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Abstract:

Objective: This study aimed to determine the effectiveness of skilled crystallized intelligence
training on improving processing speed and attention in female students with learning disabilities.
Methods and Materials: This research employed a quasi-experimental pretest—posttest design with
a control group. The population consisted of 7-9-year-old female students with learning disabilities
in District 6 of Tehran in 2026. Thirty participants were selected using purposive sampling and
randomly assigned to experimental and control groups (n=15 each). The experimental group
received a 12-14 session crystallized intelligence training program. Instruments included the
Conners Parent Rating Scale, attention test, and processing speed test. Data were analyzed using
ANCOVA and MANCOVA.

Findings: Results indicated a significant difference between groups in processing speed and
attention after the intervention (p<0.05). Multivariate analyses confirmed significant effects on
visual processing, encoding, sequencing, and multiple attention components. Large effect sizes and
high statistical power supported the robustness of the intervention effects.

Conclusion: Skilled crystallized intelligence training enhances cognitive organization, prior
knowledge utilization, and automatic processing, leading to significant improvements in processing
speed and attention among students with learning disabilities. This approach can be considered an
effective educational and cognitive rehabilitation intervention.
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Extended Abstract

Introduction

Learning disabilities represent a major challenge within
contemporary educational systems, particularly during early
schooling years when foundational cognitive and academic
skills are formed. Students with learning disabilities often
exhibit persistent difficulties in essential cognitive domains
such as processing speed and attention, both of which are
critical for efficient learning and academic performance.
Processing speed refers to the ability to perceive, interpret,
and respond to information rapidly, whereas attention
involves the capacity to selectively focus on relevant stimuli
while ignoring distractions. Deficits in these domains are
associated with lower academic achievement, reduced
adaptive functioning, and increased risk of long-term
educational difficulties (Mascia et al., 2023; Wagner, 2022).

From a theoretical standpoint, intelligence has long been
recognized as a central construct in understanding cognitive
performance and learning processes. The Cattell-Horn—
Carroll (CHC) theory provides a comprehensive framework
for conceptualizing intelligence, distinguishing between
fluid intelligence and crystallized intelligence (Schneider &
McGrew, 2022). Crystallized intelligence refers to
accumulated knowledge, learned skills, and culturally
mediated cognitive competencies developed through
education and experience. This form of intelligence plays a
fundamental role in comprehension, reasoning, and
information processing, particularly in structured learning
environments (Pyle, 2023; Rusche & Ziegler, 2023). In
contrast, fluid intelligence is associated with problem-
solving in novel situations. However, the interaction
between these two forms of intelligence shapes overall
cognitive functioning and academic success (Kovacs & Pleh,
2023).

Recent empirical findings highlight that crystallized
academic

intelligence is strongly associated with

achievement, working memory, and domain-specific

knowledge structures. It contributes to more efficient
cognitive processing by enabling individuals to rely on prior
knowledge rather than engaging in effortful problem-solving
for every task (Loughnan et al., 2023; Zahmatkesh et al.,
2016). Moreover, well-developed knowledge networks
reduce cognitive load and facilitate faster information
retrieval, thereby enhancing processing speed and
attentional control (Rusche & Ziegler, 2023). These
mechanisms are particularly relevant for students with
learning disabilities, who often struggle with inefficient
information processing and limited cognitive resources.

In response to these challenges, cognitive and educational
interventions have increasingly focused on strengthening
core cognitive abilities. Training programs targeting
crystallized intelligence have been proposed as effective
approaches for improving learning outcomes by enhancing
knowledge acquisition and cognitive organization (Seadatee
Shamir, 2025). Such interventions aim to systematically
develop perceptual, attentional, and memory-related skills
through structured and repeated practice, thereby promoting
cognitive efficiency. Empirical evidence supports the
effectiveness of these approaches, demonstrating
improvements in crystallized intelligence and related
cognitive functions following targeted training (Ghanbari &
Saadati Shamir, 2023; Saadati Shamir & Mousavi Fazli,
2023).

Furthermore, previous studies have shown that
educational interventions, including metacognitive and
perceptual training, can significantly enhance cognitive
performance and academic skills in students. For instance,
metacognitive training has been found to increase
crystallized intelligence and improve learning strategies
among secondary school students (Goran Savadkouhi et al.,
2023). Similarly, perceptual and attention-based training
programs have demonstrated effectiveness in reducing
attention deficits and improving cognitive functioning
(Saadati Shamir, 2023). Additionally, psycho-educational

interventions based on crystallized intelligence frameworks
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have been shown to significantly improve attention in
students with learning disabilities (Roghani et al., 2024).

Beyond cognitive outcomes, research indicates that
intelligence-related training programs can influence broader
developmental domains, including social intelligence,
motivation, and psychological well-being. For example,
communication skills training has been shown to enhance
social intelligence and achievement mativation (Ramadan &
Abdou, 2024), while counseling programs have improved
social intelligence among vulnerable populations (Eid Zidan
Muhammad, 2023). Similarly, interventions targeting
emotional regulation and mindfulness have demonstrated
positive effects on cognitive and emotional functioning
(Alinejad & Akhlaghi Yazdi Nejad, 2023; Ardani & Eslami,
2024). These findings suggest that cognitive training
interventions may produce multidimensional benefits that
extend beyond purely academic outcomes.

