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ABSTRACT

The present study was conducted to investigate the role of the game[based Wordwall
platform in reducing mathematics anxiety and enhancing cognitive presence among
fifth [grade elementary students. This applied research employed a quasiléxperimental
design using a pretest—posttest control group. The statistical population consisted of
all fifth(grade students at Andisheh[Sazan(é Bartar School in Sanandaj during the
20242025 academic year. From this population, 40 students were selected through
convenience sampling and randomly assigned to an experimental group and a control
group (20 students in each group). The expetimental group participated in an
eight[session instructional program based on the Albased Wordwall protocol, while
the control group received traditional instruction. Data collection instruments
included the Children’s Mathematics Anxiety Scale (Chiu & Henry, 1990),
encompassing dimensions of learning anxiety, problem-solving anxiety, teacher
anxiety, and evaluation anxiety, and the Cognitive Presence Questionnaire (Arbaugh
et al.,, 2008), comprising the stages of triggeting event, exploration, integration, and
resolution ot application. The results of the multivariate analysis of covariance
(MANCOVA) indicated that the instructional intervention significantly reduced
overall mathematics anxiety and enhanced cognitive presence. A detailed analysis of
the subcomponents showed that learning anxiety, problem[solving anxiety, and
evaluation anxiety decteased significantly, whereas no significant change was
observed in mathematics[teacher anxiety. Regarding cognitive presence, the stages of
triggeting event, exploration, and integration improved significantly, while the final
stage—tesolution ot application—did not show a statistically significant effect. These
findings highlight the effectiveness of interactive artificial intelligence in improving
students’ cognitive experiences and reducing testltelated anxiety. Accordingly, it is
recommended that teachers employ digital gamified environments to entich the
assessment environment and deepen exploratory processes in mathematics
instruction.
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Introduction

Mathematics education at the elementary level plays a critical role in students’
cognitive development, problem-solving skills, and future academic pathways.
Nevertheless, mathematics is often perceived as an abstract and demanding
subject that evokes anxiety, particularly in the eatrly years of schooling.
International assessments indicate that many elementary students experience
difficulties in engaging cognitively and emotionally with mathematics, which
negatively affects achievement and learning motivation (OECD, 2022). This
challenge has been reported across diverse educational and cultural contexts
(Tezer & Karasel, 2010; Nurkarim Qonita & Monterroza, 2023).

In the Iranian educational context, mathematics anxiety has been widely
documented among primary school students and is frequently associated with
teacher-centered instructional practices, limited classroom interaction, and
assessment approaches that emphasize correct answers rather than conceptual
understanding. Such conditions can reduce students’ motivation, confidence,
and engagement, leading to avoidance behaviors and emotional distress (Rahimi
et al., 2016; Bateni et al., 2023). Early negative experiences with mathematics
may have long-term consequences for students’ academic choices and emotional
well-being (Piccirilli, 2024).

Mathematics anxiety is commonly defined as feelings of tension and
apprehension that interfere with mathematical performance by disrupting
working memory and reducing problem-solving efficiency (Nazari-Doust &
Bagheri, 2023; Tanjung et al., 2024). However, research suggests that reducing
anxiety alone is insufficient for improving learning outcomes; instructional
approaches must also support meaningful cognitive engagement. Within this
framework, cognitive presence, derived from the Community of Inquiry (Col)
model, refers to learners’ ability to construct meaning through sustained
reflection and inquiry (Garrison et al., 2010). According to Arbaugh et al. (2008),
cognitive presence develops through four stages—triggering event, exploration,
integration, and resolution—and weaknesses at any stage may result in
superficial learning (Villanueva et al., 2022).

