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Abstract

This study aimed to adapt and evaluate an IT-based contextual mathematics learning model to enhance Grade III
students' mathematical metacognitive abilities in addition and subtraction. Using a design-based research
methodology, the study involved 38 final-year PGSD students conducting field practice in a six-week intervention
incorporating IT applications such as Matific and Canva, with contextual learning using objects, animals, and plants
from the Grade III students' environment. Data were collected through pre- and post-lesson plan design tasks,
classroom observations, reflective journals, interviews, and perception surveys. Results revealed statistically
significant improvements in students' mathematical metacognitive abilities with an overall Cohen's d = 3.22 (large
effect size), accompanied by substantial improvements in PGSD students' lesson plan quality in integrating
environmental contexts with IT applications, as evidenced through pre-post design task assessments and
observational data. Qualitative findings demonstrated participants' transformation from direct instruction to
facilitating learning that promoted students' thinking about thinking (metacognition), with a strong appreciation for
contextualizing learning using objects from students' local environment. These findings have significant implications
for reforming mathematics teacher education programs across diverse contexts, suggesting that integrated approaches
that recognize the synergistic relationships among technology, pedagogy, and contextual relevance may be more
effective than traditional, sequential competency development models.
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1. Introduction

In the evolving landscape of 21st-century education, the preparation of future primary school teachers is increasingly
shaped by technological integration and constructivist pedagogy. Mathematics education, in particular, demands not
only conceptual understanding but also pedagogical adaptability in response to digital advancements and contextual
learning needs (Alsina et al., 2024; Bernardi et al., 2025). PGSD students conducting field practice must be able to
integrate IT-based applications and contextual strategies into their instructional design, particularly to enhance Grade
IIT students' mathematical metacognitive abilities in addition and subtraction. However, despite policy mandates and
curricular aspirations, the effective integration of IT applications into primary mathematics pedagogy for developing
metacognitive abilities remains fragmented and underdeveloped (Gonscherowski & Rott, 2022; Getenet, 2024).

The integration of IT applications in mathematics instruction has been widely recognized as a catalyst for enhancing
conceptual visualization, metacognitive regulation, and student engagement (Meadows & Caniglia, 2021; Silva et al.,
2021). In particular, contextual teaching and learning (CTL) approaches using objects, animals, and plants from
students' environment have shown promising results in fostering problem-solving and mathematical metacognitive
abilities (Johnson, 2002; Livy et al., 2022). However, the extent to which PGSD students undertaking field practice
can adopt and implement such models remains insufficiently explored—especially within Indonesian teacher
education contexts. Studies by Arnal-Bailera and Arnal-Palacian (2023) and Fiorentino et al. (2024) emphasize that
instructional success in early mathematics is closely linked to how well pre-service teachers are trained to manipulate
learning tools and design contextually relevant tasks. These findings reinforce the need to prepare primary educators
with both technological and pedagogical fluency.

Recent international research has addressed various dimensions of pre-service teachers' engagement with technology
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(Chen et al., 2025), reflective practices (Chikiwa & Graven, 2023), and beliefs about mathematics teaching
(Safrudiannur et al., 2023). However, there remains a notable research gap in operationalizing validated IT
application-based contextual learning models for enhancing students' mathematical metacognitive abilities in primary
school settings. While prior studies have shown that such models can enhance students' mathematical reasoning,
metacognition, and creative thinking at the high school level (Salmaini, 2020), it remains unclear how these
pedagogical innovations can be adapted for PGSD students' instructional planning during field practice to improve
elementary students' mathematical metacognitive performance.

In the Indonesian context, where national assessments such as PISA have consistently revealed low student
performance in mathematics (OECD, 2018), the imperative to reform mathematics education through teacher
preparation is urgent. Indonesia's current teacher education curriculum for primary mathematics is undergoing reform
efforts; however, many PGSD programs still rely on conventional, subject-specific competency-based models that
separate content, pedagogy, and technology training (Kazunga et al., 2023; Navarro et al., 2024). Equipping PGSD
students undertaking field practice with models that promote IT-based, context-driven instruction could be a
transformative step toward closing the quality gap in early mathematics learning. However, the success of such
interventions depends not only on exposure but also on the actual adaptation, application, and evaluation of such
models during pre-service training.

Therefore, this study aims to bridge the gap between theoretical models and practical teacher training by adapting an
IT application-based contextual mathematics learning model for PGSD students during field practice. Grounded in
the Plomp design research framework and informed by CTL and TPACK principles, the study evaluates the model’s
effectiveness in enhancing Grade III students’ mathematical metacognitive abilities through contextually integrated,
IT-supported lesson plans.

Based on the identified gaps and theoretical grounding, this study addresses the following research questions:

1) How can an IT application-based contextual mathematics learning model be effectively adapted for PGSD
students conducting field practice?

2) What are the effects of implementing the adapted model on PGSD students' ability to design lessons that
enhance students' mathematical metacognitive abilities?

