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Extended Abstract

1. Introduction

Students with mathematical learning disabilities (MLD) face significant challenges in
solving word problems, often exacerbated by deficits in cognitive and behavioral attention
(Jitendra et al., 2021). Approximately 8% of elementary school children worldwide and 7%
in Iran exhibit MLD (Ebrahimi et al., 2022; Geary, 2021), while around 10% experience
general mathematics difficulties (MD) (Nelson & Powell, 2018). These issues are
frequently intensified by impairments in cognitive attention, which involves allocating
resources to relevant stimuli, and behavioral attention, reflecting engagement during
problem-solving tasks (Peng et al., 2022; Posner & Petersen, 1990). Solving mathematical
word problems requires cognitive processes such as text comprehension, mathematical
modeling, and schema identification (Swanson et al., 2020; Kintsch & Greeno, 1985).

The model of word problem solving posits that it encompasses constructing micro- and
macro-structures of the text, making mathematical inferences, and recognizing problem
schemas (Kintsch & Greeno!, 1985). For students with MLD, these processes are
particularly challenging due to cognitive deficits (Fuchs et al., 2020). Word problems are
linguistically embedded tasks demanding identification of key information, equation
formulation, and computation execution (Swanson et al., 2020). For instance, a problem
like "Ali has 46 tomans. He spends 14 tomans at a stationery store and 25 tomans at a
supermarket. How much did he spend?" involves text comprehension, modeling, planning,
calculation, and interpretation, all reliant on sustained attention (Peng et al., 2020).

Students with MLD demonstrate pronounced deficits in higher-order cognitive skills,
especially attention (Fuchs et al., 2020). Even without ADHD diagnosis, individuals with
learning disorders exhibit attention problems (Peng et al., 2018), which impair word
problem performance and extend to daily life functionality (Peng et al., 2022). Numerous
interventions target word problem solving, with U.S. Department of Education guidelines
recommending direct instruction in elementary grades (Gersten et al., 2009). Meta-analyses
by the National Mathematics Advisory Panel (2008) and Ebrahimi et al. (2020) support this,
showing schema-based instruction (SBI) outperforms traditional methods (Jitendra, 2021).

In SBI, students identify problem types and apply schemas to solve them (Jitendra et al.,
2021). They read the question, underline the query, label the schema (e.g., total schema as
P1 + P2 =T), rewrite relevant information, and strike irrelevant details to reduce working
memory load and facilitate equation building (Fuchs et al., 2019). Extended SBI
incorporates additional elements like irrelevant information, problem type combinations,
real-life transfer features, and extended maintenance trials, leading to enhanced
performance (Fuchs et al., 2004).

Prior studies on SBI for elementary students with MD have focused on problem-solving
gains or moderators like age, problem structure, teacher implementation, session duration,
or group size (Passolunghi & Pazzaglia, 2005; Peng et al., 2018; VanderSluys et al., 2004).
Some examined attention as a predictor of math performance (Passolunghi & Pazzaglia,
2005; Peng et al., 2018; VanderSluys et al., 2004), but none directly assessed how SBI
influences cognitive and behavioral attention during word problem solving. This gap is
critical, as attention deficits uniquely contribute to math variance (Powell et al., 2017).
Cognitive attention refers to resource allocation to stimuli (Posner & Petersen, 1990), while
behavioral attention indicates task engagement (Fuchs et al., 2020).

Significant correlations exist between cognitive attention measures and math
performance (Lindsay et al., 2001; VanderSluys et al., 2004), and improved behavioral
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attention boosts word problem solving (Powell et al., 2017). The current study targets
second-grade students, where MLD diagnosis typically occurs (Fletcher et al., 2006) and
curriculum emphasizes word problems (Powell, 2011). Substantial growth in multi-digit
computation and word problem solving emerges at this developmental stage (Fuchs et al.,
2014; Geary, 2011).

Gold et al. (2013) found behavioral inattention ratings correlated with third-grade math
performance, but cognitive attention showed weak links, possibly due to the Attention
Network Test (ANT) inadequately capturing math-related constructs and behavioral ratings
not fully reflecting cognitive deficits. This study employs the Integrated Visual and
Auditory (IVA) test for cognitive attention due to its reliability, sensitivity (92%), and
predictive power (89%) for attention issues, including learning disorders (IVA manual,
2020). It addresses prior inconsistencies by using objective measures alongside behavioral
ones (Peng et al., 2018).

Unlike previous research focusing solely on word problem gains or moderators (Fuchs
etal.,2021; Dazi et al., 2017), this study examines SBI's impact on cognitive and behavioral
attention in second-grade students with MLD/MD. It uniquely uses IVA for cognitive
assessment. Given attention's role in word problems and limited SBI-focused research, this
investigation is essential. Research question: To what extent does extended SBI improve
cognitive and behavioral attention in second-grade students with MLD?

2. Materials and Methods

This single-case experimental design employed a multiple baseline across behaviors (MB)
to evaluate extended schema-based instruction (SBI) on cognitive and behavioral attention
in word problem solving. Four second-grade female students from Tabriz, Iran (2022-2023
academic year), aged 8-9 years, were selected via the Learning Disability Evaluation Scale
(LDES-4; Pazoki et al., 2023; a>0.86, test-retest 0.88-0.91) for MLD/MD, excluding
visual/auditory impairments, severe psychosocial issues, non-fluent Persian speakers,
intellectual delays, or medicated ADHD. Informed consent was obtained; sessions occurred
individually post-school in a clinic.

