challenges in 
elementary teacher education, often constraining conceptual learning and instructional confidence. 
Addressing these challenges requires learning frameworks that integrate cognitive, affective, and 
reflective processes. This study examines the relationships among growth mindset, mathematics 
anxiety, and fraction numeracy within the framework of the STAR Reflective Growth Cycle, an 
integrative reflective learning framework for pre-service elementary teachers. An explanatory 
sequential mixed-methods design was employed involving 71 pre-service teachers. Quantitative data 
were collected using a growth mindset scale, a mathematics anxiety scale, and a fraction numeracy 
test. Qualitative data were obtained through structured self-assessment reflections aligned with the 
four-STAR phases: self-awareness, take action, analysis and self-assessment, and rise and growth. 

The results indicate that a growth mindset is 
positively associated with fraction numeracy 
and negatively associated with mathematics 
anxiety. Regression analysis further shows that 
a growth mindset significantly predicts fraction 
numeracy performance, accounting for 35.9% 
of the variance. These relationships should be 
interpreted as associative rather than causal, 
consistent with the correlational design of the 
study. Qualitative findings reveal a gradual 
shift from anxiety and avoidance toward 
reflective persistence, strategic engagement, and 
increased confidence across the STAR phases. 
These findings provide interpretive insight into 
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INTRODUCTION

Mathematics education remains a major 
challenge in teacher education programmes, 
especially in elementary education. Many 
pre-service teachers begin their learning 
with high levels of mathematics anxiety 
and limited understanding of basic topics 
such as fractions, ratios, and proportional 
reasoning (Nasiruddin & Hayati, 2019; 
Nasiruddin & Basri, 2020; Zahra Nasiruddin 
et al., 2024). These problems are not only 
cognitive in nature but are also closely 
connected to emotional and motivational 
factors, which affect how future educators 
learn and later teach mathematics to their 
students (Ashcraft et al., 2007; D. Park et al., 
2014). Therefore, developing instructional 
frameworks that address both cognitive 
and affective dimensions of mathematics 
learning has become a critical priority in 
improving teacher education.

Therefore, the need to integrate 
emotional and cognitive aspects of 
mathematics learning has been widely 
emphasised in recent research (Carey et 
al., 2017). For many pre-service educators, 
their fear of mathematics originates from 
prior negative learning experiences, which 
often leads them to avoid mathematics, 
feel less confident, and doubt their ability 
to teach it (Yunus & Nasiruddin, 2022).  

At the same time, many of them demonstrate 
fragmented or procedural understanding 
of fractions, even though fractions are one 
of the most crucial and difficult concepts 
in early mathematics learning (Siegler & 
Lortie-Forgues, 2015). The combination of 
emotional difficulties and limited conceptual 
understanding creates a cycle of low 
confidence and surface-level learning, which 
may affect both their own achievement and 
their future students learning outcomes.

In the past few decades, the concept of 
a growth mindset has been introduced to 
address this problem (Dweck, 2017; Yunus 
& Nasiruddin, 2022) and has emerged as 
a promising approach to mitigating these 
challenges. A growth mindset refers to 
the belief that intelligence and ability can 
be developed through effort, effective 
strategies, and persistence. This perspective 
has been associated with greater resilience, 
adaptive help-seeking, and persistence in 
the face of difficulty (Yeager et al., 2022). 
However, empirical evidence suggests 
that holding a growth mindset alone is 
insufficient to produce meaningful changes 
in learning behaviour or academic outcomes. 
Many students exhibit what is described 
as a “false growth mindset,” where they 
express positive beliefs but do not engage 
in reflective or effortful learning practices 

participants’ experiences rather than evidence of causal impact. Overall, the findings suggest the 
potential relevance of structured reflective learning frameworks that integrate belief, emotion, and 
self-assessment in understanding numeracy development within elementary teacher education.

Keywords: Elementary teacher education, fraction numeracy, growth mindset, mathematics anxiety, reflective 
self-assessment, 
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(Memari et al., 2024). This discrepancy 
between belief and action indicates that 
meaningful cognitive and emotional change 
requires structured support through self-
assessment and self-regulation, rather than 
motivational beliefs alone.

Parallel developments in reflective 
learning theory (Gibbs, 1988; Schön, 1983; 
Nusantara, 2016a) and self-regulated learning 
(SRL) (Zimmerman, 2002; Matitaputty et 
al., 2024)  emphasise that metacognitive 
awareness, self-monitoring, and feedback 
processes are essential mechanisms for 
learning and development. Reflective 
learning frameworks enable learners to 
examine their thoughts, emotions, and 
strategies when encountering difficulties. 
This process can transform failure into insight 
and frustration into improved planning. 
However, in mathematics teacher education, 
self-assessment is often implemented 
in a limited and disconnected manner, 
focusing more on teaching methods rather 
than helping students deeply understand 
mathematical concepts or regulate their 
emotions during problem solving (Hutajulu 
& Minarti, 2024). As a result, pre-service 
educators rarely perceive self-assessment 
as an integrated mechanism that supports 
both cognitive and emotional aspects of 
mathematics learning.

This study addresses this conceptual 
and practical gap by introducing the STAR 
Reflective Growth Cycle, an integrative 
framework that combines the principles 
of growth mindset (Stohlmann & Yang, 
2024), reflective practice, and self-regulated 

learning into a coherent model of emotional-
cognit ive development.  The STAR 
framework consists of four iterative stages: 
Self-Awareness, Take Action, Analysis 
& Self-Assessment, and Rise & Growth. 
Within this framework, self-assessment is 
not treated as a final step but as a central 
mechanism for supporting adaptive learning 
processes. As learners move through each 
stage, they first become aware of their 
thoughts and emotions (Self-Awareness), 
apply strategies (Take Action), evaluate their 
performance (Analysis & Self-Assessment), 
and reconstruct their understanding and 
confidence (Rise & Growth). This cycle 
aligns with Zimmerman’s model of self-
regulated learning while also incorporating 
the emotional and motivational dimensions 
highlighted in Dweck’s and Gibbs’s theories.

Importantly, this study does not aim 
to establish the causal effectiveness of 
the STAR framework. Instead, it seeks to 
explore the associations between growth 
mindset, mathematics anxiety, numeracy, 
and reflective experiences among pre-
service teachers. By linking theory with 
empirical observations, this study positions 
the STAR framework as a conceptual 
and exploratory model that may support 
understanding of how cognitive and affective 
processes interact in mathematics learning. 
Rather than eliminating difficulty, the 
framework encourages learners to interpret 
challenges as opportunities for reflection 
and development, transforming failure into 
feedback and anxiety into adaptive learning 
responses.
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LITERATURE REVIEW

Growth Mindset in Mathematics 
Learning 

Growth mindset theory conceptualises 
intelligence and ability as malleable 
attributes that can be developed through 
effort, effective strategies, and persistence 
(Dweck, 2017; Dweck & Yeager, 2019). 
A substantial body of empirical research 
demonstrates that learners who endorse 
growth mindset beliefs are more likely to 
persist when facing difficulty, interpret 
errors as learning opportunities, and engage 
in adaptive help-seeking behaviours (Yeager 
et al., 2022; Rahayuningsih et al., 2023). In 
mathematics education, growth mindset has 
been associated with improved achievement, 
increased strategy use, and reduced fear of 
failure, particularly in learning contexts that 
require sustained cognitive effort (Boaler et 
al., 2022; Lunardon et al., 2022; Yunus & 
Nasiruddin, 2022). 