3) How do PGSD students perceive and experience the use of IT application-assisted contextual learning in
preparing for primary mathematics instruction?

By addressing these questions, the research aims to make a substantive contribution to both local teacher education
reform and global discourses on digital pedagogy in early mathematics education.

2. Methods
2.1 Research Design

This study employed a design-based research (DBR) approach, following the iterative structure proposed by Plomp
and Nieveen (2013), which is widely recognized for refining educational innovations through systematic
development, testing, and evaluation in authentic settings. The DBR method was chosen for its dual emphasis on
product development and theory building (McKenney & Reeves, 2019), making it particularly suited to adapting an
existing IT application-based contextual mathematics learning model—originally validated in secondary
education—to a new context: PGSD students conducting field practice. The study was conducted over three main
phases: preliminary analysis, model adaptation and implementation, and formative evaluation and reflection.

2.2 Setting and Participants

The study was conducted in the Primary School Teacher Education program (PGSD) at Universitas Negeri Padang, a
major teacher-training institution in West Sumatra, Indonesia. Participants were recruited from two intact PGSD
classes conducting their field practice at local elementary schools, specifically teaching Grade 3 mathematics. The
choice of participants was purposive, as these individuals were actively engaged in teaching practice and could
meaningfully implement instructional designs in authentic classroom settings.

A total of 38 PGSD students conducting field practice participated in the study. Before participation, informed
consent was obtained, and the university's research ethics committee granted ethical clearance. All participants had
completed prior coursework in mathematics content and pedagogy. Their exposure to IT applications varied, offering
a realistic cross-section of PGSD cohorts in the region. The demographic composition of the participants is presented
in Table 1.
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Table 1. Demographic Information of PGSD Pre-Service Teacher Participants

Variable Category Frequency Percentage
Gender Female 28 73.7%
Male 10 26.3%
Age 20-21 years 15 39.5%
22-23 years 18 47.4%
>23 years 5 13.1%
Prior ICT Training Yes 11 28.9%
No 27 71.1%
Teaching Practicum Status First Semester 17 44.7%
Second Semester 21 55.3%

This demographic profile highlights a gender imbalance common in elementary teacher education and reflects
limited prior training in IT application, which is typical among many PGSD students in Indonesia (Kazunga et al.,
2023; Navarro et al., 2024).

2.3 Model Adaptation Procedure

The adaptation process was grounded in the Plomp development framework and contextualized using contextual
learning principles, ensuring a balance between technological and pedagogical considerations for Grade 3
mathematics instruction. Initially, the original IT application-based contextual mathematics model—developed for
senior high school students with a focus on functions—was reviewed to identify transferable components suitable for
Grade 3 addition and subtraction instruction. Consultations with three
mathematics education experts and two PGSD lecturers were conducted to determine appropriate contextual
materials using objects, animals, and plants from the students' environment that could effectively support addition
and subtraction learning.

Instructional materials were redesigned to reflect the realities of Grade 3 classrooms, incorporating IT applications
such as Matific for interactive mathematics exercises and Canva for creating visual learning materials and
worksheets. Lesson plans, student worksheets, and assessment rubrics were adapted to focus specifically on addition
and subtraction concepts using familiar environmental contexts such as counting fruits from local trees, animals in
the school yard, or classroom objects. The adapted model was piloted over six weeks during the field practice period,
during which participants implemented lessons focused on developing mathematical metacognition through
contextual addition and subtraction activities.

2.4 Data Collection Instruments and Procedures

To evaluate the model's impact on mathematical metacognitive abilities, data were collected using multiple sources
to ensure triangulation and deepen understanding (Creswell & Plano Clark, 2018). The first instrument was a pre-
and post-intervention mathematical metacognitive assessment in which Grade 3 students were asked to solve
addition and subtraction problems while verbalizing their thinking processes. These assessments were analyzed using
a rubric adapted from Bicer et al. (2022) to assess metacognitive awareness, strategy selection, and self-monitoring
during problem-solving.

Second, reflective journals were collected weekly from PGSD students to capture their observations of students'
developing mathematical metacognitive abilities, perceived challenges in implementing contextual learning with IT
applications, and insights about fostering metacognitive thinking. These narratives were analyzed thematically to
track growth in understanding mathematical metacognition (Chikiwa & Graven, 2023).

Third, semi-structured interviews were conducted with 12 selected PGSD students—diverse in gender, IT application
experience, and implementation success—to explore their perceptions of the model's effectiveness in developing
students' mathematical metacognitive abilities and the practicality of using environmental contexts with IT
applications. Interviews were transcribed and analyzed using narrative inquiry principles, focusing on shifts in
participants' understanding of the development of mathematical metacognition (Alsina et al., 2024).