Environmental and contextual factors also play a crucial
role in cognitive development. Structured educational
programs, such as full-day school initiatives, have been
associated with improvements in students’ cognitive and
intellectual abilities by providing enriched learning
environments (Dalimoenthe et al., 2024). Additionally, the
integration of technological advancements, including
artificial intelligence-based learning systems, offers new
opportunities for personalized and adaptive educational
interventions (Dang et al., 2023; Wang & Li, 2024). These
developments highlight the importance of combining
theoretical insights with innovative practices to enhance
cognitive training effectiveness.

Despite the growing body of research on cognitive
training, there remains a gap in understanding the
simultaneous impact of crystallized intelligence training on
multiple cognitive domains, particularly processing speed
and attention in students with learning disabilities. Many
previous studies have examined these variables
independently, limiting the ability to draw comprehensive

conclusions about integrated cognitive development (Key &

Szabo-Reed, 2023; Kezios et al., 2023). Therefore, the
present study aims to address this gap by investigating the
effectiveness of skilled crystallized intelligence training on
processing speed and attention among students with learning
disabilities.

Methods and Materials

This study employed a quasi-experimental design with a
pretest—posttest structure and a control group. The statistical
population consisted of female students aged 7 to 9 years
with diagnosed learning disabilities who attended
psychological and educational centers in District 6 of Tehran
during the first half of the academic year. A total of 30
participants were selected using purposive sampling and
were randomly assigned to experimental and control groups,
each comprising 15 students.

The experimental group received a structured
intervention program based on skilled crystallized
intelligence training, implemented over multiple sessions.
The program included targeted activities designed to
enhance perceptual abilities, attention, memory, and
cognitive processing skills. The control group did not
receive any intervention during the study period.

Data collection instruments included standardized
measures of attention and processing speed, as well as
behavioral assessment scales. Pretest assessments were
administered to both groups before the intervention, and
posttest assessments were conducted following the
completion of the training program. Data were analyzed
using multivariate analysis of covariance (MANCOVA) and
analysis of covariance (ANCOVA) to control for pretest
scores and examine group differences.

Findings

The results of the statistical analyses indicated significant
differences between the experimental and control groups in
posttest measures of processing speed and attention. After
controlling for pretest scores, multivariate analyses revealed
a significant overall effect of the intervention on the

combined dependent variables.
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Univariate analyses showed that the experimental group
demonstrated significantly higher scores in overall
processing speed compared to the control group.
Improvements were observed across all subcomponents,
including visual processing, encoding, and sequencing.
Effect sizes indicated substantial practical significance,
suggesting that the intervention had a strong impact on
cognitive performance.

Similarly, significant improvements were found in
attention measures. The experimental group outperformed
the control group in all attention subcomponents, including
focused attention, divided attention, geometric attention, and
conceptual attention. These findings indicate that the
intervention was effective in enhancing multiple aspects of
attentional functioning.

Overall, the results confirm that skilled crystallized
intelligence training significantly improved both processing
speed and attention among students with learning
disabilities.

Discussion and Conclusion

The findings of this study demonstrate that skilled
crystallized intelligence training is an effective intervention
for improving key cognitive functions in students with
learning disabilities. The observed improvements in
processing speed and attention can be attributed to the
enhancement of structured knowledge systems and the
development of efficient cognitive processing strategies. By
strengthening prior knowledge and organizing information
into meaningful frameworks, the intervention reduces
cognitive load and facilitates faster and more accurate
information processing.

Another important mechanism underlying these findings
is the role of repeated practice and cognitive automation.

Through systematic training, cognitive processes that were

previously effortful become more automatic, leading to
increased processing efficiency and reduced mental effort.
This transition from controlled to automatic processing
allows students to allocate their attentional resources more
effectively, thereby improving both speed and accuracy in
cognitive tasks.

Furthermore, the results highlight the interconnected
nature of cognitive abilities. Improvements in crystallized
intelligence appear to influence not only knowledge
acquisition but also broader cognitive functions such as
attention and processing speed. This supports the view that
cognitive abilities are not isolated but operate within an
integrated system, where enhancement in one domain can
lead to improvements in others.

From an applied perspective, these findings underscore
the importance of incorporating cognitive training programs
into educational and rehabilitation settings for students with
learning  disabilities. Interventions that focus on
strengthening foundational cognitive skills can produce
significant benefits in academic performance and overall
cognitive functioning. Moreover, the use of structured and
theory-based training programs ensures that interventions
are both effective and replicable.

In conclusion, skilled crystallized intelligence training
represents a promising approach for addressing cognitive
deficits associated with learning disabilities. By enhancing
knowledge structures, promoting cognitive organization,
and facilitating efficient information processing, such
interventions can significantly improve processing speed
and attention. These results provide valuable insights for
educators, psychologists, and policymakers seeking to
develop effective strategies for supporting students with
learning difficulties.
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