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Objective: The present study aimed to determine the effectiveness of an RTI-based
instructional program in improving procedural knowledge and conceptual understanding
in students with mathematical learning disabilities.

Methods: This research employed a quasi-experimental design with a pretest—posttest—
follow-up and a control group. The statistical population consisted of fourth-grade male
students with mathematical learning disabilities in Semnan during the 2023-2024
academic year. A voluntary sampling method was used, and after screening, 16 students
were randomly assigned to the experimental and control groups (8 students in each
group). The experimental group received an instructional program based on RTI over 18
thirty-five-minute sessions across six weeks, whereas the control group received a lower-
intensity version over 5 sessions. Procedural knowledge and conceptual understanding
were measured at three time points, and data were analyzed using repeated-measures
MANOVA.

Results: The findings showed that the average scores of the experimental group compared
to the control group in problem solving and addition, subtraction, multiplication, and
division scores not only increased significantly in the post-test, but also the effects were
stable until follow-up.

Conclusions: The RTI-based instructional approach is effective in improving procedural
knowledge and conceptual understanding among students with mathematical learning
disabilities and can be utilized in instructional programs tailored to their needs.
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Extended Abstract

1. Introduction

In real-world scenarios, students often face challenges not predicted in textbooks, requiring
creative thinking beyond conventional methods (Li, 2023). Mathematical thinking is a vital
competence for life and a key educational goal worldwide (Ineson & Povey, 2020; Goos &
Kaya, 2019). This study focuses on students with mathematical learning disabilities (MLD),
which affect approximately 2.3% of the student population (Alipoor et al., 2012). These
students struggle with applying mathematical skills even after receiving remedial
instruction and educational support, these students continue to experience persistent
difficulties in transferring mathematical knowledge to novel situations. This research
examines how the "Pirate Math Equation Quest" (PMEQ) intervention program can
enhance both procedural knowledge and conceptual understanding in students with MLD,
focusing on explicit instruction, modeling, feedback, and gradual content breakdown (Fuchs
etal., 2021; Powell et al., 2021).

2. Materials and Methods

A quasi-experimental pretest—posttest follow-up design with a control group, was utilized.
The statistical population comprised all fourth-grade boys with MLD in Semnan (2023—
2024 academic year). Sixteen participants were selected via voluntary sampling based on
inclusion criteria: MLD diagnosis (>22-point standard score discrepancy on KeyMath-
Revised Diagnostic Assessment; Connolly, 1988), IQ >85 (Wechsler Intelligence Scale-V;
Wechsler, 2014), >26 on the Wepman Auditory Discrimination Test (Wepman, 1987), >85
on the Frostig Developmental Test of Visual Perception (Frostig, 1963), subclinical scores
on the Child Symptom Inventory-4 (CSI-4; Gadow & Sprafkin, 1994), and no comorbid
disorders (per educational records). Instruments included: Wechsler Scale-V (reliability
0.75-0.92; Karami et al., 2020), KeyMath-Revised (reliability 0.84-0.98; Mohammad
Esmaeil & Homan, 2003), CSI-4 (reliability 0.90; Tavakkolizadeh et al., 1996), Wepman
Test (reliability 0.79; Narimani & Rajabi, 2005), and Frostig Test (reliability 0.67; kord
Nogabi & Dortaj, 2007). The experimental group (n=8) received 18 PMEQ sessions (35
minutes/session, 3 sessions/week), while the control group (n=8) received a low-intensity
version (5 sessions). The intervention incorporated explicit instruction in counting strategies
(Powell et al., 2021), schema-based problem solving using four major schemas (total,
difference, change, and equal groups), the RUN attack strategy (Peltier et al., 2022), and
and the concrete-representational-abstract (CRA) instructional sequence (Powell et al.,
2020a). Assessments comprised KeyMath-3 Diagnostic Assessment subtests (addition,
subtraction, multiplication, division, word problems) at pretest, posttest, and 1-month
follow-up. Data were analyzed using doubly multivariate repeated-measures MANOVA
with Huynh-Feldt adjustment for word problems (Tabachnick & Fidell, 2019) in SPSSzs.

3. Results

The mean scores of the experimental group showed a significant increase in post-test and
follow-up. The post-test results had a significant impact on the variables of addition (12 =
0.67), subtraction (12 = 0.80), multiplication (12 = 0.64), division (n2 = 0.73), and problem
solving (n2 = 0.91). Also, the effect of the intervention one month later on the variables of
addition (n2 = 0.72), subtraction (n2 = 0.89), multiplication (n2 = 0.53), division (12 =
0.80), and problem solving (n2 = 0.85) was stable. Statistical and descriptive assumptions
were checked. Normal distribution was established. Homogeneity of variance was checked
with the Levene's test, which was true for all variables. Mauchly's sphericity test showed
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that the sphericity assumption was established for addition, subtraction, multiplication, and
division. The between-group effect (Pillai's Trace=0.95, F (5,10) =38.02, p<0.05, 1>=0.95)
was significant. The within-group effect (time) (Pillai's Trace=0.99, F (10,5) =517.21,
p<0.05,1?=0.99) was significant. The interaction effect of group % time (Pillai's Trace=0.99,
F (10,5) =114.86, p<0.05, n?=0.99) was also significant. All pairwise comparisons between
groups were significant at posttest and follow-up.

4. Discussion and Conclusion

The PMEQ intervention significantly improved the procedural and conceptual knowledge
of students with MLD. This study supports international evidence that structured
interventions like PMEQ are effective in improving math performance in students with
mathematical learning disabilities (Powell et al., 2020; Stevens, 2022). The use of multi-
modal representations, including tools, symbols, and images, helped students better
understand mathematical structures and solve word problems. The combination of explicit
instruction, schema-based problem-solving, and gradual practice also increased student
motivation and reduced math anxiety. These results align with studies by Lin & Powell
(2023), showing the sustainability of learning and the importance of schema-based
strategies in improving math understanding.

The research contributes to the Iranian educational system by demonstrating the
effectiveness of explicit, structured interventions for students with MLD. It suggests that
the PMEQ program can be used to improve both procedural and conceptual knowledge,
offering a promising approach for enhancing math education in schools and learning
disability centers.

5. Ethical Considerations

Compliance with ethical guidelines: All ethical principles were observed in this study.
Participants entered the intervention program with informed consent from both their parents
and themselves. They were fully informed about the intervention process, including its
purpose and procedures, and were assured that they could withdraw from the study at any
time without any consequences. Participants were kept informed about the results of the
assessments throughout the study. At the end of the follow-up period, the intervention was
also provided in full to the control group to ensure that all students received the necessary
support.
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