Finally, observational data were gathered during the Grade 3 mathematics lessons using an observation checklist
informed by mathematical metacognition frameworks (Pincheira & Alsina, 2024). The checklist assessed how
students demonstrated metacognitive awareness, strategy monitoring, and reflection during addition and subtraction
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problem-solving using environmental contexts supported by IT applications.
2.5 Data Analysis

Quantitative data from the mathematical metacognitive assessment rubrics were analyzed using paired-sample t-tests
to determine significant differences between pre- and post-intervention scores. The normality assumption was
checked using Shapiro—Wilk tests, and effect sizes were calculated to interpret practical significance.

Qualitative data from journals and interviews were coded inductively, following Braun and Clarke's (2006) thematic
analysis procedure. A second rater cross-checked codes to ensure reliability. Emergent themes were then mapped
onto mathematical metacognition frameworks to interpret students' growth in mathematical metacognitive thinking.

Observation data were summarized descriptively and used to triangulate PGSD students' reported observations with
actual student metacognitive behaviors during mathematics lessons. Findings from all data sources were integrated
during the interpretation phase to provide a comprehensive picture of the model's impact on Grade 3 students'
mathematical metacognitive development.

3. Results

This section presents the study's findings, addressing the research questions through both quantitative and qualitative
data analysis. The results demonstrate the impact of adapting an IT application-based contextual mathematics
learning model for Grade 3 addition and subtraction instruction. students' mathematical metacognitive development
through PGSD students' implementation during their field practice, focusing specifically on enhancing metacognitive
abilities in mathematical problem-solving using environmental contexts.

3.1 Research Question 1: A daptation of IT Application-Based Contextual Mathematics Learning Model for
Mathematical Metacognition Development

3.1.1 Quantitative Findings

The effectiveness of the adapted model was first assessed through pre- and post-intervention mathematical
metacognitive assessments scored using a comprehensive rubric. Table 2 presents the descriptive and inferential
statistics for the three main components evaluated: metacognitive awareness, strategy monitoring, and self-reflection
during addition and subtraction problem-solving.

Table 2. Pre- and Post-Intervention Mathematical Metacognitive Assessment Scores (N=38)

Component Pre-Intervention Post-Intervention t-value  p-value  Cohen's d Effect Size
M SD M SD

Metacognitive Awareness  2.34 0.87 4.12 0.76 -12.45 <0.001 2.18 Large

Strategy Monitoring 1.89 0.94 3.87 0.82 -11.92 <0.001 2.26 Large

Self-Reflection 1.76 0.71 4.05 0.69 -15.67 <0.001 3.29 Large

Overall Design Quality  2.00 0.65 4.01 0.58 -16.23 <0.001 3.22 Large

Note: Scores range from 1 (inadequate) to S (exemplary). Effect size interpretation: small (0.20), medium (0.50),
large (0.80).

The quantitative results reveal statistically significant improvements across all measured components of
mathematical metacognitive ability. The most substantial improvement occurred in self-reflection during
problem-solving (Cohen's d = 3.29), followed closely by strategy monitoring (Cohen's d = 2.26) and metacognitive
awareness (Cohen's d = 2.18). The overall metacognitive ability increased from a mean of 2.00 to 4.01, indicating a
shift from "below adequate" to "good" performance levels.

These findings suggest that the adapted model successfully addressed the initial deficiencies in Grade 3 students'
mathematical metacognitive abilities during addition and subtraction problem-solving. The large effect sizes across
all components indicate that the intervention had not only statistical significance but also practical significance,
representing meaningful changes in students' mathematical thinking processes. The particularly great improvement in
self-reflection reflects the model's emphasis on using environmental contexts with IT applications to help students
evaluate their problem-solving approaches and reasoning.
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3.1.2 Qualitative Findings

The quantitative improvements were substantiated and enriched by qualitative data from PGSD students' reflective
journals and interviews, which revealed the process through which Grade 3 students developed mathematical
metacognitive abilities. PGSD Student 23 (Sari) reflected in her journal: "At first, I thought using IT applications in
mathematics was just about showing digital exercises or using calculators. However, now I understand how Matific
can help children visualize addition and subtraction concepts using objects from their environment. When I designed
the lesson about counting mangoes in our school garden, I realized I could connect mathematics to the real world
while using Canva materials to help them reflect on their thinking processes."

This transformation in understanding exemplifies the shift from viewing IT applications as mere tools to recognizing
them as integral components of metacognitive development in contextual learning. PGSD Student 15 (Ahmad)
provided another perspective during his interview: "The most challenging part was helping primary school children
think about their thinking during addition and subtraction. The model taught me to use familiar objects—counting
chickens in the yard, collecting leaves from trees—and then ask them to explain how they knew their counting
strategy worked. The IT applications became a bridge between their environmental experiences and mathematical
metacognition."

PGSD Student 7 (Rina) elaborated on the metacognitive development process: "I never thought about asking
children, 'How do you know your answer makes sense?' or "What other way could you solve this?' before this
training. The model taught me to design questions that prompt students to reflect on their addition and subtraction
strategies. When I used Matific activities with local animal counting scenarios, I learned to pause and ask them to
explain their reasoning and check if their answers were logical."