Despite these positive associations, 
recent empirical studies have highlighted 
important limitations of growth mindset 
interventions when implemented as 
isolated belief-based messages. Barger et 
al. (2022) describe the phenomenon of false 
growth mindset, in which learners verbally 
endorse growth-oriented beliefs without 
engaging in reflective or effortful learning 
behaviours. Similarly, Dweck and Yeager 
(2020) argue that mindset interventions 
are most effective when embedded within 
learning environments that provide explicit 
opportunities for strategy use, feedback, and 
self-monitoring. 

In mathematics learning, particularly 
in conceptually demanding domains such 
as fractions, effort without reflection may 
reinforce misconceptions rather than 
promote understanding (Brewster & Miller, 
2023; Muzaini et al., 2023). Therefore, a 
growth mindset should be understood not 
only as a belief system but also as a practice 
enacted through structured cognitive 
and metacognitive processes. Without 
mechanisms that guide learners to reflect 
on errors, regulate emotions, and adapt 
strategies, a growth mindset risks remaining 
motivational rather than instructional in 
nature.

Mathematics Anxiety and Emotional 
Regulation 

Mathematics anxiety is commonly defined 
as a feeling of tension or apprehension that 
interferes with numerical manipulation 
and mathematical reasoning (Ramirez et 
al., 2013). Extensive empirical evidence 
indicates that  mathematics anxiety 
negatively affects working memory, 
attentional control, and problem-solving 
performance (Chuderski & Necka, 2012; 
Cipora et al., 2022). In fraction learning, 
where tasks require multi-step reasoning 
and conceptual coordination, anxiety can 
significantly constrain learners’ ability to 
engage productively with mathematical 
content (Chang, 2023). Within teacher 
education, mathematics anxiety presents a 
dual challenge. First, it limits pre-service 
teachers’ own conceptual development 
and learning engagement. Second, it may 
influence future instructional practices, as 
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anxious teachers tend to avoid mathematics-
rich activities or convey negative attitudes 
toward mathematics to their students 
(Chamberlain, 2023; Seo & Lee, 2021; 
Peterman & Ewing, 2019). Empirical 
studies further demonstrate that reducing 
mathematics anxiety requires more than 
repeated exposure to mathematical tasks; it 
necessitates explicit support for emotional 
regulation and metacognitive awareness 
(O'Leary & Fletcher, 2024;  Aydin et 
al, 2022; Seo & Lee, 2021). Research 
on emotional regulation in mathematics 
learning emphasises the role of awareness, 
monitoring, and reflective interpretation 
of emotional experiences. Learners who 
recognise anxiety as a temporary and 
manageable response are more likely to 
persist and engage in adaptive problem-
solving strategies (O’Leary & Fletcher, 
2024). These findings suggest that effective 
mathematics learning environments 
must integrate emotional regulation with 
cognitive engagement, rather than treating 
affective factors as secondary or peripheral.

Reflective Learning and Self-Assessment 

Reflective learning theory emphasises 
deliberate reflection on experience as a 
mechanism for professional and cognitive 
growth. Schön (1983) distinguishes between 
reflection-in-action and reflection-on-action, 
both of which enable learners to examine their 
thinking, emotions, and decisions during 
and after learning activities. Gibbs (1988) 
further operationalises reflective learning 
through structured cycles that guide learners 
from experience to evaluation and action 

planning. Empirical studies in mathematics 
teacher education demonstrate that reflective 
practices support metacognitive awareness, 
error diagnosis, and conceptual change. 
Structured self-assessment activities, in 
particular, have been shown to help pre-
service teachers identify misconceptions, 
regulate emotional responses to errors, 
and refine learning strategies (Erdemir 
& Yeşilçınar, 2021; Font et al., 2024; 
Ashiddiqi et al., 2024). By making tacit 
cognitive and emotional processes explicit, 
reflective self-assessment facilitates deeper 
learning and adaptive strategy use. Despite 
its documented benefits, self-assessment 
in teacher education is often implemented 
superficially, functioning primarily as a 
summative evaluation of performance 
rather than as an ongoing learning 
mechanism (Markkanen et al., 2020). 
When self-assessment is not explicitly 
linked to emotional regulation and strategy 
adaptation, its potential to support both 
conceptual understanding and growth 
mindset enactment remains limited.

Self-Regulated Learning as an 
Integrative Framework 

Self-regulated learning (SRL) provides a 
comprehensive framework for understanding 
how learners actively manage cognition, 
motivation, and emotion during learning. 
Zimmerman (2002) conceptualises SRL 
as a cyclical process involving forethought 
(goal setting and motivation), performance 
(strategy use and monitoring), and self-
reflection (evaluation and adaptation). 
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A robust body of empirical research 
demonstrates that learners who engage in 
SRL processes achieve higher academic 
performance, show greater persistence, 
and respond more adaptively to academic 
challenges (Graham et al., 2024; Heyder 
et al., 2023; Matitaputty et al., 2024). In 
mathematics education, SRL has been 
shown to mediate the relationship between 
beliefs, emotions, and performance. 
Learners who monitor their understanding, 
evaluate errors, and adjust strategies are 
better able to manage anxiety and sustain 
engagement with complex mathematical 
tasks (Aydın & Özgeldi, 2024; Muslim et 
al., 2024). However, SRL processes are not 
automatically acquired; they require explicit 
scaffolding and structured opportunities for 
practice, particularly in teacher education 
contexts where learners are developing both 
mathematical knowledge and pedagogical 
identity. This highlights the need for 
integrative instructional frameworks that 
make SRL processes explicit and operational 
within domain-specific learning contexts 
such as mathematics. 

Positioning the STAR Reflective Growth 
Cycle

Although growth mindset, reflective 
learning, and self-regulated learning have 
each been extensively studied, existing 
approaches frequently address these 
constructs in isolation. Growth mindset 
interventions often emphasise belief 
change without sufficient guidance for 
enactment. Reflective practices may focus 
on teaching methods rather than on learners’ 

emotional and cognitive experiences with 
mathematical content. SRL frameworks, 
while theoretically comprehensive, are 
frequently presented in abstract terms and 
lack explicit integration with affective 
regulation in mathematics learning. The 
STAR Reflective Growth Cycle is positioned 
as an integrative framework that addresses 
these limitations by explicitly linking belief, 
emotion, reflection, and strategy within a 
single cyclical learning process (Aka et al., 
2025; Zayyadi et al., 2020). The four phases 
(self-awareness, act, analysis and self-
assessment, and rise and growth) align with 
core SRL processes while foregrounding 
emotional regulation and reflective 
meaning-making. Unlike traditional growth 
mindset approaches that emphasise belief 
endorsement, STAR conceptualises growth 
mindset as a reflective practice enacted 
through self-assessment and strategic 
adaptation. Self-assessment functions as the 
central mechanism connecting emotional 
awareness, cognitive strategy use, and 
conceptual reconstruction. Importantly, this 
framework is proposed as a conceptual and 
exploratory model rather than as evidence 
of established instructional effectiveness, 
aligning with the non-experimental design of 
the present study. In this way, STAR extends 
existing frameworks by operationalising 
how growth mindset beliefs are translated 
into observable learning behaviours during 
mathematically challenging tasks such as 
fraction problem solving. By positioning 
STAR at the intersection of growth mindset 
theory, reflective learning, and self-
regulated learning, this study contributes 
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a theoretically grounded and contextually 
responsive framework for mathematics 
teacher education (Hanafi et al., 2025; 
Rahayungsih et al., 2025a; Rahayungsih et al., 
2025b). The framework addresses a critical 
gap in literature by offering a structured 
mechanism through which pre-service 
teachers can regulate emotions, engage 
reflectively with errors, and develop a deeper 
conceptual understanding of mathematics.

