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Introduction 

    Reading is a uniquely human skill that requires the integration 
of visual, phonological, and semantic processes. From a cognitive 
neuropsychology perspective, reading involves the coordinated 
activity of multiple brain systems that translate written symbols 
into meaningful language. Disruptions in these processes can 
result in reading impairments, the most common of which is 
developmental dyslexia. Dyslexia affects a significant proportion 
of children worldwide and often persists into adulthood, making 
it a central topic of research in cognitive neuropsychology. The 
study of dyslexia provides important insights into the brain–
behavior relationship underlying reading. By examining how 
specific cognitive deficits map onto brain structures, researchers 
have been able to identify the neural mechanisms that support 
reading fluency and comprehension. Evidence from lesion 
studies, functional neuroimaging, and neuropsychological 
assessments has revealed that dyslexia is not a simple disorder 
of vision or intelligence but a complex condition involving deficits 
in phonological processing, orthographic recognition, and 
working memory. Understanding these brain–behavior 
correlates is crucial for both theoretical models of reading and 
the development of effective interventions [1]. 

Description  

   Cognitive neuropsychology distinguishes between dual-route 
models of reading: the phonological route, which converts 
letters into sounds, and the lexical route, which allows for direct 
word recognition. Dyslexia manifests in disruptions of these 
routes, leading to different subtypes such as phonological 
dyslexia, surface dyslexia, and deep dyslexia. For instance, 
individuals with phonological dyslexia struggle to decode 
unfamiliar or non-words, while surface dyslexia involves difficulty 
recognizing irregular words. These behavioral patterns highlight 
how specific cognitive processes correspond to distinct neural 
substrates [2]. 

   Neuroimaging and lesion studies have identified a network of 
brain regions critical for reading. The left temporo-parietal 
cortex supports phonological processing, the occipito-temporal 
region (often referred to as the “visual word form area”) is 
crucial for rapid word recognition, and the inferior frontal gyrus 
contributes to articulatory planning and semantic integration. In 
dyslexic readers, underactivation of these regions is frequently 
observed, accompanied by compensatory activity in right 
hemisphere networks. This atypical neural organization reflects 
how the brain adapts to reading challenges, often at the cost of 
fluency and accuracy. At the behavioral level, dyslexia is 
characterized by slow and effortful reading, frequent errors in 
word recognition, and poor spelling. These difficulties are 
strongly linked to deficits in phonological awareness—the ability 
to manipulate the sound structure of language. Additionally, 
impairments in working memory and rapid automatized naming 
further compromise reading performance. Cognitive 
neuropsychological research has demonstrated that these 
deficits are not uniform across individuals, reinforcing the idea 
that dyslexia is a heterogeneous condition with multiple brain–
behavior profiles [3]. 

   Understanding the brain–behavior correlates of dyslexia has 
direct implications for diagnosis and intervention. 
Neuropsychological assessments can help identify specific 
cognitive weaknesses, guiding targeted interventions such as 
phonics-based training or orthographic reinforcement. 
Moreover, advances in neuroimaging are beginning to inform 
educational strategies by identifying neural predictors of reading 
outcomes. Interventions that promote left-hemisphere 
activation patterns have shown promise in improving reading 
skills, while technological tools such as computer-assisted 
reading programs are increasingly being tailored to individual 
cognitive profiles. Another direction is the application of artificial 
intelligence and machine learning to personalize interventions, 
allowing adaptive reading programs that respond to a learner’s 
unique cognitive profile. Additionally, neuroplasticity research 
combined with non-invasive brain stimulation (e.g., transcranial 
magnetic stimulation or transcranial direct current stimulation)  
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may offer novel therapeutic approaches to strengthen 
underactive reading circuits. Cross-linguistic studies are also 
crucial, as dyslexia manifests differently in alphabetic versus 
logographic writing systems, and understanding these 
differences will broaden the universality of cognitive models. 
Ultimately, integrating neuropsychological, technological, and 
educational perspectives will pave the way for early detection, 
individualized instruction, and improved long-term outcomes for 
individuals with dyslexia. [4,5]. 

Conclusion 

   The cognitive neuropsychology of reading and dyslexia 
underscores the intricate relationship between brain 
mechanisms and behavior. Dyslexia exemplifies how disruptions 
in specific neural pathways manifest as distinct cognitive and 
behavioral difficulties in reading. Research has revealed that 
multiple brain systems contribute to the reading process and 
that dyslexia arises from atypical functioning within this network, 
particularly in phonological and orthographic processing regions. 
Beyond advancing theoretical models, these findings hold critical 
value for clinical practice and education, offering a pathway 
toward early diagnosis, personalized intervention, and more 
effective strategies to support individuals with dyslexia. 
Advances in genomic and epigenetic research may further clarify 
the heritable components of dyslexia and how they interact with 
environmental factors such as language exposure and literacy 
training. 
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