The implementation process was not without challenges, as revealed by PGSD Student 31 (Budi): "Initially, I was
overwhelmed by trying to help Grade 3 students develop metacognitive awareness while teaching addition and
subtraction using environmental contexts and IT applications. Nevertheless, through practice and feedback, I realized
that when children work with familiar objects like fruits from local trees or pets in their neighborhood, they naturally
begin to think more deeply about their mathematical processes."

PGSD Student 19 (Maya) highlighted the environmental context adaptation: "The original model used abstract
examples that didn't connect with our Grade 3 students' daily experiences. But when we adapted it to include
counting flowers in the school garden for addition or removing fallen leaves for subtraction, suddenly the students
became more aware of their thinking and could better monitor their problem-solving strategies."

These qualitative insights reveal that the quantitative improvements in mathematical metacognitive abilities were
accompanied by fundamental shifts in how Grade 3 students approached addition and subtraction problems. Students
moved from automatic calculation approaches toward more reflective, strategic thinking that incorporated awareness
of their problem-solving processes. The adaptation process successfully integrated environmental contexts with IT
applications to foster meaningful metacognitive development in young learners.

3.2 Research Question 2: Development of Mathematical Metacognitive Abilities in Grade 3 Students
3.2.1 Quantitative Findings

The development of mathematical metacognitive abilities was assessed through detailed classroom observations
during Grade 3 mathematics lessons focusing on addition and subtraction. Table 3 presents the observational data
collected using a mathematical metacognition assessment framework.

Table 3. Observed Mathematical Metacognitive Behaviors During Grade 3 Lessons (N=38)

Metacognitive Component Before Intervention After Intervention Improvement
M SD M SD %

Problem Understanding Verification 2.18 0.92 4.26 0.71 95.4%
Strategy Selection Awareness 1.95 0.88 3.95 0.83 102.6%
Solution Monitoring 1.71 0.79 4.13 0.68 141.5%
Answer Verification 2.45 1.02 4.08 0.76 66.5%
Learning Reflection 2.03 0.95 3.89 0.81 91.6%
Overall Metacognitive Performance 2.06 0.71 4.06 0.63 97.1%

Note: Scores range from 1 (needs significant improvement) to 5 (exemplary). Percentage improvement
calculated as [(Post-Pre)/Pre] x 100.
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The observational data confirm the mathematical metacognitive assessment improvements, showing remarkable
gains in students' actual metacognitive behaviors during addition and subtraction problem-solving. The most
dramatic improvement occurred in solution monitoring (141.5% improvement), followed by strategy selection
awareness (102.6% improvement). These substantial increases indicate that Grade 3 students not only improved their
metacognitive thinking abilities but also successfully demonstrated these skills during mathematical problem-solving
activities.

The strong performance in problem understanding verification (95.4% improvement) demonstrates that students
learned to consciously check their comprehension of addition and subtraction problems before attempting solutions.
The improvement in strategy selection awareness suggests that they have developed the ability to deliberately choose
appropriate problem-solving approaches rather than resorting to random methods. Most importantly, the overall
metacognitive performance nearly doubled, moving from inadequate to good levels across all measured dimensions.

3.2.2 Qualitative Findings

The quantitative improvements in mathematical metacognitive performance were reflected in PGSD students'
observations of their Grade 3 students' developing metacognitive awareness and reflective practices, as evidenced in
their journal entries and interview responses. PGSD Student 12 (Fitri) described the transformation she observed:
"Before this intervention, my Grade 3 students would just start calculating immediately without thinking. Now I
observe them pausing to understand the problem first. During our lesson about counting butterflies in the school
garden for addition, I heard them saying, 'Let me check if this makes sense,’ and 'l think there's another way to solve
this.' I could see them becoming more thoughtful mathematical thinkers."

PGSD Student 28 (Andi) reflected on how IT applications supported metacognitive development: "The key insight
was that Matific activities should enhance their thinking about addition and subtraction, not just provide practice.
When students used interactive exercises counting local fruits for addition problems, they could immediately see
different solution strategies. However, I learned to ask them why their chosen method worked, not just what answer
they got. The IT applications became thinking tools that helped them reflect on their problem-solving approaches."

The development of mathematical metacognitive behaviors was particularly evident in PGSD Student 6 (Dewi) 's
observations: "I started noticing 'metacognitive moments' in my lessons—specific times when students would
naturally pause and reflect on their mathematical thinking. Using Canva-created worksheets with familiar
environmental contexts helped me see their thinking process more clearly. I could observe them catching their own
mistakes and explaining their reasoning without me prompting them."

PGSD Student 25 (Rama) highlighted the environmental context dimension: "The most powerful change was how
students became more aware of their thinking when working with familiar objects from their environment. When
solving addition problems using mangoes from the school tree or subtraction problems by removing leaves from
plants, the children naturally began explaining their mathematical reasoning. The environmental contexts made their
metacognitive processes more visible and meaningful."