Table 1 illustrates the conceptual 
alignment between the STAR Reflective 
Growth Cycle and key elements of reflective 
learning, self-regulated learning, and growth 
mindset theory.

The  STAR Ref l ec t i ve  Growth 
Cycle integrates cognitive, affective, 
metacognitive, and belief-related dimensions 
within a structured reflective learning 
framework (Table 2).

Table 1  
Theoretical integration underpinning the STAR reflective growth cycle

STAR Phase
Reflective 
Learning  

(Gibbs, 1988)

Self-regulated 
Learning 

(Zimmerman, 2002)

Growth Mindset 
Perspective 

(Dweck, 2017)

Key Learning 
Outcome

Self-
Awareness

Reviewing 
experience

Forethought (goal 
setting, motivation)

Belief in the 
malleability of 
ability

Metacognitive 
awareness

Take Action Exploring feelings 
and thoughts

Performance (strategy 
use)

Effortful 
engagement

Deliberate 
persistence

Analysis 
and Self-
Assessment

Evaluating 
experience

Self-reflection 
(monitoring and 
evaluation)

Learning from 
errors

Conceptual 
understanding

Rise and 
Growth Action planning Adaptive regulation

Adaptive and 
growth-oriented 
mindset

Resilience and 
growth-oriented 
identity

Table 2 
Conceptual structure of the STAR reflective growth cycle

Dimension Focus of Enhancement Operationalisation in STAR Expected Learning 
Outcome

Cognitive Conceptual understanding 
and numeracy reasoning

Take Action; Analysis and 
Self-Assessment

Improved problem-
solving and fraction 
numeracy

Affective Emotional regulation and 
anxiety management

Self-Awareness: Rise and 
Growth

Reduced mathematics 
anxiety and increased 
confidence

Metacognitive Self-monitoring and self-
evaluation Analysis and Self-Assessment

Enhanced reflective 
awareness and adaptive 
thinking

Belief System Growth-oriented beliefs 
and effort attribution Rise and Growth

Increased motivation, 
persistence, and 
resilience
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Unlike generic self-regulated learning 
models that emphasise cognitive regulation 
in broad academic contexts, the STAR 
Reflective Growth Cycle explicitly 
foregrounds emotional awareness and 
structured self-assessment as central 
mechanisms through which growth mindset 
beliefs are enacted during mathematically 
demanding tasks. Rather than treating 
reflection as a peripheral or post-hoc 
activity, STAR positions self-assessment 
as an ongoing regulatory process that links 
emotion, strategy use, and conceptual 
understanding. In this way, STAR extends 
existing reflective and self-regulated 
learning frameworks by providing a 
domain-sensitive structure for examining 
how growth-oriented beliefs translate 
into observable learning behaviours in 
mathematics teacher education.

METHODOLOGY

Research Design 

This study employed an explanatory 
sequential mixed-methods design, in which 
quantitative data collection and analysis 
were followed by qualitative exploration to 
elaborate and contextualise the statistical 
findings. This design was selected to 
examine not only the relationships among 
growth mindset, mathematics anxiety, 
and fraction numeracy but also to explore 
how reflective self-assessment processes 
shape learners’ emotional and cognitive 
experiences during mathematics learning. 

The quantitative phase focused on 
examining associative and non-causal 

relationships among the study variables, 
whereas the qualitative phase provided 
insight into the reflective mechanisms 
under ly ing  the  observed pat terns . 
Importantly, this design does not permit 
causal inference but is intended to explore 
patterns of association and meaning-making 
processes. Integration occurred at the 
interpretation stage through triangulation of 
quantitative results and qualitative themes, 
consistent with best practices in mixed-
methods research.

Participants and Context 

Participants were 71 pre-service elementary 
teachers enrolled in the third semester of an 
elementary teacher education programme at 
a public university in Indonesia. The sample 
consisted predominantly of female students 
(approximately 88%), with ages ranging 
from 18 to 21 years. All participants were 
enrolled in a compulsory mathematics course 
focusing on foundational topics, including 
fractions. This cohort was selected because 
early-stage pre-service teachers are in a 
critical period for developing mathematical 
self-efficacy, emotional dispositions toward 
mathematics, and foundational conceptual 
understanding prior to teaching practicum 
experiences (Bani et al., 2022; Berg et 
al., 2025; Rahayungsih et al., 2025a; 
Rahayungsih et al., 2025b). Participation 
was voluntary, and informed consent was 
obtained before data collection. However, 
the use of a single institutional sample and 
a relatively small sample size may limit the 
generalisability of the findings.
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Instruments 

All questionnaire instruments employed 
a 4-point Likert scale ranging from 1 
(strongly disagree) to 4 (strongly agree). 
The use of a four-point scale was intended to 
reduce central tendency bias and encourage 
participants to express clear positions 
regarding their beliefs and emotional 
experiences.

Growth Mindset Scale

Growth mindset was measured using a 15-
item questionnaire adapted from established 
mindset instruments (Barger et al., 2022; 
Dweck, 2017). The items assessed beliefs 
about the malleability of mathematical 
ability, effort, and learning strategies. 
Reliability analysis demonstrated high 
internal consistency (Cronbach’s α = .88), 
exceeding recommended thresholds for 
psychological measurement. The instrument 
was used to capture perceived beliefs rather 
than direct behavioural enactment, and 
therefore should be interpreted within the 
limits of self-reported data.

Mathematics Anxiety Scale

Mathematics anxiety was assessed using 
an 8-item scale adapted from Carey et al. 
(2017), measuring emotional, cognitive, 
and physiological responses to mathematical 
tasks. The instrument demonstrated 
strong internal consistency in the present 
study (Cronbach’s α = .85), supporting 
its suitability for examining affective 
dimensions of mathematics learning. This 
measure reflects perceived anxiety levels 

and does not capture real-time emotional 
fluctuations during task performance.

Fraction Numeracy Test

Fraction numeracy was measured using a 
10-item diagnostic test designed to assess 
conceptual understanding, procedural 
reasoning, and applied problem-solving 
involving fractions. Test items were aligned 
with international numeracy frameworks 
and national assessment indicators, 
covering three cognitive domains: knowing, 
applying, and reasoning. Content validity 
was established through expert review by 
mathematics education specialists to ensure 
alignment with instructional objectives and 
conceptual demands. Reliability analysis 
indicated satisfactory internal consistency 
(Cronbach’s α = .86), supporting the use of 
the instrument for inferential analysis.

Qualitative Data Source 

Structured Self-Assessment Reflections

Qualitative data were collected through 
written self-assessment reflections guided 
by the STAR Reflective Growth Cycle. 
Participants completed structured reflection 
prompts corresponding to the four-STAR 
phases: (1) Self-Awareness, (2) Take 
Action, (3) Analysis and Self-Assessment, 
and (4) Rise and Growth. The prompts 
encouraged participants to reflect on 
emotional responses, learning strategies, 
errors, and changes in understanding during 
fraction learning activities. This approach 
aligns with reflective practice research 
emphasising the use of structured prompts 
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to support analytic depth and metacognitive 
engagement (Erdemir & Yeşilçınar, 2021; 
Gibbs, 1988; Schön, 1983). 

Data Collection Procedure 

Data collection was conducted over a six-
week instructional period. Quantitative 
instruments were administered after 
participants completed instructional units 
on fractions. Qualitative self-assessment 
reflections were collected subsequently, 
allowing participants to reflect on their 
learning experiences informed by the 
prior quantitative assessment results. This 
sequential procedure ensured alignment 
with the explanatory mixed-methods design, 
enabling qualitative data to elaborate on 
and contextualise observed quantitative 
relationships. No experimental manipulation 
or control group was employed in this study.

