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This study aimed to examine the effect of the teacher’s deliberate error strategy, using
an explicit approach, on enhancing sixth-grade students’ mathematics learning and
critical thinking. Employing a quasi-experimental design (pretest-posttest with a control
group) and a mixed-methods approach (quantitative and qualitative), the research was
conducted in a public elementary school in Tehran during the 2024—-2025 academic year.
The study population included sixth-grade male students; two intact classes (each with
32 students) were non-randomly assigned to experimental and control groups. The
experimental group received mathematics instruction based on the deliberate error
strategy over six 45-minute sessions, while the control group received traditional
instruction. Data were collected using a standardized provincial mathematics
achievement test and a researcher-developed performance checklist, which was
validated by five educational experts using CVR/CVI methods and aligned with the
theoretical framework. Quantitative data were analyzed using ANCOVA, and qualitative
data were examined through directed content analysis. Qualitative codes, grounded in a
theoretical framework, were organized into four main themes: enhanced accuracy in
learning, strengthened scientific risk-taking, cognitive engagement and mathematical
dialogue, and internalization of concepts through error analysis. The reliability of these
codes was confirmed through peer review with a Kappa coefficient of 0.85. Findings
indicated that the experimental group showed significant improvement in mathematics
learning (posttest scores, p < 0.001) and critical thinking—as evidenced by the
performance checklist and qualitative themes—compared to the control group.
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Introduction

The integration of innovative teaching strategies in elementary education is pivotal for fostering deep
learning and cognitive development. Among these strategies, the deliberate error teaching method has
emerged as a promising approach to actively engage students in the learning process, particularly in
mathematics, where critical thinking and problem-solving skills are essential (Wong & Lim, 2022). This
method involves teachers intentionally introducing errors during instruction to stimulate students’
analytical skills, encourage error identification, and promote conceptual understanding. Unlike traditional
teaching methods that emphasize the passive reception of information, deliberate error teaching aligns with
experiential learning theories, such as those proposed by Carl Rogers (1969), which advocate for active
learner involvement through discovery and analysis.

Research indicates that error-based learning enhances conceptual understanding by allowing students
to establish stronger cognitive connections and internalize knowledge more effectively (Muilwijk &
Lazonder, 2023). Furthermore, creating a supportive classroom environment where errors are viewed as
learning opportunities can reduce anxiety, boost self-confidence, and foster a positive attitude toward
mistakes (Soncini et al., 2021). Despite its potential, the application of deliberate error teaching in
elementary settings, particularly in mathematics, remains underexplored, necessitating further
investigation into its efficacy and optimal implementation strategies.

Method

This study employed a quasi-experimental, pretest-posttest control group design with a mixed-methods
approach to investigate the impact of deliberate error teaching on mathematical learning and critical
thinking among sixth-grade elementary students. Conducted in a public school in Tehran during the 2024
2025 academic year, the population comprised sixth-grade male students. Two intact classes (each with
32 students) were non-randomly assigned to experimental and control groups due to practical constraints,
including school access and ethical considerations. The experimental group participated in six 45-minute
mathematics sessions using an explicit deliberate error approach, in which the teacher introduced
intentional errors (e.g., miscalculations in fractions, incorrect algorithmic steps, or omitted problem-
solving stages) and encouraged students to identify, analyze, and correct them through guided discussions.
The control group received conventional instruction focused on direct teaching.

Data were collected using a standardized provincial mathematics achievement test, validated by five
educational experts using CVR/CVI methods, and a researcher-developed performance checklist assessing
accuracy, class participation, error correction ability, and self-confidence (Cronbach’s alpha = 0.87; Field,
2018). Quantitative data were analyzed using analysis of covariance (ANCOVA) to control for pretest
differences, with assumptions of variance equality (Levene’s test, p > 0.05) and homogeneity of regression
slopes confirmed. Qualitative data from classroom observations and checklist responses were evaluated
through directed content analysis, following the three-stage coding process (open, axial, and selective)
proposed by Strauss and Corbin (1998). Codes were organized into four themes (enhanced accuracy,
scientific risk-taking, cognitive engagement, and concept internalization) and validated via peer review
(Kappa coefficient = 0.85).

Results

Quantitative findings confirmed baseline equivalence between groups based on pretest scores. The analysis
of covariance (ANCOVA), controlling for pretest scores, showed that the experimental group (M =17.90,
SD = 2.05) significantly outperformed the control group (M = 15.10, SD = 2.30) in mathematical
achievement (F(1,61)=16.57, p <0.001), with the ANCOV A assumptions of variance equality (Levene’s
test, p > 0.05) and homogeneity of regression slopes met. The experimental group also showed superior
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performance on the researcher-developed checklist (M = 17.45, SD = 1.88 versus M = 14.62, SD = 2.31),
particularly in accuracy, participation, error correction, and self-confidence.

Qualitative findings revealed that students in the experimental group shifted from passive to active
learners, displaying greater confidence in identifying errors and engaging in analytical discussions. For
example, students corrected errors such as, “1/2 + 1/3 = 2/5 is wrong; it should be 5/6,” demonstrating
deeper conceptual understanding. They exhibited increased attention, took intellectual risks by voicing
uncertain reasoning (e.g., “I think the algorithm skipped a step”), and engaged in mathematical dialogue.
Analyzing intentional teacher errors fostered critical reflection and collaborative problem-solving, thereby
aiding the internalization of mathematical concepts. These qualitative themes—enhanced accuracy,
strengthened scientific risk-taking, cognitive engagement and mathematical dialogue, and concept
internalization through error analysis—were validated via peer review (Kappa coefficient = 0.85).

Conclusions

This study demonstrates that the deliberate error teaching strategy significantly enhances sixth-grade
students’ mathematical achievement, cognitive performance, and attitudes toward learning. Quantitative
findings, derived from ANCOVA, showed significant improvement in the experimental group’s posttest
scores compared to the control group, with superior performance in accuracy, participation, error
correction, and self-confidence on the performance checklist. Qualitative results confirmed that this
method fosters active learning, reduces anxiety, and strengthens critical thinking and problem-solving by
creating a safe environment for error analysis. These findings align with prior research, such as Bahrami
et al. (2024), Griffin (2019), and Soncini et al. (2021), which highlight the role of guided errors in
promoting positive attitudes and supportive learning environments, and with Rogers’ (2009) experiential
learning theory emphasizing discovery-based learning. Practically, this method is effective for
mathematics instruction, requiring tailored error design, gradual guidance, and a supportive classroom.

Despite limitations, including non-random sampling and a focus on one school and subject, the study
suggests teacher training in error design, use of performance checklists, and extending the method to
subjects like science or Persian. Future research should use larger, randomized samples to explore
motivation and self-efficacy, contributing to innovative, student-centered pedagogies.
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