The "Pirates" protocol delivered 28 sessions (3/week, 30 min each) targeting total and
difference word problems, building basic skills (e.g., number line addition/subtraction)
before schema identification, relevant/irrelevant info circling, equation writing, and real-
life transfer. Cognitive attention was assessed via IVA-2 (2020 version; 13-min continuous
performance task measuring response control and attention via 500 1.5-s stimuli; rules: click
for "1" visual/auditory, inhibit for "2"; validity r=0.46-0.88). Behavioral attention used the
SWAN teacher rating scale (Swanson et al, 2012; 18 items, 1-7 scale for
inattention/hyperactivity; a=0.98). Word problem performance was measured with
Vanderbilt second-grade problems (Fuchs & Seethaler, 2008; 18 items across
total/difference/change types, with/without distractors; 1-min/item; a=0.93).

Data collection was simultaneous across baselines, with staggered interventions. Visual
and quantitative analyses used R software (SCDA/SSD packages; Manolov, 2017) per What
Works Clearinghouse standards, examining level, trend, variability, immediacy, overlap
(PEM, NAP, TAU), and stability. Effect sizes via standardized mean difference (SMD;
Hedges et al., 2012; Cohen's criteria: small <0.87, medium 0.87-2.67, large >2.67).

3. Results

Visual analyses and overlap indices (PEM) indicated significant improvements in cognitive
attention post-SBI. For auditory attention, means increased (P1: 85 to 86.62, A=1.62; P2:
A=6.11; P3: A=17.1; P4: A=17.53), with large effects (SMD: P1=0.81 small,
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P2=3.57/P3=3.99/P4=2.94 large). Visual attention showed greater gains (P1: 60.67 to
66.75, A=6.08; P2: A=9.82; P3: A=5.3; P4: A=10.07; SMD: P1=1.99 medium, others large).
Trends shifted positively (Theil-Sen: baseline negative/slight to intervention positive),
variability increased mildly indicating engagement, and immediacy was mixed (negative
for some auditory, positive visual). NAP/TAU confirmed medium-large effects (auditory
NAP: 0.52-1; visual: 0.75-0.96).

Behavioral attention improved markedly on SWAN (lower scores indicate better
attention): means decreased (P1: A=-19.71; P2: -20.71; P3: -19.37; P4: -20.57), with large
effects (SMD: -25.64 to -36.74). All data points exceeded baseline stability envelopes;
trends steepened negatively (Theil-Sen A baseline ~0 to B intervention -3.3 to -4.6);
PEM/NAP/TAU=1/100% overlap non-overlap. Immediacy was immediate (negative
shifts).

Word problem solving on Vanderbilt advanced significantly (P1: A=8.67; P2:7.61; P3:9;
P4:10.57), large effects (SMD:7.50-25.88). Most points outside baseline bands; positive
trends, low variability post-intervention; PEM/NAP/TAU near 1.

4. Discussion and Conclusion

This single-case study demonstrated that extended schema-based instruction (SBI) via the
Pirates protocol significantly enhanced cognitive and behavioral attention, as well as word
problem solving (WPS) performance, in second-grade girls with MLD/MD. Improvements
in cognitive attention were evident but delayed, peaking in later sessions, aligning with the
hypothesis and prior links between high-level cognition and math difficulties (Fuchs et al.,
2009; Swanson & Beebe-Frankenberger, 2004). IVA results (SMD 0.81-3.99 auditory,
0.94-3.92 visual) varied by participant, with larger visual gains possibly due to SBI's
emphasis on visual schema representation. This contrasts Gold et al. (2013)'s weak
cognitive-math links, attributable to ANT's limitations; IVA's targeted design better
captured SBI's structured strategies reducing cognitive load (Sweller et al., 1990). Delayed
effects reflect the need for repeated practice to consolidate neural pathways (Amso & Scerif,
2015).

Behavioral attention gains were robust and earlier-onset (SMD -22.74 to -36.74),
consistent with studies linking it to math engagement (Hessinger-Das et al., 2014; Fuchs et
al., 2006; Clements et al., 2016). SBI's explicit routines fostered self-regulation and focus,
explaining quicker responsiveness versus cognitive shifts. WPS improvements (SMD 7.50-
25.88) corroborate SBI efficacy (Dazi et al., 2017; Fuchs et al., 2006), as schema training
aids conceptual understanding, fluency, and problem representation (Merkley et al., 2018;
Jitendra & Star, 2011).

Overall, SBI addresses attention deficits underlying MLD, promoting structured
strategies for better self-regulation and transfer. Findings extend literature by integrating
attention metrics into SBI evaluation, using reliable tools like IVA/SWAN, and focusing on
early elementary intervention. Limitations include IVA's length causing fatigue (potentially
underestimating gains), teacher bias in mid-year SWAN ratings, and unassessed reading-
math comorbidity. Future research should employ briefer cognitive tools, multi-rater
behavioral assessments, early-year interventions, and comorbidity controls; longitudinal
follow-ups and larger samples could verify durability. Incorporating SBI into curricula
could efficiently remediate MLD with targeted, cost-effective support.

5. Ethical Considerations

Compliance with ethical guidelines: Participation required informed consent from parents
and assent from students, with full disclosure of procedures and goals in initial meetings.
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