Data Analysis 

Quantitative Analysis

Quantitative data were analysed using SPSS. 
Descriptive statistics were computed to 
examine central tendencies and variability. 
Pearson correlation analyses were conducted 
to examine relationships among growth 
mindset, mathematics anxiety, and fraction 
numeracy. A simple linear regression 
analysis was performed to assess the 
predictive role of growth mindset on fraction 
numeracy performance. Mathematics 
anxiety was not included as a predictor 
in the regression model, as the primary 
purpose of the analysis was to examine the 

direct predictive contribution of growth 
mindset prior to qualitative exploration 
of emotional regulation and reflective 
processes. Assumptions of regression 
analysis, including normality, linearity, 
and homoscedasticity, were examined 
prior to inferential testing. Statistical 
significance was determined at the .05 
level. The regression results are interpreted 
as indicative of statistical association rather 
than causal influence.

Qualitative Analysis

Qualitative data were analysed using 
thematic analysis following a systematic 
coding process. Initial open coding was 
conducted to identify emotional, cognitive, 
and strategic patterns within participants’ 
reflections. Codes were subsequently 
organised into themes corresponding to the 
STAR phases. To enhance trustworthiness, 
themes were reviewed iteratively across 
participants to identify convergence and 
divergence in experiences. Reflexive 
memoing was employed throughout 
the analytic process to support analytic 
transparency and reduce researcher bias. 
This approach enabled qualitative findings to 
function not merely as illustrative examples 
but as interpretive evidence explaining 
how reflective self-assessment mediated 
emotional regulation and learning processes. 
Researcher subjectivity was acknowledged 
as part of the interpretive process and 
managed through iterative validation of 
themes.
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Integration of Quantitative and 
Qualitative Data
Integration occurred at the interpretation 
stage through joint display analysis, linking 
statistical relationships with qualitative 
themes across the STAR phases. This 
integration aimed to provide explanatory 
insight rather than causal confirmation of 
relationships among variables. 

Ethical Considerations
Ethical approval was obtained from the 
institutional review board. Participants 
were informed of the voluntary nature of 
participation, confidentiality of responses, 
and their right to withdraw at any time 
without academic consequences.

RESULTS

Quantitative Results 

Descriptive Statistics
Descriptive analyses were conducted to 
examine participants’ profiles in terms 
of growth mindset, mathematics anxiety, 
and fraction numeracy. The results show 
that pre-service teachers demonstrated a 
moderately high level of growth mindset 
(M = 48.1, SD = 6.4; possible range  
= 15-60). Mathematics anxiety scores 
were in the moderate range (M = 21.3,  
SD = 5.9). Fraction numeracy performance 
also fell within a moderate range (M = 39.7,  
SD = 7.8).

Correlation Analysis
Pearson correlation analyses were conducted 
to examine the relationships between growth 

mindset, mathematics anxiety, and fraction 
numeracy. The results revealed a significant 
positive correlation between growth 
mindset and fraction numeracy (r = 0.631,  
p < .01). In contrast, mathematics anxiety 
was significantly and negatively correlated 
with fraction numeracy (r = −0.482,  
p < .01). These results indicate moderate 
to strong statistical associations among the 
variables; however, they do not imply causal 
relationships.

Regression Analysis

A simple linear regression analysis was 
conducted to examine whether growth 
mindset significantly predicted fraction 
numeracy performance. The model was 
statistically significant, F(1, 69) = 18.47,  
p < .001. Growth mindset was found to be 
a significant statistical predictor of fraction 
numeracy within the regression model  
(β = 0.598, p < .001); however, this 
relationship should be interpreted as 
associative rather than causal. The model 
explained 35.9% of the variance in fraction 
numeracy as indicated by the adjusted 
coefficient of determination (adjusted  
R² = 0.359), while the corresponding zero-
order correlation between growth mindset 
and fraction numeracy was r = 0.631. This 
proportion of explained variance indicates 
a moderate level of statistical association 
rather than a definitive explanatory effect. 
Mathematics anxiety was not included as 
a predictor in the regression model, as the 
analysis was designed to examine the direct 
predictive role of growth mindset before 
qualitative exploration.
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Taking together, these quantitative 
patterns indicate that cognitive beliefs 
and affective responses are statistically 
associated and may interact in shaping 
fraction learning outcomes; however, these 
relationships should not be interpreted as 
causal.

Qualitative Results 

The qualitative findings are presented 
as interpretive insights into participants’ 
experiences rather than as evidence of causal 
impact. Qualitative analysis of structured 
self-assessment reflections identified four 
interrelated themes corresponding to the 
phases of the STAR Reflective Growth 
Cycle. These themes capture recurring 
emotional, cognitive, and strategic patterns 
reported by participants during fraction 
learning.

Theme 1: Self-Awareness: Recognition 
of Emotional and Cognitive Barriers 

In the initial phase, participants frequently 
reported heightened emotional responses 
when engaging with fraction tasks, 
including anxiety, confusion, and fear 
of making mistakes. Many reflections 
described emotional reactions as barriers 
to engagement, often accompanied by 
hesitation or avoidance behaviours. 
Par t i c ipan t s  commonly  expressed 
uncertainty prior to attempting problem 
solving, as illustrated by statements such 
as, “I panic when I see fraction problems 
with many steps”, and “I feel unsure even 
before I start solving.” Across reflections, 

participants demonstrated increasing 
awareness of emotional triggers and 
maladaptive thought patterns that interfered 
with mathematical engagement (Muzaini et 
al., 2023). Emotional responses were often 
explicitly linked to perceived cognitive 
difficulty, indicating early recognition of 
the interaction between affective states and 
learning processes.

Theme 2: Take Action: Strategic and 
Effortful Engagement

Following heightened self-awareness, 
participants reported deliberate efforts to 
adopt new learning strategies. Common 
strategies included breaking fraction 
problems into smaller steps, writing down 
reasoning processes, and reframing mistakes 
as part of the learning process rather 
than as indicators of failure. Participants 
consistently described intentional effort 
and strategic action as contributing to 
increased engagement with fraction tasks. 
Reflections such as “When I slow down 
and follow the steps, I feel more in control” 
and “Trying again after mistakes made me 
less afraid” illustrate a recurring shift from 
emotional reactivity toward active and 
effortful engagement (Rahayuningsih, 2022; 
Yunus & Nasiruddin, 2022).

Theme 3: Analysis and Self-Assessment: 
Linking Emotions, Strategies, and 
Outcomes 

In the analysis phase, participants engaged 
in evaluative reflection that connected 
emotional experiences, applied strategies, 
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and learning outcomes. Many reflections 
demonstrated increased metacognitive 
awareness, as participants identified which 
strategies were effective and examined 
the sources of their errors. Participants 
frequently reported recognising conceptual 
misunderstandings related to fraction 
equivalence and operations. Statements 
such as “I realised my mistake came from 
using rules without understanding” and 
“Checking my steps helped me see where I 
was wrong” illustrate analytic engagement 
with both cognitive processes and learning 
outcomes. Self-assessment reflections 
commonly function as a mechanism for 
examining the alignment between emotional 
responses, strategic choices, and conceptual 
understanding (Kholid et al., 2020).

Theme 4: Rise and Growth: Reflective 
Persistence and Emerging Confidence

In the final phase, participants described 
increased confidence, reduced anxiety, 
and greater willingness to engage with 
challenging fraction problems. Reflections 
indicated a shift from avoidance toward 
persistence, with participants emphasising 
gradual improvement and sustained effort. 