PGSD Student 11 (Lisa) emphasized the integrated development: "I realized that using environmental contexts
naturally promoted metacognitive thinking in addition and subtraction. When children solve problems related to
objects and animals they know well, they have more confidence in explaining their reasoning and in monitoring their
solutions. The IT applications gave them additional ways to visualize and check their thinking. Everything worked
together to develop their mathematical metacognition."”

These qualitative insights reveal that the quantitative improvements in mathematical metacognitive performance
reflected bigger changes in how Grade 3 students approached addition and subtraction problem-solving. Students
developed more sophisticated mathematical thinking that integrated problem comprehension with strategy awareness
and solution monitoring, moving beyond automatic calculation toward reflective approaches that demonstrated
conscious awareness of their mathematical reasoning processes.

3.3 Research Question 3: PGSD Students' Perceptions and Experiences of Supporting Mathematical Metacognition
3.3.1 Quantitative Findings

PGSD students' perceptions were measured through a post-intervention survey addressing various dimensions of
their experience with IT application-assisted contextual learning for developing mathematical metacognition in
Grade 3 students. Table 4 summarizes their responses across key perception domains.
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Table 4. PGSD Students' Perceptions of IT Application-Assisted Contextual Learning for Mathematical
Metacognition (N=38)

Perception Domain M SD Distribution of Responses
Strongly Disagree Neutral Agree Strongly
Disagree Agree
n (%) n (%) n (%) n (%) n (%)
Relevance to Grade 3 Teaching 442  0.68 0(0%) 1 (2.6%) 3 (7.9%) 16 (42.1%) 18 (47.4%)
Practicality for Developing 4.18  0.83 0 (0%) 2 (5.3%) 5(13.2%) 19 (50.0%) 12 (31.6%)
Metacognition
Impact on Understanding  4.34  0.71 0 (0%) 1(2.6%) 4(10.5%) 17 (44.7%) 16 (42.1%)
Metacognition
Usefulness for Student 4.47 0.65 0(0%) 0 (0%) 3 (7.9%) 17 (44.7%) 18 (47.4%)
Mathematical Thinking
Ease of Implementation 3.89 091 0(0%) 4(10.5%) 7(18.4%) 18 (47.4%) 9 (23.7%)
Support for Professional Growth 439  0.72  0(0%) 1(2.6%) 4(10.5%) 16 (42.1%) 17 (44.7%)
Overall Satisfaction 428 0.60 0(0%) 1 (2.6%) 3(7.9%) 19(50.0%) 15(39.5%)

Note: Scale ranges from 1 (strongly disagree) to S (strongly agree). This table presents post-intervention
perception data only, as baseline perception surveys were not administered before the intervention; perceived
changes are therefore inferred from participants' reflective accounts rather than pre-post comparison scores.

The perception data reveal overwhelmingly positive responses across all measured domains. PGSD students rated the
model highest for usefulness in developing student mathematical thinking (M = 4.47) and relevance to Grade 3
teaching (M = 4.42). Even the lowest-rated dimension, ease of implementation (M = 3.89), still fell within the
"agree" range, suggesting that while participants acknowledged some implementation challenges, they found the
model manageable for fostering mathematical metacognition.

The high ratings for understanding metacognition (M = 4.34) and professional growth support (M = 4.39) indicate
that participants felt the experience prepared them well for supporting Grade 3 students' mathematical metacognitive
development. The overall satisfaction mean of 4.28 indicates strong endorsement of the adapted model, with nearly
90% of participants expressing agreement or strong agreement with their overall experience facilitating mathematical
metacognition.

3.3.2 Qualitative Findings

The positive quantitative perceptions were elaborated and nuanced through qualitative data that revealed both
enthusiasm and thoughtful consideration of implementation challenges in developing mathematical metacognition.
PGSD Student 14 (Sinta) expressed her overall experience: "This training completely changed how I think about
supporting Grade 3 students' mathematical thinking. I used to focus only on whether students got correct answers in
addition and subtraction, but now I understand the importance of helping them think about their thinking processes.
The IT applications like Matific gave me tools to make their mathematical reasoning visible, and using
environmental contexts made metacognitive development feel more natural and accessible."

PGSD Student 22 (Yudi) highlighted the professional growth dimension: "What I appreciated most was learning to
recognize and support mathematical metacognition in young children. The model taught me to observe how Grade 3
students approach addition and subtraction problems. Every time I planned a lesson, I had to consider: How can I
help them become aware of their problem-solving strategies? How do the environmental contexts support their
self-reflection? This process made me feel more knowledgeable about mathematical metacognition."

The practicality concerns were thoughtfully addressed by PGSD Student 9 (Nia): "Initially, I worried about whether
Grade 3 students were too young for metacognitive thinking. However, through practice, I learned that young
children naturally reflect on their thinking when working with familiar objects from their environment. Using Matific
activities with local animals and plants, and creating materials with Canva, actually made supporting metacognition
more achievable because students were engaged with contexts they understood deeply."