Recent advances in educational technology highlight gamification as an
effective strategy for addressing both emotional and cognitive challenges in
mathematics learning. Gamified environments can reduce psychological
pressure, increase participation, and promote exploratory learning (Deterding et
al., 2011; Utomo et al., 2014). In particular, Al-supported platforms such as
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Wordwall offer interactive activities and immediate feedback that enhance
motivation and conceptual understanding (Hasan et al., 2024; Putri et al., 2024;
Lestari & Rohmani, 2024). Despite these benefits, limited research has examined
the combined effects of Wordwall-based gamification on mathematics anxiety
and cognitive presence in face-to-face elementary classrooms. Accordingly, the
present study investigates the impact of Al-based Wordwall gamification on
mathematics anxiety and cognitive presence among fifth-grade students.

Research Questions
Based on the theoretical framework and the identified gaps in prior research, the
study addressed the following research questions:

1. Does the use of Al-based Wordwall gamification significantly reduce
mathematics anxiety among fifth-grade elementary students?

2. Does the use of Al-based Wordwall gamification significantly enhance
cognitive presence and its subcomponents (triggering event, exploration,
integration, and resolution) among fifth-grade elementary students?

Methodology

This study used a quasi-experimental pretest—posttest control group design. The
population included fifth-grade students at Andisheh Sazan-e Bartar School in
Sanandaj, Iran, during the 2024-2025 academic year. Two intact classes were
selected through convenience cluster sampling and randomly assigned to an
experimental and a control group (n = 20 each; mean age = 10.2 years).

The experimental group received an eight-session Al-supported Wordwall
gamified instruction, while the control group was taught using traditional
methods. Data were collected using the Children’s Mathematics Anxiety Scale
and the Cognitive Presence Questionnaire, both of which have demonstrated
validity and reliability in Iranian contexts. Data were analyzed using
MANCOVA, controlling for pretest scores, after confirming the required
statistical assumptions.

Results

The results of the MANCOVA revealed a significant multivariate effect of the
instructional intervention on the combined dependent variables of mathematics
anxiety and cognitive presence (Wilks’ Lambda = 0.154, FF = 15.749, p <.001, »*
=.846). This finding indicates that the Al-based Wordwall intervention had a
substantial overall impact compared to traditional instruction.
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Univariate ANCOVA results demonstrated significant reductions in learning
anxiety, problem-solving anxiety, and evaluation anxiety among students in the
experimental group (p <.001). However, no statistically significant difference
was observed for teacher-related mathematics anxiety, suggesting that this
dimension may be influenced by more stable interpersonal or contextual factors
beyond short-term instructional interventions.

Regarding cognitive presence, significant improvements were found in the
triggering event, exploration, and integration stages for the experimental group
(p <.001). These results indicate enhanced initial engagement, active inquiry, and
conceptual integration facilitated by Wordwall’s interactive and feedback-rich
environment. In contrast, the resolution or application stage did not show a
statistically significant difference between groups, suggesting that deeper transfer
and application of knowledge may require longer or more scaffolded
interventions. Adjusted posttest means further confirmed that students exposed
to Wordwall-based instruction exhibited lower mathematics anxiety and higher
levels of cognitive presence compared to their peers in the control group.

Conclusion

The findings of this study provide robust empirical evidence for the
effectiveness of Al-based Wordwall gamification in reducing mathematics
anxiety and enhancing cognitive presence among fifth-grade elementary
students. By integrating interactive tasks, immediate feedback, and motivational
game elements, Wordwall created a low-pressure learning environment that
alleviated emotional barriers while simultaneously promoting meaningful
cognitive engagement.

The differential effects observed across subcomponents highlight important
pedagogical implications. While gamified instruction effectively supported early
and intermediate stages of cognitive presence, fostering the resolution or
application stage may require extended instructional time, explicit problem-
transfer activities, or complementary instructional strategies. Overall, this study
contributes to the literature by empirically linking Al-based gamification with
both emotional and cognitive dimensions of mathematics learning in elementary
education. Practically, the results suggest that teachers and curriculum designers
should consider integrating gamified digital tools such as Wordwall to enrich
mathematics instruction, reduce anxiety, and support deeper cognitive
engagement. Future research may explore longitudinal implementations and
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instructional designs that further strengthen the application stage of cognitive
presence.
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