Statements such as “I no longer avoid 
difficult questions” and “I believe I can 
improve if I keep practising” were recurrent 
across reflections. Participants frequently 
described a more adaptive orientation toward 
mathematical challenges, viewing difficulty 
as manageable rather than threatening. 
This theme captures a pattern of reflective 
persistence and increased self-efficacy 
emerging through continued engagement 
with the STAR cycle.

DISCUSSION

The present study examined the relationships 
among growth mindset, mathematics 
anxiety, and fraction numeracy within 
the framework of the STAR Reflective 
Growth Cycle.  Consistent with the 
quantitative results summarised in Table 3,  
the findings indicate that a growth 
mindset is positively associated with 
fraction numeracy, whereas mathematics 
anxiety shows a negative association with 
numeracy performance. Together, these 
results highlight the interconnected roles 
of cognitive beliefs and affective factors in 
shaping mathematical learning outcomes 
among pre-service elementary teachers.  

Table 3  
Summary of reliability, descriptive statistics, correlations, and regression results

Variable Cronbach’s 
α

Mean (SD) Correlation 
with Fraction 
Numeracy (r)

Regression 
(β)

Sig. (p)

Growth mindset 0.881 48.1 (6.4) 0.631 0.598 < .001
Math Anxiety 0.854 21.3 (5.9) -0.482 - < .01
Fraction Numeracy 0.862 39.7 (7.8) - - -
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These relationships should be understood 
as associative patterns rather than causal 
effects, consistent with the correlational 
design of the study.

The observed positive association 
between growth mindset and fraction 
numeracy (r = 0.631), along with the 
significant regression coefficient (β = 0.598), 
suggests that pre-service teachers who 
report stronger beliefs in the malleability 
of mathematical ability tend to demonstrate 
higher levels of fraction understanding. 
However, this pattern reflects a statistical 
association and does not imply that a growth 
mindset directly causes improvements in 
numeracy performance. This pattern aligns 
with prior empirical research linking growth 
mindset to persistence, adaptive strategy use, 
and engagement in mathematics learning 
(Purnomo et al., 2022; Lunardon et al., 

2022; Yeager et al., 2022). Importantly, the 
present findings extend this literature by 
situating growth mindset within a structured 
reflective learning framework rather than 
treating it solely as a belief construct.

As illustrated in Figure 1, the integration 
of quantitative and qualitative findings 
provides interpretive insights into how 
these relationships are experienced and 
reflected during the learning processes. The 
positive association between growth mindset 
and numeracy corresponds to reflective 
processes observed in the Take Action 
and Analysis and Self-Assessment phases, 
where participants described deliberate 
strategy use, effortful engagement, and 
systematic error analysis. Conversely, the 
negative association between mathematics 
anxiety and fraction numeracy aligns with 
emotional challenges identified in the Self-

Figure 1. Integration of growth mindset, mathematics anxiety, and fraction numeracy across the phases of the 
STAR reflective growth cycle
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Awareness phase, including fear of error and 
avoidance. These patterns suggest that each 
STAR phase functions as an interconnected 
cognitive-affective checkpoint within the 
reflective learning cycle, without implying 
a deterministic or causal sequence of effects.

In parallel, the negative association 
between mathematics anxiety and fraction 
numeracy (r = −0.482) is consistent with 
extensive evidence indicating that anxiety 
constrains mathematical performance by 
taxing cognitive resources and disrupting 
problem-solving processes (Chang, 2023; 
Cipora et al., 2022; Ramirez et al., 2013). 
Although participants reported moderate 
levels of anxiety, the findings indicate that 
emotional discomfort remains a salient 
factor even among future teachers, with 
potential implications for both learning and 
future instructional practice (Chamberlain, 
2023; Seo & Lee, 2021; Peterman & Ewing, 
2019). These findings should be interpreted 
as indicative of relational patterns rather 
than causal influence.

The qualitative findings provide 
explanatory depth by illustrating how 
growth-oriented beliefs were enacted 
through reflective and self-regulated 
learning processes. Participants’ reflections 
revealed a progression across the STAR 
phases, moving from emotional awareness 
to strategic engagement, analytic self-
assessment, and increased confidence. This 
progression offers a possible interpretive 
account of why the growth mindset was 
statistically associated with numeracy 
performance, rather than serving as a causal 
explanation. Its influence appeared  depend 

on the presence of structured reflection and 
self-assessment that supported emotional 
regulation and strategic adjustment.

This  in terpreta t ion a l igns  with 
contemporary critiques of isolated growth 
mindset interventions, which emphasise that 
belief endorsement alone is insufficient to 
produce durable learning gains (Dweck & 
Yeager, 2020; Memari et al., 2024). Within 
the STAR Reflective Growth Cycle, self-
assessment emerged as a central mechanism 
linking emotional regulation, strategy 
refinement, and conceptual monitoring. 
This finding is consistent with research 
on reflective learning and self-regulated 
learning that highlights self-monitoring 
and evaluative judgment as core processes 
underlying adaptive learning (Erdemir & 
Yeşilçınar, 2021; Schön, 1983; Zimmerman, 
2002). However, this mechanism should 
be understood as a theoretically grounded 
interpretation rather than an empirically 
verified causal pathway.

The study also contributes to the 
literature on fraction learning in teacher 
education. Prior research has shown 
that pre-service teachers often rely on 
procedural rules without a deep conceptual 
understanding of fractions (Nasiruddin & 
Hayati, 2019; Rahayungsih et al., 2025a; 
Siegler & Lortie-Forgues, 2015). The 
present findings suggest that reflective 
engagement with errors and strategies may 
support the identification and revision of 
such misconceptions. While the study does 
not claim broad effectiveness, it provides 
empirical support for the relevance of a 
reflective learning framework such as STAR 
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in cognitively demanding mathematical 
domains. 

Seve ra l  l im i t a t i ons  shou ld  be 
acknowledged. The study involved a 
relatively small sample from a single 
institution, limiting generalisability, and 
employed a correlational design that 
precludes causal inference. Additionally, 
mathematics anxiety was not included 
as a predictor in the regression model. 
These limitations underscore the need 
for cautious interpretation and align with 
recommendations in the broader literature 
(Cipora et al., 2022; Yeager et al., 2022).

Despite these limitations, the study 
offers an integrative perspective on how 
belief, emotion, and reflection interact during 
mathematical learning in teacher education. 
Rather than positioning growth mindset as a 
universal solution, the findings suggest that 
its educational value depends on structured 
reflective processes that enable learners to 
regulate emotions and adapt strategies. The 
STAR Reflective Growth Cycle provides 
a theoretically grounded framework for 
conceptualising this integration and informs 
the design of reflective learning experiences 
in mathematics teacher education. Overall, 
these interpretations are intended as 
exploratory and should be understood within 
the limits of a correlational design rather 
than as evidence of causal relationships.