PGSD Student 33 (Riko) discussed the impact on student mathematical thinking: "The most rewarding aspect was
observing how Grade 3 students developed awareness of their addition and subtraction strategies during our field
practice. When we used counting problems with mangoes from the school tree or removing leaves from plants, the
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children naturally began explaining their thinking processes. The IT applications helped them visualize different
strategies, and the environmental contexts encouraged them to reflect on which approaches made most sense."

PGSD Student 5 (Ami) reflected on the challenges and growth: "The hardest part was learning to ask questions that
promoted metacognitive thinking without overwhelming young students. I worried about making addition and
subtraction too complicated. However, I discovered that when students work with familiar environmental objects,
they are more confident in explaining their reasoning. When my Matific demonstration had technical issues, the
students and I worked through the problem together, which became a metacognitive learning opportunity."”

PGSD Student 17 (Doni) emphasized the long-term impact: "This experience gave me insight into supporting young
learners' mathematical metacognition development. I don't want Grade 3 students just to memorize addition and
subtraction facts; I want to help them become aware of their mathematical thinking and develop self-monitoring
skills. The model showed me that this is achievable when we use environmental contexts that connect to their daily
experiences and IT applications that support their reflection."”

The qualitative data reveal that, while participants held overwhelmingly positive perceptions, their enthusiasm was
grounded in a genuine understanding of the development of mathematical metacognition rather than superficial
satisfaction. They articulated clear connections between the training experience and their ability to support Grade 3
students' metacognitive growth, demonstrating deep engagement with the model's principles for fostering awareness
of mathematical thinking.

3.4 Integration of Quantitative and Qualitative Findings

The quantitative and qualitative findings demonstrate remarkable convergence, with the numerical improvements in
mathematical metacognitive abilities substantiated by PGSD students' articulated understanding of metacognitive
development processes. The statistical significance of the quantitative gains is matched by the meaningfulness of the
changes described in participants' reflective accounts of their Grade 3 students' growth.

The quantitative data showing large effect sizes in metacognitive components align with qualitative descriptions of
students moving from automatic calculation to reflective problem-solving. Similarly, the substantial improvements in
mathematical metacognitive performance correspond to PGSD students' detailed accounts of witnessing their Grade
3 students develop awareness of their addition and subtraction strategies.

The high perception ratings gain depth through qualitative insights that reveal a thoughtful appreciation of the
model's impact on the development of Grade 3 students' mathematical thinking. Participants' acknowledgment of
implementation challenges alongside their positive evaluations suggests a mature, realistic engagement in supporting
mathematical metacognition in young learners.

Most significantly, both data types point to meaningful development in Grade 3 students’ mathematical
metacognitive abilities. The quantitative improvements represent authentic growth in metacognitive awareness, as
confirmed by PGSD students’ qualitative observations of students demonstrating self-monitoring, strategy awareness,
and reflective thinking during addition and subtraction problem-solving. This convergence of quantitative evidence
and qualitative understanding provides robust support for the effectiveness of the adapted IT application-based
contextual learning model in developing mathematical metacognition in Grade 3 students through environmental
contexts and thoughtful pedagogical support. It is important to note, however, that not all participants experienced
equally smooth implementation trajectories. Several PGSD students reported persistent difficulties in scaffolding
metacognitive questioning for young learners without inadvertently over-complicating the mathematics.

In contrast, others expressed uncertainty about whether the observed behavioral changes in Grade 3 students
reflected genuine metacognitive development or were performance-driven by the novelty of the intervention. A
minority of participants also questioned whether the six-week timeframe was sufficient for consolidating the
complex competencies required to sustain this instructional approach beyond the field practice period. These nuances
temper the otherwise strong convergence of findings and highlight areas requiring further refinement in program
design.

4. Discussion

The findings of this study provide compelling evidence for the effectiveness of adapting IT application-based
contextual mathematics learning models for PGSD students undertaking field practice to enhance Grade 3 students’
mathematical metacognitive abilities. Large effect sizes across metacognitive awareness, strategy monitoring, and
self-reflection highlight the transformative potential of TPACK-grounded, contextually integrated instruction in
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primary mathematics teacher education.
4.1 Alignment with Existing Literature and Theoretical Frameworks

The remarkable improvements in integrating IT applications such as Matific and Canva observed in this study
(Cohen’s d = 3.29 in self-reflection) strongly align with recent findings by Bernardi et al. (2025) and Getenet (2024),
who emphasized that effective teacher preparation must go beyond basic technology exposure toward meaningful
integration of digital tools with mathematical content and pedagogy. However, while these previous studies focused
primarily on secondary contexts or general technology acceptance, the current findings extend this understanding by
demonstrating that environmental contextual relevance—using familiar objects, animals, and plants from students’
surroundings—serves as a critical mediator for integration success. PGSD students’ reflections describing IT
applications as a “bridge between students' daily lives and mathematical concepts" corroborate Silva et al. (2021) and
Meadows and Caniglia (2021), who argued that digital tools are most powerful when they enhance conceptual
visualization within meaningful contexts rather than serving as standalone instructional add-ons. This aligns with
Montone and Fiorentino (2024), who found that structured digital learning experiences foster meaningful
mathematical discussion and deeper engagement when grounded in practice-based contexts.