CONCLUSION

This study examined the relationships 
among growth mindset, mathematics 
anxiety, and fraction numeracy within the 
framework of the STAR Reflective Growth 

Cycle among pre-service elementary 
teachers. The findings indicate that a 
growth mindset is positively associated with 
fraction numeracy, whereas mathematics 
anxiety is negatively related to numeracy 
outcomes, highlighting the intertwined roles 
of cognitive beliefs and affective factors in 
mathematics learning. These relationships 
should be understood as associative 
rather than causal, consistent with the 
correlational design of the study. Beyond 
these associations, the qualitative findings 
suggest that a growth mindset is most 
productively enacted when embedded within 
structured reflective and self-regulated 
learning processes rather than treated as a 
standalone belief. This interpretation should 
be understood as an exploratory and context-
specific insight rather than as evidence of a 
causal mechanism. The STAR Reflective 
Growth Cycle offers a conceptual lens for 
understanding how emotional awareness, 
strategic engagement, and self-assessment 
interact within learning processes to 
support mathematical engagement. This 
framework is presented as a conceptual and 
interpretive model rather than a validated 
causal intervention. Rather than claiming 
broad effectiveness, this study provides 
context-specific evidence that integrating 
mindset, reflection, and self-assessment 
may be relevant for supporting fraction 
learning in teacher education contexts. Such 
relevance should be interpreted cautiously as 
indicative of potential rather than definitive 
effectiveness (Rahayungsih et al., 2025a; 
Rahayungsih et al., 2025b).
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IMPLICATION OF THE STUDY

Pedagogical Implications

The findings suggest that mathematics 
instruction in teacher education programmes 
may benefit from moving beyond the 
transmission of growth mindset messages 
toward the integration of structured 
reflective self-assessment within learning 
activities. Reflection that supports learners 
in recognising emotional responses, 
analysing errors, and adapting strategies 
can contribute to both emotional regulation 
and conceptual engagement. However, 
these contributions should be interpreted as 
potential and context-dependent rather than 
guaranteed outcomes. In this regard, the 
STAR Reflective Growth Cycle may serve as 
a guiding framework for designing reflective 
learning experiences in mathematics courses, 
particularly in conceptually demanding 
domains such as fractions. This framework 
is intended as a flexible conceptual guide 
rather than a prescriptive instructional model  
(Aka et al., 2025; Matitaputty et al., 2024; 
Zayyadi et al., 2020).

Implications for Curriculum and 
Assessment

From a curricular perspective, self-
assessment may be positioned as an 
ongoing formative process rather than 
as a terminal evaluation of performance. 
The use of structured reflection prompts 
aligned with the STAR phases can support 
pre-service teachers in connecting beliefs, 
emotions, and learning strategies coherently.  

Such support should be understood as 
a potential facilitative condition rather 
than a direct causal influence on learning 
outcomes. Such alignment may foster 
reflective learning habits that are essential 
not only for mathematical understanding but 
also for future instructional practice. These 
implications are presented as theoretically 
informed and exploratory rather than 
empirically conclusive (Hima et al., 2019).

Implications for Future Research

Future research is needed to examine the 
STAR Reflective Growth Cycle across 
diverse institutional contexts and with 
larger samples to explore the robustness and 
transferability of the observed relationships. 
Longitudinal and experimental designs 
could further clarify how reflective, growth-
oriented processes develop over time and 
how they interact with mathematics anxiety. 
Additional studies may also investigate how 
the STAR framework can be adapted to 
other mathematical domains or integrated 
into digital and collaborative learning 
environments (Hanafi et al., 2025; Khotimah 
et al., 2026; Suwandi, 2022).

By clarifying how belief, emotion, 
and reflection interact during learning, 
this study contributes to ongoing efforts 
to design theoretically grounded and 
emotionally responsive mathematics teacher 
education. These contributions should be 
interpreted as exploratory and situated 
within the limitations of correlational design 
(Nusantara, 2016b).
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LIMITATION AND FUTURE 
RESEARCH 

Limitations
Several limitations of this study should be 
acknowledged. The sample was relatively 
small and drawn from a single teacher 
education institution, which limits the 
generalisability of the findings. As a result, 
the conclusions should be interpreted as 
context-specific rather than representative 
of all pre-service teacher populations. In 
addition, the correlational and predictive 
design does not permit causal inference, 
and the observed relationships may have 
been influenced by unmeasured factors 
such as prior mathematical achievement 
or instructional context. Accordingly, all 
findings should be interpreted as associative 
rather than causal.

Furthermore, mathematics anxiety was 
not included as a predictor in the regression 
model, and its potential mediating or 
moderating role within the STAR framework 
was not examined. The fraction numeracy 
assessment, while demonstrating acceptable 
reliability, captured a limited range of 
fraction-related competencies. Finally, the 
qualitative findings were based on written 
self-assessment reflections, which rely on 
participants’ self-reports and may not fully 
reflect real-time cognitive and emotional 
processes during mathematical problem 
solving (Cipora et al., 2022; Yeager et al., 
2022). 

Future Research

Future studies could extend the present 
findings by employing larger and more 

diverse samples across multiple institutions 
to examine the robustness and transferability 
of the observed relationships. Longitudinal 
and experimental designs may further clarify 
how growth mindset, mathematics anxiety, 
and reflective self-assessment develop 
over time and interact within instructional 
contexts. Additional research may also 
explore the role of mathematics anxiety 
as a mediator or moderator within the 
STAR Reflective Growth Cycle, as well as 
examine the applicability of the framework 
across different mathematical domains and 
learning environments, including digital 
and collaborative settings (Indrawati, 2021).

ACKNOWLEDGEMENT

The author gratefully acknowledges the 
academic support and collegial discussions 
provided by members of the Doctoral 
Programme at Universitas Negeri Malang. 
This study was supported by the Indonesian 
Education Scholarship, Centre for Higher 
Education Funding and Assessment, and 
Indonesian Endowment Fund for Education, 
Indonesia. 

REFERENCES
Aka, K. A., Setyosari, P., & Purwaningsih, E. (2025). 

Meta-analysis of integrated learning on 21st 
century skills: Is integrated learning still relevant? 
European Journal of Educational Research, 
14(2), 625-643. https://doi.org/10.12973/eu-
jer.14.2.625

Ashcraft, M. H., & Krause, J. A. (2007). Working 
memory, math productivity, and math anxiety. 
Psychonomic Bulletin & Review, 14(2), 243-248. 
https://doi.org/10.3758/BF03194059



825Pertanika J. Soc. Sci. & Hum. 34 (2): 807 - 828 (2026)

STAR Reflective Growth Cycle for Math Anxiety Reduction

Ashiddiqi, H., Sukoriyanto, S., & Hidayah, I. 
N. (2024). Kesalahan peserta didik dalam 
menyelesaikan soal AKM pada level kognitif 
reasoning berdasarkan teor i  Newman. 
FIBONACCI: Jurnal Pendidikan Matematika 
dan Matematika, 10(2), 247-260. https://doi.
org/10.24853/fbc.10.2.247-260

Aydın, U., & Özgeldi, M. (2024). What’s metacognition 
got to do with the connection between test anxiety 
and mathematics achievement? European 
Journal of Psychology of Education, 39(3), 
2509-2529. https://doi.org/10.1007/s10212-
024-00797-7

Bani, M., Zorzi, F., Corrias, D., & Strepparava, M. 
(2022). Reducing psychological distress and 
improving learner well-being and academic 
self-efficacy: The effectiveness of a cognitive 
university counselling service for clinical 
and non-clinical situations. British Journal of 
Guidance and Counselling, 50(5), 757-767. 
https://doi.org/10.1080/03069885.2020.1840512

Barger, M. M., Xiong, Y., & Ferster, A. E. (2022). 
Classifying false growth mindsets in adults 
and implications for mathematics motivation. 
Contemporary Educational Psychology, 70, 
Article 102079. https://doi.org/10.1016/j.
cedpsych.2022.102079

Berg, D. A. G., Ingram, N., Asil, M., Ward, J., & 
Smith, J. K. (2025). Self-efficacy in tutoring 
mathematics and the use of effective pedagogical 
techniques in New Zealand primary schools. 
Journal of Mathematics Teacher Education, 
28(1), 129-149. https://doi.org/10.1007/s10857-
024-09623-9

Boaler, J., Brown, K., LaMar, T., Leshin, M., & 
Selbach-Allen, M. (2022). Infusing mindset 
through mathematical problem solving and 
collaboration: Studying the effect of a short 
college intervention. Education Sciences, 
12(10), Article 694. https://doi.org/10.3390/
educsci12100694

Brewster, B. J., & Miller, T. (2023). Self-assessments 
on mathematics ability, anxiety, and interventions. 
International Electronic Journal of Mathematics 
Education, 18(2), Article em0729. https://doi.
org/10.29333/iejme/12822

Carey, E., Hill, F., Devine, A., & Szucs, D. (2017). 
The modified abbreviated math anxiety scale: 
A valid and reliable tool for use with children. 
Frontiers in Psychology, 8, Article 11. https://
doi.org/10.3389/fpsyg.2017.00011

Chamberlain, A. G. (2023). Investigating correlations 
among a growth-mindset intervention, students' 
math anxiety, and students' math self-efficacy 
[Honours project, Bowling Green State 
University]. ScholarWorks. https://scholarworks.
bgsu.edu/honorsprojects/899/

Chang, I. (2023). Early numeracy and literacy skills 
and their influences on fourth-grade mathematics 
achievement: A moderated mediation model. 
Large-Scale Assessments in Education, 11(1), 
Article 9. https://doi.org/10.1186/s40536-023-
00168-6

Chuderski, A., & Necka, E. (2012). The contribution 
of working memory to fluid reasoning: Capacity, 
control, or both? Journal of Experimental 
Psychology: Learning, Memory, and Cognition, 
38(6), 1689-1710. https://doi.org/10.1037/
a0028465

Cipora, K., Santos, F. H., Kucian, K., & Dowker, 
A. (2022). Mathematics anxiety: Where are we 
and where shall we go? Annals of the New York 
Academy of Sciences, 1513(1), 10-20. https://doi.
org/10.1111/nyas.14770

Dweck, C. S. (2017). The journey to children's 
mindsets and beyond. Child Development 
Perspectives, 11(2), 139-144. https://doi.
org/10.1111/cdep.12225

Dweck, C. S., & Yeager, D. S. (2019). Mindsets: 
A view from two eras. Perspectives on 
Psychological Science, 14(3), 481-496. https://
doi.org/10.1177/1745691618804166



826 Pertanika J. Soc. Sci. & Hum. 34 (2): 807 - 828 (2026)

Fathimah Az Zahra Nasiruddin, Toto Nusantara, Erry Hidayanto, Indriati Nurul Hidayah, and Nenny Indrawati

Dweck, C., & Yeager, D. (2020). Global mindset 
initiative introduction: Envisioning the future of 
growth mindset research in education. https://
ssrn.com/abstract=3911564

Erdemir, N., & Yeşilçınar, S. (2021). Reflective 
techniques in micro teaching by the perspective 
of preservice teachers: Teacher feedback, 
peer feedback and self-assessment. Reflective 
Practice, 22(6), 766-781. https://doi.org/10.108
0/14623943.2021.1968818

Font, V., Breda, A., Sala-Sebastià, G., & Pino-Fan, 
L. R. (2024). Future teachers' self-assessments 
on mathematical errors made in their teaching 
practice. ZDM - Mathematics Education, 56(6), 
1169-1181. https://doi.org/10.1007/s11858-024-
01574-y

Gibbs, G. (1988). Learning by doing: A guide 
to teaching and learning methods. Further 
Education Unit.

Graham, M., Ilic, M., Baars, M., Ouwehand, K., & 
Paas, F. (2024). The effect of self-monitoring on 
mental effort and problem-solving performance: 
A mixed-methods study. Education Sciences, 
14(11), Article 1167. https://doi.org/10.3390/
educsci14111167

Hanafi, Y., Saefi, M., Diyana, T. N., Ikhsan, M. A., 
Alfan, M., Nusantara, T., & Mustakim, S. S. B. 
(2025). Multi-faith partner programme through 
family project: Navigating students with the 
Lakum Dinukum Waliyadin curriculum. Journal 
of Beliefs & Values, 1-14. https://doi.org/10.108
0/13617672.2025.2534883

Heyder, A., Steinmayr, R., & Cimpian, A. (2023). 
Reflecting on their mission strengthens 
preservice teachers' growth mindsets. Learning 
and Instruction, 86, Article 101770. https://doi.
org/10.1016/j.learninstruc.2023.101770

Hima, L. R., Nusantara, T., Hidayanto, E., & Rahardjo, 
S. (2019). Changing in mathematical identity 
of elementary school students through group 
learning activities. International Electronic 

Journal of Elementary Education, 11(5), 461-
469. https://doi.org/10.26822/iejee.2019553342

Hutajulu, M., & Minarti, E. D. (2024). Elevating 
mathematical literacy and numeracy abilities 
through problem-based learning model with 
technological pedagogical content knowledge. 
HEXAGON: Jurnal Ilmu dan Pendidikan 
Matemat ika ,  2 (1) ,  55-63 .  h t tps : / /do i .
org/10.33830/hexagon.v2i1.6163

Indrawati, N. (2021). Penerapan model problem-
based learning dengan pemberian tugas proyek 
terhadap hasil belajar matematika. Kognitif: 
Jurnal Riset HOTS Pendidikan Matematika, 
1(1), 81-88. https://doi.org/10.51574/kognitif.
v1i1.15

Kholid, M. N., Sa’dijah, C., Hidayanto, E., & Permadi, 
H. (2020). How are students' reflective thinking 
for problem solving? Journal for the Education 
of Gifted Young Scientists, 8(3), 1135-1146. 
https://doi.org/10.17478/jegys.688210

Khotimah, K., Sari, Z. N., Kamarudin, N., Dony, 
N., Huzaimah, C., & Diana, I. N. (2026). 
Digitally mediated problem-based learning 
integrating Aneuk Jamee cultural values to 
enhance computational thinking and cultural 
identity in primary education. Pertanika Journal 
of Social Sciences & Humanities, 34(1), Article 
21. https://doi.org/10.47836/pjssh.34.1.21

Lunardon, M., Cerni, T., & Rumiati, R. I. (2022). 
Numeracy gender gap in STEM higher education: 
The role of neuroticism and math anxiety. 
Frontiers in Psychology, 13, Article 856405. 
https://doi.org/10.3389/fpsyg.2022.856405

Markkanen, P., Välimäki, M., Anttila, M., & 
Kuuskorpi, M. (2020). A reflective cycle: 
Understanding challenging situations in a school 
setting. Educational Research, 62(1), 46-62. 
https://doi.org/10.1080/00131881.2020.1711790

Matitaputty, C., Nusantara, T., Hidayanto, E., & 
Sukoriyanto. (2024). How mathematics teachers' 



827Pertanika J. Soc. Sci. & Hum. 34 (2): 807 - 828 (2026)

STAR Reflective Growth Cycle for Math Anxiety Reduction

special knowledge changing: A case study in the 
Professional Teacher Education programme. 
Journal on Mathematics Education, 15(2), 
545-574. https://doi.org/10.22342/jme.v15i2.
pp545-574

Memari, M., Gavinski, K., & Norman, M. K. 
(2024). Beware false growth mindset: Building 
growth mindset in medical education is 
essential but complicated. Academic Medicine, 
99(3), 261-265. https://doi.org/10.1097/
ACM.0000000000005448

Muslim, M., Nusantara, T., Sudirman, S., & Irawati, 
S. (2024). The causes of changes in student 
positioning in group discussions using Polya's 
problem-solving and commognitive approaches. 
Eurasia Journal of Mathematics, Science and 
Technology Education, 20(9), Article em2506. 
https://doi.org/10.29333/ejmste/15148

Muzaini, M., Rahayuningsih, S., Ikram, M., & 
Nasiruddin, F. A. Z. (2023). Mathematical 
creat ivi ty:  Student  geometr ical  f igure 
apprehension in geometry problem-solving using 
new auxiliary elements. International Journal of 
Educational Methodology, 9(1), 139-150. https://
doi.org/10.12973/ijem.9.1.139

Nasiruddin, F. A. Z., & Basri, S. (2020). The 
implementation of a local school through the 
local citistics of Calistung method as a tri 
blind, alleviation efforts in Toddopulia Village 
Tanralili District, Maros Regency. Jurnal Ilmiah 
Ecosystem, 20(1), 16-20.