The substantial gains in observed metacognitive performance (up to 141.5% improvement in solution monitoring)
and PGSD students' articulated understanding of supporting student thinking processes provide strong empirical
support for Chikiwa and Graven's (2023) theoretical assertions regarding the centrality of reflective practice in
teacher development. However, the current findings extend beyond their focus on reflection-on-action to show that
structured interventions in environmental contexts and IT applications can foster reflection-in-action capabilities, as
evidenced by students' ability to check and adjust their strategies during problem-solving.

The contextual adaptation dimension revealed in this study, particularly participants’ emphasis on incorporating
Grade 3-relevant environmental elements (e.g., counting fruits from trees, observing animals in the schoolyard),
resonates with Alsina et al. (2024) on contextual task design. While Alsina and colleagues focused on task design for
mathematical processes, the current findings demonstrate how environmental contextualization can directly support
the development of metacognitive skills in addition and subtraction, enhancing engagement and deepening
conceptual understanding.

4.2 Theoretical Framework Integration and Extension

Grounding the study in both TPACK and Contextual Teaching and Learning (CTL) frameworks proved synergistic.
While Mishra and Koehler's (2006) TPACK framework emphasizes the intersection of technological, pedagogical,
and content knowledge, the current findings suggest that contextual knowledge—specifically, environmental
knowledge relevant to students—represents a distinct dimension mediating the effectiveness of TPACK integration.
PGSD students progressed from viewing context as an optional addition to recognizing it as integral to their
technological and pedagogical decisions.

The alignment with Johnson's (2002) CTL principles was evident in the shift from decontextualized mathematics
instruction to approaches that connect mathematical concepts with students' lived experiences. Rather than
functioning as independent enhancement strategies, the data suggest that environmental contexts and IT applications
operate synergistically, with familiar contexts making digital tool use more purposeful, and digital tools making
contextual connections more accessible and explorable.

The substantial improvements in metacognitive components observed in this study also align with the emphasis in
Pincheira and Alsina's (2024) framework on specialized content knowledge and knowledge of content and students.
The integration of IT applications created opportunities to reveal and respond to students' mathematical thinking that
had not previously been documented in primary-level metacognition-focused research.

4.3 Divergences from Existing Literature

Contrary to concerns raised by Gonscherowski and Rott (2022) about reluctance to integrate technology due to
complexity and time constraints, PGSD students in this study developed strong confidence in using IT applications
when embedded within meaningful environmental contexts. This suggests that the context of technology introduction
may be more influential than previously recognized in determining acceptance and effective implementation.

The findings also contrast with Safrudiannur et al. (2023) and Vesga-Bravo et al. (2022), who documented persistent
traditional beliefs about mathematics teaching. In this study, PGSD students demonstrated shifts from
answer-focused instruction toward facilitation of reflective problem-solving, likely due to experiential engagement
with the integrated model during actual field practice.
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Interestingly, while Bicer et al. (2022) found that pre-service teachers struggled with designing creativity-directed
mathematical tasks, PGSD students here successfully designed contextually rich, cognitively engaging activities for
metacognitive development. The structured scaffolding provided by the adapted model—especially guidance on
using environmental contexts—appears to have played a crucial role.

4.4 Unique Contributions and Theoretical Implications

This study makes several unique contributions to the literature on mathematics teacher education and the integration
of IT applications for metacognitive development. First, it demonstrates the feasibility and effectiveness of adapting
pedagogical innovations originally designed for secondary mathematics to the Grade 3 context, implemented by
PGSD students during field practice. This addresses a significant gap in the literature regarding the transferability of
research-validated models across educational levels. The successful adaptation process—guided by expert
consultation, iterative refinement, and alignment with environmental contexts—offers a replicable framework for
similar cross-level adaptations.

Second, the study reveals the critical mediating role of environmental contextual relevance in IT application-based
learning success, suggesting that technology acceptance models may need to incorporate experiential and situational
dimensions explicitly. The finding that PGSD students moved from perceiving technology as an added burden to
viewing it as an empowering tool—when embedded within meaningful contexts such as familiar objects, animals,
and plants—has important implications for teacher preparation program design.

Third, the convergence of large quantitative effect sizes with rich qualitative accounts of changes in student
problem-solving behaviors provides unusually robust evidence for the depth and breadth of impact possible through
well-structured interventions. The alignment between statistical improvements in mathematical metacognitive
components and PGSD students’ articulated observations of student growth suggests that meaningful change
occurred both at behavioral and cognitive levels, addressing persistent concerns in the literature about the
sustainability of intervention effects (Putri et al., 2024; Zainil et al., 2024).