Nasiruddin, F. A. Z., & Hayati. (2019). Analisis 
kesulitan menyelesaikan soal operasi hitung 
pecahan pada siswa sekolah dasar di Makassar. 
Klasikal: Journal of Education, Language 
Teaching and Science, 1(2), 23-31.

Nusantara, T. (2016a). Thinking process of pseudo 
construction in mathematics concepts. 
International Education Studies, 9(2), 17-31. 
https://doi.org/10.5539/ies.v9n2p17

Nusantara, T. (2016b). Local conjecturing process in 
the solving of pattern generalisation problem. 
Educational Research and Reviews, 11(8), 732-
742. https://doi.org/10.5897/ERR2016.2719

O’Leary, A. P., & Fletcher, W. (2024). Thinking 
about believing: Can metacognitive self-
assessment encourage belief updating? Journal 
of Intelligence, 12(5), Article 47. https://doi.
org/10.3390/jintelligence12050047

Park, D., Ramirez, G., & Beilock, S. L. (2014). The role 
of expressive writing in math anxiety. Journal of 
Experimental Psychology: Applied, 20(2), 103-
111. https://doi.org/10.1037/xap0000013

Peterman, C. J., & Ewing, J. (2019). Effects of 
movement, growth mindset and math talks on 
math anxiety. Journal of Multicultural Affairs, 
4(1), 1-10. https://scholarworks.sfasu.edu/jma/
vol4/iss1/1/

Purnomo, H., Sa’dijah, C., Hidayanto, E., Sisworo, S., 
Permadi, H., & Anwar, L. (2022). Development 
of instrument numeracy skills test of minimum 
competency assessment (MCA) in Indonesia. 
International Journal of Instruction, 15(3), 635-
648. https://doi.org/10.29333/iji.2022.15335a

Rahayungsih, S., Anggriani, A. E., Faizah, S., 
& Kamarudin, N. (2025). The relationship 
between cognitive flexibility and mathematical 
literacy: Insights from Indonesian elementary 
students. International Electronic Journal of 
Elementary Education, 17(3), 367-381. https://
doi.org/10.26822/iejee.2025.385

Rahayungsih, S., Jaafar, W. M. B. W., Kamaruddin, N. 
K., & Gazali, M. (2025). Unveiling elementary 
school students' thinking processes in conquering 
the natural number bias. International Electronic 
Journal of Elementary Education, 17(4), 541-
553. https://doi.org/10.26822/iejee.2025.398

Rahayuningsih, S. (2022). Pembelajaran auditory 
intellectually repetition: Upaya peningkatan 
kemampuan berpikir kreatif, aktivitas dan 
respon siswa SMP. AKSIOMA: Jurnal Program 
Studi Pendidikan Matematika, 11(4). https://doi.
org/10.24127/AJPM.V11I4.6179



828 Pertanika J. Soc. Sci. & Hum. 34 (2): 807 - 828 (2026)

Fathimah Az Zahra Nasiruddin, Toto Nusantara, Erry Hidayanto, Indriati Nurul Hidayah, and Nenny Indrawati

Rahayuningsih, S., Ikram, M., & Indrawati, N. (2023). 
Learning to promote students' mathematical 
curiosity and creativity. Uniciencia, 37(1), 
106-118.

Rahyuningsih, S., Nurhusain, M., & Indrawati, N. 
(2022). Mathematical creative thinking ability 
and self-efficacy: A mixed-methods study 
involving Indonesian students. Uniciencia, 
36(1), 318-331.

Ramirez, G., Gunderson, E. A., Levine, S. C., & 
Beilock, S. L. (2013). Math anxiety, working 
memory, and math achievement in early 
elementary school. Journal of Cognition and 
Development, 14(2), 187-202. https://doi.org/1
0.1080/15248372.2012.664593

Schön, D. A. (1983). The reflective practitioner: How 
professionals think in action. Basic Books.

Seo, E., & Lee, Y. K. (2021). Stereotype threat in 
high school classrooms: How it links to teacher 
mindset climate, mathematics anxiety, and 
achievement. Journal of Youth and Adolescence, 
50(7), 1410-1423. https://doi.org/10.1007/
s10964-021-01435-x

Siegler, R. S., & Lortie-Forgues, H. (2015). Conceptual 
knowledge of fraction arithmetic. Journal of 
Educational Psychology, 107(3), 909-918. 
https://doi.org/10.1037/edu0000025

Stohlmann, M., & Yang, Y. (2024). Growth mindset 
in high school mathematics: A review of the 
literature since 2007. Journal of Pedagogical 
Research ,  8 (2 ) ,  357-370 .  h t tps : / /do i .
org/10.33902/JPR.202424437

Suwandi, S. (2022). The implementation of internet 
website strategy of guidance and counselling 
at university in industrial 4.0 content. Jurnal 
DinamikA, 3(2), 94-111.

Yeager, D. S., Carroll, J. M., Buontempo, J., Cimpian, 
A., Woody, S., Crosnoe, R., Muller, C., Murray, 
J., Mhatre, P., Kersting, N., Hulleman, C., 
Kudym, M., Murphy, M., Duckworth, A. 
L., Walton, G. M., & Dweck, C. S. (2022). 
Teacher mindsets help explain where a growth-
mindset intervention does and does not work. 
Psychological Science, 33(1), 18-32. https://doi.
org/10.1177/09567976211028984

Yunus, M., & Nasiruddin, F. A. Z. (2022). Pengaruh 
growth  mindse t  te rhadap kemampuan 
pemecahan masalah matematika siswa SMA 
Negeri 18 Makassar. Embrio Pendidikan: Jurnal 
Pendidikan Dasar, 7(2), 268-279.

Zahra Nasiruddin, F. A., Basri, S., Jainuddin, M., 
Umar, F. R., & Rizal, A. (2024). Development 
of numeracy, writing, listening, and speaking 
literacy assessment models for elementary 
school students in Makassar City. Journal of 
Ecohumanism, 3(8), 3427-3438. https://doi.
org/10.62754/joe.v3i8.5009

Zayyadi, M., Nusantara, T., Hidayanto, E., Sulendra, 
I. M., & Sa’dijah, C. (2020). Content and 
pedagogical knowledge of prospective teachers 
in mathematics learning: Commognitive 
framework. Journal for the Education of Gifted 
Young Scientists, 8(1), 515-532. https://doi.
org/10.17478/jegys.642131

Zimmerman, B. J. (2002). Becoming a self-
regulated learner: An overview. Theory Into 
Practice, 41(2), 64-70. https://doi.org/10.1207/
s15430421tip4102_2