The study also contributes methodologically by demonstrating the effectiveness of design-based research approaches
in developing innovations for primary mathematics instruction. The iterative development and testing process,
grounded in established theoretical frameworks such as TPACK and CTL, produced an intervention that was both
theoretically sound and practically effective for enhancing metacognition in early mathematics learning.

4.5 Implications for Teacher Education Practice

The findings have significant implications for how primary teacher education programs approach integrating
technology and contextual relevance into mathematics instruction. Rather than treating technological competence,
pedagogical knowledge, and contextualization as separate competency areas, the study suggests that integrated
approaches—recognizing their synergistic potential—may be more effective for fostering mathematical
metacognition.

The success of the adapted model in developing PGSD students' ability to design lessons that promote metacognitive
awareness, in addition to subtraction, challenges traditional sequential approaches that separate technology training
from pedagogical design. The results suggest that teacher education programs should embed technology training
within authentic, contextually relevant lesson design processes.

The substantial improvements in observed metacognitive teaching practices also have implications for the
development of reflective practice (Arwin et al., 2024; Sunarti et al., 2024). Rather than relying primarily on
retrospective reflection after lessons, the findings suggest that structured experiences—requiring prospective and
concurrent awareness of students’ thinking processes—may be more effective in developing the instructional skills
necessary to support metacognition in young learners.

4.6 Limitations and Future Directions

While the findings are promising, several limitations should be acknowledged. The study's focus on a single
institution and specific regional environment may limit generalizability, particularly regarding the environmental
contexts that proved effective. Future research should explore the adaptation of similar models in other cultural and
ecological settings to identify both universal and context-specific success factors.

The relatively short intervention period, although sufficient to demonstrate significant improvements in Grade 3
students’ mathematical metacognitive abilities, does not address questions about long-term retention and application.
Follow-up studies tracking students’ metacognitive growth over an extended period would provide valuable insights
into the sustainability of the observed changes.
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The study’s focus on PGSD students during field practice also raises questions about adaptation for in-service
teacher professional development. The high levels of engagement and improvement observed here may be partly due
to participants’ developmental stage and openness to adopting new approaches. Experienced teachers with
established practices may require different strategies for effectively integrating IT applications and environmental
contexts to support metacognitive development.

Future research should also examine the specific cognitive and motivational mechanisms by which environmental
contextual relevance enhances the integration of IT applications into mathematics instruction. Understanding these
processes could inform more targeted interventions and contribute to refining theoretical models of
technology-context integration for metacognitive skill development in primary mathematics.

The strong results of this study establish a foundation for expanded research into integrated approaches to primary
mathematics instruction that recognize the interconnected nature of technological, pedagogical, and contextual
competencies (Handrianto et al., 2023). The evidence for significant impact on both student outcomes and PGSD
students’ instructional design skills suggests that such approaches may be essential for preparing teachers capable of
meeting the complex demands of 21st-century primary mathematics education.

5. Conclusion

This study successfully demonstrated that adapting an IT application-based contextual mathematics learning
model—integrating tools such as Matific and Canva with environmental contexts—can produce significant
improvements in Grade 3 students' mathematical metacognitive abilities when implemented by PGSD students
during field practice. The remarkable gains observed across all measured components, from metacognitive awareness
to strategy monitoring and self-reflection, provide compelling evidence that integrated approaches grounded in
established theoretical frameworks, such as TPACK and Contextual Teaching and Learning, can effectively bridge
the gap between educational innovation and classroom practice in primary mathematics. The study's unique
contribution lies in showing how environmental contextual relevance—using familiar objects, animals, and plants
from students' surroundings—serves as a critical mediator for successful IT application-based instruction. This
challenges traditional sequential approaches to teacher preparation by demonstrating that meaningful contexts make
digital tools more purposeful, while technology makes contextual connections more accessible and engaging for
young learners. However, several limitations must be acknowledged, including the study's focus on a single
institution and regional environment, the relatively short intervention period, which does not address long-term
retention, and the specific developmental stage of PGSD students, which may limit generalizability to in-service
professional development contexts. Future research should examine adaptations of similar integrated models in
varied educational and ecological contexts, conduct longitudinal studies to track the sustainability of metacognitive
gains, investigate the cognitive and motivational mechanisms through which environmental contexts enhance
technology-supported metacognition, and explore modifications suited for experienced teachers with established
practices. The methodological contribution of this study, through a design-based research approach, offers a
replicable model for refining and implementing instructional innovations that enhance mathematical metacognition
in primary classrooms. The evidence suggests that experiential engagement with integrated, contextually relevant,
and technology-supported learning designs may be more effective than purely theoretical exposure in promoting
lasting improvements in both teaching practices and student thinking, ultimately preparing
educators to meet the complex demands of 21st-century primary mathematics education.
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